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The rocks of Scots Bay Formation ocair only dong the south shore of the Bay of 
Fundy where they arc exposed in m a l  coves fiom erst of Baxtcrs Harbour to west of 
Scots Bay, Nova Scotia. Lithologidy, the Scots Bay Formition is dominated by clrstic 
sediments, inctuding sandstonc, dty srndstont, conglommtic sandstom, and rhle. 
Carbonate and siiïcifkd carbonate rocks inchide calcarau sandstone, packstone, 
mudstone, wackcstone, and stromrtolitic ümertone. Jaspcroid c h  nodules and bedded 
cherts are cornmon throughout mch of tbe f o d o n .  

Phreatic and vadose m*eoric cements make up most of the m t s  of Scots Bay 
lirnestones. Thme typa of calcite cema~s ocaû in the Scas Bay F o d o n :  dnuy 
mosaic, blocky, and minsais cuncnt. The chat is principaüy ariy diagawtic in ongin rad 
consias of chalcedony and Mcrocryrtrlline quartz that formeâ as pore f i g  cement and 
replacements of carbonate sediments and calaucous fossils. The source of the silia was 
hot-spnng fluids associateci with the undedying basaitic volcanic flows. 

Four environmental facies w rccognized in rcoending order : (1) marginai 
channeling facies, (2) shoreline M e s ,  (3) ntafshore hQes ( b d  and uppa units), and (4) 
offshore facies. These kits r-rd a rcgressive phase o v d  for the Scots Bay sequence. 
Siliciclastic fine-graincd sediment was depoPtcd in the W<e otnhore. This w u  foliowed 
by deposition of mked carbonate and siiicicluiic uniu in riearshore environmems. 

Meanwhiie, iitharenitic sanâstone wu depositd dong the shoreline which is 
present now as the top unit of the Scots Bay sequencc. 

Fossils in the Jurassic Scots Bay Formation arc rare ud mostly siiicificd. They 
include a relatively low divenity of ostracodes, ai.U gastropods, smail clams, invatebrate 
burrows, fiagments of charophytc stems, fidiwata stromatoiites, rue fans, and log and 
wood fiagments. Threc genefa of smaii ostracodes have been identifid: Danvimh, 
Tirniriasevia, and Metacpris. T. aff. digimlis and M. ridgerrsis n. sp. have been 
identified. Danvimlrr is represented by at 1- thra specieo: Darwimria sa?yttnnenensis, 
Damirnia aff D. liassim, and DonvimrIrr d/'lYfjaelt~lS n. sp. A new genus of a unique 
"giant" ostracode, identified as MegawOQcAvmthia demi  n. sp., occun only in a 
calcareous sandstone bed at Woodworth Cove. A ncw srnail bivalve identified as 
Nuidites sco~sbaye~t~is n. sp., has k e n  fowid in the Scots Bay Formation. The 
gastropod genera are represented by srnall species of Gyrmlus, VaIunkz, and HHobia. 

Sedimentary facies in the Scots Bay Formation do not v u y  widely fkom outcrop to 
outcrop; for example, the offshore facies un be tnced in ail outcrops except West Broad 
Cove and the brown sandstone of the shoreline facies appears to cap most the outcrops of 
the Scots Bay Formation. Interpretation of thcir depositionai environments is b& on 
paleoecological and Esdimartologid aiteria. 

The fossil assemblages and the stntignphic position of the Scots Bay Formation 
suggest an Early Jurassic age. 
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CaAPTER ONE 

INTRODUCTION 

Lacustrine deposits like those of the Fundy Group of  Nova Scotia are common in 

some paleoenvironrnentat sequences and have become increasingly important to study 

because of their potentiai econornic significance, particulady as sources of petroleum in 

some regions. For example, the Red Wash oil field in Utah had the lacustrine Paleocene- 

Eocene Green River Formation as its source rock (Fouch and Walter, 1982). The 

Iacustrine Triassic-Jurassic basins in Viuginia have also yielded some cmde oil (AAPG, 

Explorer, 1 985). 

The Triassic-Jurassic Fundy Group rocks are exposed dong the south and north 

shores of the Bay of Fundy. They record arid conditions (Ackermann, Schlische, and 

Olsen, 1995) unlike analogous and time-equivalent basins in the United States where 

organic-nch shales and coals are present (Brown and Grantham, 1992). The Fundy Group 

dong the south shore of the Bay of Fundy consists of four nonmarine formations which, in 

ascending order, are the WoltMlie, Blomidon, North Mountain Basalt, and the Scots Bay 

formations. At the top of the Fundy Group, the Scots Bay Formation dong  the south 

shore is believed to be time-equivalent to the McCoy Brook Formation dong the north 

shore (Olsen, 1987). The little studied Scots Bay Formation is unique because it is a chert- 

bearing mixed carbonate and silicicIastic unit. 



In outcrop, as originally defined (Power, 19 16), the Scots Bay Formation reaches a 

maximum thickness of about 7 meters, being exposed in small coves fiom east of Baxters 

Harbour to West of Scots Bay, Nova Scotia (Carneron, 1986). In the subsurface beneath 

the Bay of Fundy, time-equivalent McCoy Brook-like sediment s mach 2500 m in thickness 

and are al1 referred to as the Scots Bay Formation by Wade and others (1996, p. 218). 

The Scots Bay Formation in the original sense, as used herein, is composed of 

different types of lithofacies of which siliciclastics dominate, including feldspathic 

sandstones, conglomeratic sandstones, silty sandstones. The carbonate rocks çonsist of 

calcareous sandstones, packstones, wackestones, and bioclastic limestones. Chert beds and 

jasperoid nodules are common. 

The' Scots Bay Formation is characterized by an assemblage of silicified 

freshwater lacustrine ostracodes, rnicrornollusks, algae, stromatolites, rare dinosaur 

footprints, plant fiagrnents and rare fish (Carneron, 1985, 1986; Cameron and Jones, 1988, 

1990). The rare dinosaur footpnnts occur in coarse, cross-bedded sandstones that indicate 

a possible fluvial or shoreline paleoenvironrnent at the top of the Scots Bay Formation. 

The silicification and tufa-like structures suggest hot spring environments (Bimey-De Wet 

and Hubert, 1989). The fossils indicate a Jurassic age for the Scots Bay Formation 

(Cameron and Jones, 1990). 



1.1 PURPOSE OF THE STUDY 

The lithclogies and paleoenvironrnents of the Scots Bay Formation are not 

consistently described and understood, so various authors disagree on basic observations. 

The purposes of this study are to develop a better understanding of the sedimentology, 

paleontology, paleoenvironments and stratigraphy of the Scots Bay Formation. My major 

efforts will concentrate on 1) studying microfossil assemblages, 2) measuring, 

describing and classiQing the sedimentary rocks, 3) interpreting their depositional 

environrnents based on fossils, sedimentary structures and lithology, 4) conducting a 

microfacies analysis of the paleolacustrine environment, 5) determining the age of Scots 

Bay Formation based on fossil content and stratigraphic position, 6) studying the nature of 

the  contact between the Scots Bay Formation and the North Mountain Basalt, 7) studying 

the extensive silicification and diagenesis, and 8) conducting a systematic study of the 

nonmarine ostracodes. The author will redescribe the lithologies of the Scots Bay 

Formation by noting the rnixed siliciclastic and carbonate sedimentoiogy and the affects of 

silicification. A depositional mode1 will be constructed to indicate the stratigraphic 

relationships between the environmental facies. 



1.2 LOCATION AND ACCESS 

The Bay of Fundy Basin is bounded by the Cobequid Fault Zone on the north and by Triassic- 

Jurassic strata of Fundy Group on the south. The Scots Bay Formation occurs in about six 

major and some minor topographically low syncline-like structures on the top of the North 

Mountain Basalt Formation. Thex outcrops are located along the shoretine southwest of 

Scots Bay village to near Baxters Harbour. The study area is bounded by latitudes 64" 14' W 

, and 45' 14' N and 4 5 O  17' N and longitudes 64' 30' W. The main outcrops of the Scots Bay 

Formation are, fiom north to south, Davidson Cove, East Broad Cove, Central Broad Cove, 

West Broad Cove, Lime Cove and Woodworth Cove (Fig. 1 - 1). The last five coves can be 

reached by driving down Ross Creek Road, which is an unpaved road leading down to Scots 

Bay. At the mouth of Ross Creek, Woodworth Cove is Iocated exactly to the left (west), 

while the rest of the coves can be reached by walking to the right (northeast). Davidson 

Cove can be reached after walking 2 km along the beach northeast of East Broad Cove. 

1.3 METaODS OF STUDY 

Field work involved describing and measuring several sections in each cove and taking 

samples from each outcrop for paleontologic and sedimentologic laboratory descriptions 

and analyses. Structural features, such as laminations, bedding attitudes, cross-bedding, 



Figure 1-1. Location map of the study area. A, the Bay of Fundy northem Nova Scotia, 
B, the main outcrops of the Scota Bay Formation (modified after Birney & Hubert, 1 989) 



etc., and the irregular surface between the Scots Bay Formation and North Mountain 

Basalt were studied. Photographs were taken at each cove to document structures and 

stratigraphie relationships. Field equipment used in this study included, for example, a 

Brunton cornpass, topographie rnaps of the study area, a geologic hammer, a hand Iens, a 

pocket measuring tape, notebooks, etc. 

The laboratory work included descriptions and identifications of rocks in hand 

specimen and 75 thin section. Low power photomicrography was done to study rock 

texture. Oracet Blue 2R was used in thin section preparations and point counts made to 

determine porosity, Alizarin Red S solution was used for the dolomite identification, and 

Feigl's solution was used for distinguishing aragonite fiom calcite. Acetate peels of selected 

samples were exarnined with a binocular microscope. The faunal content was studied tiom 

acid insoluble residues by using different types of microscopes (binocular, petrographic and 

SEM). 



CHAPTER TWO 

PREVIOUS WORK 

The Scots Bay sedimentary rocks were first studied by Ells (1 894), who described 4 

feet of green sandy looking shaie overlying amygdaloidai basalt in Woodworth Bay. 

Haycock (1900) examined the Scots Bay rocks and suggested a Cretaceous age for them 

based on his fossil wllection which included fish scales, teeth and "fbwids." 

Fletcher (191 1) first mapped this area geologically. He mapped the Minas Basin 

area for the Geological Survey of Canada and showed five outcrops of the Scots Bay 

Formation on the Bay of Fundy shore in the vicinity of Scots Bay. Powers (1916) 

proposed the name Scots Bay Formation for the outcrops in five small synclines dong the 

Fundy shore where it rests on the North Mountain Basalt. He also reported plant remains, 

"worm" burrows, fish scales and bones from the Scots Bay Formation . 

Klein (1954) reported that the Scots Bay Formation outcrops in six small synclines 

and rests disconformably on the basalt. He also suggested that the Scots Bay Formation 

was deposited in a tidal lagoon and that the source for the clastic materials was interpreted 

as coming tiom southerly and easterly directions. Klein (1962) 

reported that in the eastern outcrops, sand-sized materials dominate, while in the central 

outcrops limestones dominate. In western outcrops, clayey limestone and claystone 

dominate. Huntec Limited of Toronto (1965), Brown (1992), and Wade and others (1996) 

who conducted seismic surveys in the Minas Basin and the north shore region, reported 



that rocks equivalent to the Scots Bay Formation occur under the entire floor of Bay of 

Fundy and reach thicknesses of 2500 m. 

During the 19707s, the Scots Bay Formation received little attention except for a 

thesis by Thompson (1 974). Blakeney (1 97 1 ) studied and described the stratigraphie 

section of Scots Bay Formation at Lime Cove. Thompson (1974) studied the geochemistry 

of the Scots Bay Formation and found that the carbonate is composed of 99.49 per cent 

Ca CO3 and 0.42 per cent M.CO3. He also noted that the chert nodules have fewer clay 

impurities than the chert bands. 

Cornet (1977) studied the pollen and spores of upper Triassic to lower Jurassic 

rocks of the Fundy Basin in the Annapolis Valley region and was able to locate the 

Triassic-lurassic boundary within the upper Blornidon Formation just beneath the base of 

the North Mountain Basalt. 

Over the next decade, interest shified to the north shore of the Minas Basin and to 

the underlying units. Liew (1976), in his thesis, studied the structure, geochemistry, and 

stratigraphy of the Triassic rocks dong the north shore of the Minas Basin. Stevens (1 980) 

studied the Mesozoic volcanism and structure in the northern Bay of Fundy region. He 

stated that a thick Jurassic sequence of coarse continental clastics overlies the basalt and 

comprises the floor of the Bay of Fundy. The upper part of these sediments are believed to 

be a time-equivalent clastic facies of the Scots Bay Formation. 



Interest was renewed in the Scots Bay Formation in the 1980's. Cameron and 

Colwell (1983, 1985) reported tree trunks as the nuclei of some large chert nodules. 

Cameron and others (1985) made a preliminary study of the silicification and silicified 

microfossils and stromatolites fiom the Scots Bay Formation. Birney (1 985), in her thesis, 

studied the sedimentology and petrology of the Scots Bay Formation and concluded that 

the lake contained hot springs, was oligotrophic to eutrophic and that the fieshwater had 

good circulation. Cameron (1985, 1986) and Cameron and Jones (1988) conducted a 

preliminary paleontologid study (pers. comm., 1 998) by extracting some of the silicified 

fossils fiom chert-bearing, mixed carbonate and siliciclastic lit hologies. Cameron ( 1 986) 

suggested that the Scots Bay Formation probably represents a nearshore carbonate facies 

of the more widespread siliciclastic lacustrine McCoy Brook Formation on the north shore 

of the Bay of Fundy. He also suggested that the early silicification suggests hot spring 

environments. Brown (1 986b) reported that the tholeiitic North Mountain Basalt, which is 

up to 250 m thick, covered the region and was followed by deposition of lacustrine-playa 

siltstone, shales, limestone and eolian sandstones of the Scots Bay and McCoy Brook 

formations. He also stated that potential source rocks of the Scots Bay and Blomidon 

formations are thermally mature (TAI= 2.5-3.5), though sufficiently orga~c-rich sediments 

are yet to  be encountered. 

Olsen and others (1987), fiom studies of reptile footpnnt assemblages, suggested an 

Early Jurassic age for the McCoy Brook and Scots Bay formations. Birney.De Wet and 



Hubert (1989) suggested that the carbonate rocks of the Scots Bay Formation were 

deposited in a lacustrine littoralzone. They indicated that silica-rich hydrothermal springs 

and seeps around and on the floor of the lake precipitated siliceous tufa and silicified 

adjacent carbonate strata. They were rnainly concerneci just with the silicification and 

carbonate paleoenvironments and did not emphasize the role of siliciclastic sedimentation 

in the Scots Bay Formation. They even referred to the Scots Bay Formation as Scots Bay 

Limestone (Birney-De Wet and Hubert 1989, P. 857) 

Cameron and Jones (1990) identified the age of Scots Bay Formation as Early 

Jurassic based on invertebrates, vertebrates and trace fossils. Carneron (1986) and 

Carneron and Jones (1 990) described three new microgastropods, including a high-spired, 

axially ribbed form tentatively assigned to Hykobia, a nearly planispird planorbid assigned 

to Gyrairlis and a fieshwater prosobranch with a smooth, umbilicate and low-spired shell 

belonging to Valvata. The Hyclobia identification was also suggested by Thompson 

(1974), who observed it in thin section. Good and others (1994) reported that the mollusk 

fauna is composed of two species of gastropods, including the low-spired Valvata sp. and a 

single species of small bivalve. Good (1994) also reported that there are four species of 

gastropods representing the families Valvatidae, Hydrobiidae, Planorbidae and a species of 

bivalve. 

Brown and Grantham (1992) extended the age range of the lower Mesozoic 

sediments in the Fundy Rifi system fiom the Anisian (lower middle Triassic) to at Ieast 



Sinemurian (middle early Jurassic) age. Thompson (1974) and Bkney-De Wet and Hubert 

(1 989) described the Iithologies of the Scots Bay Formation, but their stratigraphic sections 

do not agree very well. For example, Thornpson described Central Broad Cove from 

bottom to top as vaxying fkorn warse-graineci sandstone channel fil1 at the base through 

varying interbeds of buff to green limestone and green sand to a medium-grained brown 

sandstone at the top. Individual units Vary widely fiom almost pure limestone to 

sandstone with very little carbonate cernent. In contrast to Thompson's (1 974) description, 

Birney-De Wet and Hubert (1989) described the Central Broad Cove exposure fiom 

bottom to top as siltstone overlain by 5 m of limestone containing numerous brown to 

red silicified logs. These limestones become coarser upward, grading fiom wackestones 

into fine to medium-grained packstones. Above the iimestone, there is a brownish-red 

chert, including tufa, up to 1 -25 m in thickness. This unit is overlain, in turn, by sandstone 

and limestone, and sandstone marks the top of the section. Another example of  obviously 

different stratigraphic columns by various authors is illustrated in Figure 2-1. Here, East 

Broad Cove is shown as described by Klein (1960), Thompson (1974), Olsen (1989), and 

Birney-De Wet and Hubert (1 989). 





The Meguma Group metasedimentary rocks of southwestern Nova Scotia underlie 

the younger sedimentary rocks and form a terrane that comprises most of southern Nova 

Scotia. The Late Paleozoic-Early Mesozoic stratigraphie succession can be considered as 

four depositionai packages which are due to tectonic events, climatic changes and the 

consequent variations in sedimentation. These are: (1) Late Devonian to Early Namurian, 

Pre-Horton Strata, Horton, Windsor and Canso groups; (2) Late Namurian (Westphalian 

A) Riversdale Group; (3) Westphalian B to Early Pennian, Cumberland and Pictou Groups 

and (4) the Late Triassic to Early Jurassic Fundy Group (Boehner and others, 1986). 

