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Abstract 

The limestones of the Trenton Group were evaluated.for 

suitable petroleum reservoirs by means of petrography, . 
porosity and permeability measurements, hydrocarbon analysis, 

, 
and stratigraphic analysis. 

The Trenton is predominantly non-porous, impermeable micritic 

limestone except for the crinoidal calcarenites in the 

Deschambault Formation near the base of the succession. The 

Deschambault calcarenites partially cemented early by precipitation 

of calcite, and the final infilling of the voids took place 

by means of pressure solution resulting in the formation of 

stylolites. 

Petroleum fluids,possibly generated by· the basim'Jard black 

shale facies, migrated into the Deschambault limestones prior 

to the formation of stylolites. The hydrocarbon . now pre{:lent 

in the Deschambault limestones appears to represent the residue 

left after the expulsion of all fluids by stylolitization. 

The Trenton ranges in thickness from 2L5 feet to 1000 feet, 

thickening tOi-lards the southeast, wi th black shale displacing 

the limestone southward. The depth of burial and the geothermal 

gradient are suitqble for the generation and accumulation of 

both oil and gas, hm"ever, no suitable porous and permeable 

horizons occur, . and no suitable stratigraphie or structural 

traps exsist. 
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CHAPTER l 

Introduction 

The St. Lawrence Lowlands of Quebec'refer to the large 

triangular segment o~ relatively unfolded sedimentary rocks 

that straddle the st. Lawrence River between Montreal and 

Quebec City. Physiographically it is a low lying plain .bounded 

on the northwest by the Laurentian Mountains 'of the Canadian 

Shield, the Appalachian highland on the southeast, and the 

Adirondack massif on the south (Figures 1 and 2). 

The sedimentary rocks of the st. Lawrence Lowlands vary 

from Upper Cambrian to Upper Ordovician, and are arranged in 

a general synclinal structure,the axis of which, trends north­

easterly and lies southeast of the St. Lawrence River. 

The first commercial drilling for gas in the st. Lawrence 

Lowlands began in the 1880's. These met with liIDited success 

producing gas for a time from the glacial drift. Gas seeps 

have been known to exist over the entire region. Many shallow 

wells have produced (for over a century) small amounts of 

natural gas from the overburden for domestic purposes. 

In 1955 an important discovery was made at Pointe-du-Lac, 

near Three Rivers,where a reservoir of gas was found in the 

glacial drift. 

Most of the natural gas found. in the overburden is considered 

to have originated in the underlying Paleozoic rocks,however, 

to date commercial quantities have not been found in these 

underlying sediments. Of the more than 100 wells dril1ed into 

the bedrock only a few can be considered to have tested aIl 
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potential oil and gas horizons. Prior to 1950 few of the deep 

wells were located by sound geological or geophjsical principles. 

This, plus the proximity to market, points out the need for 

a detail~d investigation to evaluate the underlytng sedimentary 

rocks. 

Scope and Objectives 

The petroliferous nature of the Trenton Group has often 

led to the idea that these rocks acted as a possible source 

for the abundant gas seeps in the glacial drift, or as being 

reservoir rocks for gas and petroleum (Belyea, 1952; Clark, 

1956; Jones, 1962; Maughan, 1964 ). 

This study has been undertaken in order ta evaluate the 

petroleum potential of the Trenton Group. The main objectives 

of this research were to: 

1) determine if the rocks are capable of forming 

reservoirs 

2) make a stratigraphie analysis using structure, 

facies, and isopach maps 

3) analyze the hydrocarbon content 

4) study the diagenetic history of the rocks 

The reservoir. patential was evaluated by porosity and 

permeability measurements and petrography. Facies, isopach, 

and structural maps were prepared with the aid of cores, rotary 

chip samples, and published reports and maps. The hydrocarbon 

content of the rocks was analyzed using Philippi's (1957) 

method, which indicates whether the hydrocarbon is indigenous 

or allochthonous. 
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Previous work 

Prior to the work of Logan (1849, 1863) little had been 

done other than to assign aIl of the Ordovician rocks of the 

st. Lawrence Lowlands to the Sedondary Series. Logan (1863) 

in Geology 2l Canada divided this success'on into rive mappable 

rock units, one of which was the Trenton. Logan did not 

attempt to separate these units into formations, however, 

his descriptions can be related to.the. present formations. 

The Trenton was not separated into workable formations: 

until Johnson (1914) and Raymond (1914) proposed their res­

pective classifications of the Trenton successions in Ontario 

and New York. Johnson subdivided the rocks on the basis of 

their faunal content, but Raymond named them after geographical 

areas. 

For the past twenty-five years T.H.Clark has studied, 

mapped,and logged aIl of the rocks and Most of the wells in 

the St. Lawrence Lowlands. From his studies it became apparent 

that the Trenton of the st. Lawrence Lowlands, unlike the 

underlying Black River and the overlying Utica, was somewhat 

unique to this area. Although Most of the results of his 

mapping remain unpublished,Clark (1959) published a summary 

of the stratigraphy of the Trenton Group in the St. Lawrence 

Lowlands, Quebec. 

Husain (,1955) studied the bryozoan fauna of the Deschambault 

Formation of the Trenton Group. Young (1964) made a detailed 

petro~raphic study of the Deschambault Formation, which 

includes many stratigraphie sections not studied in this 

investigation. 
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An outline of the history of the natural gas industry in 

Quebec, and a list of the principle wells drilled for gas 

was published by Parks (1930, 1931). A study of some wells 

in the St. Lawrence Lowlands was made by Belyea (1952). A 

compilation of wells drilled in the st. Lawrence Lowlands 

was made by DeBlois and Simard (1958), and later revised by 

Houde (1964). 

Location 

The area studied was the st. Lawrence Lowlands between 

Montreal and Three Rivers (Figures 1 and 2). 

Method of Study 

WeIl cuttings and drill core of the Trenton Group were 

studied with the aid of a binocular microscope at the Quebec 

Department of Natural Resources. Detailed geologic weIl logs 

that included the Trenton were also examined. 

Major field outcrops of the Trenton rocks were visited, 

and stratigraphie sections were measured and described along 

the Ouareau River and at Neuville. 

Five shallow drill holes were made in the Deschambault 

Formation along the Ouareau River to obtain unweathered cores 

suitable for porosity and permeability measurements. 

The following laboratory studies were carried out to 

further this study: 

1) Porosity and permeability measurements 

2) Hydrocarbon analysis 

3) Petrography 
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CHAPTER II 

General Geology 

structural Geol0lœ 

The dominant structural feature of the st. Lawrence 

Lowlands is the Chambly-Fortierville syncline, (Clark,1947) 

a doubly plunging fold,the axis of which, trends northeasterly 

ar-d lies southeast of the st. Lawrence River (Figure 3). The 

beds on the northwest limb of the fold dip relatively uniformly 

towards the axis, and are generally less than 5 degrees. The 

southeast limb in contrast, is tightly folded and overturned 

towards the northwest, and the beds dip up to 45 degrees 

( Clark, 1956). 

Bounding the southeast limb of the Chambly-Fortierville 

syncline, and separting the relatively fIat lying rocks of 

the st. Lawrence Lowlands and Logan's Line, is a zone of 

highly deformed rocks known as the st. Germain Complex (Clark, 

1964,p.4). Logan's Line, a great thrust fault, separates the 

st. Germain Complex from the Appalchian thrust slices to the 

east. 

A few normal faults occur along the contact between the 

Paleozoic sedimentary rocks of the st. Lawrence Lowlands and 

the Precambrian Shield. These faults strike northeast and 

offset the Paleozoic - Precambrian contact (Figure 3). 

stratigraphy 

The Trenton limestone was defined by Vanuxem (1842) as 

the 300 feet of beds lying between the Black River 1imestone 

and the overlying Utica sha1e. Subsequent authors have held 
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to that definition, although there has been considerable 

elaboration of the description and several formations are 

now recognized within the Trenton Group. 

The underlying Black River for~ations, Pamelia, Lowville, 

and Leray, are lithologically similar in Ontario, New York, 

and Quebec, and much the sams can be said of most of the 

overlying Utica (Clark,1959). The Trenton of Quebec is somswhat 

unique possibly due to the elevated extensions of the Precambrian 

Shield, known as the Frontenac Axis, the Adirondack massif, 

and the Beauharnois. Anticline (Figure 2), restricting the 

basin during Trenton deposition. 

The contact betwesn the Black River and the Trenton 

Groups in the st. Lawrence Lowlands is represented by a distinct 

faunal break (Clark, 1959). On the northwest side of the 

st. Lawrence River there is little trouble in separating the 

Utica and Trenton on lithologie grounds. Towards the southeast 

the upper part of the Trenton Group is almost aIl shale 

(Figures 8 and 9), and the boundary becomes difficult to 

rec:ognize. 

The stratigraphy of the Trenton Group in ~uebec has been 

reviewed by Clark (1952; 1959),and much of the following 

stratigraphie information is a brief summary taken from his 

published reports. 

The Ouareau, Fontaine, St. Alban, and Pont Rouge Formations 

are rather thin and of local extent. AlI carry Trenton fal.mas, 

with slight Black River affinities. They consist of ,several 

limestone types which are generally dark, dense, and micro­

crystalline. Local warpings are inferred to have isolated or 
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restricted accumulations. of different lithic types. The thieknesa 

and occurrence of these formations in the st. Lawrence Lowlands 

are as follows: 

1) The OUareau Formation, extendUng from Montreal 
to the Yamaahiche River, ia less: than 20 feet thick. 

2) The Fontaine Formation is found in the vic.inity 
of the st. Maurice River and i5; a feet thick. 

3) The St. Alban Formation}. pres.ent in the area of 
the ste. Anne River, is , feet thick. 

4) The Pont Rouge Formation outcrops along the 
Jacques Cartier River, and has a thickness. of 
32 feet. 

OVerlying these formations in the st. Lawrence Lowlands 

is the persistent DeschambauLt Formation (Clark,1959). It 

commonly ov~rlies the Ouareau, Fontaine, st. Alban, and Pont 

Rouge Formations along paraconformable surfaces with thin zones 

of limestone comglomerate locally developed near the contact 

(Young, 1964) • 

The Deschambault Formation as proposed by Clark (1959) 

ia essentially a biostratigraphic unit, however, it has 

distinctive and persistent lithologie characteristics. The 

Deschambault consists almost wholly of a pure, light gray 

crossbedd.ed calcareni te compos.ed of current transported fosstl 

fragments, mostly eehinoderms. A thin bryozoan phase, consisting 

of mat& of bryozoa set in a shaly, limestone matrix persist 

throughout the formation southwest of the st. Maurice River. 

The Deschambault varies in thickness from about 25 feet 

near Montreal to over 200 feet at the south end of Lake st. 

Peter (Young, 1964). Typically the Deschambault is 80 to 90 

feet thick. 
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Northeast of the Ste. Anne River the Desehambault Formation 

is overlain by the st. Casimir Formation (Clark, 1959). 

