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CHAPTER I 

INTRODUCTION 

1. GENERAL yTAT~ ~::2.î 

This study is primarily concerned with the 

petrology, stratigraphy and structure of the York River 

Formation, the lowest unit of the Gaspe Sandstone Group 

(Devenian). The area chosen for study is in the south-

western part of the Rimouski• catapedia area of southeastern 

Quebec (reap 1). 

The distribution of lithology, the tectonic frame-

work of sedimentation and the environment of deposition are 

also examined. Fossils were collected but no attempt is 

rade to make a detailed paleontological study. 

2. FIELD WORK 

A combination of thick glacial till, denSe forests, 

and the location of the area alone a rain drainage divide, 

results in a lack of continuous exposure and difficult 

mapping. The writer became familiar with soma of the regional 

1 
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and otratigraphie problems while tapping similarracks east 

cf the present area in 1952, Four weeks were spent 

mapping the York River Formation in the Rimouski- :atapedia 

area in 1959. Access to this area is fairly good, by 

gravel roada. Advance topographic raps, 2" to 1 rile, 

prepared by the Department of Mines and Technical Surveys, 

Ottawa, were used together with aerial photographs taken 

by the Royal Canadian Air Force. The photographs were 

not particularly useful because of the dense forest cover. 

Many of the roads have been constructed recently and are 

not shown on the photographs. The best exposures occur 

in cuts along the roads; the strews cut through the thick 

glacial till and for the most part are still clogged with 

this raterial. Yany streams were traversed using pace and 

compass methods, but in general did not provide such rock 

exposure. 

Jean Claude Dube and Denis Gagne were field assistants. 

G 07~.RAL GEOLOGY OF QA3PE 

The Gaspe Feniraule and the Riclouski. atapedia area 

are part of the northeastern end of the Appalachian mountain 



eystem on the continental mainland. The rooks comprise 

folded and faulted Paleozoic eedi:entary strata intruded 

by granites, diorites, dolerite dikes and cerpentinites. 

The regional structural trend is approximately parallel to 

the arcuate outline of the peninsula. 

The rocks of the sedimentary column can be 

divided into four sequences, separated by three striking 

angular unconfcrmities (Fig. 1). The tern "sequence", used 

in the sense defined by Wheeler (1958, p.10511, "is a preserved 

stratal aseemblage which is unconfor .ably separated from 

underlying and overlying rocks . The oldest sequence 

consists of the Maquersau Group, the Shickshock Croup and 

the Murphy Creek Formation, all of which are pre-fiddle 

Ordovician. The Vaquereau Group, which crops out only 

in southeast Gaspe, comprises metamorphosed untossiliferous 

graywaekes and greenstanes, whereas the Shickehack Group, 

which crops out in northwest Gaspe, comprises mainly horn-

blende-chlorite eohistel McCerrigle (1954) has interpreted 

the latter as metamorphosed basis to intermediate volcanics. 

The fossiliferous limestones and shales of the Murphy Creek 

Formation (Upper Cambrian) crop out in eastern Gape. The 

stratigraphie relationships between these three isolate=d units 

le as yet unknown. 
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The second aequen:e includes the niddle and Upper 

Ordovician strata. This series of closely folded conglom-

erates, sandstones, shales, slates and limestones is unoon-

for cable on the first sequence. This unconfor i able relation-

ship is best seen outside the thesis area in southeastern 

Gaspe, where ccn,lomerates of the Middle Ordovician Mictaw 

Group overlie the Taquereau Group (Âyrtan, 1960). 

Overlying the second sequence, with angular uncon- 

fortuity, are folded Silurian and Devonian strata, generally 

referred to as the Gaspe Limestone and Gaspe Sandstone 

Groups. Volcanics are present in this sequence. Crickray . 

(1932) believed that the urccnforrity separating the second 

and third sequences is evidence of the Taconic Orogeny, 

which caused defamation of the Northern Appalachians during 

the Late Ordovician. 

The third sequence is unconforrably overlain by 

subhorizontal Carboniferous red non-rarir.e conglomerate* and 

sandstones of the fourth sequence, (Alcock, 1935 p. P9). 

This third regional unconfor ity is attributed to the Acadian 

Crogeny, the last major orogenie episode to affect the 

Northern Appalachians (Peaerrigle, 1950, p.105). 



Volcanics are associated rairly with the first and 

third sequences. Intrusive igneous rock are found, but 

are not widespread. A large granitic body intruded 

Ordovician strata in north-central Gaspe, and two bands 

or $erpentinites can be outlined rouhly. Dikes and sills 

of rhyolite, diorite and dolerite are common throughout 

the peninsula. 

P F~EVICV3 WoP.n 

No previous work has been done within the area 

napped by the writer. Since the Gaspe Sandstone Group and 

the York River Formation in particular, crop out along the 

length of the Caape Peninsula, a considerable amount of 

work has been done oleewhere on these unit (Map 2). 

Much or the early work has been concerned with 

establishing lithologic units, outlining their areal distri-

bution and determining their geologic age. Prominent among 

early workers was Sir William E. Logan (1 85, l 46, 1063), 

who first outlined the two major litholo io units of Devonian 

age, namely the Gaspe Limestone Group and the Gaspe Sandstone 

Group. The early literature is extensive and deals almost 
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entirely with eaetorn Gaspe; a complete historical survey 

of these publications is beyond the scope of this thes.s. 

However, tho development of the terminology pertainin3 

to the Devonian strata and the various interpretations of 

geologic are are related in Table I. VeGerrigle (1950) 

published an excellent compilation of the work up to 1950. 

Western Gaspe, in ccntrast to eastern Gaspe, was 

examined by only a few workers prior to 1950. The rocks of 

the Matapedia Valley ware first examined by Logan (1E63), 

who described strata which he believed correlative with 

the Gaspe Sandstone Group of eastern Gaspe. These rocks 

were critically reexamined by Alcock (1935), who described 

their lithology and general etratigraphio relationships. 

Since 1950, quadrangle rapping by the Quebec 

Department of tines has continued to outline the areal 

distribution of Devonian strata and attention hair- been focused' 

on petrography, etratigrsphy and variations in lithclog`f. 

(PcGerrigle, 1950, 1953, 13591 Carbonncau, 195); Stearn,-

1959a 4 b; Deland, 1960.) 