3.1 STRATIGRAPHY AND ORICIN OF BAY OF FUNDY 

The Bay of Fundy trends east-northeast, is approxirnately 170 km long, and has a 

maximum width of over 70 km. The basin is bounded by a normal fault system on the 

nonh and West side (Klein 1963), making it like a half graben. Almost dl of the Fundy Rifi 

is located in the Bay of Fundy, but coastal exposures are extensive. It is found south of the 

Cobequid Fault Zone and rests on the Meguma Terrane. This rifi was initiated during the 

break up of Pangaea in the Late Triassic (Brown and Grantham, 1992). The Mesozoic 



rocks in the Bay of Fundy (Fig. 3-1) are known as the Fundy Group (Olsen, 1980) which 

consists of four formations dong the south shore. In ascending order (Fig. 3-2), they are 

the Wolfirille Formation (up to 370 m), the Blomidon Formation (up to 370 m), the North 

Mountain Basalt Formation (ca. 250 m), and the Scots Bay Formation (up to 8 m) (ColwelI 

and Cameron, 1985). 

Koons (1942), in his study of the origin of the Bay of Fundy, reported that the 

Fundy embayment is a submerged Triassic lowland produced by subaerid agencies and 

bounded by fault-line scarps. Seisrnic profiles taken across the Bay of Fundy show that the 

Triassic strata extend beyond its mouth for a distance of about 120 km into the Gulf of 

Maine and dip gently toward the axis of the bay (Tagg and Uchupi, 1966). More recent 

seismic and regional geologic data suggest that the Bay of Fundy is genetically similar to 

other Early Mesozoic basins in the southern Appalachians, having forrned at the edge of a 

reactivated, Paleozoic basement t h s t  fault (Brown, 1986a). 

The Bay of Fundy half graben is one of the largest Triassic - Jurassic basins in 

eastem North America. The Fundy Basin in northem Nova Scotia and southem New 

Brunswick consists of three subdivisions : Minas sub-basin trending to the east, Chignecto 

sub-basin trending to the northeast, and the Fundy Basin proper (Fig 3-1). 

Greenough (1995) reported that a period of lithospheric extension and collapse 

ensued during the Middle to Late Tnassic and forrned many grabens and half grabens, one 

of the most northerly being the Fundy half graben. 



Figure 3- 1. Distribut ion of Triasic-Jurassic rocks in the Bay of Fundy w u :  Minr Sub- 

barin trendin8 to the u s i .  Chignccto Sub-brin trendin8 io the norihast, uid the Fundy 

Basin propec (Modified rAcr Rrown and Granthm. 1992). 
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Figure 3-2. Generalized stratigraphic section for the Mesomic rocks of the 

h a p o l i s  Valley and North Mountain region o f  Nova Swtia (Modified &er Cameron 

and Jones, 1988) 



During the Late Tnassic to  Early Jurassic, the partial melting and thermal u p l a  that 

initiated the Atlantic ocean (Manspeizer and others, 1 978) produced the tholeiitic North 

Mountain Basalt in the Fundy Basin. Hydrothermal solutions rich in silica may have been 

produced by the underlying magma and deposited silica in Fractures in the basait and Scots 

Bay Formation, as indicated by siiica veins in both of these formations. The geologicd and 

geophysicai study by Withjack, Schlische, and Olsen (1998) indicated that in maritime 

Canada the rift-drift transition of the Atlantic Ocean occurred &er eastem North American 

magmatic activity and synrift deposition in the Early Jurassic and before postrifl deposition 

in the early Middle Jurassic (- 185 Ma). 

A brief description of the broad characteristics of  the Bay of Fundy south shore 

formations of the Fundy Group is presented in the following sections. 

3.1.1 Wolfville Formation 

The name for this 60 to 400 m thick formation was introduced by Powers (1916) as 

the lower member of  his Annapolis Formation. It is composeci of coarse to medium- 

grained quartz arenites, arkose, subarkose with brownish-red hematitic and limonitic 

colouration (Stevens, 1985). Poorly sorted conglomerates, siltstones and mudstones also 

occur in the Wolfille Formation (Cameron and Jong, 1985). It disconformably overlies 

Devonian granite in Annapolis County and is conformably overlain by Blomidon shales or 

North Mountain Basalt according to Stevens (1985). 



3.1.2 Blomidon Formation 

The name Blomidon was used by Powers (1916) for the upper mernber of his 

Annapolis Formation. It is composed of  red, calcareous, massive, playa lake mudstones 

and sandstones (Cameron and Jong, 1985; Cameron and Jones, 1987). Gypsum nodules 

and very fissile shales are present at some horizons. Klein (1962) reported a thickness 

varying between 8 m in the center of the Annapolis Valley to about 363 m at the type 

locality. Cameron and Jong (1985), using cores, disputed this thinning in the Annapolis 

Valley. It conformably overlies the Wolfille Formation and disconformably underlies the 

Early Jurassic North Mountain Basalt (Stevens, 1985). 

3.1.3 North Mountain Basait 

Powers (1916) named the North Mountain Basalt, which consists of many tholeiitic 

lava flows. Massive and columnar jointed basalt and dolerite are present as well as thin 

amygdaloidal flows, especially at the top of the formation (Stevens, 1985). The maximum 

thickness of 350 m is reached on the Cape Split peninsula (Stevens, 1987). The North 

Mountain Basalt disconformably overlies the Blomidon Formation and is uncodiormably 

overlain by arenaceous limestones and red clastics of the Scots Bay Formation (Stevens, 

1985). 

3.1.4 Scots Bay Formation 

The Scots Bay Formation was introduced by Powers (1916) for the mixed carbonate 

and siliciclastic rocks above the North Mountain Basalt that occur west of the village of 



Scots Bay. It consists of  sandstone, calcareous sandstone, silty sandy Iimestone, and 

iimestone as well as jasperoid chert nodules and chert beds. The maximum thickness is 

about 7 meters in outcrop. The Scots Bay Formation disconformably overlies the North 

Mountain Basalt; its top is covered by Pleistocene and Recent sediments and soil. 

3.2 STRUCTURAL GEOLOGY 

The Bay of  Fundy occurs in a faulted basin that trends northeast-southwest between 

Nova Scotia and New Brunswick. It is bounded on the north by the Cobequid Fault and 

on the south by the southem "highlands" ofNova Scotia, Le., the South Mountain Range. 

The Minas Geofracture, a major east-west transverse fault, is the major structural feature 

that affected the basin's development (Brown 1986b). The Minas Geofracture was 

considered by Bromley (1987) as the actual boundary between the Meguma and Avalon 

temanes. 

The breakup of the supercontinent Pangea occurred during the Late Triassic to  Early 

Jurassic. It had been heated, tectonically thickened, and highly elevated through 

continental plate convergence tiom the Late Paleozoic to the beginning of the Late Triassic 

(Manspeizer, 1994). The opening of  the Atlantic occurred dunng Middle to Late Triassic 

and continued into the Early Jurassic, according to most workers (e.g., Olsen 1981; 

Manspeizer, 1994; Withjack, Schlische, and Olsen, 1998). This rifiing produced large 



grabens dong the eastem rnargin of North America. These grabens received a great 

thickness of subaerial clastic sediments during subsidence, plus basalt flows, dikes and sills 

(Stevens, 1989). Srnall, shallow, synclinal fold-like structures are thought to be associated 

with the deformation in the Bay of Fundy syncline (Brown and Grantham, 1992). 

The evidence for the Early Mesomic separation of North America and Afkica is 

documented in rocks of Late Tnassic to Early Jurassic age in eastern North America and 

Morocco (Warren and others, 1978). Lindholm (1978) reported that Early-Middle Jurassic 

sediments and igneous rocks are distributed along eastem North America in elongate 

basins that are separateci by normal faults. These faults indicate regional extension at the 

time of formation. They were very important to sedimentation processes and basin 

distribution dong eastern North America. 

A study by Huntec Limited (1965) shows that the Scots Bay Formation is gently 

folded and dips to the northwest under Scots Bay, becoming horizontal at the main axis of 

the Fundy syncline, and then dips gently to the southeast on the northern limb. The beds of 

the Scots Bay Formation appear to be locally folded, but regional dip ranges fiom 4" to 

23" degrees to the northwest or northeast. The syncline-like structures preserved today in 

small coves have axes oriented in north West and south east direction (Fig. 3-3), being 3 1 1 O 

at Woodworth Cove, 314" at Lime Cove, 348" at West Broad Cove, 317" at East Broad 

Cove is, 323" at Central Broad Cove and 287" at Davidson Cove. Three syncline-like 

structure plunges northwest and two southeast and the general range of synclinal plunges 

is 4' to lgO. 



Figure 3-3. Geologic map of the south shore of the Bay of Fundy in the Scots Bay 

showing the orientation of the synclinal axes of the Scots Bay outcrops. 



CEAPTER FOUR 

STRATIGRAPHY AND SEDIMENTOLOGY 

4.1 Introduction 

The overall purpose of this chapter is to describe the stratigraphy and 

sedimentological characteristics of the Scots Bay Formation and decipher its 

paleoenvironments. Sedimentary facies models, vertical sequence data, petrography and 

paleontology are used for interpretation and reconstruction of the ancient depositional 

environments of this formation. 

The Early Jurassic lacustrine Scots Bay Formation is one of the smallest Mesozoic 

lacustrine deposits in eastem North America, ranging in exposed thickness fiorn 2.5 to 7 m. 

It is fossiliferous and overlies the last lava fiow at the top of the Early Jurassic North 

Mountain Basalt. Wade and others (1996) stated that kies projections suggest that the upper 

part of Blomidon Formation and the Scots Bay Formation have the potential for appreciable 

quantities of hydrocafbons at the depocenter under the Bay of Fundy. In Uiis study, no signs of 

hydrocarbon have been observed in the exposed outcrops. 

The deposition of mixeci siliciclastic and carbonate rocks occurred in topographic 

lows on the top of eroded and weathered basalts. Their environments were littoral 

lacustnne and fluvial wtiich coexisted with hot springs that were responsible for their 

silicification. 



4.2 LOWER CONTACT 

The lower boundary of the Scots Bay Formation is a nonconformity with the top of 

the North Mountain Basalt which is indicated by evidence of weathering and erosion that 

p roduced topographic surface irregulari ties, microrelief and an old soi 1 zone. Birney 

(1985) reported that this lower contact has 5 to 10 cm of irregular relief, herein called 

"micro-relief." The surface of the basalt is weathered and is capped by a thin, 5-10 cm, 

irnmaîure paleosol which contains angular fragments of weathered basalt. However, there 

is firrther evidence of deeper basait erosion that occurs in the basal strata of the Scots Bay 

Formation where pebbles and cobbles of basalt up to 9 cm x 16 cm in size can be found. 

On a still larger scale, the paleogeographic lows in which the Scots Bay Formation is 

preserved are irregularly eroded surfaces that are responsible for the distribution of Scots 

Bay sediments in low areas that are now smail coves dong the southem shore of the Bay of 

Fundy. Truncated zones of basalt can be observed below the contact but no major 

onlapping units of Scots Bay sediments were observed above them. Klein (1962) 

interpreted t hese low areas as small synciines, whereas Cameron (personal communication, 

1999) stated that these low areas could be collapse structures at the top of the North 

Mountain Basalt lava flows. 

This erosion produced enough relief to control deposition (Fig. 4- l), so that the 

Scots Bay Formation is present oniy in the paleotopographic low areas on the top of the 



Figure 4- 1. Paleogeographic mode1 showing the inylular crosiod surface between the 

Nonh Mountlin B d t  and the Swts  Bay Formation which causcd the deposition to 

occur in paleotopographic low aras .  



North Mountain Basalt. These high b d t  areas would have been small islands or 

peninsulas emerged above the Iake level. This interpretation may explain why the 

stratigraphy of some beds in one cove (low area) do not match exactly those in other 

coves. Paieo-coastal lacustrine environments would have been diverse and changeable 

over short distances, e.g., 1-2 km, as today. 

The McCoy Brook Formation with its complex facies dong the north shore of the 

Bay of Fundy was deposited afler early post-basalt tectonism associated with crustal 

adjustments following volcanism (Wade and others, 1996). However, the Scots Bay 

Formation, appears to have been deposited earlier on a relativeiy more uniform 

depositional surface. Then, it was deforrned by minor folding dunng this early post-basalt 

t ect onism. 

4.3 ROCK CLASSIFICATIONS 

Most of the carbonate rocks of Scots Bay Formation contain appreciable amounts of 

siliciclastic minerais; therefore, it is not easy to name these rocks. Different authors tend to 

give different rock narnes for the same sarnple. 

Both sandstones and siltstones are classified here according to the sandstone 

nomenclature of Folk (1954). The carbonate rocks in this thesis are classified according to 

both Folk's (1 959, 1962) classification, which emphasizes allochems, matnx (micrite) 



and cernent (sparite), and Dunham's (1 962) classification, which emphasizes rock textures 

and fabrics. The use of these carbonate and clastic classifications provides more 

informative descriptive tems and names than one classification alone because, 

comp~sitionally~ most rocks of Scots Bay Formation contain a mixture of both carbonate 

and clastic materials. The term argillaceous is used sometimes to indicate a rock that 

contains appreciable amounts of clay minerais. Compounding the difficulties in classiQing 

and naming these rocks is the fact that they are often secondarily silicified due to early 

diagenetic alteration. 

4.4 DESCRIPTION OF STRATIGRAPEIIC SECTIONS 

Eight general types of rock units have been recognized frorn al1 of the outcrops of 

the Scots Bay Formation (Table 4-1). Field macrosçopic and thin-section microscopie 

descriptions of the lithologies fkom each of 6 coves were made to determine lateral and 

vertical facies changes. 

4.4.1 Davidson Che: This outcrop is the most northeasterly section, occumng at latitude 

45" 16' 25" N, longitude 64' 24' 25" W. The lower part of this outcrop is chertified with 

vertical and horizontal bands and veins (Fig. 4-2). On the West side of this outcrop, a 

chert bed lies directly over the basalt. In some places chert dikes penetrate vertically fiom 

the underlying basalt up through the lower siliciciastic beds of  the Scots Bay Formation. 



Sandstone is the dominant rock type in this section (Fig. 4-3). The bottom bed is usually 

20 cm of green, moderately to well-sorteci, sandy siltstone that contains fine-grained, chert 

nodules. Above this bottom bed, there is a 55 cm thick, brown to red chert layer. 

Interbedded brown and green (chloritic?), calcareous sandstone interbeds occur over the 

next 45 cm. They contain detrital chert fiagments. Next, there is a 135 cm thick brown 

and red chert bed that is massive and very hard whose thickness varies dong the outcrop. 

This chert is overlain by 75 cm of light green and brown subarkosic sandstone that is 

medium-grained. thick bedded, and so8. It contains calcite and chert fiagments. This 

sandstone grades upward into 72 cm of calcareous sandstone that is laminated and contains 

desiccation cracks. Its calcite content increases upward. Seventy centimeters of chertified 

limestone with silicified wood hgrnents occur over this calcareous sandstone. Calcareous 

sandstone (40 cm) reappears above the cherty limestone and grades upward into brown, 

lit harenitic, moderately sofi sandstone. 

4.4.2 East Brod Che: This outcrop is iocated about 2 km southwest of Davidson Cove. 

The bottom unit in this section is 50 cm of very fine-grained argillaceous silty sandstone 

(Fig. 4-4). It contains burrows, ripple-lamination, chert and chloritized volcanic clasts. In 

thin section, it contains biotite, partly porphyritic volcanic fragments, and detrital chert, 

suggesting closeness to a volcanic source rock. Above the bottom bed, there are 52 cm of 

bioclastic silty sandy limestone. This limestone is partly silicified and has volcanic clasts 



Ilioclutic. silty, y n d y  limesione unit 

fine niliy d s t m ,  claycy malcrinls. 
ChIoritid volmic cla..ts 

horv.ontd laminalions wich 
wsvy pattern. desication cracks 

Tûbk 4-1. Summary of major litbstratigraphic uni& of Scots Bay Formation. 



Figure 4-2. Chertification (light pink) of the lower part of the sequence in Davidson Cove. 

Dark green is basalt. Length of notebook is 17.8 cm. 



Silty 

Chat 

Table 4-2. Key symbols used in stratigraphie section of this chapter. 



. . . . . .  . . . . . .  . . . . . . .  Brown quartz arenite, . . . . . . .  . . . . .  - .  . . calcitic clasts in lower part . . .  .- .*a+ Calcareaus sandstone 

Cherriaed limestone, silicificd 
wood fragments 

+.! :-:d Calcareous sandstone, horizontal 
laminations, desiccation cracks 

. . . . . .  . . . . . . .  

. . - . - .  . . . . . .  . . . . . . .  Sandstone, green, with brown zones, . . . . . . .  . . . . . . . .  . . . . . . .  thin to thick bedded . . . . . . .  

Interbedded sandstone with chert 

Figure 4-3. Stratigraphie section of the Scots Bay Formation at 
Davidson Cove. 



Brown feldspathic litharaïte 
with Lthoclasts 

Sandy pdoidal Iimesbne 

Chert and partly dicified peloidal 
limeStone 

Calcareous sandstone, stromatolitic 

Bioturbated silty, sandy silicified limestone with 
laminations, burrows, ostracodes, and 
chert 

Bioclastic silty sandy silicified Iimestone with 
basaltic clasts, ostracodes, bivdves, and gastropods 

Argillaceous silty sandstone, buzroW8d, 
bioturbation, larninations, chert, basaltic 
clasts 
North Mountain Basalt 

Figure 4-4. Stratigraphic section of the Scots Bay Formation at 
East Broad Cove. 



present dong with same ostracodes, gastropods and bivalves and peloids. The next unit 

above is the most common unit in al1 the outcrops of the Scots Bay Formation. It is 225 

cm of partly silicified, silty sandy, bioturbated limestone. In thin section, very low 

contents of phosphatic and organic materials were o b s e ~ e d .  Fracture voids are filled with 

chemically precipitated silica and/or sparry calcite. The upper part of this unit grades into 

thinly laminateci, very fine-grained calweous silty sandstone and the silicification 

decreases. The next 65 cm is cornposeci of calcareous stromatolitic subarkose, containing 

brown chert bands and nodules. Peloids are common. Above this stromatolitic unit, there 

are 52 cm of sandy peloid-bearing limestone which contains chert nodules and partly 

silicified peloids. The top of the sequence is composed of 45 cm of brown feldspathic 

litharenitic sandstone that contains calcitic fragments and chert detritus in the lower part. 