The st. Casimir is made up of a great variety of lithologie 

types, varying from medium to eoarse grained limestones, to fine, 

almost lithographie limestones,. The st. Casimir is possibly 

equivalent, southeast of the Ste. Anne River, to the upper 

part of the Deschambault Formation (Clark, 1959). The st. 

Casimir is typically 180 to 190 feet thiek. 

The Montreal Formation sueeeeds the Desehambault Formation 

southeast of the Ste. Anne River. The thiekness of this 

formation is variable, ranging from 100 to 300 feet thiek 

between Montreal and Three Rivers, and 50 to 310 feet thiek 

further northeast. 

Lithologieally the Montreal Formation is eharaeterized 

by a great irregularity of sedimentation, and varied proportions 

of shale and limestone (Clark, 1959,p.18). 

The Montreal Formation is overlain by the Tetreauville 

Formation southwest of the st. Maurice hiver. The Tetreauville 

Formation eonsists of dark, dense limestone alternating regularly 

with black shale. 

Within the Tetreauville Formation there is a thiek lens 

of limestone lithologieally and faunally similar to the 

Tetreauville, but laeking definite bedding. This lens is 

found at the top or entirely within the Tetreauville. Clark 

(1959, p.18) termed this stratigraphieally variable unit the 

Terrebonne Member. 

The limestone between the st. Casimir and Utiea Formations 

ean rarely be separated by lithology (Clark, 1959, p.18). The 



- 13 -

entire thickness, ~70 feet along the Neuville shore, is 

lithologically the same as the Tetreauville Formation, however, 

the proportion of black shale interbeds is lower. Clark (1959, 

p.19) proposed that this entire lithologie unit be called 

the Neuville Formation. 

The Utica Formation \'Jas deposi ted over the Tetreauville 

and Neu~1ille Formations. 

Southeast of the st. Lawrence River aIl the Trenton 

formations become thicker, and the proportion of shale becomes 

greater, especially in the upper Trenton (Figures 8, 9, and l~). 

The corresponding sections of Utica and Lorraine also show a 

thickening southeast of the st. Lawrence River. Clark (1959, 

Figure 1) proposed that a shelf - miogeosynclinal hinge line 

exists southeast of the st. Lawrence River, with greater 

subsidence to the southeast relative to the stable shelf to 

the northwes t. 

Along the St! Maurice River there probably was a. low 

Precambrian positive element that controlled sedimentation to 

sorne extent (Clark, 1959,p.19), as indicated by the occurrence 

of Trenton resting on Precambrian basement in weIl number 33 

(Figure 16). 
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CHAPTER III 

Petrographx 

A petrographic examination of the Trenton Group was 

made using acetate peels and some thin sections. Three 

stratigraphic sections were measured, d~sèribed, and sampled 

(Appendix C ). Also, seven bore hole cores of the Trenton 

were examined and described with the aid of a binocular micro-

scope and a few acetate peels. 

Classification 

The limestone classification of Folk (1962) was used in 

conjunction with the texturaI classification of Folk (1959). 

A modification using Dunham's texturaI terms was employed to 

distinguish between sparse mud-supported biomicrite and packed 

grain-supported biomicrite. 

The carbonate grain size and sorting are classified 

according to Folk (1962). Where bedding is referred to, it is 

classified according to Dunbar and Ridgers (1957,p.97), 

modified after McKee and Weir (1953). 

Special Terms 

Some of the terms used in describing the limestones May 

have uncertain meanings and are defined aS follows: 

1) Micri te - calcite of crystal size less than 5 mic:rons. 

2) Microspar- calcite of crystal size between 5 and 
63 microns. 

3) Spar - calcite of crystal size greater than 63 microns. 

4) Pellets, - rounded, spherical to elliptical or ovoid 
aggregates of micrit~,devoid of any internaI structure, 
weIl sorted, and with an upper size limit of 0.15 
millimeters (Folk,1962,p.64). Similar particles 
coarser than this are classified as intraclasts. 
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Lower Tre~ 

A. Ouareau Formation 

Limestones of the Ouareau Formation are medium dark gray 

in colour, medium bedded, and are interbedded with black, 

calcareous shale, t inch to l inch thick (Plate l, Figure 2). 

Micrite predominates with scattered patches of microspar 

present in some samp1es (Plate 8, Figure 1 ). Argi1laceous 

matter is present throughout the formation, however, it rarely 

exceeds 10 per cent of the rock. Gastropods are the most 

abundant fossi1 type, consistuting between 2 and 5 per cent 

of the rock, with some brachiopod fragments present. 

In general, the limestones are argil1aceous, gastropod 

micrites. 

B. Deschambault Formation 

The Deschambau1t 1imestones are 1ight to medium gray­

brown in co1our, fine to very coarse gr8.1ned, and medium to 

thick bedded. Black bituminous sha1e occurs in stylolites 

that are especially abundant in the C08rser grained 1imestones. 

Only a genera1 petrographie study of the Deschambau1t 

limestones was made to examine and verify the 1imestone types 

estab1ished in the detailed and comprehensive study of Young 

(1964). A brief review of the data in Young (1964, pp. 13-45) 

follows. 

The Deschambault Formation consists main1y of packed 

ca1carenites with crinoids, the predominant and ever present 

grain type. 

Brachiopods are genera11y weIl preserved, and are present 

in varylng amounts. Bryozoan, of severa1 types, are commonly 



- 11 -

associated with crinoids and brachiopods, and are especia1ly 

abttndant in the bryQzoan reef unit (Husain, 1955) near the 

top of the Deschambault Formation. Ostracods are common in 

the finer calcarenites, &1d trilobite fragments are found 

in the microspar-rich sediments. Up to 5 per cent pellets; occur 

in Many of the fine grained calcarenites. 

Except for rare micrite, microspar, presumably slightly 

recrystallized micrite, forms the matrix in the packed 

biomicrites and poorly washed calcarenites. Sparite cements 

the coarser crinoid calcarenites and calcirudites, and also 

occurs as void filling in microspar-rich limestones. 

The three main limestone types comprising the Desbhambault 

Formation are (Young, 1964) : 

Type l Fossiliferous ca1ci1utite with microspar 
matrix. 

Type II Sorted pellet or bioclastic calcisiltite 
with microspar matrix. 

Type III Crinoidal calcarenite and intrac1astic 
calcirudite with calcite spar cement. 

The crinoidal calcarenite is the most abundant limestone 

',typo. The finer grained sediments, Types l and II, occur at 

the base of the Deschambault, in the chert rich unit in the 

middle of the stratigraphie section, and in parts of the bry­

ozoan reef unit (see Appendix C). 

C. st. Casimir Formation 

The St. Casimir Formation is a mixture of medium dark 

gray, thin bedded, fine grained. limestone, and thick bedded 

coarse grained limestone (Plate 4, Figures land 2). The 

first occurrence of light yellow-brown weathering, fine grained 

limestone marks the base of the st. Casimir Formation (Clark, 
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personal communication). The light gray-brown, coarse grained 

calcarenite, the same as the underlying Deschambault, decreases 

in abundance upwards. Minor calcareous, dark gray shale 

( t inch to t inch thick) interbeds occur, especially in the 

thin bedded, fine grained limestones .• 

The two main types of St. Casimir limestones are: 

Type l Argillaceous micrite. 

Type ~I Unsorted crinoidal calcarenite, medium to 
very coarse grained. 

Middle Trenton 

A. Montreal Formation 

The limestones of the Montreal Formation are medium dark 

gray, very fine grained, thin to medium bedded with black 

calcareous shale interbeds (t inch to 2 inches thick), and 

occurs in non-resistant rubbly outcrops (Plate 5, Figures l 

and 2). Crinoids are the predominant fossil type, less than 

5 per cent, present in both the limestone and shale. Thin 

renses of fine to medium grained crinoidal calcarenite occur 

scattered throughout. Near the Deschambault Formation these 

crinoidal calcarenites occur as beds and constitute up to 30 

per cent of the strata. 

The main.limestone types of the Montreal Formation are; 

Type l Argillaceous crinoid micrite. 

Type II Crinoidal calcarenite, with brachiopcds, 
fine to medium grained with sparite cement, 
and occurring jn lenses and beds. 

Upper Trenton 

A. Tetreauville Formation 

The Tetreauville Formation consists of dark gray, medium 

bedded, very fine grained limestone, interbedded with black 
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calcareous shale (Plate 6, Figures l and 2). Fossil fragments 

are mainly crinoids and brachiopods, and rarely exceed 5 

per cent of the rock. 

The Terrebonne Member lacks definite bedding, and consists 

of an agglomeration of very fine grained limestone, dark gray 

in colour (60 per cent) and black, calcareous, shale (40 per 

cent) with crinoid and brachiopod fragments found in both the 

limestone and the shale.' 

The limestone type of the Tetreauville Formation (Terre­

bonne Member) is argillaceous micrite to argillaceous crinoid, 

brachiopod micrite. 

Middle and Upper Trenton 

A. Neuville Formation 

The Neuville Formation consists of dark gray to medium 

dark gray, medium bedded, very fine grained limestone inter­

bedded with black,calcareous shale (t inch to l inch thick) 

(Plate 7, Figure l ). Crinoids, brachiopods, bryozoan, trilobites, 

and cephalopods are ail weIl preserved, however, the fossil 

content rarely exceeds 5 per cent, except in local accumulations 

along the bedding planes. Argillaceous matter is common 

throughout the formation, and silt size quartz fragments, 

less than 5 per cent, occur in some beds (Plate 12, Figure 2). 

The limestones of the Neuville Formation are argillaceous 

micrite to argillaceous fossiliferous micrite. 

Summary 

The Trenton Group, which ranges in thickness from 225 

feet to 1100 feet, and is typically 700 feet thick (Figure 10), 

is predominantly micritic limestone, sparsely fossiliferous~ 
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interbedded wi th black, calcareous-· shale, except for the limes·tones 

of the Deschambaul t Formation, which are typica11y aO to 90-

feet thick (Young, 1964). These limestonea are medium to 

coarse grained calcarenites with spar cement, and some finer 

grained calcarenites and calcilutites. The 1imestones of the 

Deachambault would be the most suitable lithic type in the 

Trenton Group to act as a reservoir rock for petroleum fluids 

if porosity and permeability were present (see Chapter V). 