Leland (19G0)rapped an area immediately west of 

the Matapedia Valley, and data from the writer's preliminary 

field map were incorporated in Deland's report. 
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CRAFTER II 

GEOLOGY OF TEE SOUTHWESTERN RIIâCUTAI-MATAP£DIA AREA 

1. STRATIGRAPIiY 

A summary of the units studied. lithologie descrip-

tions, stra*igraphic relations, etc ♦ is included in Table 

2 on the followin, pate, and a generalized rap (rap 3) is 

also included of the geology of the Heppe' Syncline. 

The oldest rocks examined comprise the St. Leon 

Fortation of Silurian age  (Criokr y, 1932) . This uni* is 

overlain by the Lower Devonian Cape Bon Amri and Grande 

Greve Formations, which comprise the westward extension 

of Loran's (1"45) Gaspe Limestone Group. Overlying the 

Grande Greve Fomation 23 the York River Formation (Lower 

Devonian), which represents the westward extension of Logan's 

W745) Gaspe Sandstone Group found in eastern Gaspe. The 

Fortin Group (Lower Devonian) underlies the York River 

Forr..ation in the southern part of the area, and is considered 

by the writer to be correlative with the Cape Bon Ami and 

Grande Greve Formations which crop out in the northern part 

of the arma. 
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LITRGLCGIC 
UNIT 
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S 

T LAKE 	BRANCH 

M. 

Illusive 	 beds Gradational soatact with York River Fa., transition 
sone of nearly hoc feet. (1) 

No formal type section 
Best exposure on 
Carriers Rouge Brook 
3 miles south of 
Causapseal. 	(k) 

1,000 (h) red arkosla sandstone and siltstone, occasional 	of 
green sandstone. 	Beds rarely exceed two feet in thickness. 	Plant 
fragments, cross-bedding, tntrefortaational conglomerates, mudcracks, 
ripple marks. 

Lail( 	RIM stones 
Gradational contact with Grade Greve Pm. oa Oorth 
side of Hoppe' syneline. 	Bottom of unit is the

-c 	 sandstone. last think (1 foot ) noaalcareous bed of sandsto . 
Sharp conforeablo contact with Fortin Group oa 
south side of Heppe]. sympline. 

10_14000.

A 

F. formal type section 
Best seen on Little 
Four Mile Brook ( 6) ou 

 
Interbedded 	 feldspathic grmpalsk-grey, 	 greyracke sandstones, silt- 

and shalom. 	Abrupt changes in lithology. 	Beds up to 3
Ki feet thick 	 small of massive, medium grained sandstone cosmn 

scale Bross-bedding in siltstone. 	Unit is son-caloateoua except 
for a few fossiliferous borisons. 

1 

- - 

F 	GROUP 
Underlies the York River Fa. on south side of 
Beppel syncline. 	Thought to be atratigrsphiaally 
equivalent to Grande Grove and Cape Bon Ami Ines. 
found oa north side of eyesllne. 

No formal type section. 
First mapped in Fortin 
Top. 	(3) 

UNKNOWN. 
Dark Grey 	 Fine-grain texture, slates, siltstones and sandstones. 
pronounced slaty cleavage. 	Bedding difficult to nee, }" - 4" beds 
of siltstone appear lighter than dark slats. 	Rocks are calcareous 
at top of unit. 	Subject to deep weathering. 	Sometimes phyllitic 
in appearance. 

GRANDE 	t77ikVE 

Interbedded 	medium gray, calcareous sandstones and eiltstones. 
Beds }" 	1r' 	 but bave 	 due irredu- 

Underlies York River Fm. on north side of Heppe]. 
syncline. 	Gradational contact with Cape Bon Ami 

Fortin Group found on the south side of Heppe]. 

ForLllw Peninsula. 

2,400' 

r
syncline. 

FR. 
 Fa.(4TDpught to be strmtigrmphleall,Y egnivalert to 

 

- 	sharply outlined, 	 vary appearance 
lar thickness of sandstone lenses. 	Well cleaved. 	Sandstone wisdom- 
instes at top of unit, siltstone is more abundant at Be... 

A Weathers A CAPS EON 
AMI 	M. 

Gray, well cleaved, interbedded soft-silty and arglllaceous limestonee 
brown to a depth of several feet. 	Thinly bedded (e). Gradational contest with St. Leon Fa. 	Thought 

to be etratigrayhieally equivalent to Fortin Group 
found on the south side, of Heppel syneline. 

Forilloa Peninsula 
1.000' 

m 

ST. 	LEONstones. 
Interbedded green, oalcareous siltstones and fine-grained send- 

Beds up  to 2 feet in thickness. 	Very finely laminated, 
dark gray, ealoareous siltstone present near the top of unit, also 
3" bed of volcanic sandstone. 	weathers light brown. 	Convolute 
bedding. 

Bottom of malt not sew, but overlies Sayable Fm. 
about 9 miles to the north of area mapped at Lao des 
lams Mbrtes. (2a) 

St. Icon-le-Grand, 
Pinault Top. 

7300 (2b) 

To ble 2. 	Summary 	of the Stratigraphy of the 	Rimouski -Matapedia Area. 

I. Cor bonneau, 1959, 

2. Beland 
a. written commun., 1961 
b. 1960 

3. Mc Gerrigle, 1946. 
4. Steorn,1959b. 
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The  Lake Branch Formation (Devonian), (Stearn; 

1,59b) is included in the stratigraphie column because it 

conformably overlies the York River Formation approxi-

mately 16 miles northeast of the area mapped. Consi.deraticn 

tao the atruature, stratigr aphy and sedimentati n of the 

Lake Branch Formation is essential to regional interpretation. 

St. Leon For ation  

The term St. Leon Formation is used by the 

writer to refer to those gray and green calcareous silt-

stones and fine-grained sandstcrea which underlie the Cape 

Bon Ami Formation within the area napped. 

This formation was only, examined briefly to 

establish the contact relationships with the overlyins. Cape 

Eon Ami Formation. It has been examined in considerable 

detail by other workers east of the area mapped (Crickmay, 

1932; Stearn, 1959 a b; Burk, 1959, and Boland 1960). 

The S°.;. Leon Formation crops out over much of the 

area to the north of the Hoppol a*naline (Boland, 1960), but 

has not been identified south of the syncline. The type 

section is located near the village of St. Leon le-fir and, 
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Pinault Township, Electoral District of Matapedia 

(Criokiay, 1932), approximately 16 miles northeast or the 

area upped. 