4.4.3 Cenhol Brood Cove: The Central Broad Cove outcrop is located between East 

Broad Cove and West Broad Cove (Fig 1-1). This cove was recornmended for the type 

section of the Scots Bay Formation by Thompson (1974), as none was designated by 

Powers (1916). This section was measured fiom the West side of the cove (Fig. 4-5). 

The bottom bed is 95 cm of partly silicified fine-grained limy sandy siltstone. Green, 

massive fractures are filled with silica. In thin section, this silt is micaceous and contains 

chloritized volcanic eroded clasts Corn the North Mountain Basalt. This unit is probably 

lateraily equivdent to the bottom unit in East Broad Cove. One hundred and ten 

centimeters of bioclastic silty sandy limestone occurs above this basal unit. It is moderately 



Lithaseni tic arkosic sandstone; bmwn, 
volcanic and calcitic clasts 

Caicareous silty sandstone; 
ostracodes, stromatolites 

Bioclasiic silty sandy limestone; 
ostracodes, cheri nodules 

Sandy calcareous , silicified 
siltstone, e d e d  volcanic clasts 

Figure 4-5. Stratigraphic section of the Scots Bay Formation at 
Central Broad Cove. 



to well-sorted and very fine to medium grained. This unit contains pelloids, lithoclasts 

chert, geothitic grains, and silicified fossil fragments in a framework of grains composed 

mainly of quartz and feldspar. Ostracodes are cornmon. The next 87 cm is composed of 

stromatolitic, green, laminated calcareous silty sandstone. This sandstone is litharenitic 

arkose, well-sorted and very fine to medium-grained. The next unit encountered upward is 

45 cm of peloid-bearing limestone. It contains finely crystalline d o n a t e  with mudstone- 

wackestone texture. Quartz and feldspar grains are wrnrnon and ostracodes are present. 

This limestone is partly ripple-laminated, and partly recryadlized. The upper unit in this 

outcrop is 150 cm of brown sandstone which is similar to the top beds in Davidson and 

East Broad coves. Large blocks (1-2 m3) of this massive brown sandstone fkom the top of 

the outcrop have collapsed and fdlen down on to the intertidal basalt surface. The lower 

part (56 cm) of this sandstone is moderately-sorted, coarse-grained litharenitic arkose with 

calcite f iapents and some clay matrix. The dark gains are partly goethitized. The top 

part of this unit is similar to the lower part, but it lacks the calcite lithoclasts. 

4.4.4 West Broad Cove: Quaternary soi1 and trees slumping fiom the top have covered 

most of this outcrop. This section (Fig. 4-6) was measured at the middle of the east side of 

the cove. The basal bed lies directly over the North Mountain Basalt and is composed of 

53 cm of stromatolitic, burrowed and bioturbated, thinly bedded, silty, sandy argillaceous, 

partly bioclastic limestone. Thin wispy micaceous and silty clay intercalations are present. 

Locally, it is silicified. The next unit is 70 cm of partly chertified, ostracode-bearing 



Silty sandstone; Iimy, 
chen nodules 

ArgilIaceous, silty sandstone; 
chert/rock-fragments, basalt 
grains and clay cIasts 

Wackestone; silicifïed ostracoâes, 
chen bands, and nodules 

Limy silty sandstone; partly bioclastic, 
stromatolites, burn,wed 

Figure 4-6. Stratigraphie section of the Scots Bay Formation at West 
Broad Cove. 



wackestone. Ostracode shells are relatively common and some are 6iled with 

rnicrocrystd!ir?e quartz. Above this unit, there are 120 cm of argillaceous silty arkosic 

sandstone which is well-sorted and very fine to medium-graineci. The framework is 

composed of quartz and feldspar grains ammpanied by mica, chert fragments, rock- 

fragments, basaltic grains, and clay clasts. Partly chlontized clay foms the matrix. 

Locally, there are concentrations of patchy diagenetic sparry cement. The top unit of this 

section is 120 cm thick. Overall, it resembles the underlying unit, but it is less calcareous 

and more siliciclastic, being a silty sandstone with some lime mud and chert nodules. The 

h e w o r k  is dorninated by fine quartz, feldspar, and mica grains. The brown sandstone 

that caps other outcrops is not exposed here, but eroded cobbles and boulders of it have 

been observeci in the past (Carnefon, pers. comm., 1999). 

44.5 Lime Cove: This well-exposed outcrop is located northeast of Woodworth Cove 

(Fig. 1-1). About four meter of an alluvial channel-like shape is a special feahire at the 

base of this section @ig. 4-7) which is located at the middle-west side of the cove. It is 

filled with 95 cm of sandstone which is poorly cemented, moderately weII-sorted fine- 

grained and contains wbangular quartz grains, an argillaceous, ferrous oxide matrix, 

basaltic clasts and scattered mica flakes. The next unit is 85 cm of burrowed and 

bioturbated, argillaceous, silty sandstone that is well-sorted, and fine-grained with 

interbedded bands of thin (6 cm), red to purple shale. The fiamework grains of this 

sandstone are mainiy composed of quartz and feldspar grains associated with mica. 



Brown feldspathic litharenitic sandstone; 
calcitic clasts 

Wackestone & packestone, lhinly bedded 

Conglomeratic sandstone 

Biaclasiic calcateous sandstone; 
ostracodes, chert nodules 

Biaclastic silty, sandy timestone; 
cross laminations, chert, basaltic clasts 

Argillaceous silty sadstone; 
well-sortod, day clam, burrowed 
basaltic clasts 

Channel-fil1 sandstone, basaltic clasts 

North Mountain Basalt 

Figure 4-7. Stratigraphie section of the Scots Bay Formation at Lime Cove. 



chlorite, and partly goethitic shreds of clay clasts. 

The next 70 cm are indistinctly laminated or cross-laminated, bioclastic, silty, sandy 

limestone. It is moderately to weli-sorted, very fine- to medium-grained and wntains rock 

fragments, chert, mica and basaltic clasts. Phosphatic clasts and ostracodes are present. 

This unit is overlain by 130 cm of a bioclastic, calcareous sandstone that is thinly bedded, 

moderately sorted, and cemented with recrystallized sparry calcite. The bioclastic materials 

are mainly ostracode fiagments. Chert nodules are cornmon (Fig 4-8). Next, there are 

about 25 cm of conglomeratic arkosic sandstone that contains calcitic fiagments. The next 

unit upward is 55 cm of thinly bedded wackestones and packstones. This limestone is the 

purest limestone found in the Scots Bay Formation. The top unit is 60 cm thick and 

composed of brown, feldspathic litharenitic, moderately to well-sorted sandstone with 

calcitic clasts and horizontal and cross-laminations. Its contact with the underl ying 

limestone is very sharp. 

4.4.6 WoomYorlh Cove: Woodworth Cove contains the most sout hwesterly outcrop of the 

Scots Bay Formation. Rocks in this section are not well exposed and soi1 now covers 

much of the east side. The section in Figure 4-9 was measured fiom the West side of the 

cove. The basal unit, which lies directly over the top of the North Mountain Basalt, is 

composed of 125 cm of  green, silty, cherty, clayey, sandstone with little calcium 

carbonate. Brown and red chert bands and nodules occur scattered throughout this unit. 



Figure 4-8. Chert nodules are comrnon in the bioclastic limestone units of the Scots Bay 

Formation at Lime Cove. 
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Figure 4-9. Stratigraphie section of the Scots Bay Formation 
at Woodworth Cove. 



The next 40 cm is composed of massive brown chert. Overlying this chert are 44 cm of 

light green, thinly bedded sandy iimestone, containing abundant silicified ostracodes, 

rnicrogastropods and smail clams. The top unit is about 30 cm of sofl, green, limy, cherty 

sandstone. For more details see Figure 4-9. 



4.5 SEDIMENTARY FACIES AND DEPOSIONAL ENVIRONMENTS 

4.5.1 Introduction 

Up to seven meters of cherty, green and white, calcareous sandstones were 

deposited in and around an Early Jurassic shailow lake (or lakes) on  the top of the 

weathering and eroding North Mountain Basait. Today, these strata comprise the Scots 

Bay Formation dong part of the south shore of the Bay of Fundy between the village of 

Scots Bay and Baxters Harbour. 

The Scots Bay Formation is composed of different types of lithofacies in which 

siliciclastics dominate. These ciastic sedimentary rocks consist of quartz and feldspathic, 

often immature, sandstone, sandy siltstone, conglomeratic sandstone, and silty sandstones. 

The sandstones are mainly thinly bedded, fine to medium-grained, and light gray to green 

except those at the top which are brown. The silty and clayey sandstones are green and 

purple, thinly laminated, burrowed and occur as the basal unit in most sections- They 

grade upward into silty and sandy Iimestone. The carbonate rocks consist of calcareous 

sandstones, packstone, wackestones, and mudstone-wackestones. The Iimestones are thin 

to thick-bedded and thinly laminated, white and greenish gray, peloidal, stromatolitic, and 

often replaced by chert. Chert bands and jasperoid nodules are comrnon. 

Four main sedimentary facies are recognized: 1) Fluvial marginal channel facies; 

2) Shoreline facies; 3) Nearshore facies (lower high energy and upper low energy); 



4) Offshore facies (Fig. 4-10). The lake margin was composed of three facies: shoreline, 

nearshore and fluvial marginal channel facies. The nearshore facies is the most extensive 

facies in the Scots Bay Formation and can be subdivided into higher energy ana a lower 

energy subfacies. The shoreline facies and fluvial channeled sandstone occur only in certain 

outcrops. In general, the Scots Bay lacustrine facies are interpreted to have been deposited 

in littoral and subiittoral lacustruie environments.no evidence for profùndai deposition was 

found in outcrop. 

4.5.2 MARGINAL CHANNEL FACIES 

The lowest unit at the rniddle-west side of Lime Cove is composed of about 95 cm 

of moderately sorted, mixed coarse to fine subarkosic sandstone with pebble and cobble 

clasts mainly composed of basalt fiagments. Feldspar and quartz grains are cornmon. 

This sandstone unit becomes finer upwards and is indistinctly laminated and cross- 

larninated. It contains purpte and green bands that terminate against the basalt to the 

northeast. This U-shaped channel-like deposit strikes about N 55 W. Sieve analysis of 

this semi-consolidated unit by Thompson (1974) indicated mean diameters of 3.42 0 and 

0.260 0 and standard deviations of 0.91 0 and 1.61 0, corresponding to normal channel 

sands (Pettijohn, 1957; Blatt and others, 1972). 

The basalt fiagments rnay indicate subaerial erosion of nearby paieooutcrops of 

basaltic lava flows. Pebbles and cobbles in the muse-grained sandstones may represent 



Figure 4-10. Major characteristic features of the environmetnal facies 
of the Scots Bay Formation. 



Iag wnglomerates deposited in the channel (Fig. 4-1 1). In fluvial channel and point bar 

deposits, the lowest bed is coarse-grained sandstone that may contain basal pebble lag 

deposits, the basal contact is sharp, and sandstones becorne thin-bedded and finer grained 

upward (Pettijohn 1975). This facies is interpreted as a channel-fil1 deposit that may have 

been associated with a meandenng Stream. 

4.5.3 OFFSHORE FACIES 

This facies is represented by a silty sandstone unit that occurs at the base of most 

sections. Klein ( 1962) describeci these basal beds as green and purple claystone overlain by 

t hin-bedded greenish-gray fine-grained limestone. In t hin section, the fiamework grains are 

dominated by quartz and feldspar with srnall amounts of micas, chlonte, and goethite 

grains. This thinly laminateci siliciclastic unit rests with erosional contact upon dark 

greenish basalt of the North Mountain Basait Fomtion fiom which it denves a significant 

number of dark basaltic grains. This facies consists of horizontally laminated (Fig. 4- 12), 

very fine silty sandstone, claystone, and mudrock in East Broad Cove and West Broad 

Cove. Burrowing is found in Lime Cove (Fig. 4-13). In some places, such as in Lime 

Cove, there is a thin layer of paleosol on the North Mountain Basait underlying the Scots 

Bay Formation. 

Basal sediments in lakes are likely to be sand, silt and clay derived from erosion of 

bedrock in the drainage basin (Fouch and Walter, 1982). The presence of very fine 



Figure 4-1 1. At Lime Cove, the channel-fil1 sandaone at lefi rests directly on the eroded 

top of the Northem Mountain Basalt at ri&. Sale is hammer at contact (lower lefi). 



Figure 4- 1 2. Photomicrograph of argillaceous silty sandstone f?om the offshore facies at 

West Broad cove, showing thin horizontal laminations. Crossed polars, width of field is 

2.5 mm. 



Figure 4- 1 3. Photomicrograph of argillaceous silty claystone from the offshore facies at 

East Broad Cove, showing burrows and bioturbation. Crossed polars, width of field is 2.5 

mm. 



materials, such as claystone, suggests that deposition involved settling of at least some 

suspended material in a low energy environrnent. Coarser clastics may have been 

introduced dunng lake-level lowstands (seasonal ?). 

This fine sandy claystone and silty sandstone deposition with no evidence of 

agitation may have occurred in an offshore environrnent during an influx of fine siliciclastic 

sediments. The presence of burrows indicate that the bottom waters and sediments were 

oxic (well oxygenated). Such conditions would account for the Iack of organic nch shales 

in the offshore facies and imply that the Scots Bay lake was shdow rather than deep in the 

area of exposure. 

4.5.4 NEARSHORE FACIES 

The nearshore facies is the most extensive facies in the Scots Bay Formation; it can 

be found in al1 the cove exposures. This facies is a rnixed carbonate and siliciclastic unit 

and is conveniently subdivided into two subfacies: the higher energy nearshore subfacies 

and the lower energy nearshore su bfacies. 

The higher energy nearshore facies consists of bioclastic, laminated, silty, sandy, 

peloidal limestones and calcareous sandstones. It contains desiccation cracks, horizontal 

laminations, rock fragments and chert. Scattered oolite grains occur in this facies, but they 

are not cornmon. 

The lower energy nearshore subfacies, which is the upper subfacies of the 



nearshore facies, is rnicrite dominated. It consists of a wackestone-packstone unit and a 

stromatolitic unit. 

The nearshore facies in the Scots Bay Formation contains a higher percentage 

of carbonate than the offshore and shoreline facies. This is probably because of higher 

production rates of calcium carbonate in shallow, nearshore envîronments. The presence 

of calcareous fossils, such as ostracodes, mollusks and cdcareous algae, may be the major 

carbonate source in this nearshore facies. Fossils in this nearshore facies of the Scots Bay 

Formation include gastropods represented by Hydrobiu, Valvata, and Gyrauius and 

ostracodes represented by Danvida, Tirniriasevia and Metacypris. A giant ostracode 

and a srna11 bivalve have been discovered in this study. Cameron (1 986) suggested that the 

Scots Bay Formation probably represents a nearshore carbonate facies based on its faunai 

assemblage. 

A decreasing siliciclastic sediment supply to the lake would allow the developrnent 

and preservation of carbonate sediments, such as stromatolites and microbial mats in 

nearshore facies of an aikaiine lake. Calcareous silts and silty sands in Lake Tanganyika 

are forrned at depths between O and 10 m on nearly flat, broad, nearshore shelves (Cohen 

and Thuin, 1987). The nearshore facies in the Scots Bay Formation is a fining upward 

sequence with cessation of temgenous sedimentation at the top. The initiation of fine- 

grained carbonate deposition in the upper su bfacies suggests a transgression. The presence 

of stromatolites and charophytes indicates a shallow photic zone nearshore environment. 



4.5.4.1 Higher energy nearshore subfacies 

This higher energy nearshore facies consists of two units: a lower laminated 

bioclastic silty sandy limestone unit and a bioclastic calcareous sandstone unit. 

4. S. 4.1.1 Laminated biuclasîic silîy santfy limesione unit: 

This laminated bioclastic silty sandy limestone is rnoderately to well-sorted and fine- to 

medium-grained. It contains peloids, lithoclasts, goethitic grains, and silicified fossiI 

fragments while its fiamework grains are rnainly composed of quartz and feldspar. 

Burrowing is absent. Ostracodes and calcareous algae occur in this facies, particularly at 

East Broad Cove. Phosphatic clasts also have been observed in thin section fiom Lime 

Cove which are probably fiom fish bones and teeth. 

The horizontal laminations have a wavy pattern. There are two possible ways that the 

laminations formed: 1) due to seasonal changes or 2) due to variation in currents. In 

general terms, the rainy season is a flood time for lakes. On the other hand, d v  seasons 

are times of low water level when lakes receive no sediments or thin deposits of fine 

materials. A change in current direction or velocity could bring in and cause the deposition 

of different sediments. 

These calcareous laminae may have been deposited on a lake floor with a very 

shallow, as indicated by some lime rnud. This may have occurred during the sumrner 

season when shallow and warm waters provideci appropriate conditions for algal blooms to 



increase the pH and to precipitate limestone. Inorganic carbonate precipitation rnay have 

occurred in this warm water or have resulted fiom mixing with Ca-rich inflow. The clastic 

laminae were possibly generated during periods of high water discharge, such as rainy 

seasons, when Stream velocities were higher. Deposition of sand laminae in this unit rnay 

have occurred under these conditions. 

4.5.4.2.2 Biocfadc cdc(yeous sandsrone unit: 

Calcareous silty fine- to medium-grained sandstones with grainstone texture, sparry 

cernent, burrows occur in this unit, especially at East Broad Cove. In thin section. they 

contain peloids, replacement chen and evidence of local recrystallization from micnte to 

microspar (Fig. 4-14). Desiccation cracks are found in Woodworth Cove and Davidson 

Cove as well as siticified wood fragments. Fragrnented ostracodes are cornmon. 