Mode of Occurrence of Bituminous Matter and ail in the 
Deschambaû1t Formation 

Bituminous matter commonly occurs, as finely disseminated 

material that is closely associated with the argillaceous 

fraction. Bitumen is very abundant along stylolites, and forms 

asphalti~ weathering surfaces in the bryozoan reef unit (Plate 

3, Figure 2). ail drop1ets have been found in isolated vugs 

in a few 10ca1ities, a very minor amount of oil was produced 

for a time in 1966 from the Louvicourt-Metal-LI Assomption 

Number 8 weIl, and black bituminous matter occurs in the pores 

and chambers of crinoids and bryozoan fragments. Black bituminous 

material occurs in smal1, isolated, irregu1ar blebs, with sharp 

out1ines within the microspar matrix of the fine grained 

limestones (Plate 10, Figure 1). 
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Lithification of the Deschambault Formation 

A study of the nature and character of the crystalline 

calcite in these carbonate rocks, which can form in several 

stages by different processes, is important to an under -

standing of the stages of cementation of the sediment. The 

amount and stages of cementation, which gov~rn the porosity, 

provides sorne indication of the time and duration of 

petroleum migration. 

Forms of Crystalline Calcite 

Crystalline calcite can be of two major genetic types; 

i) that formed by precipitation in water filled vOids, and 

ii) that formed by 1 neomorphism 1 (Folk, 1965). 

Neomorphism includes inversion (aragonite to calcite), 

aggrading and degrading recrystallization (calcite to calcite), 

and strain recrystallization (strained calcite to unstrained 

calcite). In many cases it is difficult to tell from an 

examination of the physical properties and textures of the 

crystalline calcite whether inversion, recrystallization, or 

strain recrystallization was the operating process. Neomorphism 

is a convenient term when the processes that initiate and 

perpetuate changes in the crystalline calcite are unknown. 

A. Precipitated calcite cement 

Sparry calcite is associated with light gray-brown 

crinoidal calcarenites and calcirudites. Two forms of precipitated 

calcite can be recognized in the Deschambault Formation 

(young, 196~); i)'granular ' or 'void-filling ' calcite having 
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the characteristic::_properties found by Bathurst (1958), 

Harbaugh (1961) and Chilingar ~!! (1967a), and i1~ 'rim 

cement' (Bathurst, 1958) or'calcite overgrowth' (Folk,1965) 

01' the crinoid fragments (Plate9,Figures land 2.). 

Young (1964) found that the texture of"the granular 

cement is controlled by the type of grain that it ia in 

contact with. Brachiopods have strongly developed, small 

elongate crystala perpendicular to the margins. Away from the 

margins these crystals become progressively larger and irregular 

in shape with sharp, planar to slightly curved boundaries (Plate 

9,Figure 1). Ostracods, trilobites, and pellets have poorly 

developed radial growth of sparite, but the sparite still 

maintains the other characteristics of precipitated void 

filling cement. 

Crinoid fragment,s, in the calcarenites are found to be 

in optical continuity with a rim of sparry calcite, The 

boundaries between the rim cemented fragments are usually 

planar to slightly curved (Plate 9,Figure 2.). 

B. Neomorphic crystalline calcite 

Microspar forms the matrix in the fine grained calcarenites 

and poorly washed biomicrites. The microspar forms characteristic 

mosaics of equant, uniform size crystals that have curved to 

conserted boundaries (Plate 8, Figure 2). Young (1964, p.52) 

found that where crinoids occur in a microspar matrix, 'syntaxial 

rims' (Bathurst, 1958) form around the crinoid fragments. 

These syntaxial rims differ from the precipitated calcite 

overgrowths in that the outer boundaries are usually irregular, 

and are in contact with microspar or other syntaxial rims that 
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have irregular shaped boundaries. 

C. SUmmary 

The coarser calcarenites of the Deschambault Formation 

were completely cemented by precipitated void filling cement 

and calcite overgrowths. The finer grained sediments have a 

microspar matrix formed by the neomorphism of lime mud and 

degrading neomorphism of crinoid fragments. 

Lithification 

A. Sparite cemented calcarenites 

Recent research on cementation has shown that the majority 

of cementation does not take place in the marine environment. 

The number of reported submarine occurrences of cementation 

is, however, steadily increasing. The process of cementation 

in limestones is poorly understood 50 that the writer does not 

wish to infer that aIl limestones are cemented subaerially. 

Cementation can occur where fresh water lenses float 

over and mix with marine water, with the fresh water inducing 

the precipitation of calcium carbonate, sùitable for cement, 

from the brine (Matthews, 1967). In this situation, Kay and 

Colbert (1965) place the northern limit of Trenton deposition 

less than 25 miles northwest of the St. Lawrence Lowlands, 

50 that cementation by this process is possible. Cementation 

takes place, however, largely within a fresh water vadose 

zone by solution of the metastable aragonite and high Mg 

calcite, and reprecipitation as low Mg calcite (Matthews,1967; 

Land,1967). Land (1967) showed that aragonite could also invert 

to low Mg calcite by isolated isochemical reaction, however, 

fresh water cataliizes the reaction. It has also been' found ·that 
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subaerial exposure of a carbonate sand accelerates the.inversion 

of aragonite and high Mg calcite to calcite cement by solution 

and reprecipitation ( Ginsburg,1957; Beales,~965; Land,1967). 

The time that elapses between the deposition and the 

eliminatio~ of the primary aragonite and high Mg calcite, 

leaving only low Mg calcite, appears to be relatively short, 

and elapses while the rock is not too far removed from the 

environment of deposition (Land,1967). 

The crinoid calcarenites were probably deposited on 

shoals in the wave action (Young,1964,p.72). Finer grained 

sediments, with laminations; and fine crossbedding, and 

erosional disconformities suggest a quiet, near shore environ­

ment of deposition (Young,1964,p.73). The erosional surfaces 

have abrupt pits several inches wide with overhanging walls, 
1 

overlain by intraformational limestone conglomerate, which 

suggests partial, early cementation of the eroded bed. The 

shallow broad shelf and near shore environment of deposition, 

and subaerial exposure at times, probably enhanced early, 

partial cementation perhaps by the processes outlined above, 

or by the development of beach rock (Stoddart, 1965). 

The overall granular and rim character of the spar c:ement 

suggests that precipitation in voids, probably from the solution 

of aragonite and high Mg calcite, was the predominant process, 

however, the extent of lithification ia not known. 

Stylolites, sub-parallel to the bedding, are exceedingly 

common in the Deschambault, occurring on macroscopic and 

microscopie scales (PlateJD,Figure 2). There are two weIl 

substantiated schools of thought on the origin of stylolites. 
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One advocates a pre-lithification origin, whereas the other 

proposes a post-lithification origin (Park and SChot,1968). 

The horizontal, sutured character of the stylolites in the 

Deschambault Formation suggest that they were formed sometime 

after burial by increasingoverburden pressure causing pressure 

solution of one or both sides of the stylolite. The insoluble, 

black bituminous residue associated with the argillaceous 

material within the stylolite seam indicates that pressure 

solution must have acted during and after petroleum migration. 

Since the sediment was partially cqmented prior to burial, 

stylolitization occurred after partial lithification and 

before complete lithification. 

The pressure solution involves the solution transfer of 

carbonate from around points or aurfaces of contact, where the 

solubility is enhanced by overburden pressure, and the 

redeposition in regions of lower pressure or lower concentration. 

The formation of stylolites probably ceased during the final 

stages of pressure solution cementation, because;pressure 

solution in carbonate rocks is not active after the complete 

reduction of pore space and expulsion of fluids (Bathurst,1958). 

B. Fine grained limestones with microspar 

The microspar matrix of the finer grained limestones 

of che Deschambault Formation was probably formed by neomorphism 

of micrite. The lithification of carbonate mud involves the 

change of aIl aragonite mud and any larger aragonite grains 

or fossil detritus to calcite (Folk,1965,p.36). During this 

process the sediment remains porous with large amounts of 

interstitial fluids, however, the resulting micritic limestone 
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is nearly non-porous (Folk,1965,p.36). Further neomorphism 

of the micri te, less, than 5p, incorporates the smal1. micri te 

crystals with any larger grains or fossil fragments into a 

larger mchcr6spar mosaic (Folk,19605,p.40; Matthews,1967). 

In general the age relations of neomorphism cannot be 

defined,as these processea could have taken place any time 

after deposition (Harbaugh, 1961,p.98). ïhe change of al~ 

aragonite to calcite was probably relatively early before 

substantial burial/as is common in recent and Pleistocene 

situations. Land (1967) stated that Pleistocene aragonite is 

known to have inverted in 105 years, while he found that it 

would take about 107 years for the inversion of skeletal 

aragonite in water. The change, therefore, of aIl aragonite 

to calcite probably occurred relatively early and before 

substantial burial. The presence of disseminated blebs of 

bituminous matter suggests that complete lithification did 

not occur until petroleum migration, unless small pores 

e~isted or were formed by solution after lithification. 

Petroleum Migration 

Partial cementation of the limestones of the Deschambault 

Formation appears. to have occurred rèlatively early with sorne 

porosity remaining during the development of stylolites. 

Some petroleum migrated into the Deschambault before complete 

cementation, and after sufficient burial. This is suggested 

by the isolated and disseminated character of the oil and 

bituminous matter in the rock. 

Dunnington (1954) considered that stylolite formation has 

been of fundamental importance, in30me areas, in causing and 
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controlling petroleum migration and ac~ulations in ca~careous 

sediments. Dunnington (1954) suggested that where a thick 

shale sequence in a subsiding basin passes laterally into 

widely extensive thinner platform type, porous limestones, 

as waa the case in the Deschambault Formation prior to stylolite 

formation, and where subsequent deposition continues tO,be 

thicker in the basin than on the shelf (see Chapter VII, 

Figures 8,9,and 10), fluid migration will be controlled by 

the compaction of the shales und,er load. Most of the contained 

fluids, including petroleum, will be squeezed out of the shale 

and will pass into the porous limestones, where further con­

centration of petroleum will be dictated by stratal gradients 

and intrinsic porosity (Dunnington, 1954, p.47). Since the 

rate of compaction in the basin is relatively slow, there 

would not be sufficient fluid flow to dislodge petroleum from 

the first encountered porous zones unless a high basinward dip 

ia present. If no trapping structures develop, as is the case 

in the st. Lawrence Lowlands, petroleum will remain in this 

zone until the overburden increases to the critical pressure 

for stylolite development, whereupon the expulsion of aIl 

fluids from water-wet pores in the lime stone will commence. 

The fluids will pass outwards and updip from the zone of 

initial accumulation to zones of lower overburden pressure, 

where stylolitization cannot occur (Dunnington, 1954, p.47). 

Pore filling, pressure solution transfer will eventually 

infill the void spaces and incorporate any unexpelled 

petroleum residue. If there is sufficient oil accumulation 

in any area to produce oil wetting of the void surfaces, 
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precipitation of calcite cement will be inhibited by the 

inaccessibility of crystal nuclei on which to crystallize 

(Dunnington, 1954,p.48). 

Shquld oil accumulate to the exclusion of water, sttlolite 

development will be prevented by the lack of solutions to 

act in pressure solution transfer. 