The base of the formation was not seen, but about 

9 miles to the north of the area mapped, Deland (written 

communication, 1961) obacrved the St. Leon Formation 

conformably overlying the Sayabeo Formation at Lac des 

Eaux ortes. Oraptolites found by Deland (1960) and 

Stearn (1959b) in the St. Leon Formation indicate a 

Ludlovian age, or Late Silurian in the North American 

terminology. 

No thickness measurementa were made within the area 

mapped. Deland (1960) estimated a maximum thickness of 

7,300 feet to the north of the present area. From 

Associated Developments Causapacal No. 1 well, drilled 

during 1953, (Lot 20, Range I, Lepage Township, 2i miles 

northwest of Causapsoal) Deland calculated a minimum thick- 

ness of 6,365 feet (Stearn, 1959b, p.19). 

The St. Leon Formation comprises interbedded 

calcareous sandy siltstones and fine-grained sandstones, 

which are dark greenish gray in color 5  GY 4/1  (G.S.A., 1951). 
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The bedding is usually well displayed, with sandstone 

beds up to 2 feet in thickness alternating with thinner 

beds of ailtatone. A distinctive zone of vary finely 

laminated, dark gray calcareous ailtatone is present near 

the top of the unit. Convolute bedding was found in 

several outcrops, indicating some deformation while the rocks 

were still in a plastie state. The St. Leon Formation, in 

overall nature, is much more resistant to weathering than 

either the Cape Bon Ami or Grande Greve Formation. It 

weathers to a light brown color. Nodules of dark gray, very 

calcareous ailtatone, 3 inches in diameter were found 

scattered through gray sandy ailtatone at one outcrop. 

A three inch bed of volcanic sandstone composed 

of at least 20 percent rounded fragments of fine grained 

andesite exhibiting trachytie texture was found near the 

top of the St. Leon Foraaticn (Fig. 2). The rest of the 

detrital fraction is composed of quartz, chert, plagioclase, 

potash feldspar and some individual crystals et calcite, 

cemented by iron-stained carbonate. It is interesting to 

note that Stearn (1959b p.17), working 25 miles to the north-

east, also found a two inch bed of tuft near the top of 
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the St: Leon Formation, which has a similar composition. 

In addition to a distinct litholczic difference, 

she t, Leon Forrtion does not possess th well-developed 

closely spaced foliation so characteristic o ` the overlyin 

Cape Eon Beni Farzaticn. poorly developed foliation, 

statistically parallel to the axial plane, is present 

within these sandstones and eil.stones, but the rock rarely 

cleaves along the foliation planes. In thin section the 

foliation planes appear as thin poorly developed fractures 

along which there is no apparent preferred orientation 

of micas or quartz. A discussion of the foliation is found 

in Chapter II, Structural Geology. 

Cape 1?on Ami  Formation 

The name Cape Bon Ami Formation was proposed by 

Clarke (1901 to refer to divisions 3 to r of Loran's 

Forillcn Peninsula section of the Gaspe Limestone Group. 

The formation has since been traced the length or the Gaspe 

Peninsula (McGerrigle, 1953) . Stearn (1959h) reco:7nized 

the Cape Bon Ami Formation and the Grande Grave Formation 

in the Fatapedia Valley, and suggested that the term 
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"Causapscal farration" (Cr ickT ay . 1933) , which included 

both these units, be abandoned. !appin west of Stearn's 

area, the writer was able to rap both these for ration, but 

only on the north side of the Heppe!. syncline (Map 3), 

The contact with the overlying Grande Greve 

Forr-ation was not seen, but it is thou ;ht by the writer 

to be sradatienal and consort-able. The Cape Eon Ami Forma-

tion is conforrably underlain by the St. Leon Formation 

over scat of the area, Alcn the fimouski Fiver there is 

evidence of faulting, which ray be responsible for the rarked 

thinning of the Cape Eon Ami Formation (see Chapter II. 

Structural Cola j). 

The Cape Eon Ami. Forration has only been recognized 

by the writer on the north limb of the Rappel syncline, but 

the hypothesis that these rocks are the lateral equivalent 

of the Fortin Group, which crop out on the south side of the 

syncline, will be presented in Chapter II, Fortin Croup, 

No fossils wore found in the Cape Bon Ami Formation 

within the area rapped, but to the east, fossils collected 

by Stearn (1959*, p.25) and Pelard (1960) indicate a 

Iieldorberian ace for the unit. The fossil collections are 
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poor, and therefore the aye of the Cape Bon lei For .a-

tion is still questionable. 

No continuous exposures of the Cape Bon Ami 

Formation were found within the area mapped, but en estimate 

thickness of 1,900 feet was computed from structural cross-

sections (Fig. 11), 

The Cape Bon Ami Formation is very poorly exposed 

in this area, due to its well-foliated and calcareous nature. 

Most exposures are brown and deeply weathered. Where un-

weathered rocks occur, as along the Rirouski River, they 

are dark gray N.3 (G.S.A., 1951). well-foliated limestones 

and silty limestones. 

-The bedding is best seen on weathered surfaces, 

and is faint on fresh surfaces. The thin, 1/13" - 	beds 

cf silty limestone appear ltçhter in color than the dark gray 

ltmeetone, with which they are interbedded. These beds of 

silty lime:tone often can Vain small cubes of diagenetic 

Pyrite. The silt content within the silty limestone is 

composed mainly of detrital quartz gains with minor amounts 

cf muscovite. A closely spaced foliation, parallel to the 

axial plane, is well-developed within these rocks. In thin-

section, it can be seen that the rock is cut by a myriad of 
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anastomo in3 fractures which are curved around individual 

detrital Trains and produce an "aueen" or net-like texture 

on a microscopic scale. A discuesicn of the foliation is 

found in Chapter II, Structural Geolocy and the texture 

in illustrated in Fig. 12a. 