This unit may represent a shallow environment over which a slight transgression may 

have caused relatively deeper conditions to develop in cornpanson to the laminated unit 

beIow. 

The distribution of the peloids seems to be related to the stromatolites and 

calcareous algae in that they occur within and below the stromatolitic unit. The peloids, by 

virtue of occurring in stromatolitic crusts, are interpreted as probable rnicrobiai products 

(Sun and Wright, 1989). 



Figure 4-14. Calcareous sandstone fiom the higher energy nearshore subfacies at Lime 

Cove. Crossed polars, width of field is 4 mm. 



Sirnilar horizontal laminations and lithologies have been reported fiom the Pliocene 

Edge Basin Group (Martin and Robert, 1978) and fiom recent Lake Tanganyika (Cohen 

and Thuin, 1987) where they occur in lacustrine nearshore environments. The presence of 

silicified wood fragments and desiccation cracks in Davidson Cove dong with appropriate 

lithologies suggests subaerial exposure and shallow nearshore environments. 

4.5.4.2 Lower encrgy nearshore subfacies 

The lower energy nearshore subfacies of the Scots Bay Formation occurs where the 

nearshore grain-supported carbonates and siliciclastic units grade into nearshore mud- 

supported carbonate units with decreasing clastic content. This subfacies consists of a 

lower calcareous stromatolitic silty sandstone unit and an upper fine-grained carbonate 

unit. A locaI conglomeratic sandstone unit separates these two units at Lime Cove. 

4. S. 4.2.1 Stromatoiinc unit: 

The laterally-linked hemispheroidal (LLH of Logan, and others, 1964) stromatolitic 

fine calcareous sandstone zone in the Scots Bay Formation ranges fiom 30 to 60 cm thick. 

It occurs above the bioclastic calcareous silty sandstone unit and is overlain by the 

carbonates of the wackestone-packstone unit. The Scots Bay stromatolites are highly 

silicified and characterizcd by altemating Iight and dark fine laminae (Fig. 4-1 5) .  They may 

have been fomed by the trapping and binding of fine sediments by filamentous 



Figure 4-15. Hand specimen of stromatolites (LLH) characterized by alternating light 

and dark fine laminae fiom the lower bed at West Broad Cove. 



cyanobacteria. They are composed of a series of smail domes or hemispheroids (Fig. 4-16) 

stacked upon each other. Da& very fine, argillaceous sediments occur in the darker 

laminae. The calcareous sandstones are well sorteci, very fine to medium-grained, and 

contain peloids and biotite. 

The fine grain size and fine laminations suggest a relatively quiet environment. 

Logan and others (1964) also suggested a relatively quiet depositional environment for 

LLH stromatolites. There are no stromatolites in the upper unit of this facies, suggesting a 

relatively deeper environment for the overlying fine-grained limestone unit. A 

transgression may have occurred which would have deepened the lake waters. 

The assumptions that stromatolites are restricted in modem marine environrnents to 

zones of hypersalinity and are associateci in rnany ancient lake deposits with evaporites, 

marking periods or marginal zones of high dinity, needs to be carefùlly re-exarnined in the 

light of discoveries of modem strornatolites in low-salinity lakes (Reading, 1 97 1). 

Demicco and Hardie (1994) described unlithifieci fieshwater stromatolites in lakes 

irnrnediately landward of the tidal flats of Andros Island (Monty, 1978; Monty and Hardie, 

1976). In these very shallow Mes, fed entirely by rainwater, mats drape mudcrack 

polygons in underlying layers to produce laterally-linked, hernispherical strornatolites. 

The Scots Bay stromatolites have some environmental and morphological similarities 

with the recent fieshwater stromatolites of Green Lake, New York. On the other hand, 



Figure 4-16. Typical stromatoiites of laterally linked hemispheroidal variety in West 

Broad Cove. 



they are also similar in sorne respects to those described fiom lakes in the East Afncan Rifi 

system where stromatolites are formed fiom low-Mg calcite precipitated by green algae 

and bacteria. Stromatolites are cornmon in lacustrine nearshore facies of the Pliocene 

Ridge Basin Group and are comrnonly associated with mollusks, ostracodes and plant 

remains (Martin and Robert, 1978). This association resembles that observed in the Scots 

Bay Formation. 

4.5.4.2.2 Conglomemtic sandsrone unit: 

A green, coarse-graineci conglomeratic sandstone about 25 cm thick occurs above 

the bioclastic calcarmus sandstone unit (Fig. 4-10) in the low-energy subfacies of Lime 

Cove. About 20 percent of its volume is composed of subangular calcitic rock fiagments 

and chert fiagments. The fhmework is mainly composed of subrounded quartz grains and 

feldspar grains with small amounts of mica and chlorite. The coarse grained sands and the 

lack of fine-grained sediments suggest high energy conditions during deposition of this 

unit. The large tiagments of limestone and chert may indicate a nearshore location close to 

a siliciclastic source area. This unusuai bed is probably a stom deposit that transported 

coarse sediments and W ~ M O W ~  away the fines. 

4.5.4.2.3 Wackestone-packsîone unit: 

The wackestone-packstone unit is thinly bedded, indistinctly horizontaily larninated 



and consists of finely crystalline carbonate with a mudstone-wackestone texture (Fig. 4- 17) 

that is parily recrystallized. It contains little temgenous clastic material, such as q u a  

sand and silt. Red and brown chenified logs are present at Lime Cove (Fig. 4-8). The 

log sizes range fiom 3 cm to 35 cm in diameter. The dominant matnx material is micnte 

and no doIomite has been observed. This lirnestone is of uniforrn white color. Fossils 

include ostrawdes, gastropods, and fish scales. Eastward fiom East Broad Cove (toward 

Davidson Cove) this unit is absent. Stratigraphically, the unit does not exhibit any 

gradational relationship with the overlying sandstone (Fig. 4- 18). 

Irregular patches of lighter sparry calcite cement occur in some samples. Silica 

replaces spar within micronodules that could have been former peloids in the wackestone at 

East Broad Cove. 

The high proportion of fine matrix to Qrains in this unit and the absence of detrital 

minerals and rock fragments suggest either deeper, quieter water associated with a 

transgression or a paleogeographically protected coastal area, such as a bay. 

4.5.5 SHORELINE FACIES 

Up to 150 cm of thick, brown, massive, pebbly, medium to coarse-grained 

sandstones occur above the limestone unit at the top of the sections at Lime Cove, East 

Broad Cove, Central Broad Cove, West Broad Cove and Davidson Cove. This feldspathic, 

litharenitic sandstone contains truncated ripple marks associated with low-angle cross- 



Figure 4-17. Photomicrograph of silicified wackestone which shows the mud supported 

texture associated with deposition in a nearshore, low-energy environment. Note the few 

patches being replaced by microcrystalline quartz. Crossed polars, width of field is 4 mm. 



Figure 4- 18. The diastem-like sharp contact between the shoreline sandstone (above) 

and nearshore limestone (below), suggesting a regressive sequence at the top of the 

Scots Bay Formation. Knife is scale. 



stratification and horizontal laminations. Its grains are moderately to poorly-sorted, well 

rounded and not well packed. The cornmon feldspars are mainly plagioclase and some 

microcline, while the rock fiagrnents include limestone, chert and basalt. In thin section, it 

contains mica, unidentifieci dark grains, calcite tithoclasts in the lower part, quartz and 

some clay matrix. This hard, massively bedded sandstone exhibits a grain size decrease 

upward. Weathered, eroded blocks at the base of cliffs are characteristically cubic and 

huge. Fossil lacustrine snail shells were found in this unit by Cameron (pers. comrn., 

1998). The calcite Iithoclasts are not found in the upper part because they are probably 

derived fiom the erosion of underlying limestones, indicating reworking processes. 

High energy depositional conditions are suggested by the current stmctures in this 

facies. Its generally medium to couse-grained and conglomeratic nature also suggests a 

high-energy environment. The contact between this sandstone and the underlying 

limestone is sharp (Fig. 4-18). Lacking evidence for an unconformity, a diastem is 

suggested for this sharp, lithologicaily contrasting contact between two parallel strata. 

Desiccation cracks and dinosaur footpnnts at the base of these sandstones (Carneron and 

Jones, 1988) suggest that subaerial exposure was routine during their deposition. 

Similar features have been reported in beach-shoreface subenvironments of the 

Parachute Creek Mernber of the Green River Formation (Martin & Robert, 1978). The 

Parachute Creek contains subiitharenites, subarkoses, erosional surfaces, horizontal 

stratification and chen pebble conglomerates. Picard and High (1 972) also suggested a 



beach-shoreface subenvironment for part of the Green River Formation where a cycic 

sequence of neanhore deposits are separated by an indistinct boundary. Thompson (1 974) 

considered this sandstone at Davidson Cove to represent a paleobeach environment. His 

interpretation was based on sieve analyses of disaggregated sediment. 

The lower sharp contact, coarse sandstones, ripple marks, horizontal and low angle 

cross-stratifications, few fossils and abundance of lithoclasts indicate vigorous wave andor 

current agitation and reworking processes within a high energy environment. These 

sedimentary structures dong with the lithology may record longshore bar and beach 

sedimentation. Therefore, the author interprets this facies as a shoreline lacustrine beach 

environment. 



4.5.6 LACUSTRINE DEPOSITIONAL MODEL 

Studies of the depositional environrnents of the Scots Bay Formation are not 

common and detailed. For exarnple, Thompson (1974) focused more on its stratigraphy 

and geochemistry, whle Bimey and Hubert (1989) were concerned maidy with the 

carbonate environments. The rocks of the Scots Bay Formation are thinfy bedded, mixed 

siliciclastic and carbonate rocks that are essentially fine-grained in the lower parts and 

coarse-grained at the top. Their fossil content, sedimentary structures, and stratigraphic 

sequence provide adequate information to interpret their depositional environrnents . 

Several lines of evidence indicate that the Swts Bay Formation formed in a 

fieshwater and lacustrine environment; some are more compelling than others: 1) 

Freshwater fauna, such as ostracodes (e.g., Darwimda), charophytes, microgastropods and 

fish scde. 2) Facies pattern suggested by the deposition of offshore fine materials over 

almost the entire lake floor. 3) Regressive stratigraphic sequence which is indicated by the 

three main facies: lower offshore facies, nearshore facies and top shoreline facies (Fig. 4- 

10). 4) The association of an alluvial channel facies. 5) The lack of evaporites. 

Figure 4-19 illustrates the three environmental facies and their depositional settings 

within Scots Bay Lake. Generaily, the lacustrine environment of the Scots Bay Fonnaticn 

was composed of a core of offshore facies that grade shoreward into marginal- lacustrine 

facies (nearshore and shoreline facies) and alluvial channel facies. 



Figure 4-19. Depositional model of Scots Bay Formation shows the three main environmental facies: 1) shoreline 
feldspathic litharenitic sandstone, 2)nearshore carbonate and siliciclastics, and 3) offshore silt and silty sandstone 



The lowest facies represents an offshore environment where the lithology is 

characterized by very fine-graineci silty sandstone. The fine grain size with thin 

laminations may reflect relatively deep lacustrine conditions where there was a lack of 

agitation below wave base to w i ~ o w  away fines and transport in warse sediments. 

Mked temgenous and carbonate units of the nearshore facies overlie this silty 

sandstone. The offshore facies grades into a bioclastic silty sandy limestone of the lower 

unit of the nearshore facies. The lower nearshore subfacies contains desiccation cracks, 

rock fiagments, algae, scattered d i t e  grains and an abundance of ostracode valves. These 

features imply a shallower and higher energy nearshore environment than the offshore 

facies. The low-energy nearshore subfices consists of a Iower strornatolitic unit and an 

u pper wackestone unit, which may represent shallow nearshore environments such as can 

be found in a bay, as indicated by lime muds and the absence of rock fiagments. 

The shoreline facies occurs at the top of most Scots Bay outcrops where it is 

represented by brown feldspathic litharenitic arkose. There has ben  uncertainty as to 

whether this sandstone is eolian or fluvial in origin. The presence of calcitic fiagrnents 

fiom the underlying limestone, the lacustrine snails, desiccation cracks and the coarse grain 

size in the lower part of this sandstone indicate subaerial exposure and reworking aqueous 

processes, probably during wave action in a shoreline environment. 

The fluvial channel facies is composed of subarkosic sandstone that filled a small 



channel at the base of the section in Lime Cove. It displays a fining upward sequence 

which suggests that a small meandenng type Stream deposited this facies. 

In general, the stratigraphic sequence of these facies records the regressive nature of 

the Scots Bay Formation with grain size generally increasing upward. The nearshore facies 

which occurs in the middle of this sequence exhibits a fining upward, carbonate-rich trend 

or cycle. 



4.5.7 FACIES CORRELATIONS 

Despite the closeness of the sections, the lateral correlation of some units in the 

Scots Bay Formation can be difficult because of the absence, in some sections, of 

distinctive marker horizons or units, such as stromatolitic calcareous sandstone. Chert 

nodules occur somewhat scattered throughout every outcrop. Fossils are also not present 

in the same kinds of beds at different sections. However, there appears to be lateral 

continuity of  some units. For example, the feldspathic litharenitic sandstone at the top is 

present in al1 sections except at West Broad Cove where it could be covered by soi1 and at 

Woodworth Cove (Fig. 4-20). 

The facies at Davidson Cove diiffer fiom those at other coves because the main 

Iithologic type at Davidson Cove is sandstone. Klein (1960) reported that in eastem 

outcrops, sand-sized material dominate; in central outcrops limestone dominates, and in the 

western outcrops, clayey Iimestone and claystone dominates. 

The basal offshore facies, which is composed of fine silty sandstone, was deposited 

on the top of  the lava flows of the North Mountain Basalt. It is found in ail sections except 

West Broad Cove where it may have been eroded or covered by recent slumping. 

The higher energy nearshore subfacies, which is limestone-dominated, occurs 

throughout al1 sections but is replaced by siliciclastic rocks at Davidson Cove. These 

limestones grade eastwards towards Davidson Cove into siliciclastic units, containing chert 





nodules and chert beds. The lower energy nearshore subfacies is thickest and purest in 

Lime Cove where it occurs directly below the brown sandstone of the shoreline facies. 

The fluvial channel sandstone occurs only at Lime Cove where it was deposited 

directly on the top of the North Mountain Basalt. 



4.6 Conclusion 

The Scots Bay Formation was deposited by a shallow, nearshore, somewhat 

heterogeneous lake syaem in a generally lacustrine littoral environment. These lacustrine 

sediments were associated with fluvial channel sandstones in Lime Cove. Lake levels 

probably varied and some cyclicity is indicated. 

Four sedimentaq facies are recognized: 1) marginal channel facies; 2) shoreline 

facies; 3) nearshore facies; 4) offshore facies. 

The marginal channel facies represented by subarkosic sandstone displays a fining 

upward sequence which is coarse-grained in the lower part. These features suggest that a 

meandering Stream may have deposited these sandstones. The offshore facies above 

contains siliciclastic sediments decreasing in grain size and a low carbonate content. Two 

nearshore subfacies are recognizexl higher in the section, one with mixeci carbonate and 

clastic content which represents a shallow relatively higher-energy nearshore environment 

and the other with increasing carbonate content which represents a quieter nearshore 

environment. The shoreline sandstone facies at the top is characterized by calcitic 

fiagrnen t s derived fiom underl ying limestones which indicate reworking processes. 

Dinosaur footprints and desiccation cracks indicate subaerial exposure. 

The Scots Bay Formation contains a gradationai sequence from a lower offshore 

fine-grained facies through coarser shallow carbonate nearshore environments to a 



shoreline sandstone facies. This gradational sequence appears to have resulted from a 

regression or infilling of the paleolocustrine environment. A minor two-step regressive 

process may be suggested by the lower energy nearshore carbonate facies. The rate of 

carbonate precipitation was higher in the nearshore environment than in other offshore and 

shoreline environrnents. Thompson (1974) stated that the source of the sediments for the 

Scots Bay Formation was probably to the south. Quartz, as sedimentary grains, is the 

predorninant mineral in the Scots Bay Formation which may suggest a granitic source rock. 

Klein (1954) suggested that the source rocks for the "Annapolis Formation" in this area 

were Devonian granite as well as Horton Group and Windsor Group sedirnents fiom the 

south. During the Early Jurassic the North Mountain Basalt would have extended 

southward to South Mountain, so that streams could have transported quartz detntus 

northward to the present outcrop location. 

Multiple sources are suggested for the lime mud in the Scots Bay Formation, such as 

disintegration of calcareous algae, passive algae precipitation, and disintegrat ion of 

molIusks and ostracode skeletons. 



CHAPTER FWE 

DIACENESIS 

5.1 Introduction 

Understanding of diagenesis and its processes is a crucial pre-requisite to 

interpretation of lit hofacies characteristics and depositional environments. Diagenetic 

processes affect both pre- and post-lithification sediment characteristics, as they produce 

changes in textures, structures, and mineral composition. With time, as carbonates are 

deposited, precipitated, buried, eroded, exposed and reburied, they interact with surficial 

and interstitial fluids, each of which affects the sediments or rocks in a special ways and 

Ieaves a unique diagenetic signature (James and Choquette, 1990). Freshwater 

diagenesis is charactenzed by rapid and extensive changes in (a) CO2 concentration and 

isotope composition, (b) degree of CaCOs supersaturation, and (c) flow rates and 

intermixing of waters (Flugel, 1982). 

As work on ancient lacustrine rocks is scarce, the study and interpretation of the 

diagenetic history of these rocks is not an easy task. Birney-De Wet (1985) studied the 

petrology of Scots Bay as part of a Masters thesis, whereas a few other studies tended 

to concentrate on paleontology and sedimentology. 