Where oil droplets and thin oil horizons occur in the 

Deschambault Formation pressure solution cementation was 

probably prevented by oil saturation of the pores prior to 

stylolitization. For the most part the Deschambault has 

abundant stylolites, and was tightly cemented, hence, any 

petroleum that tiid accumulate within the rock was expelled 

updip during stylolitization, except for the bituminous residues 

along the stylolites and disseminated in the grains and matrix, 

to areas of less overburden pressure. These areas, if they 

did exist, have since been eroded. 

• :1 



e 

- 2.9 -

CHAPTER V 

Porosity and Permeability 

porosity and permeability are the two most important 

properties in the evaluation of potential reservoir formations. 

They determine the rate of fluid movement, the storage capacity, 

and the ultimate production from the rock. When a formation 

ll:acks zones of suitable porosity and permeabili.ty production 

of petroleum is impossible. 

Cores and rotary chip samples, stored at the Department 

of Natural Resources, ~ùebec City, formed the basis, of this 

study. Outcrop samp1es, and small cores obtained by drilling 

the Deschambault Formation along the Ouareau River were also 

utilized (Plate l, Figure 1). 

AlI the ro,ta.xy drill cutting s and core were examined wi th 

the aid of a binocular microscope, noting lithology, grain 

size, grain type, and visible porosity. The following is a 

list of those wells from which cores of the Trenton Group 

were examined : 

TABLE l Trenton core examined 
Number Trenton 

(Houde, 1964 Name of WeIl Cored Interval 

9 Bald MountaLTl Cap Santé No.l 330t.-84o' 

12 Bald Mountain Louiseville No.l 26,J. , -711 ' 

14 Bald Mountain st. Roch No. l 20101-2565 1 

15 Bald Mountain ~ortneuf No. 1 7251-13~2' 

88 Oil Selections No.6 1000'-15571 

102 Oil Selections No.36 756' -13211 

58 Quonto Mascouche No. l 150'-8.13 1 

Total 

510' 

450 1 

553 1 

597 1 

557 1 

5651 

6831 
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~he petrographie study of the Tetreauville, Montreal, 

Neuville, and Ouareau Formations reveals that the limestones 

are predominantly dense.mierite with shale oeeurring as partings 

or thin interbeds (see Chapter III). Some isolated lenses of 

fine to medium grained biosparite oeeur in the Montreal 

Formation. 

Throughout the Tetreauville, Neuville, and Ouareau Formations 

and most of the Montreal Formation there is no evidenee of 

primary porosity or solution exeept for a&w isolated, calcite 

lined vugs of whole fossils. Although some primary porosity 

oecurs in mieritie limestones, the pores are generally so small 

as to be imperceptible, and the permeability so low that 

limestonea with this texture can be excluded as commercial 

petroleum reservoir rocks (Chilingar ~ 51, 1967a, p.357). 

Scattered pinpoint vugs cceur in several coarser grained lenses 

of the Montreal Formation, however, these amount to less than 

2 per cent of the rock. 

In the cores studied several reported gas occurrences 

CHoude, 1964) were found to correspond to small fractures in 

the rock. 

The Deschambault Formation is a pure,light gray, fine to 

eoarse grained biosparite with thick to massive bedding. 

Examination of the Deschambault for visible porosity in the 

available core is summarized as follows: 
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TABLE II 
Summary of visible porosity in cores pene~rat1nK 'Cne 

Deschambau1t Formation 
1 voreCl uccurrence ., 

WeIl Interval of porosity DescriR1;ion 
.. 

Bald 1/8 inch iso1ated vug 
Mountain 740 745' and scattered pin-point 
Cap vugs 
santé 
No.1 754' Few 1/8 inch iso1ated 

vugs 

1 inch of 1/8 inch vugs 
to 76.3;' -764' in a network - 15% 

po.rosity 

7117" Few 1/16 inch vugs 
iso1ated 

840 
800' 2 large t inch iso1ated 

vugs 

Ba1d Mountain 
Loüisevi11e Nb.l 471 - 696 632'-638' Scattered pin-point vugs 

porosity 1ess than 1% 

Ba1d Mountain 
st, Roch 2l.tJ+5-2565 ---- No porosity visible 
No. 1 

Ba1d Mountain 1224 1237' 2 inches of vuggy porosi t~ 
Portneuf vugs 1/16-1/8 inch 
No.1 

to 1260.5' Few vugs, very sma11 and 
iso1ated 

1320 1296' Fracture t n wide, with 
aspha1 tic 1ining 

Oi1 Selections No.E 1450-1532 ---- No porosity visible 

Qil Selections 1264-1321 ---- No porosity visible 
No. 32 

Quonto Mascouche 734-833 ---- No porosity visible 
No. 1 

Seven samp1es of the Deschambault, obtained by dri1ling 

the outcrop,to obtain re1ative1y unweathered specimens, were 

tested for permeabi1ity using a Soi1test Madel K-6,?0 Miniature 
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Permeameter (Appendix A). 

All the samp~es yielded a negligible amount of water 

after 24 hours at a pressure of 4 atmospheres, and hence, 

are Impermeable. 

Tvo samp~es were sent to the Core Laboratory, Calgary for 

porosity and permeability measurements. The two samples were 

coarse grained calcarenites. Both samples were Impermeable, 

having permeabilities of less than 0.01 mil~darcy, and had 

ver.:! low porosi t;ie~ of 0.5'1 and 0.62 per cent. 

The porosity in the Deschambault Formation occurs in 

isolated zones l to 2 inches thick that are too thin to be 

of commercial value. For the most part the Deschambault 

examined in the field and in the cores is not porous and is 

Impermeable. 
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CHAPTER VI 

Chemical Analysis of the Hydrocarbon Content 

The presence of bituminous matter, droplets of oil in 

isolated vugs, black a5phaltic material on the weathered 

surface of the bryozoan reef unit, and an overall fetid odo~ 

suggest that the Deschambault Formation may be petreliferous. 

The black shales of the Utica Formation and the upper Trenton 

maybe a possible lateral source rock for petroleum. 

The limestones and shales of the Trenton and Utica were 

analyzed to determine if their hydrocarbon content vas 

indigenous or allochthonous. The principle of the oil source 

rock identification wethod used b~ Philippi (1957) 1s, summarized 

as follows. 

"In oil source rocks, small amounts of indigenous petroleum 

are practically universally present, even afterthe release 

of oil to reservoirs, and the amount of petroleum present i5 . 

proportional to the much larger quantity of non-petroliferous 

indigenous organic matter called kerogen. In reservoir rocks 

the amount of oil present is determined by porosity, permeabil1ty, 

and trap conditions, and 1s in no way related to the content 

of indigenous organic matter" (Philippi, 1957,p.30). 

There have been several studies of the extraction of 

hydrocarbons from the sediments, most notable are Hunt and 

Jamieson (1956) and Fergus6n (1962), however, the procedure., 

used by Philippi (1957) eliminates the time-consuming 

chromatography, and was used in this study because of 1ts 

simplicity (Appendix B) 

In order to isolate the small amount of hydrocarbon 
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present the rocks are pulverized, and subsequently extracted 

wi th two organic solvents, diisopropyl, a hexane isomer C6H14' 

and diethylether, C4HIOO. 

Diisopropyl extracts the bulk of the monoaromatic and 

sturated hydrocarbons, paraffins and naphthenes, as well~as; 

free sulphur if present. The second solvent, diethylether, 

extracts mainly polyaromatic hydrocarbon molecules and complex 

oxygen,. nitrogen, and sulphur compQunds (Philippi,1957,p.27). 

Since the polyaromatic hydrocarbons are not normally a major 

constituent of petroleum, the diisopropyl extracts the bulk 

of the petroleum hydrocarbons present in the rock. The 

diethylether is used to effect a more complete extraction of 

the hydrocarbons., and to gi ve some insight into the nature 

of the hydrocarbons present (Philippi, 1957,p.28). 

Noncarbonate carbon is determined by dry combustion of 

the practically hydrocarbon free rock powder. Although the 

noncarbonate carbon and the content of insoluble organic 

kerogen are not identical, the kerogen being 1.2 to,,1.5 

times greater, it is assumed for simplicity to be equal to the 

noncarbonate carbon value (Philippi, 1957, p.30). 

The insoluble organic matter should form the bulk of the 

total organic matter in a source rock, with the corresponding 

indigenous petroleum amounting to less than 10 per cent of the 

totla organic matter in the rock (Philippi, 1957,p.28). The 

kerogen probably represents some parent substance of petroleum 

formed from the original organic compounds deposited with 

the sediment (Nagy and Columbo, 1967). 

To establish whether the petroleum extracted from the 
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rocks is indigenous or allochthonous, the chemical data from 

several samples i5 plotted against their location in the 

stratigraphie section (Figure 6). If a correlation ex!sts 

bètween the maxima and minima of the kerogen and the maxima 

and minima of the petroleum content, and the kerogen forms 

the bulk of the total organic matter, the rocks acted as an 

oil source and the petroleum is indigenous. If there is no 

correlation between the maxima and minima of the kerogen content 

and the maxima and minima of the petroleum content, and the 

Kerogen does not form the bulk of the total brganicinatter 

in the rocks, the petrQleum has probably migrated into the 

rocks. 

Deschambault Formation 

There is no genetic relationship between the petroleum 

content and the insoluble kerogen because the maxima and minima 

of the petroleum content and the kerogen do not correlate 

(Figure 6) in the manner shown by Philippi (1957, Figure 3). 

The kerogen also does not form the bulk of the total organic 

matter present in the Deschambault Formation. 

Comparison of the graphs obtained by Philipp,i (1957) 

analyzing the reservoir and source rocks of the Pembina Field, 

Alberta (Figure 7b), and the reservoir rocks of the Mission 

Canyon and Lodgepole Formations in southern Saskatchewan ( 

Figure 7c), with that obtained by analyzing the Deschambault 

Formation (Figure 7a) indicates that the Deschambault plots 

in a zone of reservoir rocks. This zone 1s characterized by 

a high amount of petroleum and a very low amount of insoluble 

kerogen. 
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The petroleum present in the Deschambault is not indigenous 

• and amounts to 3 • .5 to 12 barrels per acre :foot average, 

with up to 120 barrels per acre foot in the bryozoan unit. 

The hydrocarbons present in the rocks have a greater 

amount of diisopropyl. extractables than ether extractables 

(Figure 6) indicating that the petroleum has a high oil content 

and a.'.low resin content. 

Tetreauville and Utica Formations 

The hydrocarbon content and the insoluble organic 

content of three samples of Utica shale, one sample of 

Tetreauville shale,and one sample of Tetrea~ville micritic 

lime stone were analyzed. The samples aIl contained low 

amounts of petroleum hydrocarbons, ranging from ~Q to 650 

parts per million, and relatively higher amounts of insoluble 

kerogen, 0.4 to 1.4 per cent. The insoluble kerogen forms 

the bulk of the total oganic matter in the Utica and Tetreau­

ville shales and limestones, amounting to 80 to 95 per cent, 

hence, the petroleum is indigenous. 