Grande Oreve Formation 

The name Ora e Greve Formation was proposed by 

Clarke (1 901 to refer to the two youncest divisions (units 

7 and P) of the Gaspe Lisaestcne of Loan (1F45). Clarke's 

typa-section on the Forillon peninsula in eastern Gaspe 

proved unsatisfactory because the lithologic criteria 

used in separawin th Grande Greve Formation from the 

Cape Eon Ami Formation have no been re os ized elsewhere 

in Gaspe. McOerrigle (1950, p.64) redefined the Grande 

Greve Formation at the same locality, including an additional 
• 

500 feet which had previously been assigned to the Cape 

Son Am.i Formation The base was defined as the first  

"appearance of hard, eherty to siliceous limestones (or 

calcareous siltstones)". The upper contact is marked by 

the first appearance of the Gaspe Sandstone Group. 
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Stearn  (1959b, p.26) has pointed out, that as the Grande 

Greve Formation is traced to the vest. its litholo• changea 

from a cherty limestone to the predominantly silty lime-

stone found in the Matapedia Valley. This lateral change 

in litholomy can be traced further to the west into the 

flimeuski-Natapedia area, where the limestones become sandy. 

On the basis of the stratigraphie position and the 

calcareous nature of the unit. the name Grande Greve 

Formation would still appear to be applicable. The 

introduction of a new term for the unit would only confuse 

the already corplicated terminology . 

The 0-ande Greve Formation has been recognized by 

the writer on the north limb of the Heppal synolino, where 

the unit is conforrably overlain by non-calcareous sand-

stones and siltstonss of the York River Formation. It is 

probable that the Grande Greve Formation is the lateral 

equivalent of the Fortin Group, which outcrops on the south 

aide of the Heppel syncline (Map 3). This relationship is 

discussed in more detail in the following section deelin 

with the Fortin Group. 

The thickness of the Grande Grave Formation is 

estimated from constructed structural cross-ovations to be 



approximately 2,603 feet in the eastern part of the area 

(Fig. 11, A-A1). Folding coupled with the lack of exposure 

in the western part of the area, rake difficult an attempt 

to estivate the thickness. 

Very few fossils have been found in this forma-

tion in western Gaspe, and consequently the unit is not 

satisfactorily dated. In eastern Gaspe, IcGcrrigle 

(1950, p.73) placed the unit in the Oriskany on the basis 

of "rare fossils" assigned .a Helderberg-Oriskany age to 

the Grande Greve Formation of the Eatapedia Valley. 

Within the area tapped, the Grande Greve Forma-

tion comprises interbedded calcareous sandstones and silt-

stones . The for atl.on ,is Ben best along the road just 

south of Lake Kedgewick and juat north of Lake No.. 2. 

(Map 9). The color of the sandstones and siitatones is 

medium gray or N. 5. (G.S.A., 1951), The bedding is well 

displayed on the dark brown weathered surface, where the 

more calcareous sandstone beds appear dark brown in 

contrast with the gray silty layers cede of both siltetone 

and sandstone range from 1"  2" in thickness, thin (one-

tenth inch), disrupted beds of ailtetone occur within the 
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sandstone bode. The bedding is sharply outlined and dips 

consistently to the southeast. However, on a small scale, 

the thin beds have a wavy appearance,  thickenir.g and 

thinning with 'flames' of sandstone (?" - 1") which have 

intruded the overlying siltetane beds. These structures 

are similar to those seen in sediments which have been 

deformed while still unconsolidated. 

Sandstone predominates at the top of the forLa*ion, 

whereas siltetone is riore abundant at the base. Small 

scale cress-bedding was observed, but no obvious graded 

bedding was seen probably because or the small grain size 

of the rocks 

A closely-spaced toliaion similar to that found within 

the Cape Bon Ant Formation is present within this unit; 

it is easily discernable in the field, and is statistically 

parallel to the axial plane. The foliation is developed 

to a higher degree in the siltatones than in the sandstones. 

The medium to fine-grained sandstones of the Grande 

Greve Formation are extremely calcareous. Cement takes 

the form of ragged isolated patches or recrystallized 

calcite which almost entirely replaced the matrix (Fig. 3). 

The detrital grains, quarts, feldspar and chart, are 



FIG. 3. 

GRANDE GREVE FORMATION 

Calcite matrix 

Quartz, periphery 
replaced by calcite. 

Feldspar,replaced by 
calcite around 
periphery and along 

twin planes. 

Strained quartz 

0. 47 mm. 
i 	 I 
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corroded and cmbayed around their peripheries, and have 

clearly boon replaced to varying degrees by  the calcite 

(Fig. 3). The detrital fraction rakes up 70% to 99% of the 

rock and the rest is ccmposed of rcerystallied calcite 

ceâont. Potash feldspar, microperthite and chert Grains 

are extensively replaced, whereas pla'icclase, muscovite 

and biotite are unaffected. The flakes Cf muscovite and 

biotite are often crumpled and bent around o ÿh  more 

resistant detrital crains. The calcite is cloudy in 

appearance, probably because it contains small amounts 

of clay. 

The siltatones and silty-shales have suffered 

less replacement than the sandstones possibly because of 

their relative impermeability. solution and hoer yatalli w 

nation of the calcite cemented the rook, while much of 

the detrital fraction rias corroded and replaced. 

Fortin Group  

The term 'Fortin Series was introduced by 11cGe: riGlc 

(1940 to apply to a series of dark shaly slates interbedded 

with lime toners and sandstonos in eastern Gaspe. The tern 



27 - 

Fortin forrsticn" is used by Cumming (1959) to refer to 

these rocks, whereas Carbonneau (1959) uses both `"aeries" 

and "formation". Stearn (1959 0) has traced the "Fortin 

formation" as far as the g'atapedia Valley, and Deland 

(1950) has continued the mapping of the Fortin Group as 

far hest as the West Branch of the Fatapedia River (sap 9). 

The work done by the writer on this unit is confined to 

the contaot zone between the Fortin Orcup and the York 

River Formation. 

No evidence of faulting was found along this 

contact, althou h it is known to exist aloe, the contact 

further to the east ( ap 3) . The carbonate content of 

these rocks is variable; at places they are completely 

non-calcareous, whereas at other places they react briskly 

with acid It is especially noticeable that alonz the 

York River/Fortin contact, the rocks of the Fortin Group 

are always extremely calcareous.  

The calcareous nature and litholoGio similarity 

between the uppermost beds of the Fortin Group on the south 

side of the Heppel syncline, And the rocks of the Grande 

Greve Forrlat:icn on the north side is a rikin3, particularly 

since both of these horizons lie directly beneath the York 



River Formation. There is also a strong similarity 

between the rocks of the Fortin Group and those of the 

Cape Bon Ani Formation. Both formations are calcareous, 

argillaceoue and well cleaved. It would therefore seem 

likely that the Grande Greve, Cape Bon Ami and possibly 

St, Leon Formations are the lateral equivalents of the 

Fortin Group (Jig. 4). 