5.2 DIACENETIC FRAMEWORK 

In general, carbonate diagenetic processes enwmpw dissolution, compaction, 

cementation, replacement, and recrystallization. Most of these processes have been 

active in the Scots Bay Formation in addition to some post-lithification processes such as 

calcite fracture filling. Compositionally, the carbonate-siliciclastic rocks of the Scots 

Bay Formation consist of a mixture of carbonates and siliciclastic material. The 

carbonates consist of bioclastics, peloids, and stromatolites, whereas the siliciclastic 

material consists mostly of quartz, feldspar and chert. 

The most cornmon unit in the Scots Bay Formation is a bioclastic silty sandy 

limestone. One rock sample fiom this unit at West Broad Cove (e-g., WCS3C) shows a 

fiamework of quartz, mica, feldspar, chert, rock-fragments (some of which are v o l d c ) ,  

and cIay clasts. The matrix/pseudomatrix is made up of partially chloritized clay. In 

other samples, there is a local occurrence of patchy, sparry diagenetic caicitic cernent. In 

the Scots Bay Formation, the most abundant fossils are ostracodes whose shells are 

commonly thin and silicified. D m q  quartz infills the articulated valves (Fig. 5-1). In 

most cases, the matrix between allochems is generaily a mixture of both micrite and 

recry stallized microspar. 



Figure 5-1. Photornicrograph of süty sandy limestone at East Broad Cove showing 

ostracode shell filled with dmsy quartz cernent. (sample ESS IC). Crossed polars; width 

of view is 2.5 mm. 



The second most common unit within the formation is composed of bioclastic 

calcareous sandstone that locally grades into sandy peloidal limestone. In this unit, in 

which chert and partly silicified stromatolitic Iimestone are the most distinctive features, 

rninor ostracodes and algal stems are locally present. Recrystallization tiom micrite to 

microspar is evident in sample LCSIC fiom Lime Cove (Fig. 5-2). The presence of 

patches of peloid-like grains that are nearly replaced by recrystallized micrite suggests 

that some peloids have been recrystallizeâ. It is difficult, however, to distinguish a 

sparry cement, which is present as void filling, fiom recrystallized calcite. Botti, 

however, will be discussed in the next section. Folk (1959) suggested that peloids 

showing indistinct boundaries might appear so partly as an optical effect due to the small 

size of the near-spherical pellets and minuscule thickness of the petrographic thin section. 

In other rocks, however, recrystallization of pellets, matrix or both produce microspar 

that obscures their boundaries. The presence of uncrushed peloids indicates early 

lithification, as this is a cornmon process in recent pellets (Tucker, 1990). 

5.2.1 Cemtntation 

Cementation of limestone requires an enormous input of CaCO3 and an efficient 

fluid flow mechanism for complete lithification (Tucker, 1992). Sparry and rnicrosparry 

cernent can be clearly distinguished fiom micrite by coarser grain size (more than 10 

microns) (Folk, 1959; Flugel, 1982). Cementation plays a very signifiant part in rock 



Figure 5-2. Photomicrograph of wackestone-packstone from Lime Cove (sample 

LCSIE) showing an inter-allochems matnx made up of a mixture of micrite (dark 

brown) and recrystallized micrite (light). Uncrossed polars; width of view is 4 mm. 



forming by joining and holding the grains together. 

Cements in the Scots Bay Formation include calcite, silica, iron oxide, and 

chlorophaeite. Three types of calcitic cernent are found. These are: (1) drusy mosaic 

cement (sparry and microsparry cernent), (2) blocky cernent and (3) meniscus cernent. 

The original carbonate was probably low-Mg calcite. This is indicated by microprobe 

analysis showing only 0.23 wt% M ~ ~ '  (Bimey-De Wet and Hubert, 1989). Alizarin red 

staining was used to identitj. dolomite, but it failed to reved any dolomite mineralization 

in the Scots Bay Formation 

Silica cement fabrics consist of three types: (1) chalcedonic quartz (spherulites), 

(2) rnicrocrystailine quartz, and (3) drusy quartz. These types will be discussed in more 

detail in the next chapter which is devoted to cherts. Iron oxide and chlorophaeite occur 

locally as rim cements. Hematite-stained chalcedonic quartz and shreds of goethite are 

locally present. 

Interlocking of quartz grains is comrnon in the Scots Bay rocks. The degree of 

grain interlocking is low, indicating a low compaction pressure process. Quartz 

cementation was probably an early diagenetic event, as indicated by well-preserved wood 

fossils in the core of chert nodules. 

Drusy and blocky calcite cements are the most cornmon cements in the Scots Bay 

Formation and are clearly distinguishable fiom recrystallized micrite as they occur dong 

ffactures or in cavities formed &er fossils dissolveci. Dnisy calcite is usually found as 



pore-filling in which crystal size increases progressively towards the pore center (Fig. 5- 

3). In cavity filling, crystal size of dmsy mosaic cernent increases away fiom cavity 

wall, forming one of the fabric criteria for cernent (Bathurst, 1976, p. 41 8). Drusy 

mosaic and blocky calcite is relatively coarsely crystalline (0.1 to 0.8 mm) due to slow 

growth. Their formation indicates that, at times, the pores and fractures must have been 

filled with water; thus pointing to a phreatic zone environment. Differentiating meteoric 

phreatic cements fiom bunal cements is difficult if not impossible without thermometry 

from fluid inclusions or oxygen isotopes (Tucker, 1992). In contrast to neomorphic 

spars, sparry cements have a high fiequency of plane intercrystdine boundaries 

(Bathurst, 1971). Calcite cernent crystals in the Scots Bay Formation, particularIy within 

spherical voids, show this tendency (Bimey-De Wet, 1985). The blocky cernent is 

usually found as fiacture filling (Fig. 5-44). The blocky calcite crystals ofien exhibit some 

well- developed cleavage where the boundaries between the sparry crystals are made up 

of plane interfaces Vig. 5-5). 

Some microspar cernent occurs locally in fiacîures, dissolved shells and other 

cavities, as such, it is post-rnicrite, but not necessarily a recrystallized product of it. The 

boundary between micrite and this micro-sparry cernent is sharp (Fig. 5-3). 



Figure 5-3. Photomicrograph of peloidal limestone showing plane interface boundaries 

between crystals of the dmsy mosaic cernent. It also shows cryaal size increasing away 

fiom the cavity wall. East Broad Cove (sample ESS IV). Crossed polars; width of view 

is 2.5 mm. 



Figure 5-4. Photomicrograph of wackestone-packestone showing the blocky calcite 

(cernent) as fiacture filling (sample LCSlE). Crossed polars, width of Mew is 4 mm. 



- -  

Figure 5-5.  Photornicrograph of wackestone-packstone showing sharp boundary 

between micrite and blocky calcite. Note that some crystals exhibit weil-devefoped 

cleavage and the boundaries between the sparry crystais are made up of plane interfàces 

(sample LCS 1 E). Crossed polars; width of view is 2.5 mm. 



Meniscus cement is of minor, sporadic occurrence in the Scots Bay Formation (Birney- 

De Wet and Hubert, 1989). Meniscus and pendant cements are excellent indicators of 

the vadose environment, but if cementation is prolonged and the pores were to be filied, 

t heir characteristic shapes would usually be lost (James and Choquette, 1990). Crystals 

of meniscus cernent were found to be usually finely crystalline. 

5.2.2 Replaceme nt 

Silicification or silica replacement is the most extensive diagenetic phenornenon 

observed in the Scots Bay Formation. Dolomite, which is the most wmmon replacement 

mineral in carbonate rocks, was not found in the Scots Bay Formation. Silicification 

occurs in many forms, as chert nodules, chert beds and as silicified fossils. in some rock 

sarnples of the Scots Bay Formation rnicrocrystalline quartz replaces calcite. On the 

other hand, chalcedonic sphemlites and dmsy quartz occur as cernent in cavity fillings. 

The latter shows increasing crystal size away fiom the cavity wdl (Fig. 5-6). In sample 

ESSlS fiom East Broad Cove, silica replaces spar within micronodules pnor to any 

replacement of the fiamework's microspar and rnicrite (Fig. 5-7). Silica replacement is 

discussed in detail in chapter 6. 



Figure 5-6. Photomicrograph of chertified limestone showing chalcedonic spherulites 

and drusy cement as cavity filling. The latter shows crystal size increasing away from the 

cavity wall. East Broad Cove (sample ESSIR). Crossed polars; width of view is 2.5 

mm. 



Figure 5-7. Photomicrograph of peloidal wackestone showing silica replacing spar within 

micronodules prior to any replacement of the hmework's microspar and micrite. The 

angular to subangular outline of some micronodules suggests pseudomorphic stmcture 

after evapontes. East Broad Cove (sarnple ESSIS). Crossed polars; width of view is 4 

m. 



5.2.3 Dissolution and Porosity 

Dissolution is facilitated when limestones are exposed to fiesh water. It is more 

effective near the &rock interface because it is controlled by the flux of CO2 in 

meteoric water (James and Choquette, 1990). Well-developed solution porosity ocairs 

at Woodworth Cove where it is locally lined with sparry calcite (Fig. 5-8). The 

interparticle and intraparticle porosity that is probably produced by dissolution of parts 

of the matnx negates significant compaction and suggests that such dissolution may 

have occurred in vadose or  phreatic zones preceding deep burial. The types of cernent, 

whether dmsy to blocky (phreatic) or meniscus (vadose), described in the previous 

section, also indicate near-surface meteoric diagenesis. 

Meteonc water first encountering carbonate sediments is normally undersaturated 

with respect to CaC03, so dissolution takes place and yields a wggy porosity (Tucker 

and Bathurst, 1990). The presence of space-filling cement in Scots Bay rocks and fossils 

is the most important petrographic evidence for dissolution. Porosity in the Scots Bay 

Formation is low. The maximum porosity estimates range between 15 and 20Y0 in 

fossiliferous limestone at Central Broad Cove. The average total porosity in the Scots 

Bay Formation is 2 to 3 %, as detennined by point-counting. Primary porosities appear 

to have been reduced by precipitation of sparry calcite cement and early diagenetic silica 

such as chalcedony and dmsy quartz. In some sarnples porosity reduction may be as 



high as 20% according to point-count data. 

Although rnoldic porosity is not cornmon, it has been observeci in fossiliferous limestones 

at Central Broad Cove. It occurs as a result of leaching out of fossils early in the history of 

this formation. The deveiopment of open fiacture porosity in some samples suggests a 

tectonic origin. Fractures are mainly filled with blocky and drusy calcite cernent (Figs. 5-4 

and 5-5). In generai, it is doubtfùl that the total porosity contribution tiom open fractures 

exceeds 1%, as also noted by Murray (198 1). 

5.2.4 Recrystallization 

Recrystallization ernbraces any change in the fabric of a mineral or 

monomineralic sediments. Fine-grained microcrystalline matrix can be partly 

recrystallized to couse-grained calcite spar, as can be found in the Scots Bay 

Formation. The term grain-growth was introduced into carbonate petrology by Bathurst 

(1958) to describe the familiar alteration of micritic calcite to sparry calcite. 

Recrystallized calcite can be seen in Figure 5-9, which shows patches of the original 

rnicrite with Nuy boundaries that have not undergone recrystallization yet. This 

texturd aspect helps to differentiate neomorphic sparry calcite fkom sparry void-filling 

cernent. When sharp boundaries can be seen between spany cernent and original matrix, 

cavity-filling cementation is clearly the dominant process. In some samples, the lack of 



Figure 5-8. Photomicrograph of wackestone showing solution porosity that is locally 

lined with neomorphic and sparry calcite cernent (upper left). (Woodworth Cove, 

sample WC S 1 B). Uncrossed polars, width of field is 4 mm. 



ailocherns and presence of microspar indicate that the latter did not form as a cernent, 

but rather as a recrystallized micrite. Another way of identifjing recrystallized micrite is 

to find some temgenous grains suspended in microspar, such as those in samples 

LCCS 1 D and CCS 1 C2 fiom Lime Cove and Central Broad Cove. In some specimens, 

such as in East Broad Cove sarnpte ESSIS, clusters of clots of microcrystalline rnatrix 

are surrounded by a recrystailized material with fiizty boundaries (Fig. 5-9). This 

pattern is called gmmose structure. Gmmose structure appears as many little clots of an 

extremely finely crystalline, dark gray calcite standing out in a matrix of colorless 

granular calcite (Cayeux 1935, in Bathurst 1976, p. 5 1 1). 

5.2.5 Paragenetic sequence 

Lithification processes probably began during early diagenesis, as indicated by the 

presence of uncrushed peloids and the lack of other compaction phenornena. Dissolution 

of caicareous unstable minerals (e-g., aragonitic gastropod shells), possibly in the vadose 

and phreatic zones, appears to have occurred prior to the first cementation phase (Table 

5-1). Thus, some cavities including dissolved fossils, formed in the meteoric 

environment. Once cavities becarne filled with CaC03-saturated water, cementation 

processes ensued. Recrystallized microspar and meniscus cernent may have formed 

prior to the dmsy and blocky cernent. The latter did not evolve until after 



Figure 5-9. Photomicrograph of wackestone showing fine-graineci rnicrocrystalline 

matrix that has been partly recrystallized to microspar. It shows grumose structure 

(patches of micrite standing out as dark gray in a matrix of wlorless microspar). East 

Broad Cove (sample ESS 1 S). Crossed polars; width of view is 4 mm. 



1 Diagenetic timing 1 
Early Late 

Carbonate 
Dissolution 

Carbonate 
Recrystallization 

I 

Carbonate meniscus 1 8 1 1  

I I 1 1  

Silica 
replacement 

Cementation I I 1 1  

1 

1 1 1 1 1 1 1  1  

Table 5-1. Paragenetic sequence showing progression of the main diagenetic 

processes that affècted the Scots Bay Formation in relative time. 



the development of micro-hctures. Dmsy and blocky calcite cements are probably the 

manifestation of the last carbonate cementation events. Then, the silica mosaic was 

precipitated as indicated paragentic sequence in Figuure 5-1. 

5.3 Conclusions 

Dunng early diagenesis, some calcite dissolution took place in shallow burial 

environments or near the surface before cementation. Three types of calcite cements 

occur in the Scots Bay Formation: drusy mosaic, blocky, and meniscus cement. Phreatic 

and vadose meteonc cements make up most of the cements of Scots Bay limestones. On 

the other hand, meniscus cernent probably formed very early during lithification and prior 

to formation of the drusy and blocky sparry cements. Porosity in the Scots Bay 

Formation averages about 2-3%, is mainly secondary, and appears to have been 

generated by solution. 

Evidence of recrystallization of micrite into rnicrospar are: 1) fiizzy contacts 

between the recrystallized microspar and relict micrite, 2) micrite inclusions within the 

microspar, and 3) replacement of some micritic allochems (pellets) by rnicrospar. 

Silica occurrence in the Scots Bay Formation is exhibited mainly by the occurrence 

of nodular and bedded chert, both king replacement products and by silicification of 

fossils. Detrital quartz and pore-filling silica cernent are subordinate. 



CHAPTER SIX 

CHERTS 

6.1 Introduction 

Chert is a vexy general term for fine-grained silimus sedimentary rocks of 

chernical or biological ongin; it is dense and a very hard rock. Based on impurities, chert 

has many variety names. The most wmmon varieties are jasper which is red because of 

hematite inclusions and flint which is gray to black on account of inclusions of organic 

matter. Cherts in carbonate rocks are cornmon throughout the stratigraphie record. 

Cherts in Iirnestones are abundant in strata as old as early Paleozoic, such as those of the 

Appalachian region (Twenhofel, 1932). The origin of nodular chert in carbonate strata 

has been the subject of voluminous literature dating back to at least the latter part of the 

nineteenth century (Meyers, 1977). 

In the field, cherts in the Scots Bay Formation can be broadly divided into nodular 

and bedded types, both present as replacements and possibly some primary precipitated 

silica (Bimey-De Wet and Hubert 1989), but detrital chert grains and pore-filling cements 

also occur in these Iimestones and sandstones. The nodules in the Scots Bay Formation 

are red, reddish-brown and brown, cylindrical in shape, and have their long axes usually 

parallel to bedding. Some nodules are isolateâ and irregularly distributed within beds. 



The contact between the cherts and the surrounding limestone is usually sharp. 

Cherts may contain patches of limestone as well as wood fragments. 

6.2 REPLACEMENT AND AGE 

Much of the chert in the Scots Bay Formation occurs as partial replacement of the 

limestone and silty sandy limestone beds. It also replaces calcareous fossils, wood 

fragments, and tree trunks within the Limestones. The degree of selectivity of the 

replacement process is apparently a fùnction of a number of variables including pH, 

dissolved silica activity, porosity and pemeability ( Hesse, 1990). 

Evidence of replacement includes: 1) occurrence of chert dong fissures in 

limestone indicating some post-depositional origin, 2) presence of some patches of 

Iimestone in chert masses, 3) association of siiicified fossils in limestone, and 4) 

preservation of precursor sedimentary and biological structures and textures in some 

chert nodules such as woody structure (Fig. 6-1). 

The presence of silicified fossils (that were once woody and cdcareous) in the 

Scots Bay Formation in association with chert lends strong evidence to replacement 

origin for this chen. Such an association has been observed in many other formations 

such as the Illinois Limestone and dolomite formations (Biggs, 1957). Fossils in the 

Scots Bay Formation are well preserved due to being incorporated in chert before they 



Figure 6-1. Photomicrograph of the center of a chert nodule in transverse section, 

showing woody stmcture typical of the cores of chert nodules. Sample is float fiom 

Lime Cove. Width of view is 1 mm. 



could have been crushed by overburden pressure. ln some cases, there is primary 

carbonate cernent around the rnargïn of dissolved ostracodes followed by dmsy quartz 

precipitated in the cavity centers. These phenomena indicate that chertification preceded 

or at least was associated with the lithification of these limestones. 

Chert nodules are found within limestone beds where the limestone is compacted 

around the chert nodules (Fig. 6-2). The calcareous limestone larninae often warp 

around or drape over the chert nodules, indicating an early diagenetic origin. Bimey-De 

Wet (1985) observed that nodules commonly depress the sedimentary layers beneath 

them whereas overlying beds may drape over them, suggesting little lithification prior to 

chert formation. The presence of detrital chert fiagrnents in the bottom of the sequence, 

as well as in most beds above, indicates that chert formed early in the history of the Scots 

Bay Formation. The nodules and bedded cherts do not seem to be facies dependent, 

except for their absence fiom the shoreline facies. 