A comparison of the data and characteristics, low petroleum 

content and high organic content, of the source rocks for 

tne petroleum in the Pembina Field, Alberta (Figure 7b) with 

the data and characteristics of the rocks of the Utica and 

Tetreauville Formations indicates that the shale may have 

contained hydrocarbons or other materials which acted as a 

source for petroleum. 

*In the conversion of parts per million into barrels per acre 
foot, the hydrocarbon density is assumed to be 0.9, and the 
rock tlensity 2.7 (Philippi,1957,p.33). 
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CHAP'FER VII 

stratigraphie Analysis 

A stratigraphie analysis of. an area, such as the st. 

Lawrence Lowlands, involves the use of several kind.s of 

subsurface geologic maps based on borehole data. The location 

of wells referl'ed to by number in the text is shown on 

Figure 16. Isopach, lithofacies·, shale-limestone ratio, 

and structure maps each contribute an essential facet to an 

understanding of the geology of an area, however, the maps 

are necessarily incomplete because of widel~ spaced weIl control. 

Trenton-~tica Contact Relationship 

In general, the Utica, or Canajoharie, shale can be 

thought of as a widespread mud deposit which progressively 

encroached northwestward and displaced the Trenton upwards. 

The Trenton disappears toward the center of the Appalachian 

geosyncline, hence, the upper part ofi the Trenton and the 

lower part of the Utica are essentially contemporaneous 

(Clark, 1952,1959). 

There is,as a rule, little trouble in determining the 

boundary between the Utica and Trenton. on the northwest side 

of the st. Lawrence River where an abrupt lithologie change 

from limestone to black shale occurs. On the southeast side 

of the st. Lawrence River this boundary is gradational. Black 

shale with some limestone is the predominant litho1ogy in the 

upper part of the Trenton (Figures 8 and 9). 

In the Senigon weIl, 40 miles south of Montreal near 

the International Boundary, black shale predominates down 

to 2090 feet and is followed by 20& feet of Trenton lime stone 
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(Clark and strachaD4 1955). The Trenton - utica boundary, 

located by graptolites and other fos,sils, oceurs mid-way in 

the shales, and the limestone is correlated with the 

Deschambault Formation (Clark and Strachan, 1955). 

Belyea (1952) placed the base of the Utica Formation at 

the highest occurrence of limestone fol1owed by blaek sha1e. 

In this study lithologie boundaries and rock stratigraphie 

units were used due to the limited paleontological data. 

Quite possibly in the deeper parts of the basin part of the 

black shale assigned to the Utica may have been deposited 

at the same time as the Trenton in the northwest part of the 

basin, as in the Senigon weIl south of Montreal. Since this 

contact is a facies change (Figure 8), and because little 

faunal control is available it is impossible to determine 

time lines in this part of the sequence and divide the Utica 

and Trenton into chronostratigraphic units, as is desired 

in the construction of isopach and lithofacies maps. 

Lithifacies, Sha1e-Limestone Ratio, and Isoeach Maps 

Northwestward and upwards in the succession, shale gradually 

displaces the limestone (Figures 12,13 and 14). During the 

deposition of the lower Trenton sedimentssha1es were deposited 

in a small northwestward embayment south of Lake st. Peter 

(Figure 12). During the upper Trenton, shale deposition had 

encompassed most of the southeast side of the st. Lawrence 

River (Figure 14).. A shale-limestone facies change oceurs 

southeast of the st. Lawrence River (Figure Il). 

An anomalous calcarenite facies resulted when a shale­

lime stone boundary for the Utica- ~renton contact was. selected 
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in wel1 71. Riva (personal communication,1968) stated that 

the thinning of the Trenton between wells 25 and 71 (Figure 8) 

is remarkable, but is not uncommon southeastward where the 

Trenton disappears and is replaced by Utica sha1e. In the 

construction of the lithofacies map (Figure Il) a portion 

of the Utica in weIl 71 was therefore assumed to have been 

deposited during the same time as the Trenton limestones. 

The sha1e-limestone ratio is much lower throughout the 

Trenton on the nortwest side of the st. Lawrence River (Figures 

12,13,and 14). The lower Trenton also contains abundant sand­

stone in wells number 11 and 16, where the Deschambault rests 

on the Precambrian basement. 

The Trenton Group ranges in thickness from 225 feet to 

10OOfeet, with a thickening towards the southeast (Figure 10). 

A uniform and thinner section occurs on the northwest side of 

the st. Lawrence River. The greatest thickness,1100 feet 

occurs in weIl number 27, southeast of Three Rivers, and a 

very thin section of Trenton was intersected in wells 4, 5, 6, 

and 7, east of Three Rivers. 

The Trenton thins abruptly in weIl number 71, but as 

previously mentioned, a portion of the overlying black shale 

may belong to the Trenton, however, paleontological evidence 

to support this hypothesis is at present lacking (Figure 8), 

although elsewhere, as in the Senigon weIl, this situation 

does occur. 

A southeast source for the black shales is indicated by 

the presence of relatively clear limestones in the northwest 

part of the basin and the increase of shale content in the upper 
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part of the Trenton which gradually shifted northwest with 

time. This interfingering of shales and limestones would 

provide suitable pathways for fluids, possibly petro1eum 

bearing, compacted from the black shales provided the limestones 

contained sorne permeable zones and were not completely cemented 

at an early stage. 

Table III 
List of wells dril1ed to the-Trenton Group, St.Lawrence Lowlands 

lWe_ll N.umber 
(Houde,196lt) Well Name Cored Rotary 
Snl1t1t1 Pt1 

3 (1956) Bald Mountain Batiscan No. 1 X 

lt (1957) Bald Mountain Batiscan No. 2 X 

5 (1957) Bald Mountain Batiscan No. 3 X 

6) (1957) Bald Mountain Batiscan No. lt X 

7 (1957) Bald Mountain Batiscan No. 5 X 

8 (1956) Bald·Mauntain Berthierville No.l X 

9 (1957) Bald Mountain Cap Santé No.1 X 

10 (1958) Bald Mountain Cap Santé No.2 X 

Il (1957) Bald Mountain La pérade No.2 X 

12 (1957) Bald Mountain Louiseville No.1 X 

13, (1957) Bald Mountain Louisevil1e No.2 X 

llt (1957) Bald Mountain st. Roch No.l X 

15 (1957) Bald Mountain Portneuf No.l X 

16 (1957) Bald Mountain Portneuf No.2 X 

17 (1958) Bald Mountain Ste.Genevi~ve No.l X 

2-5 ( 193'+) Canadian Seaboard st. Grégoire No.l X 

26 (1931) Canadian Seaboard st.Gérard No.l X 

27 (1933) Canadian Seaboard ste.Angèle No.1 X 

28 (1957) Canso st.Maurice-St.Léon No.l X 
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Table III(continued) 

WeIl Number WeIl Name 

~9 (1959) Caprive No.2 Trois Rivi~res 

30 (1962) Caprive No.3 Trois Rivières 

31 (1934) Cartier Natural Gas No. 5 

3.3. (1956) Madeleine No. l 

34 (1956,). Madeleine No. 2 

46 (1929) L'Assomption Experimental Farm WeIl 

56J (1911) Longueuil M1litary BarFacks WeIl 

58 (1957) Quonto International Mascouche No.l 

60 (1957) Canso-St.Maurice-Pointe-du-Lac No.lB 

62 (1958) Laduboro No.2 La Baie-Yamaska 

63 (1959) Laduboro No.3- La Baie-Yamaska 

64 .. (1959) Laduboro No.4 La Baie-Yamaska 

65 (1962) Laduboro No.5 La Baie-Yamaska 

69 (1956) Imperial Lowlands No.l (Lotbinière) 

70 (1956) Imperial Lowlands Mo.2 (Nicolet) 

'lI (1956) Imperial Lowlands No.3 (Nicolet) 

72 (1957) Imperial Lowlands No.4 (Lotbinière) 

74 (1959) Imperial Lowlands Seaway No.l 

75 (1957) Imperial Lowlands Verchères No.l 

80 (1934) Mohr No.l 

84 (1956) Okalta-Oilmont No. l 

85 (1956) Okalta-Oilmont No.2 

86 (1956) Oil Selections No.2 

8-7 (1956) Oil Selections No.5 

.88 (1956) Oil Selections No.6 

91 (1956.) Oil Selections No. 9 

Cored Rotary 

X 

X 

X 

X 

x 

x 

x 

X 

X 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table III(continued) 

WeIl Number Well Name Cored Rotary 

94 (1956) Oil Selections Nb. 20 X 

97 (1956) Oil. Selections No. 23, X 

98 (1956). Oil Selections N.o.24 X 

99 (1956) Oil Selections No.29 X X 

100 (1956) Oil Selections N.o.30 X 

101 (1956) Oil Selections No.31 X 

102 ( 1956) Oil Selections No.32 X 

l03, (1957) Oil Selections No.33 X 

105 (1909) Quebec Fuel No.2 X 

106) (1909) Quebec Fuel No.3 X 

107 (1910) Quebec: Fuel No.4 X 

109 (1931) Richelieu Gas st. Denis Nos.l and 2 X 

III (1947) st. Johns Petroleum St.Hubert No.l X 

117 (1959) Seaway-Almega No.9 st. Maurice X 

Structure 

Structure contour maps of the top of the Trenton Group 

were constructed using data from Belyea (1952) and Houde(1964). 

Structure control on the southeast side of the st. Lawrence 

River is scattered and poor, especially in the vicinity of 

Montreal. 

The Trenton dips uniformly southward towards the axis 

of the Chambly-Fortierville syncline (Figures 15,16, and 19). 

The spacing of the contours does not indicate a flattening of 

the regional dip or a change of dip direction. 



~ 
1--' 
~ 

., 

A 
36 

, 
" f' 

109 

UNDIFFERENTIATED 
LORRAINE 

AND 
UTICA 

-- e 

26 71 
ri. 