The position of the Fortin Croup within the 

stratigraphie column has interested students of Gaspe 

geology for some time. In eastern Gaspe the structural 

and stratigraphie relationships are more complex than those 

recognized in western Gaspe. HcGerriglo (1950), Suggested 

several alternative explanations, one being that the "Fortin 

series" found in the southern part of hie area "includes 

the Cape Bon Ami and Grande Oreve tine without maintaining 

the characteristics of the formations". Roliff (1952), and 

Cumming (1959), mapping in central and eastern Gaspe respec , 

tively. believed that the Fortin Croup was the southern 

lateral equivalent of distinct lithologie units mapped 

to the north (Table 1), 

Stearn (1959b), suggested that his single fossil 

collection, rade in the Causapecaal area (Cap 2), indicated 
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the equivalence of the Fortin Group to the Grande Grove 

and Cape Bon Ami Forr:aticna. 

At this staz.o of aeologio knowledge of the Gaspe 

peninsula, it is reco=mended that the term "Fortin Group" 

e retained as the unit bas lithologie consistency and has 

ecn rapped the length of the peninsula. It ray be possible 

to recant e►  he Cape Bon Ant and Grande Greve Formations, 

within what is noir known ais the Fortin Group, when detailed 

paleontolo:zie, structural and stratigraphie information 

bocottes available. The base of the Fortin Group was not 

amen. 

Because of complex structure and absence of marker 

horizons, it is extremely difficult to estimate the thickness 

of the Fortin Group. Deland (1960) suzgeated "a few 

thousands of feet" and ! aGerri tle (1946) estimated that the 

thickness is about 5,000 feet at the type section. No 

satisfactory estimate of the thickness can be made in this area. 

No fossils were found in the rocks of the Fortin 

Group within the area rapped. Stearn (1959b) mapping to the 

east has nome poor paleontological evidence indicating an 

Or iakanian age for the unit. 
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The  dark gray. N.3. (Milk,*  1951) thin-bedded 

calcareous slates, siltetonee and fine-grained sandstones of 

the Fortin Group are susceptible to dt p weathering, 

and consequently are poorly exposed The beddin?,. is best 

seen on the brown weathered surface, where /' - 1 beds 

of irsy siltetono appear somewhat lighter in color than 

the•  der is slates. Thbunit appears to be iitholagically 

uniform, although discontinuous lenses of sandstone and 

conglomerate have been reported from the central part of 

the belt (Boland, 1960)  . No good r~erker borirons have 

been located within the northern part of the Fortin Group. 

Foliation, parallel to.. the axial plane, is 

especially well developed within this unit, and the rocks 

split easily, along these closely spaced planes. The 

remarks made about the foliation found in  the Cape Bon 

Agi Formation apply equally well to the foliation found 

within the Fortin Group. 

under the ticroscope.. the calcareous slates and 

ei.ltstonea comprising the upper part of the Fortin Group 

bear a striking resemblance to rocks of the Grande Greve 

Formation, Calcareous cement 1e present in every slide 

examined, and the detrital fraction is composed of quartz, 



minor feldspar, chart, aicacceoua minerals and occasional 

rock fragments. Small squares of limonite stain;. similar to 

staining found within the rocks of the Grande Greer 

Forcjation, are present in this unit,' The calcareous cement 

has ° reàoted with and embayed the quartz, chert, potash 

feldspar and rock fragments, but the muscovite and plagio-

clase- remain unaffected. The silty bande are composed., 

mainly of quartz and feldspar, and appear as very irregular 

and diaterted beds. 

York River Fo ion 

Logan (1063), p e24) first mentioned the "sand- 

stones of the York River", referring to strata which crop 

out along the York River in eastern Gaspe. Hera, he collected 

fossils froc "the York River beds". He also described 

(ibid. p.415) "a succession of arenaceoue strata'' about 

one and a halt miles south of the Causapscal Riser, in the 

7atapedia Valley : which 'represent the Gaspe sandstones". 

These, in efteot, are the sandstones and siltetcuos of the 

York River Vormation mapped by Boland (19 0) and Stearn 

(1959a & b) and'which are part of the same belt napped 

by the writer. 



Williams (1913, p.6 
	

d4 fined the "York niver 

beds" as the basal. calcareous, urine and f casilii`erous 

zone of th Gaspe Srftdsdar.es. In 1S,35. Alcock, wo;'rinj in 

the ratspedia iÎtîxl°17 , rapped the "a:`et:3,ccot;& a:'ra`a" 

r4 i+ r t y~ ,} M•• * Mr 	sh r- 	♦ 	then ~ Formation w.~~s 1C'~'3 L~1 {!~d£,ii ~~ ~~ 8~~ ♦.~s..~i~ 4h~ unit 	~ ti;.~.!~v~  

after the vRllâza of Heppe' (Map 3) . %.M Kindle (1931 

correlated the Heppal Formation of 
	

Istcr^ r,nspo wiYh the 

"York Fiver beds" of eastern Gaspe . He f:ave the ni=e Four 

Mile Brook r:er_tber to the ahri~ r-s "at the top" of the Heppel. 

Formation. Stearn (195^r), p.3~) s:.ated , "Kindle f~as 

recorded the vertically d.ippir. 7 section upside doun for all 

the beds face south". Dresser and Dennis (1944, p.rG) 

intror3uccd the term intt:cry Point Formation to cover 

z"ocan'a r.casured section of the Gaspe ~Ar}ds*.cne Group on 

*r;1 Forillan Peninau1a, and the "York nlver Formation" is 

r^r r TrrPci to for the firs}: tire i,n the literature: 

"It is from the York Ftv°:r formation that the 
great rajorit:r of the ra»ine fossils of the 
Gaspe Sandstones have been collected. Fossils 
are particularly abundant in certain beds in the 
lower half of the forraticn. York river beds 
probably make up the entire 'Gasps Sandstone' 
series in the interior of thn Peninsula and as 
far west as Z-laÿapodia Valley. 

tleGerrigle (1950,   p. r) redefined the York river 

Formation to include "all the rocks in the section ravin; 
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the same litholofrf as the general series cf York river beds". 