6.3 CEERT PETROLOGY 

In the Scots Bay Formation, chert microfabrics consist of three major types (Fig. 

6-3): 1) chalcedonic quartz, forming bundles of microfibrous cnists and spherulites; 2) 

microcrystalline quartz composed of equant grains; and 3) dmsy quartz cement forming 

cryst als of increasing size towards cavity centers. 



Figure 6-2. Limestone strata of the nearshore facies at Lime Cove appear compacted 

around chert nodules, indicating development of chert prior to complete lithification. 

Hammer for scale. 



Figure 6- 3. Chert fabrics in the Scots Bay Formation. Drusy quartz occurs as calcite 
replacement in ostracode shell (Iower lefi), and as pore filling with increasing size toward 
the center (upper left). Microcrystalline quartz occurs in dense, tiny Uiterlocking grains as 
replacement and cernent. Chalcedony quartz, forming bundles of radiating microfibrous 
crusts and spherulites, occurs as cavity filling. 



The dominant siliceous constituent is microcrystalline or cryptocrystalline quartz, 

defined as chalcedony (Smith, 1960). Locally, goethitic shreds and spheres with hematite 

staining occur as cavity fillings that are usually associated with chalcedony. In this study, 

of precipitation, as indicated by the fiber-like crystals, while the relatively coarse-grained 

microcrystalline quartz appears to have fomed slowly. 

Microcrystalline quartz is very abundant in the Scots Bay cherts. It occurs as 

dense interlocking grains with random orientations (Fig. 6-4). The average size of each 

individual grain is 4-6 microns in diameter. Wightman's (1970) study of silica veins in 

the Early Jurassic North Mountain Basalt Formation also indicated that the major mineral 

of these veins is rnicrocrystalline and chalcedonic quartz. Under the polarizing 

microscope, individual grains appear to have unddose extinction which may be caused by 

impurities and can also be related to the properties of precursor grains where a 

replacement origin is apparent (Cameron, pers. comm., 1999). The dmsy quartz 

probably represents a final stage of silica deposition as cavity fillings. 

Chalcedonic microfibrous silica occurs as cavity fillings, as indicated by aggregates 

of spherulites showing a polygonal outline (Fig. 6-5). Under crossed polars, chalcedony 

usually shows straight extinction (although some undutose extinction was observed). 

Under uncrossed polars, chalcedony of the Scots Bay Formation is brownish in color. 

Chester (1956) stated that chalcedony often appears brown under the microscope 

because light is xattered by submicroscopic pores. The spherulites consist of radiating 



Figure 6-4. Photomicrograph showing drusy quartz and chalcedonic spherulites filling 

cavities. Note the fine quartz with dense, interlockhg crystals with random orientations. 

East Broad Cove (sample ESSIR). Crossed polars; width of Mew is 4 mm. 



Figure 6-5. Photomicrograph o f  silicified peloidal limestone showing the polygonal 

boundaries of chalcedonic spherulites and radial fibrous silica that suggests formation as a 

pore-filling. East Broad Cove (sarnple ESSIT). Crossed polars; width of view is 2.5 

mm. 



arrays of fibrous-chalcedony. Each individual fiber of a sphenilite may extend fiom the 

center outward and end against fibers of adjacent spherulites. No nuclei were observed 

in these spherulites. The silica fabrics in some thin sections show some transformation 

fiom chalcedonic spherulites into dmsy mosaics (Fig. 6-6). Length-slow and length-fast 

spherulitic chaicedony are both present in the Scots Bay Formation, usually as cavity 

fillings (Fig. 6-7). Mineralogically, in length-slow chaicedony the efongation of the fibers 

is parallel with the crystallographic c-axis, whereas in length-fast chalcedony the 

elongation of the fibers is perpendicular to the czystallographic c-ais. Length-slow 

means that the slower polarized light component produced in double refiaction is the 

component vibrating parallel to crystal light; length-fast can be defined similarly for the 

faster component (Chesworth, 1970). 

Length-slow chalcedony, having c-axis parallel to length of the fibers is unusual in 

nature. It occurs almost exclusively in association with sulphates and other evaporites 

(Folk & Pittman, 1971). The Scots Bay Formation cherts seem to have no  gypsum or 

sulphate minerai precursors and, fiirthermore, there is no evidence of replacement of 

evaporites by length-slow chalcedony. It would seem, therefore, that the hypothesis of 

Folk and Pittman (1971) may not apply well to cherts of the Scots Bay Formation. 

However, despite the lack of evidence for abundant evaporites, scattered gypsum grains 

do occur in some thin sections such as in sarnple LCS 1C at Lime Cove and some possible 

evaporite pseudomorphs may be present (fig. 5-7). At this location, however, gypsum 



Figure 6-6. Photomicrograph of silicified limestone showing chalcedonic spherulites in 

process of recrystallization to grain-growth quartz mosaics. East Broad Cove (sarnple 

ESS 1 R). Crossed polars; width of view is 4 mm. 



Figure 6-7. Photomicrograph of chertified limestone showing two types of cavity fillings: 

1 )  precipitation at the pore's boundaries of length-slow chalcedony (yellow) and length- 

fast chalcedony (brown), and 2) precipitation at the cavity center of dmsy quartz that 

increases in grain size towards the center. Lime Cove (sample CHI). Crossed polars; 

width of view is 2.5 mm. 



may have been derived fiom the underlying Blomidon Formation and carrieci through the 

hot spring system of the Scots Bay lacustrine palaeoenvironment where it may have had 

considerable chernical and crystallographic control over the development of chaicedony. 

6.4 SOURCE AND CONDITIONS FAVOURLNG 

SILICA PRECIPITATION 

Silica solubility increases with increasing temperature, pi-& and pressure. Most 

silica precipitation at hot springs and geysers takes place when fluids equilibrated with 

respect to quartz, chdcedony, or volcanic glass at elevated temperature in the subsurface 

rise rapidly to the surface where they attain high levels of supersaturation at Iower 

temperature and pressure (Renault and others, 1998). Chert in the Scots Bay Formation 

could have formed h m  hydrothermal solutions associated with the Eariy Jurassic 

volcanism that created the North Mountain Basalt Formation below. 

Generally, chert precipitates initially as amorphous silica (Pettijohn, 1975) that 

later crystallizes to rnicrocrystailine quartz and chaicedony under certain circumstances. 

Spherulitic chaicedony of the Scots Bay Formation may have forrned as a result of rapid 

cooling of hydro thermal solutions. Experimentally, Oehler ( 1 976) found t hat fieshly 

solicii fied silica gel crystdlized to chalcedonic spherulites under hydrothermal conditions 



of pressure reaching up to 3 kb and at temperatures between 100" to 300" C for periods 

ranging fiom 25 to 2500 hours. The spherulitic chalcedony produced was either length- 

slow, length-fast or a combination thereof White and Corwin (1961) pointed out that 

chaicedony develops by transformation of silica under near surface conditions at 

moderate temperatures and pressures. These conditions are restncted to sedimentary and 

low-temperature hydrothermal environments. 

Silica transporteci to sites of deposition by fluids issuing fiom hot springs or other 

magmatic sources rnight arrive in sufficient quantities to form entire layers (Twenhofel, 

1932). Cameron (1985) first suggested hot-spring waters as the source of silica in the 

Scots Bay Formation and Birney-De Wet and Hubert (1989) confirmed the 

interpretation of silica-rich hydrothermal springs that seeps around and on the floor of the 

Scots Bay Lake. The latter interpreted most of the Scots Bay silica as siliceous tufa 

deposited by hydrothermal solution. 

Birney-De Wet and Hubert (1989) deduced that the chaIcedonic spherulites in the 

Scots Bay cherts were formed as gels in association with hot springs. The hot water may 

have been brought upwards through cracks and joints in the underlying formations and 

would have subsequently spilled out on the floor of the lake. This hydrothermal, silica- 

saturated water would have moved upwards due to heat fiom a magrnatic source below. 

Other evidence that supports a hot-spring origin is the presence of pipes (or channelways) 

serving as conduits for the hot water to move upwards to the surface. These are present 



at Davidson, Lime and Central Broad coves, as well as in the underlying basalt, where 

they are now filled or partly filleci by mudstone, amethyst or smoky quartz. 

Silica wuld have also been a component of volcanic springs supplying 

hydrothermal water to  the Scots Bay Lake. This is also indicated by the silicified pipes 

and fractures that lead down to older magrnatic rocks, such as the North Mountain 

Basalt. These waters may have contained considerable amounts of dissolved ferrous iron, 

thus explaining the presence of iron oxide in the jaspers of the Swts  Bay cherts. Biggs 

(1957) stated that in general, silica deposited fiom volcanic springs would be localized 

around the vents and that silicified pipes should be found leading downward into oider 

rocks. 

Finally, it should be mentioned that an organic origin for silica in the Scots Bay 

Formation is mled out. Scanning electron microscopy and polarking petrographic 

microscopy failed to reveal any presence of siliceous fossils such as radiolaria, diatoms or 

sponge spicules. These are commonly associated with organic chert S. The possibility of 

their occurrence is fùrther negated on two grounds; the first is the marine environment 

required for radiolaria, and the second is that diatoms are not expected to occur in Early 

Jurassic lake deposits. Diatoms did not evolve until the onset of Cretaceous times. As 

such, the absence of organic siliceous material and evidence for contemporaneous hot 

springs indicates that the Scots Bay cherts were penecontemporaneous with deposition 

and are inorganic in ongin. 



CEAPTER SEVEN 

PALEONTOLOGY AND AGE 

7.1 Introduction 

The occurrence of invertebrate fossils in the Fundy Group has been known for 

about a century, but these fossil assemblages have not yet been well studied, descnbed 

and docurnented. There is a variety of fossils and some are well preserved in the Scots 

Bay Formation. 

Because there is a paucity of studies of Late Triassic-Early Jurassic nonmarine 

fossils available worldwide, there is insufficient knowledge about their biostratigraphy, 

paleoecology and evolution. This information is necessary to understand and interpret 

the depositionai environments, age and paleoecology of the Scots Bay Formation as well 

as other Fundy Group formations dong eastern North Arnerica. 

The Scots Bay Formation contains microgastropods, ostracodes, vascular plants, 

stromatolites, dinosaur footpnnts, and vertebrate bones, and fish teeth and scales 

(Carneron & Jones 1990). In the study of the molluscan fauna of the Scots Bay 

Formation, some progress was made by Cameron (1986) and Cameron and Jones 

(1 988). 



In this study, 139 specimens of small bivalves and microgastropods were 

collected and prepared for study. Sixty-three specimens are snails. Silicified 

miscellaneous vascular plant materials, such as unidentified wood fragments and stems, 

were collected but not studied. Freshwater ostracodes are the most common faund 

element in the Scots Bay Formation. Silicified ostracode specimens are wmmon in 

bioclastic limestones at Woodworth Cove, Central Broad Cove and East Broad Cove. 

Neariy 800 specimens were prepared and studied. 

The Scots Bay Formation is at a crucial age just above the Triassic-Jurassic 

boundary over which there is currently a debate regarding the kind and number of late 

Triassic extinction event(s) (Olsen and others, 1987). Because there are very few well 

preserved early Jurassic fieshwater fossil assemblages known worldwide, a thorough 

study of the fossils of the Scots Bay Formation should be significant regionally dong 

the eastern North Arnerica continent and possibly more broadly to correlations with 

northwest Afnca (Sues and Olsen, 1990) and elsewhere. 

7.2 f REVIOUS WORK 

Previous studies of the Scots Bay Formation began earlier this century with 

Haycock (1900), who examined the Scots Bay rocks and suggested a Cretaceous age 

based on his fossil cokt ion which included fish scales and teeth and fùcoids. The name 



Scots Bay Formation was proposed by Powers (1916), who reported plant remains, 

"worm" burrows, and fish scales and bones fiom these beds. Klein (1962) reported 

finding Isaura ovata (ha) fiom the Scots Bay Formation. Thompson (1974) described 

and identified in thin section the fieshwater gastropod genus Hydrobia fiom the Scots 

Bay Formation. 

Carneron (1985, 1986), Cameron and Jones (1988, 1990) and Carneron and others 

(1 990) identified fieshwater ostracodes, rnicrogastropod species, plant fossils, 

vertebrates, and calcareous algae which could be used as age determiners for the Scots 

Bay Formation. They identified the microgast ropod genera Hydobia, Vahafa, and 

Gyrmhs (=Plartorbis) and the ostracode genera Metacypris and Danvinda, indicating 

post-Triassic, possibly a Jurassic age. 

Field work involved describing and measunng several sections in each cove. 

Sarnples were taken fiom each outcrop for paleontological and sedimentological 

laboratory descriptions and analyses. Seventy-five thin sections were studied with a 

petrographic microscope. In this present study, approximately 800 specimens of 

ostracodes, 53 small bivalves, and 63 microgastropods (Fig. 7-1) were prepared and 

studied fiom collections taken from different localities in the study area during the 



summers of 1997 and 1998. Although silicification has enhanced preservation of some 

fossils, details, such as ostracode muscle scars and other interna1 features, are difficult to 

observe. Physical and chernical methods were used to release the silicified ostracode and 

micromollusk shells fiom their matrices. Some ostracodes were prepared with low 

concentrations of acetic acid or formic acid, while others were released f?om matrix by 

boiling the weathered and cmshed rocks only in water. Light and SEM microscopes 

were em ployed for study and photornicrography of these micro fossils. 

7.4 FOSSIL ASSEMBLAGES 

Fossils in the Jurassic Scots Bay Formation are rare and mostly silicified. They 

include a relatively low diversity of ostracodes, small gastropods, small clams, 

invertebrate burrows, fragments of charophyte stems, fieshwater stromatolites, log and 

wood tiagments, rare ferns, and very rare fish, vertebrate bones, and dinosaur footprints. 

In this study, ostracodes and mollusks were studied most and the plants and trace fossils 

least. 



Figure 7-1. The main faunal percentages @y number of specimens) in the 

Formation: 1)  ostracodes, 2) rnicrogastropoda, and 3) small bivalves. 

Scots Bay 



7.4.1 Chlorophyta 

Green algae (chlorophyta) are represented by charophyte "stems" (Charophyta) 

which range fiom late Silurian to Recent. In the Scots Bay Formation, these are silicified 

aigal "stems" that have been observed under the microscope, particularly in sarnples fiom 

West Broad Cove and East Broad Cove. These fossils are silicified tubes measuring 

about 0.4 to 0.6 mm in diarneter and about 1.4 mm between nodes (Plate 1). The nodes 

are interpreted to be the base of tiny branchlets characteristic of charophytes fiom 

lacustrine environments. No well-preserved gyrogonites were recovered. Probabl y, 

t hey grew in a nearshore alkaline littoral environment of the Scots Bay Lake. 

The vertebrate fossils identified by Carneron and Jones (1988) include dinosaur 

foo t print s Anchisouripus and Eubrontes, sphenodontid bones (?Clevosclunis), 

osteichthyan rernains of Semiot~oius (Jurassic), and spiral coprolites fiorn fieshwater 

sharks. The composite age range for these fossils is late Tnassic to Early Jurassic. 



Explanation of plate 1 

Plate 1 . SEM photomicrographs of silicified "stem" fragments of charophytic algae. 

Note the bases of "branchlets" clustered (swellings) at the nodes (X24). 





7.4.3 Mollusca 

Small clams and gastropods characterize the fossil mollusks of the Scots Bay 

Formation. Microgastropods have been found in Woodworth Cove, Central Broad 

Cove and East Broad Cove. They are most cornmon in association with ostracodes in 

bioclastic limestone beds, e-g., at Central Broad Cove. The gastropod genera identified 

so far include Gyraulus, Valvatu, and Hydrobia. A new small bivalve identified as 

Naiadites scotsbayerlsis n. sp. has been found in the Scots Bay Formation. It is rare and 

occurs in a bioclastic limestone bed 55 cm above the base of the section at East Broad 

Cove and in the basal beds at Woodworth Cove. This fossil may be what Klein (1962) 

identified as Isaura ovata (Lea), as they have not been recognized by any other workers. 

7.4.4 Small Ostracodes 

Since t heir first appearance in the Devonian, fieshwater ostracodes have increased 

considerably in diversity. Dunng much of the Mesozoic, cythends and cypridids shared 

dominance, while darwinulids, which are relatively minor components in most Mesozoic- 

Cenozoic deposits, were predorninant during the Permo-Carboniferous ( M c k e ~ e ,  

1971). In the Scots Bay Formation, darwinulids dorninate the ostracode assemblage. 

Little, however, is known about Early to Middle Jurassic fieshwater ostracodes in 



the world and particularly in North America. Besides the Scots Bay Formation, they 

have been reponed tiom only a few other places, such as the Fastnet Basin of Southwest 

ireland, coal-bearing strata of South China, the Ardon Formation of Israel, and other 

Triassic-Jurassic "Newark basins of eastern North America. Those reported from the 

Newark basins have rarely been thoroughly studied or identified. Therefore, 

comparative morphological and taxonomic problems were encountered in this study due 

to the lack of information on comparable Early Jurassic nonmarine microfaunas. 

Three genera of silicified small fieshwater ostracode species occur in the Scots 

Bay Formation: Dam,ir~tda, Timiriasevia and Metucypris. They were mostly thin-shelled 

forms that are now moderately to well presewed. However, extensive silicification 

obscures the morphology of some specimens. Despite the large number of specimens, 

the diversity of species is low, as is typical of freshwater ecology ( Van Morkhoven; 

1963, Moore, 196 1). Danvirnrla is, however, more abundant than both Mefacyprs and 

Timiriasevia counted together. Darwirnda is represented b y  at least three species. Al1 

of these species are now reported as new occurrences in the Scots Bay Formation. 