69-

AINE GROUP 

?-- ---V' 

--------
~I~ -----------

1 
~-

1 --_ h#I"'4, 15 c,e6J3 S«TION A-A n~fi_~H.é AA'IS o.c -nt.E CHAMB/.'I- Pi:)/2~"LeViiLr 
.; 

~ 

- LOCATION OF WELLS DRILLED TO THE TRENTON 
OR DEEPER (number.s after Houde,1964) 

- LOCATION OF CROSS SECTJONS A-A', 8-B~lC-C~ 



c 

t 

2000 

1000 

o 
teet 

o 1 Z 3 ... 
.. e • 1 ~ 

miles 

34 70 

2000 

1000 

tee~o 1 2 3 4 
..... ' --.....' ~,-I ---"-, ---0' 

miles 

-53-

FIGURE 17 CROSS SECTIONS 8-8' and C-C' (see Flgur,/') 

B' 

Cl 



....... ~ • 1 1 
Ill' • l' 

A 

__ ----500 

_____ --------------'500-------=~--~~~~----
,~~ ----------------~------

___ --~~~ ____ --,---- ,,..~:::;;:::;;a.:...--t_-

JE. 
1 

A' 

~~~--------------------------~-------------------------------

-~·l_~~~B~~~~~~~~~2S~(Q~~~~~ ____ ~ ____________________________________________ __ 

SECTION A-A TRENTON-UTICA CONTACT 

STRueTURE OF THE TOP OF THE TRENTON Ci 

LeASSOMPTION 



A 

~ ___ ~'500 

Ge 99 

I ••• nd . 

o 

NILES 

SECTION A-A 

JE. 
1 

A' 

TRENTON-UTICA CONTACT 

e 
e 

GO 

eTURE OF THE TOP OF THE TRENTON GROUP 
LeASSOMPTION 

WELLS PENE"TRATING 
TRENTON 

CONTROL WELLS 
OIL a GAS REPORTED 

A' 

l 

1 
i 
i , 
~; 
! 1 
~ . - , 



- 55 -

A detailed structure map of the L'Assomption area reveals 

the presence of a terrace. In wells located along this 

flattening in the otherwise uniformly dipping strata, several 

minor oil and gas occurrences have been reported (Houde,1964) 

(Figure 18). The isopach map is not detailed enough in' this 

area (only three wells penetrate the complete Trenton section) 

to interpret this as a stratigraphie thickening. There are 

no obvious large scale structures or faults present in this. 

area that may control such a feature. The terrace may, there­

fore, be either stratigraphically or structurally controlled. 

Any petroleum present in the Trenton limestone would 

not be substantially trapped by the synclinal structure of the 

st. Lawrence Lowlands. Most of the Trenton limestone is 

nonporous and impermeable, micritic limestone and relatively 

early cemented calcarenites, with very thin isolated zones 

of porosity. The occurrence of petroleum would notbe controlled 

by post-lithification faulting and where minor occurrences do 

occur in the Trenton they are controlled by fracturing or 

small isolated porous zone"s. 

Geothermometry 

The suggested relation between earth temperature, depth 

of burial, and hydrocarbon occurrence and density permits 

some insight into the type and occurrence of hydrocarbons 

present in prospective horizons. 

The amount of heat flow is the product of the thermal 

gradient, over sorne distinct uniform section, and the average 

thermal conductivity for that section. 

In the st. Lawrence Lowlands the average heat flow is 
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0.740:t O.O~)Lcalories/cm~/sec. (Doig,1961,p.64). Heat flow 

values o! O.82± O.Ol~calories/cm~/sec:. for two boreholes 

were reported by Beck (1967~p.l.14). Mos·t of the results 1n 

the st. Lawrence Lowlands are left llllcorrected for the unkm.own 

effect of the Pleis,tocene glaciation. This eff~ct cou Id e 

explain the low values obtained, and if corrected they would 

be near to the world average (Crain,1967). The heat flo,w 

may have been as high as 1.3~calories/cm~/see. in geolog1c 

time, and at present, allowing fo~ the glaciation, 1s about 

1.0~calories/cmf/sec:. (Doig, personal communication). 

The average values of the thermal conductivity for the 

Lorraine Group Q)'oig,1961,p.56), and approximate values for 

the limestones, sandstones,and shales (Doig, personal 

communication) were used in conjunction with the corrected 

heat flow value for the st. Lawrence Lowlands. 

The Cretaceous igneous intrusives in the Montreal area 

are of very local extent, and probably did not effect the 

thermal gradient to any extent (Dr.A.R.philpotts, personal 

communication, May,1968). 

The approximate stratigraphie thicknesses of the rock 

units on the south side of the st. Lawrence River and their 

lithologies are as follows (Clark,1947; Belyea,1952;Roliff,1967): 
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Table IV 

strati! raj)hic:: Thicknesses and Lithologies 
Unit Total. 

Age Unit Li thologies Thickness Feet 

Devonian Oriskany and: Relderberlt 1imes~ne unknown 9670+ 

Richmond Group shale ,sil tstone 1500 96'70 
0 sanC1 s. tone 1 
r Lorraine GroUp shale,siltstone 3500 8110 
d 
0 Utica Formation black shale 800 4610 
v 
i Trenton Group lime stone 1000 3870 
c: aO.LOm~l#e 

i Black Biver Group lime stone 70 28'}0 
a dolomite 
n Chazy Group lime stone 800 2800 

Beekmantown Group dolomite 1200 2000 

Cambri-an. Potsdam Formation sandstone 200+ 8-00 

Thus, a minimum of 10,000 feet of sediments were depQsited 

in that part of the basin that subsided the most. 

1 Depth '.0 
(feett 

s~,--t~jt~~~--~~t-----ît==~1~ 

~~~----~----~------~----~----~ 
(from Landes,1967) 

Figure 20 Earth temperature and the occurrence of oil and gas 

The geothermal gradient in the st. Lawrence Lowlands is 

~ approximately 1.1 FO /100 feet, which does not appear to he 

abnormal (Levorsen,1954,p.403). The Trenton was probably 

fi = 
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buried to at leaat a depth of 6500 feet, and the base. of the 

Paleozoie sediments to at least a depth of lQ,OOO feet. The 

depth of buria1 and the pressure and temperature conditions 

wou1d have been suitabJ..e for the generation of both oil and gas 

in the st. Lawrence Lowlands (Figure 20) following the depth 

and temperature <mnditions summarized by Landes (1967).. 
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CHAPTER VIII 

Summary and Con~lusions 

1. Mîcritic; limestones predominate in the Trenton Group, 

except for the crinoidal calcarenites of the Deschambault 

Formation. B1 virtue of being micrites, most of the Trenton 

limestones are non-porous, and impermeable. The Deschambault 

calcarenites are tightly cemented, non-porous, and impermeable, 

except for thin, isolated zones. 

2. The Deschamba~lt calcarenites appear to have been lithified 

shortly after deposi tion.. The final infilling of the void 

space was by pressure solution associated with the formation 

of the abundant stylolites. 

3. The hydrocarbons present in the Deschambault limestones 

are not indigenous, they migrated into the limestone prior 

to stylolitization, and represent residues left after the 

expulsion of al~ fluids' from the limestones during styloli tization. 

The hydrocarbons may have been derived from the compaction of 

the thick, basinward black shale facies of the Trenton and 

Utica which may have contained hydrocarbons or other material 

that acted as a source for petroleum. 

4. The depth of burial of the Trenton Group and the geothermal 

gradient of the sedimentary basin are not abnormal. These 

conditions are suitable for the generation and accumulation 

of both oil and gas in the st. Lawrence Lowlands, however, 

no suitable porous or permeable horizons occur, and no suitable 

stratigraphic or structural traps are known. From the present 

known distribution of the Trenton Group it appears unlikely 
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tliat, sui table traps will. Qeeur in tlIe d.eeper parts ai' the 

basin or even ini the thrust sliees oi' the st. Germain Compl.ex 

beeause of the rapid inerease of shale content in this 

direction and the predominance of mierites in the Trenton 

Group .. 
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Plate l 

li 

., 

Figure 1. Drilling .shallow bore 
holes to obtain unweathered core for 
permeability measurements, Deschambault 
Formation, Ouareau River. 

Figure 2. Medium bedded limestones of 
the Ouareau For~ation·along the 
Ouareau River. 
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Plate l 

Figure 1. Drilling shallow bore 
holes to ob tain um'leathered core for 
permeability measurements, Deschambault 
Formation, Ouareau River. 

.. _"._1'11" 

Figure 2. Eeciiill:l bedded limestones of 
the Ouareau For~ation, along the 
Ouarea'J. Ïüver. 



~ 
'$! 

- 69 -

Figure 1. Irregular disconformable 
surface overlain by lime stone 
conglomerate near the base of the 
Deschambault Formation,Ouareau River • 

.-
. . . , . 

L j:··A.~~':· .:.;_ C~;:~'.· ~~i~_ ',;,~.,~ 

',. Plate 2 

Figure 2. Closer view of the limestone 
conglomerate showing limestone.pebbles 
up to four inches in diameter. 
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Figure 1. Irregular disconformaole 
sur~ace overlain by limestone 
conglocerate near the base of the 
Deschambault Formation,Ouareau rtiver. 

7ig1.:::'8 2. Closer if ie' .. 1 of ~he li:nes"cone 
con~lo~erate showin: li=es~o~e ~ebbles 
up ~o faur inches in dia:neter. 

Plate 2 
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Figure 1. Very thick bedded,resistant 
calcarenites, three-quarters upsection 
in the Deschambault Formation,Ouareau 
River. Note that stylplites control 
the splitting within the beds.' 

Figure 2. Black, as,phaltic bi turninous 
material on the 1.veathered bedding 
surface in the bryozoan reef unit, 
Ouareau River. 

Plate 3 
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Figure 1. Very thick bedded,resistant 
calcareni tes, thre8-0~uarters up section 
in the Deschambault Formation,Ouareau 
Biver. l'Jote that s tyl,o li tes control 
the split:ing within the beds. 

Ii' 13ul~e 2. Bï.2.ck, a:")hal'~ic bi tu.T.inous 
saterial on ~he wcathered bedding 
s~ri'c:"ce in the bryozoan reE:f uni t, 
Ouareau. riiver. 

Plate 3 
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Figure 1. Medium to thick bedded crinoid 
calcarenites that are interbedded with 
thin bedded micites near the base of the 
St. Casimir Formation, Neuville Railroad 
Cut, Neuville. 

Fig~re 2. Pinch and swell, thin 
bedded .micritic limestones with 
shale partings near the top of the 
St. Casimir Formation, Neuville 
Railroad Cut,Neuville. 
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Fizure 1. Eedilliil to thicl\: bedded crinoid 
ca~carenites that are interbedded with 
:hin bedded micites near the base of the 
St. CasiJlir Forr.1a tion, Neuville rlailroaà. 
eut, Neuville. 

?i~ure 2. ~inch a~j swell, ~hin 
~e~jeà. ~icri~ic li=estones with 
s~ale part~ng~ ~ear ~he top o~ the 
.::t. Cé:..simiT ?Ol':-::é. tion, :'Jeuville 
-''lai lroad. Cu:.:;, l'{ el.iV i lle. 
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Figure 1. Rubbly "Ieathering limestones 
of the MOntreal Formation, Ouareau 
River. 

Figure 2. Non-resistant nature of the 
limestones of the Montreal Formation 
near the top of the Ouareau River section. 
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Figure 1. Rubbly l'Ieathering limestones 
of the Montreal Formation, Ouareau 
River. 

Figure 2. Non-resistant nature of the 
limestones of the l~ontreal Formation 
near the top of the Ouareau River section. 
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Figure 1. Thin bedded limestones,with 
abundant shale, Tetreauville Formation, 
Ouareau River- Rivière Rouge. 