The latter would appear to represent the type section of 

the York River Formation, but no for ral type section has 

been described 

Stearn (1959b, p•36) proposed dividins the Heppel 

Forraticn of Alcock (1335); in the followin manner: 

"The present work in the Causapscal area 
has indicated that the Heppel sandstone 
can be divided into two atratiraphio units, 
the lower of which is litholoeically similar 
to the York River formation and the upper, 
to the Lake Branch forration. " 

The York River Formation was defined by Stearn in essentially 

the Bare form as it is in the present paper. Stearn was 

able to divide the York River Formation into three infor-

mally defined members; the basal beds, the Four Mile 

Brook beds, and the upper beds. 

The York River Forx.ation crops out in three 

different belts. which are roughly parallel to the arcuate 

outline of the Gaspe Peninsula (rap 3). Within the area 

rapped, the York River Formation overlies the Grande Greve 

Forration on the north side of the Heppel syncline and the 

Fortin Group on the south (yap 3). The top of the York 

River Formation is not seen in this area, but concordant 
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relationships  with the overlying Lake Branch Forration have 

been assured by Boland (1960), 16 riles to the east. 

On the north limb of the Heppel syncline the 

York River Formation grades down without interruption 

into the Grande Greve Fcr ation. There has been considerable 

discussion concerning the position of the contact. Stearn 

(1 5:;b, p.32) has sub ested: 

"The only logical place to draw the boundary 
between the York River and Grande Greve forma-
tion is at the base of the first sandstone bed 
or regional distribution." 

This suggestion is practical, and was used by the writer 

in the field. It was noted by the writer that in the 

fimcuski--Matapedia area, the "first sandstone of regional 

distribution" also happened to be non-calcareous. 

Stearn (1959b, p.46), reported that in the 

Caucapscal area to the east, the Fortin Group is in 

contact with the York River For.aticn along a fault of 

unknown. but probably *mall, displacement. Deland (1950, p.13) 

noted that this fault continues for some distance to the 

nest of the Matapedia Valley. No evidence of faulting 
was observed in the area rapped by the writer, and 

presumably the fault dies out between there and the ?'atapedia 



Valley. This implies that within the area under study. 

the- York River For aticn conformably overlies the Fortin 

Group. and that no depcaiticnal or structural break is 

present 

No practical division on the basis of li tholc;;;r is 

yet possible within the York River Formation, but it is 

conceivable that the fossiliferous horizon near the base 

of the formation le the ease as the Four Mile Brook 

unit found in the iatapedia Valley (Kindle, 1937). This 

correlation is rather tenuous and the horizon is not 

euffieiently diatinot to be dapped as a member. 

The thickness is not readily determined, mainly 

because of the paucity of exposure. There were no sections 

which could be measured and the problem is accentuated 

by the fact that the overall structural picture is still 

obscure, If the structure is a simple syncline with 

steeply dippin limbs. as sucested in Chapter II Structural 

Oeolo y, a maximum thiekneas of l'^,C^va feat,  is anticipated. 

The fossils collected by the writer and identified 

by Professor Arthur J. Poucot, indicate an early Ononda,an 

(Early or Middle Devonian) age for the York River Formation. 
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This interpretation is based vainly on the presence of the 

brachiopod Amphinenia in collections AA-67-6, AA-69-10 

and AA-70-G (rap 5). The cc plete list of fossils is 

included in Table 3, 

'there has been ruch dissuasion over the age of 

the Gaspe Sandstone Group. and of the York River Formation 

in particular, An attempt has been cede to relate the 

various interpretations to a chronolozic scale using the 

type section of the Devonian in tSew 1%-rat as reference 

(Table 1). A good review of the reasons behind some of 

these interpretations is liven in i;cGerriglo (1950, p.'7 

and 1945, p.44), The diverse conclusions reached by 

many workers, Mainly in eastern Gaspe, have been based 

primarily on conflictinz area assigned to the rocks on 

the basis of either brachiopods or mollusks. McGerrigle 

(1946, p.44) pointed out that. in Eastern Gaspe, the brachio- 

pods eu7 est en Early Devonian Oriskany aTe, while the 

rolluake, particularly the pelecypods, suggest a fiddle 

Devonian Hamilton age. If the age indicated by the brachio- 

pods to the correct one, then it would appear that the 

Gaspe Sandstone Group gets youn ;,er from east to west, an 

the brachiopods in the west indicate an Early Cnondasan age. 
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The rocks of the York River Fcrr ation are brown- 

weatherini , greenish-ray. 5 GY 4/1  (O.S. A. , 1951)  medium 

to fine-grained craywacke eardetanes, interbedded with 

rrcen and *ray siltstcnes and greenish-gray shales. 

The sandstor_ee occur in massive beds, u8t.nlld 

atout two to three feet thick, whtrets the ailtntcnes 

occur in beds from 1" to t;" thick, Commonly, finely 

laminated siltstonef are interbedded with shale in 

thin-bedded sequences, and in the area mapped, sandstones 

appear to te s1izhtly more abundant than siltstorea and 

shales.. However, much of the unit is hidden and it is 

probable that the less resistant eiltstcnes and shales 

undorile much of the covered area, 

The und3teno is composed of sharp angular 

fragments of quartz, feldspar and chert, and is cemented 

by an ar70.11aeous matrix. The quart: ;rains are mostly 

frosted, cloudy and dirty gray in color, some are milky; 

a few are clear, show mod ccr.chcidal fracture and are unfros- 

ted Angular plagioclase crains are twinned, and coed 

cloavate facos ray to seen, The potash feldspar is 

kaolinfted and is present as poorly defined white and gray 

:►rains. rink feldspar (r.:icrocline?) was observed in minor 



amounts. The cher* is present as black grains, which are 

scm ewhat t etter rounded than the quartz or feldspar . Musco-

vite is present as crumpled, bent flakes, and there are 

s=all amounts of biotite . 

The sar.datcnes are predor irantly non-calcareous, 

althou ;b several sc r what i:aalcareous fossiliferous horizons 

are present within the unit. Plant rra !mer+ta which 

appear as carbonaceous or;ania remains devoid of any 

cellular structure are 4•o►r,lon. no weathered surface of 

the sandstones is 	ually whits!;  due to the alteration 

of the feldspar and the arTillaceous matrix; on occasion 

it haa a brown to oran aP tint caused by limonite stainin3. 

Effects of weatherin aro tip:p,ai'ont to di::D :iZ3 o: approxi-

r..ately one inch. 