Timiriasevia is reported for the first time tiom the Scots Bay Formation, and it is 

represented by one species. Mefacyprîs was also found and identified by Cameron 

(1986). 

There is some confision in the literature over the identification of the genera 

Tirniriusevia and Metacpris because of their morphologid similarities with the genera 



Gomphocythere, Bisulcaypris and CytheridelZa, (Table 7- 1 ). Intemd features and 

muscle scars were not observed for these specimens fiom the Scots Bay Formation 

which makes their positive identification difficult. It is also not easy to differentiate 

between Bi~~Zc~~yypris .  Metucypris and Tirniriasevia, as they resemble each other so 

closely externally that they could be considered one genus (Honigstein, pers. comrn., 

1998). Pinto and Sanguinetti (1958) aiso found great confùsion arnong authors about 

the genera Metacypris, Gomphaythere, and Cytheridelia. 

Some representatives of Tirniriasevia and Metacypris in this assemblage are 

characterized by a prominent ridge developed dong the Md-ventral region of the 

carapace. 

7.4.5 Gant Ostracodes 

A new species of a unique "giant" ostracode occurs only in a calcareous 

sandstone bed at Woodworth Cove. It is associateci with species of Damitndu and is 

found as whole carapaces and single silicified valves. Such ostracodes have not 

reported, and it has not been possible to see the b g e  line clearly nor intemal muscle 

scars, so identification is difficult. Its phylogenetic relationships, therefore, remain 

obscure. This thin-walled ostracode rnay not otherwise have been preserved were it not 

for the silicification of the valves and their pennineralization with silica. Thus, perhaps 

this kind of ostracode should be expected to be rarely preserved and difficult to identiq. 





7.5 SY STEMATIC PALEONTOLOGY 

Phylum Mollusca 

Class Bivaivia 

Order Ptenoida Newell, 1965 

Family Myalinidae Frech, 189 1 

N a i d e s  Dawson 1894 

Type species: Naidifes carbonarius Dawson, Supp. Acad. Geol. (1860); Rev. Biv. 

Moll. Cod Form. Nova Scotia (1 894) p. 6, figs. 1-3. 

Description: Like Myalina intemally, apart fiom rninor differences of anterior 

musculature resulting fiom relatively greater length of antenor end in Naiadites; 

modioliform, umbones not terminal. LV usually more inflated than RV; wide and 

shallow byssal sinus present in some; carina (umbonai ridge) of variable cuwature, 

inflation and prominence nins from umbo of one or both valves toward posteroventral 

margin (Moore, 1960). 

Naiadites scotsbayerlsis n. sp. 

Plate 2 

Derivation of s~ecific narne. With reference to the Scots Bay Formation. 

Descrbtion: Silicified shell ovate, modioliform, unequivalve, elongate marked with 



growth lines, urnbones terminai, with pointed anterior end. Hinge and musculature 

unknown, inner surface smooth. Length averages 6.6 mm (range = 2.5-16.2 mm), 

thickness averages 2.6 mm (range = 1.1-5.5 mm), and width averages 3.6 mm ( range = 

1 -6-7.2 mm) (Table 7-2, Fig. 7-2). 

Remarks: Although the majonty of fieshwater bivalves occumng in the Mesozoic belong 

to the Family Unionidae, these bivalve shells have no aninity with any recognized genus 

found in Jurassic nonmarine rocks. Therefore, identification was dficult and is to be 

considered tentative at this stage of study. Naiadites scotsbayensis n sp. does not 

belong to the well-known fieshwater farnily Unionidae because of differences in 

morphology, such as shell outlines. Its elongate shell outline reveals a resemblance to 

the nonmarine Myalinidae, particularly the genus Naiadites, which is represented 

particularly in the Early Pennsylvanian coal-bearing deposits of western Europe and 

Nova Scotia (Newell, 1940). 

The relatively thick shell resembles macrofossil marine species of irmennaus but 

its size is smaller. These differences in size and habitat preclude the possibility of 

Imcermms. 

Based on the shell outlines and shape (Plate 2) these bivalves reveal charaaeristics 

very similar to the genus Nuiadiles, espically N. curbonarius Dawson from the 

Carboniferous ''Cod Formation" of Nova Scotia (Newell, 1940). iV carbonarizts, 

however, is larger in size than Naidtes scotsbqensis n. sp. 



These similarities may raise the possibility of erosionai reworking processes during 

the Early Jurassic that cannot be easily addressed. Othenuise, the range of this 

fieshwater bivalve genus must be extended to the Early Jurassic. 

Location: These smail bivaives have been found in East Broad Cove, 55 cm above the 

base, and in the basal beds exposed at mid-tide at Woodworth Cove. 

Tvpes: Holotype NSEBC 1, paratypes NSEBC2 and NSEBC3. 



1 Sample No. 
i r 

Width (mm) 

- 

Table 7-2. Measurernents (mm) of 37 specimens of Naiadites scofsbayensis n sp. 



Figure 7-2. Growth senes for Najadites scotsboyensis n. sp. 



Explanation of plate 2 

Plate 2. New srnall bivalve (?Nuiadifes scotsbayensis n sp. ) found at East 

Broad Cove. (X 6). 





Class Gastropoda 

Order Caenogasrotpoda Cox, 1 959 

Family Hydrobiidae Stimpson, 1865 

Hydrobia Hartmann, 182 1 

Genus: Hydrobia Hartmann, 182 1 (Paludestrina Orbigny, 1840) Pilsbry, Philadelphia 

Acad. Nat. Sci., Pr., 86 (1934) p. 559-560. 

Description: Entire shell, or early whorls only, acute; whorls convex, smooth or with 

collabrai threads; apertural margin unintempted, not thickened (Moore, 1960). 

Hydrobia sp. 

Plate 3, Fig. 1, 2 

Descn~tion: Silicified, thin-shelled, high-spired, acute, heavily costate axially, apex blunt. 

Consisting of five whorls separated by well-impressed sutures. Aperture ovate and 

unintempted. The height of the last whorl is about third of total length. 

Dimensions: Average measurement of specimens: height 1 . g o  mm and width 0.90 mm. 



Family Vaivatidae 

Valvata Muller 1774 

Tvpe svecies: Valvafa bicincta WHITEA VES, Contr. Can. Pal., 1, pt. 1 (1885) p. 25, pl. 

3, fig. 8; Cret., Mouth of Blind River, Canada; Can. -01. and Nat. Surv., am. Rept., n. 

S., 2-E (1 886) p. 166. 

Description: Shell srnall, spirai, turbinate or subdiscoidal; whorls rounded or carïnated; 

aperture entire, circular; lip simple, sharp; operculum orbicular, multispiral; whorls with a 

thin elevated edge (Walker, 19 18). 

Valvafa sp. 

Plate 3, Fig. 3 , 4  

Descnvtion: Silicified shell, umbilicate, smooth, without larnella, with 3 to 3 1/2 whorls. 

Spire slightly elevated, suture impressed, aperture circular. No carina. 

Dimensions: Average measurement of specimens: height 1.5 mm, widt h 1.2 mm. 



Genus: Planorbis n. sp. Jepsen, Am. Phil. Soc., Pr., 69 (1 930) p. 495; Gray Bull Eocene, 

Park County, Wyo. 

Description: Shell small to moderately large, flatly coiled in most species or with a very 

10w spire in a few; umbilicus present. Operculum absent. (Clarke, 1981). 

Gyrau/u.s sp. 

Plate 3, Fig. 5 

Description: Smooth, small silicified shell with no growth lines preserved; with three 

whorls and impressed suture hes. Body whorl flat and slightly rounded, aperture ovate 

to elliptical. Sheif developed, especially on outer whorls and a spiral carina forming a 

slight keel at distal edge of shelf. Umbiiicus wide and moderately deep, bordered by 

rounded rim. 

Dimensions: Average measurement of specimens: wide 2.2 mm, height 0.25 mm. 



Explanation of plate 3 

H ' o b i a  sp. 

Fig. 1 - Apertural view (X 30) 

Fig. 2- Abapertural view (X 33) 

Valvata sp. 

Fig. 3- Apertural view (X 30) 

Fig. 4- Side (apical ?) view (X 38) 

Gyrauhs sp. 

Fig. 5- Apical view (X 42) 

Fig. 6- Umbilical view (X 35) 





Phylum Arthropoda 

Class Cnistacea Pemant, 1 777 

Subclass OSTRACODA Latreille, 1806 

Order Palaeocopida Henningsmoen, 1 953 

Suborder Podocopina Sars, 1866 

Superfamily Darwinulacea Brady and Norman, 1889 

Family Darwinulidae Brady and Norman, 1889 

Damii,nrla Brady and Robertson, 1885 

1870 Argilloecia (part.) plus Polycheles, Brady and Robertson in: Am. Mag. Nat. Hist., ser. 4, 

v. 6 ,  p. 10,25. 

1872 Danuinella. Brady & Robertson in: Ann. Mag. Nat. Hist., ser. 4, v. 9, p. 50. 

1889 Daminula, Brady & Norman in: Sci. Tr. Royal. Dublin Soc., ser., 2, v. 4, p. 12 1. 

Descri~tion: Elongate, oblong or ovate, thin-shelled calcitic carapace; surface is smooth; 

height less than one-haif the length, usually highest in the posterior quarter; anterior is 

usually narrower than posterior. Margins are rounded with posterior margin broader and 

well-rounded; ventral margin straight. Adont hinge forms as a result of right valve 

overlapping the lefi valve. 

Dimensions : The length ranges from 0.35 to 1.2 mm, height 0.20 to 0.55 mm. 

Occurrence: This genus is well known for its worldwide distribution in fiesh- water 



deposits, particularly in Mesozoic rocks. They have been found, for exarnple, in the 

Middle Jurassic rocks of China, Wealden Formation of Germany, and Early Jurassic 

Kota Limestone of  India. In the Scots Bay Formation, this genus has been found in most 

outcrops where it is most abundant in bioclastic silty sandy limestones. 

DanvirtrrZa sary finnertertsis S hara pova, 1 94 7 

Plate 4 , figs. 3,4, 7 

1 947 Datwimla sarytinnenensis, S harapova, Mandelstam, Atlas of the leading form 

fossils, fauna U.S.S.R pl. 2, fig. 8. 

1975 Danvinda sc~rytirmenertsis, Govindan, Paieontology, v. 18, part 1, p. 2 15, text-fig. 

2a-h. 

Descri~tion: Carapace is irregularly ovai, kidney shaped, large, smooth; both ends 

rounded in lateral view, anterior end broadly rounded; greatest height slightly posterior 

to midlength. Left valve larger and overlaps right valve throughout entire length of 

ventral margin. Dorsal margin slightly convex; ventral rnargin moderately concave. 

Dimensions: Average measurement of specimens: length 0.95 mm, height 0.48 mm 

(Table 7- 3). 

Matenals: Six whole specimens and single valves. 



Remarkp: SheU is thinly siiicified. Musde scars and internai features were not observed. 

Aithough sirnilar to Dmwimrlo mapz (Jiang, 1963). the heighaength ratio is much 

higher. It is distinguishable from the other species in the Scots Bay Foxmation by its 

slightly convex dorsal margin and concave ventral margin, and more evenly rounded 

posterior region. 

Location: Central Broad Cove, 190 cm above base; only single valves at Woodworth 

Cove, 1 10 cm above base. 

1 (mm) 1 Height (mm) 1 

Table 7- 3. Measurernents (mm) of 6 specimens of hnuÏnu/a sarytirmenensis. 



Dam,imri'a atE liassica 

Plate 4 , figs. 1, 2 

1 894 D a n v i d a  limsica (Brodie), Jones, , pl. 9, figs. 1 a, b, c, p. 162. 

1964 Dawi~ tu Ia  liasicu, Anderson, pl. mi, figs. 8 1, 82. 

Description: Carapace small, elongate, valve surfâces smoot h. Dorsal margin neari y 

straight or weakly convex, ventral margin straight. Lefl valve larger than nght valve 

which it overlaps. Both ends rounded in side view, anterior end slightly narrower than 

posterior end. Greatest length passes through slightly below rnid-point. 

Dimensions: Average measurement of specimens: length 0.56 mm, height 0.25 mm 

(Table 7- 4). 

Materials: Ten whole specimens 

Remarks: Shell is silicified. Dimensions are precisely the sarne as Dawimia liassica as 

given by Wilson (1964) fiom the Bristol Horizon (Rhaetic assemblage). It can be 

distinguished fiom the D a m M a  oblongs (Roemer, 1 939) and Darwinula major (Jones, 

1894) by a slightly arched dorsal m e n  near the antenor end and by its smailer size. 

This species has been reporteci fiom Rhaetic strata of England and Germany and also 

from Mesozoic coal-bearing strata of South China (late early Jurassic assemblage). 

Location: East Broad Cove and Central Broad Cove fiom 190 cm above the base. 



1 Sampla 1 Length (mm) 1 Height (mm) 1 

Table 7- 4. Measurements (mm) of 10 specimens of DanvimIa a +  iiassica 

Danvinda acadiaertsis n. sp. 

Plate 4, figs. 5, 6 

Denvat ion of name. Wtth reference to Acadia University. 

Descrktion: Carapace oblong, valve surface smooth. Both ends rounded in lateral view, 

anterior end narrower than postenor end; greatest height anterornedian. Ventral margin 

nearly straight, dorsal rnargin slightly convex and strongly arched near the anterior end. 

Muscle scar pattern consists of a rosette of radidly elongated attachent sites; the 

number of individual scars varies fiom 9 to 12. 

Dimensions: Average measurement of specimens: length 0.82 rnm, height 0.40 mm 

(Table 7-5). 



Materials: 93 carapace and 8 single valves. 

Remarks: Sheil is siticified; mostly interna1 molds available for study. This 

species is somewhat similar to D. wrytinnenensis Sharapova (1947), but its dorsal 

margin is more strongly arched near the anterior end. A h ,  the ventral margin is nearly 

straight whereas in D. ~ t i n t r e n e n s i s  it is slightiy concave. 

D. acadiaeruis is represented by both juveniles and adults (Fig. 7-3). 

Location: East Broad Cove fiom 190 cm above the base. 

T-pes: Holotype is specimen DAEBC 1 ; paratypes are DAEBC2 and DAEBC 3 

Height (mm) 

Table 7-5. Measurements (mm) of 1 5 specimem of Dawimla acradiae?rsis n. sp. 



Figure 7-3. Growth series for Durwiida acadiaemis n. sp. 



Daminula sp. 1 

Plate 4, fig. 8 

Descrktion: Elongate, oblong, thin-shelied carapace; surface smooth. Height less than 

one-half the length, greatest height at midlength. Maximum length at Md-height. Both 

anterior and posterior ends are usually narrow but anterior end narrower. Ventral margin 

straight, dorsal rnargin very weakly arched at mid-height. 

Dimensions: Average: length is 0.45 mm, average height 0.20 mm 

Materïals: One whole specimen and four poorly preserved carapaces. 

Remarks: Dawimfa sp. 1 can be distinguished from the other species by its more 

narrowly rounded posterior and anterior ends. This species is sirnilar to Danuirnda 

hettangiar~a Ainsworth but its size is quite smailer. 

Location: East Broad Cove fiom 190 cm above the base. 



Explanation of plate 4 

Fig. 1- Oblique view (X 77) 

Fig. 2- Ventral view (X 66) 

Danvitda sarytimenensis 

Fig. 3- Oblique view (X 43) 

Fig. 4- Oblique view (X 60) 

Fig. 7- Dorsal view (X 56) 

Fig. 5- Lateral view, arrow indicates adductor muscle scar on internai silica mold (X 77) 

Fig. 6- Lateral view ofjuvenile carapace (X 60) 

Danvimrla n. sp. 

Fig. 8- Lateral view (X 105) 





Superfamily Cytheracea Baird, 1 850 

Family Limnocyt heridae Nie, 193 8 

Metacpris Brady & Robertson, 1870 

1870 Metacypris cordzta, Brady & Robertson, in: Am. and Mag. Nat. Hist., ser. 4, v. 6, 

p. 1-33, PIS. 4-10. 

Description: Carapace subrhombic tiom side, female heart-shaped fiom above, no 

sulcus, valve margins incurved except in anterior. Hinge of RV with laminated angular 

anterior projection and rectangular strongly produced posterior flange bearing a single 

sharply cut tooth (Moore, 1960). 

Metacypris ridgensis n. sp. 

Plate 5, Figs. 1 to 4 

Derivation of namg. With reference to a short ridge developed dong the sides. 

Description: Suboblong or subrhombic in laterai outline with tapering carapace margin, 

convex, unequal vaived. Dorsal and ventral margins are nearly straight and parallel, but 

ventral margin may be slightly convex. Anterior end is narrowly rounded, but posterior 

end evenly thick and almost circular. Greatest length occurs at approximately mid- 

height. Small short longitudinal ridge developed parallel to  the outer margin and centered 

posterior to mid-line. 



Dimensions: Average measurement of specimens: length 0.5 1 mm, height 0.29 mm 

(Table 7-6). 

Materials: More than 45 intemal molds and 4 carapaces. 

Remarks: Shell is silicified; mostly intemal molds available for study. This genus 

resembles Tirniriasevia in ou tline and surface omament ation, but Tîmirîasevîa i s heart- 

shaped in dorsal view. 

Location: East Broad Cove fiom 190 cm above the base. 

Height (mm) 1 

Table 7-6. Measurements (nun) of 12 specimens ofMetacypris ridgerisis n. sp. 



Family Uncertain 

Genus Timiriasevia Mandelstam, 1947 

1947 Timiriasevia epidenniformis, Mandelstam, in: Vses. Neft. Natrchrio-ded. GeoL 

razy hst. 239-259, pls. 1 -2. 

Descri~tion: Carapace roughly kidney-shaped, LV larger than RV, anterior end always 

more broadly rounded than posterior end, dorsal margin almost straight to convex, 

ventral margin weakly convex in anterior third; surface with fine pits, srnail nbs, or 

i rregular spines. Very li ke Metacypris (.syn. Gomphucythere) in general features but 

with different hinge (Moore, 1960). 