Figure 2. Medium bedded limestones 
with thin shale partings, Tetreauville 
Formation, L1Ephiphanie Quarry, 
L1Ephiphanie, Quebec~ 
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Figure-l. Interbedded limestone and shale 
forming a small cliff midway upsectlon 
in the Neuville Formation, Neuville shore. 

Figure 2. Abrupt Trenton lime stone 
Utica shale contact, LIAchigan River, 
LIEphiphanie, Quebec.. 
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Figure'l Micrite with patches of microspar 
and black argillaceous matter, 
Ouareau Formation. 

Figure 2 Microspar matrix of a fine 
grained calcarenite, 
Deschambault Formation. 
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Figure l Micrite with patches of microspar 
and black argillaceous matter, 
Ouareau Formation. 

FiGure 2 iücro spar Ilia trix of a fine 
gra~ned calcarenite, 
De~:cha:ibault Forli1ation. 
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. Figure l Granular, void filling cement 
with increasing crystal size 
away from the margins of the 
brachiopod fragments, in a 
crinoid calcarenite, 
Deschambault Formation. 

. Figure 2 Rim cemented crinoid fragment in 
coarse grained calcarenite, 
Deschambault Formation. 
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. Figure l Granular, void filling cement 
with increasin~ crystal size 
away from the marGins of the 
brachiopod fragments, in a 
crinoid calcarenite, 
Descharl1baul t Formation. 

Figure 2 lüm cemented crinoid fragi:lent in 
coarse grained calcarenite, 
Deschaillbault Formation. 



Figure 1 Small blebs of black bituminous 
matter in a fine grained 
calcarenite with a microspar 
matrix, Deschambault Formation. 

Figure 2 Microstylolites with a bituminous 
argillaceous seam in a coarse 
grained calcarenite, Deschambault 
Formation. 



li'iEu~e 1 uriiall hleb:-: of black bituminou:o 
maLter in a fine Grainecl 
calcareni~e wlth a microspar 
lTI8trix, De"chambault Forr:1ation. 

;, l";J'P ~ Licrostylolite::: Wl.tll a bitu~ünolls 

.qr:::lliaceou e!1i': 1n él coare 
,:r;--: ncci ,~éLL,~;:CJt'erLl ;;8, Dp f':.a:nbau,-t 
i,O J'i:1B '. i_ on. 
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Figure 1 Bryozoan matE wi-th bryozoa 
set in a black bituminous 
shale, Bryozoan Reer unit, 
Deschambault Formation. 

,Figure 2: Sparse biomicri te in the 
Montreal Formatione 

Plate Il 
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Fi~ure l Bryozoan mats with bryozoa 
set in a black bituminous 
shale, Bryozoan Heef unit, 
Deschanbault Formation. 

Figure 2 ~parse biomicrite in the 
J:ontreal Formation. 

Flate Il 
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Figure 1 Black argillaceous matter 
in micrite of the 
NeuvilLe Formation • 

. Figure 2 Silt size quartz grains 
in micrite of the 
Neuville Formation. 
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Figure l Black argillaceous matter 
in micrite of the 
Neuville Formation. 

r'ii.::ure ~ 'Jl.lï slze quart~ grain:-; 
in micrite of the 
Il! euvil.1.e Formation. 



- 80 -

APPENDIX 



- Bi -

APPENDIX A 

Permeability Measurement 

The core samples were tested with a Sioltest Model K-670 

Miniature Permeameter. Although this. apparatus i5 best suited 

for unconsolidated material or very permeable rock, slight 

modifications to the sample holder made it suitable for this 

study. A smaller sample holder was: made so tha t a much 

smaller length of core could be used. 

1. Preliminary Steps 

The tank of the permeameter A is filled with about a 

pint of water. It was found that if water was left in the 

permeamet€~,as would be the case if the tank was filled with 

a large quantity of water, for more than two days,the water 

became extremely rusty and unsuitable for testing. Air i~ 

pumped into the tank through the valve C until a maximum of 

four atmospheres is reached. Tap B 15 opened unt11 aIl the 

air 1s expelled from the line D. 

2. Sealing the Sample in the Sample Holder 

D 
Gll] 

[J 

• 

Rubber latex cement 

Shellac coa ting 

Porous plate 

Rubber washers 

Figure 2.1 Sealing the Sample in the Sample Holder 
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Grad ua ted:...--t ........ ~E 
cylinder 

Sample_~~ 
holder 

Pressur 
gauge 

A 

ssure 
ge 

Figure 22. Schema tic diag "am or the permeameter 

The core, cut to fit the sample holder, is twice coated 

with shellac around the sides and allowed to dry. The core 

15 placed iU the sample holder and the joint between the t~p 

of the core and the sample holder wallis sealed with rubber 

latex cement. After the rubber cement has s:et the cover 

is bolted into place. 

3. Operating the Permeameter 

Tap B is opened. When water reaches the level of the 

bottom of the glass cylinder, graduated in cubic centimeters, 

the time Tl and level Il are recorded. Subsequent times T
2 

and 

T
3 

and leve1s 12 and 13 are also recorded. 

lt •. Calculations 

The rate of flow F(cubic centimeters per second): 1
2

-11 (cc.) 

T -T (sec.) 
2 1 
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P - permeability (darcys) 

F - rate of flow (cc./second) 

V - viscosity (centipoises) 

L - length of core ( cm.) 

D - cylindrical surface (~r2 ) (cm2.) 

G - pressure (atmospheres) 
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APPENDIX B 

Chemical Ana~ysis of Hydrocarbons 

Hydrocarbon Extraction 

The general procedure fmr extracting hydrocarbons outlined 

by Philippi was used and is outlined here. 

1. Sample preparation 

The fresh, unweathered samplesJ are crushed in a jaw 

crusher, and then pulverized in a Sraun disc pulverizer using 

ceramic plates. 

2. Diisopropyl Extraction 

50 grams. of finely powdered rock is placed in the modified 

Soxhlett extractor A (Figure 23). The sample size used depends 

upon the amount of hydrocarbons present; the greater the amount 

the less sample is used. The sample is extracted with 300 

cubic centimeters of diisopropyl, also called 2,3 dimethylbutane 

(CH3)2CHG.a(CH3) by some chemical distributors, for 2~ hours. 

3. Isolating the Diisopropyl Extracted RYdrocarbons 

The hydrocarbotl- extract, plus s_ome diisopropyl collected 

in the concentrator B,is distilled, and then evaporated to 

remove aIl the diisopropyl. Evaporation should take place 

over very low heat to avoid boiling away any hydrocarbons. 

The remaining residue, a yellow amber, greasy substance is 

~eighed. 

~. Diethylether Extraction 

After the diisopropyl has been completely removed from 

the sample, 300 cubic centimeters of diethylether are added 

to the sample in the Soxhlett extractor A. The hydrocarbons 
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from the samp1e are extracted, for 24 hours. 

5. Isolating the Diethylether Extracted Hydrocarbons 

As in s.tep 3, the hydrocarbon cont~nt obtained by the 

diethylether ia distil1.ed'and evaporated to remove any ether. 

It is not necessary to use heat to evaporate the ether. The 

residue, dark brown and black, is weighed. Allthe ether is 

removed from the sample, and the sample retained for dry 

combustion. 

Per Cent Carbon Content 

Many methods and forms of apparatus are in use for the 

determination of the total carbon content by dry combustion. 

The type employed in this study is that recommended by the 

Association for Standard Testing of Materials (No.E50-43T). 

1. Sample Preparation 

Each doubly treated sample is weighed. The carbonate is 

removed by HCl acid and the residue obtained by filtering, 

using a millipore vacuum filter and plastic filters. The 

plastic filter is used to avoid impregnating the filter with 

much of the extremely fine residue, as occurs with paper 

filters. The sample is dried. 

2. Dry Combustion 

The eleccric furnace is heated to 1IOO°C and oxygen is 

fed into the train at the rate of 2 bubbles per second passing 

through the KOR solution. The oxygen is passed through the 

system for 30 minutes to rid the system of any CO2 present. 

The absorption bulb is weighed and replaced. The sample, in 

an alundum boat, is placed in the combustion tube of the @Î-éctr:Jdc 

furnace for 15 minutes. After 15 minutes the absorption tube 
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is disconnected, and the sample removed. The absorption tub~ 

is weighed. The increase in wejght is the amount of CO evolved 
2 

by the sample. Blank runssfe made to correct for the slight 

amount of CO2 introduced from the atmosphere into the system 

when the furnace is opened to place the sample in. 

3. Calculations for the Per Cent Carbon 

Weight of carbon in the amount of carbon dioxide 

obtained .27289 = 12.01 
~~=---~~~-12;.01 32.00 

Carbon Per Cent ~ A - B 
W 

x .27289 X 100% 

A- weight of G0
2 

in grams 

B- blank correction in grams 

W- weight of sample before acidizing 

Figure 23 Soxhlett extractor unit 

A- Soxhlett extractor with 
fritted glass filter 

B- Cohcentrater 

C- Condenser 
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Figure 24 Carbon Dioxide Train 

1. Potassium hydroxide solution, indicates the rate of flow 
of oxygen and absorbs carbon dioxide. 

2. Tower con~aining CaC1
2 

to absorb moisture. 

3. Electric furnace 

4. Combustion chamber 

5. Zinc jar filled with 20 mesh granular zinc to absorb acids, 
sulphur,and chlorine. 

6. Jar filled with Mg(CIO
L
!2 (anhydrone) to absorb water 

carried from the combustion tube. 

7. Absorption tube. This is a two compartment tube, the left 
side for soda asbestos (ascarite) to absorb carbon dioxide, and 
the right side for Mg(C104)2 for absorbing water produced. 
One change will serve 70 determinatimns. 

2NaOH + C02 -~ Na2co
3 

+ H
2
0 

8. Potassium hydroxide to seal the end of the train from the 
atmosphere. 
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APPENDIX C 

Statigraphic Sections 

Abbreviations 

ls. lime stone 

sh. shale 

cgl. - conglomerate 

cale. - calcareous 

v.f. - very fine 

f. fine 

med. - medium 

crs. coarse 

bddg. - bedding 

interbdd. 

cross'bdd. 

interbedded 

crossbedded 

lt. - light 

dk. - dark 

yell. - yellow 

brn. - brown 
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Quareau ~ver Sect;on 

The sect~Dn ~s ve~ exposed a10ng both s~des o~ the Duareau 
IU.ver. The base D~ the sect~on ~B under the h~ghvay br~dge where 
Route 4~ crosses the OUreau IU.ver. OUtcrop ~s cont1nuous :f"or a ad.J..e 
downs tream. -

2 

:3 

4 

5 

6 

7 

8 

9 

.0 

1. 