A strikir.3 feature is the abrupt variation in 

li.t.holo7io character within the formation; thick sandstone 

beds (Plate Ia) alternate with thin-bedded sequences of 

eiltstcne and shale (Plate Ib) with ronotcncue regularity. 

The fissility of the shales and siltatonea is low, probably 

due to the high siliceous content. Small-scale cross-

teddin, is found within the siltstones but was never 

observed in the riassive sandstones. Oraded bedding was 



PLATE I 

a) White weathering, massive dark green graywacke 
sandstones of the York River Formation 

b) Finely-bedded, dark green siltstones of the York 
River Formation 

1n _ 



often suspected by the writer, tut due to the pr evailin; 

small grain size, 'tops' determinations were never 

recorded with any certainty. 

Thirty-five thin sections cf the sandstones, silt- 

stones and ehalos of the York :?fiver Formation were examined. 

Twelve cut of twenty-six thin-sections or individual sand--

stone rcri©ns wore selected according to a statistically 

random design; each thin-section number was wrtt.ten on a 

separate piece of paper, put in a hat, and the first twelve 

to be picked were point-counted. The sandstones are of 

s3i~:ilsar coiner alogic corpcsiti n, and them does pot appear 

to be any well-defir_ld areal variability within the area 

capped, Thu location et the samples is shown on I:ap f 

(Appendix) and their rincro2o is ccrrpositions are given 

in Table 7 (Appendix). 

A pilot study was made to determine the number 

cf gains that should be counted, to order that an accurate 

and representative eatt ate or the mineral corpcsiticn of 

each thin. section could b+, obtained. This study is Included 

in the Appendix . The results of twolvr mineral° ,ical deter -

cinatiors have teen plotted on Gilbert's Sandstone Classifi-

cation triangle (Fig. 5) . (willia s,. _Al. l95 3, p.292) . 
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Unstable fine-grained 

rock fragments 
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Quartz Wocke 

0 — 	-- 10 

Feldspathic Wacks 

50  

Quartz, Chart, Quartzite. 

FIGURE 5. 

Triangular diagram showing the mineralogical composition of 

twelve sandstones from the YORK RIVER FORMATION. 

(Triangular diag. after Williams j 2l., 1958, p.292.) 

RESULTS TAKEN FROM THIN-SECTIONS X- 50- 1,2,3,4,5,6,7,8,10, 11,12,13. 

- 112 - 
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Since ©ver; sandstone examined consists of more than 

10 ar„tllacrous matrix, the "p.acke" *r.te~,n,7,1e has been 

u3ect. A11 but one sarplA falls within the "feldspathic 

wa.ka" field, and this latter falls within `:he "arlrosia 

t:a cko" field, however, it lies varl; close to "feldspathic 

wackeQ. 

Gilbert (ibid, 1952, p.233) dcfincd asNaywacke 

as a rock consolidated by a dark-colored, fir717 indurated 

matrix of slate or arMillite composition, cynta,ir.in; 

abundant fine-grained mica or rhlorite, Therefore, the 

term "zraywaolce sandstone " sdoaua.te+y describes the sand- 

stones of the Yçrk river Formation. 

In thin-section ;.;;e quartz graina are bi3h1y 

envier, hav3.n, a roundness of approximately 0.2 and a 

sphericity of 0.5 (Krurbein and Sloss. 1951, p•El) .. The 

sire of the quartz gains ramTes from 0.35  mm. (1ar, ;t.h of to 

long axis) down to those sies included in the rratrix 

(less than ,C2 m). At least 50% of the grains ara 

within the 0.35 rm to Q,25 r-m, r an ;o, and therefore the 

rock is classified as a rediur1•7pained sandstone. 

The ma„tori of the grains are in point-contact 

with s lesser number of concavo--convex contests' welded 



contacts are rare and it is suspected that all of thoao 

seen were within fragments of quartzite. The quartz gains 

have kept their original detrital shape and do not appear 

to hava been deformed or significantly altered. Any 

phyaical deformation has apparently been minimized because 

of the "padding" mechanism provided 	the ar;lllaceous 

matrix.. ûlisht partferal alteration ?.3 :noticeable in some 

Trains. their edges beirrr e1i h 1, c1"bayed cr pitted when 

in con tait with the matrix. Sixti to seventy percent of 

the quartz grains exhibi 0T:rain shadows. A sra11 number 

of quartz crains have worn overTrowthe, su 3  es tins that 

part of the detrital r. erial ray be co:posed of second- 

cycle sediments (Fie. 6) . 

All the feldspaz ,',rtined is believed to be detri-

tal as no evidenao of authlgenic growth was seen. Eight 

of the twelve thin sections were etched with hydrofluoric 

acid and stained with sodium cobaltinitrite following the 

technique described by Mayes (1952); this proved helpful 

and tine Saving as far as the grain counts were concerned. 

Approximately 70 of the total feldspar is highly altered; 

it exhibits no observable twinning, appears as cloudy and 

e~bayed gains with indistinct cutline3, and is thoucht 



to be altered potash feldspar. The turbid naturo of 

these grains is most likely due to the development or 

minute flakes of kaolinite, chlorite and ecricite within 

the potash feldspar. The rra^ainin 305 of the total 

feldspar comprises recognizable mieroperthite, ricrovline 

and.plagioclase, all three of which have clear outlines 

which contrast etron,ly with the turbid grains of altered 

potash feldspar. Tho plagioclase feldspars are predomi-

nantly sedia, consisting of individual ,rains of albite (?), 

oligoclase or andosine. In general, the feldspars have a 

raundnosa of 0.1 and a sphericity of 0.6 (hrurbein tz Sloss 

1951, p.61). 

Chert, a minor component, has an average roundness 

of 0.1 and a sphericity of 0.5. The grain boundaries are 

vague when the chert is surrounded by matrix and it is 

difficult to differentiate between detrital graina and 

siliceous Matrix. 

The rook fra 3:ante are highly altered and are 

rarely identifiable. The majority of those identified are 

rounded fro onts of acidic and intermediate volcanic rooks 

which show trachytic texture. :'hero aro aise a few  
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fragmenta  of quartzite but no fragmente of limestone or 

allele were observed. Finely disseminated magnetite (?) 

and ilrtenite (R) grains are present in small amounts in 

every thin section examined. 

The matrix is dark-colored and firmly indurated. 