Tirniriase via a E  digitalis 

Plate 5 ,  figs. 4 to 8 

1975 Timiriasevia digitalis, Govindan, Paleontology, v. 18, part 1, plate 3 7, fig. 7- 1 1, p. 

2 14. 

Descri~tion: Carapace ban-shaped in lateral view, female is heart-shaped in dorsal view. 

Both valves are similar in size with greatest height one third of the distance from 

posterior to anterior. Anterior end tapers and is narrower than posterior end, while 

posterior end is more broadly rounded and almost spherical in dorsal view. Dorsal 



margin is straight to slightly convex; ventral margin is almost straight. In some 

specimens, a small short longitudinal ndge is developed paraliel to the outer margin and 

centered posterior to mid-line. Valve surface reticuiate with fine pits. Some male 

carapaces have poorly developed sulci on the anterior half Muscle scars not seen. 

Strong sexual dimorphism; fernale much more swollen in posterior region than male. 

Dimensions: Average measurement of specimens: length 0.49 mm, height 0.27 mm 

(Table 7-7). 

Materials: 23 carapaces and 4 single valves. 

Remarks : S ize and general morphol ogy resembles Tirniriasevia digitdis Govindan 

(1975) of Kota limestone of India (Middle Jurassic). These specimens also resemble 

some species of Bisulcmypis and Mefacypris. however they have only one poorly 

developed sulci on the anterior half of some male carapaces, not two. Some 

specimens are characterized by the presence of unique prominent short longitudinal 

ridge in the mid to postenor half, which makes them different fkom any other Mesozoic 

freshwater ostracode species assemblage. Furthemore, they are smailer than species of 

Metacypris. The assignment to T. @J Digitais is tentative due to the lack of muscle 

scars and preserved intemal features. 

Location: East Broad Cove fiom 190 cm above the base. 



--- -- . - -  - 

Table 7-7. Measurements (mm) of 10 specimens of Titniriewvia t@ digiaIjs. 

Height (mm) ' 

0.30 

. 
Samples 

1 

Length (mm) 

0.45 



Explanation of plate 5 

Metacypris ndgensis n. sp. 

Fig. 1-  Oblique view (X 100) 

Fig. 2- Dorsal view (X 5 1) 

Fig. 3- Intemal view of single vaive (X 74) 

Fig. 4- Oblique view ofjuvenile interna1 mold (X 74) 

Fig. 5- Dorsal view of male carapace (X 74) 

Fig. 6- Ventral view of male carapace (X 63) 

Fig. 7- Dorsal view of femde carapace (X 70) 

Fig. 8- Ventral view of femaie carapace of intemal mold (X 102) 





Family Uncertain 

Megawoohorthia n. gen. 

M e g a w ~ o r t h i u  d e m i  n. sp. 

Derivation of  name: The genus name with reference to its size and Woodworth Cove, 

where they have been found; species name with reference to author's father. 

Description : Ovate to  oblong shape with rounded ends (Fig. 7-4), ranging fiom 2.5 to  

4.5 mm in length and 1.6 to 3.4 mm in height. The specimens appear t o  exhibit bilateral 

shell symmetry, where a line fiom the rnid point on the dorsal margin drawn to  the 

ventral margin roughiy divides the better specimens into two equal halves with smooth 

surfaces. The ventral margin is slightly wnvex, rather than straight. The dorsal margin 

is straight to  slightly convex and the more complete specimens are relatively wide thus 

creating a bulbous appearance. The hinge line is not oflen observable. 

Dimensions: Average measurement of  specimen: length 3.3 mm, height 2.6 mm (Table 7- 

8)- 

Materials: Twenty four carapaces and 86 valves. 

Remarks: The original valve appears to  have been very thin, as indicated by cleaned 

single valves and thin-section analysis o f  them. Because the valves are mainly nested and 

silicification coats many valves, the original valves may appear t o  be falsely much 

thicker. This early silicification may be the reason for the well preserved state of these 

thin-shelled giant ostracodes in the Scots Bay Formation and why they have not been 



reported elsewhere in the world. 

Consulting fossil ostracode specialists about these large forms has led to sorne 

confusion. There have k e n  contrasting suggestions about whether these fossils are giant 

ostracodes or bivalves. They are large enough to superficially resemble some fieshwater 

bivdved micromolluscs, such as Pisidirrm. However, the morphological features 

described above, the thin shell that does not thicken dorsally, and the absence of growth 

lines al1 support an ostracode interpretation for t hese specimens. 

Robin Whatley (personal communication, 1 998, University of Wales) considered 

them to be ostracodes afler exarnining photographs and suggested that they rnay have 

been reworked fiom an older marine formation. The possibility of reworked materials is 

rejected because they are so thin-shelled, they are preserved by silicification, and no 

such occurrence has been reported anywhere in Nova Scotia. 

Rick Forester (personal communication, 1998, U. S. Geological Survey) examined 

single valves of these large specimens and suggested a bivalve aflïnity because the 

hinge area is poorly preserved, an umbonal area is present, their relatively large 

heighflength ratio, and the absence of a bulbous posterior. He also believed that the 

height of most ostracodes is small relative to the length because ostracodes crawl around 

on the substrate and that would be hard to do if they were high relative to their length as 

in these specimens. 



Heighî 

Table 7-8. Measurements (mm) of 24 specimens of Megaw&or!hia sderni n. sp. 



A "giant" ostracode interpretation for this fossil is supported by the following 

arguments: 1) The height-length ratio in whole specimens is not too abnormal and is 

similar to the ratio in other ostracode genera, such as Cyfhereiïu. 2) An umbo-like shell 

region is present on sorne ostracodes, such as in the Cypridinidae. 3) The absence of  a 

bulbous shape in the postenor of these specimens is common in many groups of 

ostracodes. 4) These valves do not have a pronounced thickening of  the shell toward the 

hinge area, as in clams. The latter is typical of growing bivalves because they calciS. 

continuously and add extra shell materiaf in the hinge area which is the oldest part of the 

shell. An ostracode calcifies a new thin valve afier each moult, so it does not thicken the 

shell excessiveIy in the hinge area. A pseudothickening is apparent on some of these 

specimens because of secondary silica cernent over the silicified valves. 

Type species: Holotype, MS WC 1 ; paratypes MSWC2 and MSWC3. 



Figure 7-4. Dorsal view of Megawoodworthia Saferni n. sp., holotype M S  WC 1, X3 8. 



7.6 PALEOECOLOGY OF SCOTS BAY 

The study of the environmental requirements and water chemisuy of ostracodes 

began early this century, so that paleoenvironmental reconstruction can be made fiom 

fossil ostracode assemblages. Ostracodes have been found in almost al1 environmentsr 

oceans, rivers, lakes, springs, estuaries and brackish lagoons. Carbone1 (1988) reported 

that the abundance and diversity of ostracodes can reflect a good food supply, low 

energy levels and an adequate oxygen supply. The earliest known fieshwater ostracodes 

inhabited shallow ponds, coal-forming swamps, and streams of Devonian tirne. Some 

ostracodes are well known as freshwater living organisms such as Daxwinulidae, most 

of the Cypridae and a few Cytheridae. 

During the early to rnid Mesozoic, the process of sedimentation around the Bay of 

Fundy took place in mostly continental environments. No marine fauna were found in 

these sediments to indicate probable rnixed marine and freshwater environments, such as 

in estuaries or lagoons. 

Based on geochernical studies, Thompson (1 974) concluded that the climate 

dunng the deposition of Scots Bay Formation was w m  and humid with seasonal 

variation in precipitation. In this warm subtropical environment, ostrawdes, 

microgastropoda and algae thrived in shallow well-oxygenated waters of Scots Bay 

Lake. 



The ostracode assemblages in the Scots Bay Formation have are more numerous 

in carbonate rocks, rather than in the siliciclastic rocks. Lirnestones and carbonate 

deposits are well-known in slightly alkaline environments which are more appropriate for 

ostracode faunas. Today, and probably since the Jurassic, cyprid, darwinulid, and 

fimnocytherid ostramdes occur in al1 fresh aqueous environrnents except those of low 

pH and very high aikalinity (Whatley, 1983). They are found fiom deepest lakes to the 

shdlowest temporary puddles. According to Van Morkhoven (1963), Damirnia is 

essentially a fieshwater form and occasionally is aiso encountered in oligomesohaline 

waters. Danvitrula represents the largest component of the Scots Bay assemblage. 

The salinity and temperature of the Scots Bay Lake evidently did not reach 

extreme values even when lake levels fell as evidenced by the horizons with mudcracks 

(Birney-De Wet and Hubert, 1989). On the evidence obtained fiom the occurrences of 

genera like Darwinuiu, Tirniriasevia and Mefucypris in ancient environrnents and the 

absence of significant amounts of evaporite minerais, it is thought that the Scots Bay 

Formation was deposited under oxygenated, fieshwater conditions. This lake was 

shallow, as suggested by the presence of charophyte and other vegetation. It existed in a 

hurnid climate, according to Tiiompson (1974). 



7.7 AGE OF THE SCOTS BAY FORMATION 

The age interpretation of Scots Bay Formation has fluctuated fiom Cretaceous to 

Triassic to Early Jurassic during this century. It has been a matter of minor controversy 

to determine the precise age of this formation. Haycock (1900) suggested a Cretaceous 

age, but in 1913 he found a head of a fish that was identified as a Triassic genus. Power 

(1916) suggested a Triassic age for the Scots Bay Formation based on the supposed 

Tnassic fish found by Haycock. Cameron (1986), Cameron and Jones (1990), and 

Cameron and others (1990) suggested an Early Jurassic age. Cameron (1986) noted 

that the Scots Bay fauna resembles, at the genenc level, the fieshwater invertebrate 

faunas of the Late Jurassic Morrison Formation of North Amenca and Purbeck Beds of 

Europe. 

The occurrence of the Scots Bay Formation on the top of the stratigraphic 

sequence in the Bay of Fundy makes its age determination problematical. Knowing the 

age of the underlying North Mountain Basalt just provides a lower age limit. 

Greenough (1995) stated that a U-Pb zircon date of 202 f 1 Ma for the underlying 

North Mountain Basalt supports other conclusions that dated al1 the related igneous 

activities at 201 +: 2 Ma (Sutter, 1988; Dunning and Hodych, 1990). Palynological 

studies of Cornet (see Oisen and Baird, 1982) indicate that the Triassic-Jurassic 

boundary is near the top of the Blornidon Formation which underlies the North Mountain 



Basalt Formation. The North Mountain Basait probably extruded over a period of tirne 

Iess than one million years (Colwell pers. comm. to Cameron, 1986). Only a minor 

paleosol developed on the basalts. Deposition of the Scots Bay Formation occurred 

soon after extrusion. The silicification of Scots Bay Formation from hot springs 

suggests an age very won &er the lava flows of the North Mountain Basalt (Cameron 

and Colwell, pers. comm., 1999). 

Ostracodes may hold the greatest promise for pinning down the exact age 

biostratigraphically of the Scots Bay Formation. However, the high proportion of new 

species (Metacypiss. Tirniriasevia. the new "giant" ostracode, and Darwinctla n sp.) in 

this low-diversity fossil assemblage do make precise age determination of the Scots Bay 

Formation by ostracode correlation difficult. The genus Tirniriasevia was originally 

reported from the Middle Jurassic of the former U.S.S.R. and from Bathonian (Middle 

Jurassic) beds of the Paris Basin (Oertli, 1958). 

The daminulid ostracodes, however, support an Early Jurassic age for the Scots 

Bay Formation. Danuinufa li-CU is known fiorn Early Jurassic fkeshwater deposits, 

such as the coal-bearing strata of south China (Mao-yu, 1983). D a w i m h  

sar-ytirme~te)~sis has been reported from the Late Early Jurassic o f  South China (Xu, 

1983) and fiom the Middle Jurassic Kota Limestone of India (Govindan, 1975). 

An Early Jurassic age is supported by the stratigraphic position of the Scots Bay 

Formation and the rare Early Jurassic dinosaur footprints at its top (Cameron and others, 



1990). This age is consistent with its correlation with the Early Jurassic McCoy Brook 

Formation dong the north shore of the Bay of Fundy (Olsen and Baird, 1982). 

It seems that the following indications may suggest that the age of the Scots Bay 

Formation could be extended to Middle Jurassic: many of the ostracodes of Scots Bay 

Formation appear to be very similar to the ostracode assemblage of the Kota Limestone 

in India which is Middle Jurassic age (Govindan, 1975). The genera Metacypris and 

TimMzsevia are Middle & Late Jurassic ostracodes. The evidence of weathering, soi1 

formation, and erosion of the irregular upper surface (noncorûormity) of North Mountain 

Basalt on which the sediments of the Scots Bay Formation were deposited may suggest a 

time gap (hiatus) between the two formations. 

The Early to Middle Jurassic age uncertainty using biostratigraphic techniques 

may be resolved by hrther work on other elements of the Scots Bay fauna. The time 

range of several of these ostracode genera may extend back to Early Jurassic, but there 

are very few well-studied Early Jurassic fieshwater microfossil assemblages known 

throughout the world for cornparisons with the Scots Bay fauna at this time. 



CHAPTER EIGHT 

CONCLUSION 

The Early Jurassic Scots Bay Formation records the deposition of lacustrine 

strata composed of mixed carbonate and siliciclastic rocks. Ln this study, four 

sedirnentary facies are recognized: 1) marginal channel facies, 2) offshore facies, 3) 

nearshore facies (basal high energy and upper low energy units), and 4) shoreline facies. 

The calcareou s sedimen t s suggest alkaline waters while the nonmarine fossil assemblage 

indicate a fieshwater lai@). The fossil algae in nearshore facies indicate shallow water 

or littoral depths. The invertebrates, woody debris, sedimentary structures, sedimentary 

textures, and dinosaur tracks suggest that shoreline and nearshore conditions dominated. 

The marginal channel facies is represented by moderately sorted, mixed coarse to 

fine subarkosic sandstone with clasts rnainIy composed of basait fragments and sand- 

sized quartz grains. The fining upward nature of this unit may indiuite that a 

meandering Stream deposited this sandstone. 

The offshore facies is represented by a silty sandstone unit characterized by fine 

grains and low carbonate materials. Bioturbation may indicate that the bottom waters 

and sediments were well oxygenated. 

The nearshore facies is represented by two subfacies: a lower higher energy 

nearshore subfacies which is characterized by mixeci carbonate and siliciclastic content 



and an upper lower energy nearshore subfacies which is characterized by fine-grained 

limestone. The higher energy nearshore subfacies consists of bioclastic laminated silty 

sandy limestone and peloidal calcareous sandstone. It contains desiccation cracks, 

horizontal larninations, rock fragments and chert . Scattered oolite grains occur in this 

facies, but they are not common. The lower energy nearshore subfacies is micrite 

dominated and consists of a wackestone-packstone unit and a silicified stromatoiitic 

(LLH) unit. These stromatolites are a series of small domes or hemispheroids stacked 

upon each other and composed of dark argillaceous and calcareous sandstone. 

At the top of the sequence, a shoreline facies is represented by a pebbly feldspathic 

litharenitic coarse sandstone that contains truncated ripple marks associateci with low- 

angle cross-stratification and horizontal current larninations. Desiccation cracks and 

dinosaur footprints suggest subaerid exposure was routine dunng the deposition of these 

sandstones. 

In the central outcrops, for exarnple, at Lime Cove, limestone and calcareous 

sandstone are the dominant rock types, while in the eastern outcrops ( e-g., Davidson 

Cove) sandstones dominate. In general, the Scots Bay Formation shows a vertical 

environmental gradation fiom offshore fine-grained sediments up through coarser, 

shallower nearshore sediments. This gradation repeats again fiom upper quiet nearshore 

fine-grained sediments into the coarse shoreline sandstones at the top, suggesting the 

possibility of some cyclicity. The rate of carbonate accumulation in the nearshore 



environrnents was higher than in the offshore and shoreline environments. The vertical 

stratigraphie sequence of these facies records an overail regressive phase during most of 

the history of "Scots Bay Lake. " 

The Scots Bay Formation was deposited by a littoral lake system that was 

generally shallow. More than one small tieshwater lake may have existed. These 

lacustrine sediments followed a basal fluvial channel sandstone at Lime Cove. 

The majority of the diagenetic alterations of Scots Bay sediments occurred early in 

its history. Chert beds and nodules are wmmon. Microspar fiom recrystallized micrite 

is common. The chert is principally early diagenetic in origin and consists of chalcedony 

and rnicrocrystalline quartz that formed as pore fiiling cement and replacements of 

carbonate sediments and calcareous fossils. The source of the silica was hot-spring 

fluids associated with the underlying basaltic lava flow. Dmsy and blocky calcitic sparry 

cernent was precipitated last. 

Fossils in the Scots Bay Formation are rare and mostly silicified. They include a 

relatively low diversity of ostracodes, small gastropods, small clams, invertebrate 

burrows, fragments of charophyte stems, fieshwater stromatolites, rare ferns, log and 

wood fragments, and very rare fish, vertebrate bones, and dinosaur footprints. 

Ostracodes reported for the fint tirne include Danui~nda sarytinnenems, D. aff. 

Iiassica, D. acadiaensis n. sp., Darwimda n. sp., Mefacypris ridgensis n. sp., and 

Tirniriusevia afl digilalis. A new giant ostracode that is up to 4.5 mm in length named 



Meg4~OOCnYorthia sulemi n. sp. is also reporteci. Recent studies indicate that the North 

Mountain Basalt was extrudeci 20 1 f 2 Ma age, and the deposition of Scots Bay took 

place soon after the flows of basaltic lava. The darwinulid ostrawdes and dinosaur 

footprints also suggest an Early Jurassic age for the Scots Bay Formation. This confirms 

its age according to its stratigraphie position which suggests its correlation with the 

Early Jurassic McCoy Brook Formation dong the north shore of the Bay of Fundy. 
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