'2 

Ls., mad.gray,:f".grn. vith some crs.caJ..caren.:lte bads 
near the base,l?ddg.2"-5'· vith noduJ..ar irreguJ..a.r 
surface ~terbàd.v~th black shaJ..e J.."-2". 
PeeJ...z ~parse argiJ..laceous cr~no~d brachiopod 

bioad.crite to crinoid biosparite • 

Ls.,me~.gray~f~grn'tbddg.2" 5" and crs.gm. ls., 
bddg.~"-o • Abunaant cr~oids and brachiopods in 
crs.grn beds. 

PeeJ..s: i) Sorted crinoid brachiopod biosparite 
ii) Sparse argiJ..laceous crinoid brachiopod 

biomicrite. 

Ls.,med.gray,med.-crs.gm.,caJ..carenite,bddg9 2"-4" 
vith black bituminous partings. 
PeeJ..1 Cr~oid biosparite. 

Ls •• J..t.gray-brn.,f.grn.and crs.grn.,bddg.2n -4" vith 
thin b:!. tum~ous snale partings 
Pe~1 Unsorted crino~d brachiopod bryozoa b~osparite 

Ls.,lt.gray brn.,med.-crs.gm.caJ..carenite vith bJ..ack 
bi~ous shale interbeds J..ft_2". Ls.bddg.2" 5". 
Cr~oids and bryozoa abundant, bryozoa ~ shaJ..e beds 
PeeJ..1 Crinoid brac~opod bryozaa biosparite 

Ls •• J..t.gray-brn.,med.-crs.grn.caJ..carenite,~hoJ..e brach­
iopods common,bddg.1..2" J..S",bitUminous partings 
in upper part o:f" unit. 
Pee1z Crino~d biosparite vith brachiopods,bryozoa, 

trilobites. 

Ls.,med-~ay brn.,~.,mad.,and crs.grn.calcaren~te.bddg. 
J..2-2~,black chert b~~ds,J..n-2",every J..S",Rarines 
gu~a co=on. 
~ee 1 Unsorted crin~ brachiopod biosparite. 

Ls.,mad.gray brn.,:r.-med.grn.calcarenite,bddg.4"-8", 
black chert nods and lenses common,ls.cgJ...at base. 
Feel: Cr~oidbrachiopod biosparite and biopeJ..micro­

sparite • 
Ls.,§~.~~~!gray bm.,crs. v.crs grn.caJ..carenLte,bddg. 

PeeJ..: Crinoid brachiopod biosparite. 

Ls.,~;~~;~~:f":grn.and v.crs.grn.caJ..carenite,bddg.2"-5", 

Peel. cr~oid brac~opod biosparite. 
Ls.,med.gray brn.,f.and crs.gm •• bddg.2"-4n interbdd. 

vi th black shale *" J.. ... 

Ls.,mad.gray brn1:f".-crs.grn.calcarenite,crossbedd.~ 
pJ..aces,bddg.~"-5",thin shale partLngs. 
PeeJ..sz Cr~oid bra~opod bicpeJ..sparite and 

crino~d brachiopod biosparite 

'3 

_i.. 

Ls •• v.dk. gray,f.grn., bddg 9" .P eeJ..1 Argillaceous microspar'....1e :.' 

..J4 
.5 

• 6 

.7 

'8 

19 

20 

2. 

6ROUP 

Ls •• v .dk.gray,f. gra.. • bddg.l·· -3" .Fee~.~~ 
Ls., mad.gray-bm. ,mad. -crs.grn.<;aJ..ca~en~J..s.~J..._ 

Feell ~~,~$4 b:lospar:lta 
Ls.,med.b~y b~.~m~.grn.calcaren:lte.crossbdd,bddg • 

4"-6'". Pe~: ~iopaJ..m:lcrospar:lte 
Ls.,med,Eray brn.,m~.grn.caJ..carenite,bddg.2" 4",J..s.cgJ... 

PeeJ..:CrLnoid biopelmicrosparite. 
Ls., ~ed.dk.gray.v.f.gm.,J..aminated,~s.cgl •• 

Ls.,med.dk.graY,v.~.grn •• a:rgiJ..J..aceous,bddg.2"-7nw:lth 
~rregular p~ch and sweJ..J..,minor sha1e partLngs. 
~eeJ..IVery argiJ..J..aceous micr:lte. 

Ls.,med.dk.,;ray,v.f.g:::'n.,gastropods abundant,bddg.5"-''', 
;l'1t.erQdè-ed with b;ack shaJ..e ~" J..". 
Peel: Arg~J..J..aceous gastropod micrite. 

Ls.,med-dk.gray,v.f.grn_rabundant near ~p of unit, 
bddg.2"=.tt-- minor sha e -t .. ~". 
~eel: Argirlacec~s gastropod ~icrite ~th J..Qpmicrc­

spar. 
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med.dk •. g~~,<~-.:l._~~ .... )"~of-E~,,<,~,,,""-""J<. {. "J 
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Pee1a Unsorted c~:1.no:Ld,brach:1.-opod· b:Los-pa:r-,.1:1;-e. 

Ls. ,med. ,lt. gray, cZ's.grn .. , bddS.$a_l.on·,crQ:ssb4d.1rfeov·~·~. , 
grn..1S"1o·1-ene8s..,:, .' ._.. - . '" , .• .. '-,. '.-.'-."'" 
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1'.5. ,med.gray,v.-r.grn., bddg. ~a-6J!li,wj.th -rev 12"beds, 
rubb~ weather:1ng,m:Lnor shal.''-'Part:Ll)gs.. 

Ls. ,med..dk.gra:y,v.f.grn.. ,bd dg. 6"-8'" ~terbdd.wj..th. sha2e 
, -t-"'-i-". 

Ls.,med.dk.gray,v.r_gr.n.,loc~eà patches of fossil 
fragments on bddg.p~e,Oxidg.2n-5" v:lth some sha2e 
~terbeds *"_1-. 
Peel: Arg~ll:-aceous II:d-cr:L te 
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100 

90 r-.-
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70 
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'3 

-:t"racments oil. bddg.p1i&ne,bddC.2--5" w:1.th 5038 sba1e 
interbeds .... "_1-. . 
P.e~: Arg:1.~:l::aceous m:1.cr1. te 

Ls.,med.dk.gra;fr.~.gr.n_,bddg.3--6-,:1.nterbdd.~th sha1e 
1"_2-, ~c zad patches o~ ~oss:1.1 fragments on bddg. 
p1a.ne. Unit forms smal.J.. c1j.f'f (P3..ate ,P:1.gu.re )_ 
PeeJ- and. th1..n. sect:1.ona Arg1.~aceouB Iii:1.cr:1.te ~th up 

te 1~ s:1.1t .:t.ze quartz. 

Ls. ,med.d.k.gr~,v.f.grn, bddg.2"-4--· v:1.th sha..1e part1..ngs 
.... "-t"l patches of very foss1.1:1.rerous ls.(tr:1.lobot8s, 
brach OPo~slb~bous bryozoa,cephalopods). 
Pee~ss Argi laceaus micr:1.te wj.th 5% s:1.lt size quartz. 

Ls. ,med.d.k.gray,v.f'.~:rno, bddg.2--1+- vith a -~ 12- bed, 
sha1e interbeds ~-. 
Peels Sparse crino:1.d brachiopod ~spar:1.te. 

/0 Covered 1.nterval 

Il 

13 

14 
15 

16 

17 

Ls.,dk.gray,f'.grn.,bddg.l"-2- w:1.th shale interbeds ~-l 
f'0s.s1.1s abundant in patches on lxldg.pJ..a.ne (cr1.no:1.a.s, 
brach:1.opods tr1.10b1.tes (Isote1us». 
Peel: Argi.lla.ceous m1.cr1.te to Arg:1.llaceou.s foss:1.1:1.ferous 

micrite. 

Ls.,dk. b ray,f'ogrn.,bgdg.6"-12",thin saale part:1.ngs. 
Peel: .A?gi11aceous m:1.cr1.te to Arg1.1la.ceous fossi~erous 

m:1.crite. 
Covered interva1 
Ls.,dk.gray,f.gr.a.,bddg.4ft-6-, f'ew f'oss1.1 f'ragaents. 
Covered. int erva1 
L:!". , dk:. gray, f' • g1"n. , bddg • 4&8" ~ th l-~- bla. ek sh.a.J..e 1.nterbeè. s. 
Ls., dk.gray, t'.gm., bddg.4"-6", shale partings. 

18 Covered. 1.nterva1 

19 

Ls.,~gray,f.grn,bddg.i8-2~-. 
pee.J..: Arg:1.llaceoua micr:1. ts. 
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Ls.,d.k..gray,f'.grn. ,bddg.3..--2.- vi..th sh.a.3..e :l.nterbeds -k~t 
f'o~i.1s abunClant 1n patches on bddg.p1ane (cr:l.no1.G.S~ 
brach1.opods ·~10b:1.tes (Xsote3..u.s». 
Pee.1s Arg:1.l!.a.ceous m.:1.cr:Lte tO hg)]) aceous ;C'o.s11:l.rerous 

œ:Lcr:1.ta. . 

La. ,dk.gray,f'.grn. ,lJtld.g.6"-1.2-,t.h.:1n. sba1e part1..ngs. 
Pee1: Ar~:1.13..aceoua·. Jld.cr1. te ta Azg:1.Zl.~Ceo11S f'oas:L1i.1."erous 

m:1.cr:1.te .. 
CovaZ'eci :l.nterva1. 
La. ,dk.gray,r_g~. ,bddg~l+"-6·, f'ev f'088:1.1 fragments. 
CovaZ'ecl :l.nterva1 
La. ,dk.gray,f'.grn.,bddg.lt&8- ~th 1-~- b1aek aha1. :l.n.terbeè.s.: 

Ls., dk.gray, f.grn., bddg.4-n -6", shale part:1.ngs. 

18 Covered :l.n.terva1 

T 

20 

21 

T 

T 

t. 

T -22 

T 
23 

Ls. ,v.dk.gra)"rr.grn.. ,vi..th abundant ~lef'oss:1.l fragments 
. on .bddg.p ane (1;r1.l.ob:1.tes,brach:1.opoèls,bryozoa,and 

a.1ga1 ). .' . 

Ls.,V.dk.gray,f'.gra.,bddg.,5"-8- w:1.th black Sha1e ~terbed 
+-. Peals: Arg:1.11aceous m:Lcr:Lte~th 1% s1.1t s:LZe quartz. 

Ls., dk. &ray., 1:. grn • .,foss:Llferous, bddg ~ 5" w:L th sha..l..e part:Ln.g 
P ee1: Sparse brach.1.opod b:Lo~cr:L te- 'W:1. th cr~o:Ld and . 

bryozoa fragments. . 

Ls. ,v.dk_gra.y~r .grn. • ., uncommoD. f'oss:L1 rragments, bd.dg.4.--6-~;c . 
mi.nor b.aâçk shale part.1.n.gs, 

Peel: Brachiopod micr.1.te w:Lth arg:Lllaceous patches. 

1 
-j 
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