It is made up of finely comminuted quartz, feldspar, 

kaolinite. seriaita, muscovite and an abundance of chlorite, 

which occur together to form a ricrocrystalline aggregate. 

Some iron oxide and arrjanic trnterial are also present. 

The matrix appears to have been famed from the original 

ar illaceous detritus. which recrystallized  dia enetically, 

dependent on time and depth of burial. The develop ent of-

chlorite 10 an indication of diagenetic replacement, low 

grade metamorphism, or possibly both. Siltalfication is 

also responsible for partial cementation of the rock, and, 

where present. the matrix is anisotropic and reseublea 

chalcedony. Since the rock has a very low permeability 

it is su33eeted by the Writer that the silica cement le an 

alteration product rather than an addition by precipitation 

from solution. The mica is considered by the writer to be 

primary as it occurs as crumpled, elongate flakes, wrapped 
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around other detrital ?rains, indicatin7 compaction. Rare 

zircon and small fr a.:ents of amber colored garnet are 

easily reco;;rii'able; a fete scattered crains of rlaucantte 

and tourmaline are also present, their rarity is attributed 

to the immature state of the sediment. Soi=e calcareous 

cement is present at the horizon represented by sample 

X - 50 - 2. The cement, replaces feldspar and quartz as is 

evidenced by the ertbaved cutlinea of the £rains. 

In review, therefore, the sandstones of the 

York River Forration are dark nreenish-;ray. hard, medium-

"-rained feldspathic praywackes . 

Siltetcnes and shales probably crake up at least 

5D% of the York River Formation. Petrographically, the 

siltstonee are very similar in general appearance and mineral 

cor:poeition to the sandstones. They have a hi h detrital 

quartz content, with feldspar and cher present in approxi-

rately the sae quantities as in the sandstones. the rain 

difference is in the composition of the matrix. There is 

considerably lees chlorite and siliceous cement than was 

seen in the sandstones sericite and especially biotite 

are present in higher proportions. The biotite has a 

preferred orientation parallel to the bcddin3 and is 



crumpled and bent as in the sandstones. The soricite 

appears to have a random orientation interpreted as 

authi ;enio crystal growth in place. 

The ailtatonca are both t:assive and laminated' 

the laminations are al tcrna tin3 bands (0.3 rya - 1.0 mm) 

of silt-sized and clay-sized particles. 

The shales are composed mainly of flakey micaceous 

minerals, mainly muscovite and aericite. Althou h they 

are not particularly fissile in hand sample, a definite 

parallel orientation of the micaceous minerals can be seen 

under the microscope. Pettijohn (1957 p.351) has mentioned 

this type of parallelism and states: 

"Many of the individual crystals do not lio 
exactly parallel to the bedding. In all 
sections cut normal to that structure most 
micaceous rinerals will be approximately 
parallel to the bedding. Because such minerals 
have the slow ray vibrating parallel to their 
cleavage they show parallel extinction. Thin 
sections that are cut normal to the bedding 
therefore show an aggregate positive elona-
tien and r..ase extinction very much as if the 
slide were cut from a sinGle crystal." 

The ahalea ara also laminated, but the silty layers are 

thin and lens-like and tend to taper out, as do fine layera 

of black or,anis material. Silt-sized graina in the shales 
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are predorinantly quart:, whereas feldspar is almost 

completely absent. There is no visible chlorite, but 

considerable amounts of ore.n e, waxy, translucent Material, 

which may be organic or possibly ferric iron stain, is 

present. 

Foliation, statistically parallel to the axial 

plane, is weakly developed within the York River Por.aticnt 

since rany of the beds dip at angles of '0-90 degreoa, the 

foliation is . pa, ai l el to bedding in moat cases. The 

foliation is not observable in handsarple in most of the 

aediu; -Qratn^4 Yerdstones, but may show as weakly developed 

fractures when the rock is examined in thin section (Pics. 12c). 

A More complete discussion of the foliation is included in 

the following section on Structural Geology. 
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2. IIrmIiarvâS 

A diorite dike has intruded the St. Leon Forma-

tion at the crest of the northernmost anticline shown on 

Map 9. The intrusion is at least 300 feet long and approxi-

mately 150 feet wide, paralleling the N.50.g trend of the 

fold axis. From observations rade in the field, it is 

believed by the writer to have a vertical dip. No contact 

metamorphism was seen, except for a small amount of pyrite 

enrichment within the calcareous siltetones in a tone less 

than two feet thick. 

The rock is fine-grained and weathers rusty brown. 

Tiny laths of white plagioclase feldspar. enclosed in a 

green groundm-ase. are vl$ibin in the hand-sample. The later 

cryatallitinz pyroxene occupies interstices between euhedral 

lath-shaped andesine crystals, as messes of optically 

continuous material giving the rock a holo^rystalline, sub-

ophitia texture (Fig. f}.  Bladed intergrowths of llmenite 

and magnetite are present as skeletal crystals. and ►_h* 

ilrenito is partially altered to lcucoxene. 

In mineralogical composition, the rock centaine 

approximately 6o andesine, 15% pyroxene (alin.op frcxenc is 
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rsQs* abtindan : y but or thflpyroxeno is also present), loss 

than 	ilr.anite and va:r-setyite, ancl 2.);!) alteration products. 

Considerable hlor::Q Domed b_r tha alteration of p:.az3.a_ 

cla~~ 

 

lu present as radia* inz, fibrous, i: r e'zular patches. 

The plis;iacZ.ass is also aer{citizad to a or,:all extent. 

Interior parts or some pyrocna crains have been altered 

~a 

 

chlorite. 
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STRUCTURAL  tlEOLOG'f 

The Dtvonian and Silurian rocks of this area 

were deformed at the close of the Devonian period, durins 

the Acadian ororreny. The main deformational features 

produced were folding, development of foliation and faulting. 

Since the rooks of the area are poorly exposed, only 

lirited structural interpretation may be rade. The Heppel 

Syncline, the rain structure within the area, can be 

traced at least 40 miles to the east, and is named after 

the villa fe of Heppel in the ?atapedia Valley (Map 3). The 

York River Formation which outcrops in the center of the 

Heppel syncline, is found for a distance of 14 riles to 

the southwest (Deland, written communication, 195l). This 

formation has a width of G to 7 riles perpendicular to the 

dominant axial trend. 

No flexures were seen in the field, nor were any 

well-defined "b-lineations'" (lineations parallel to the 

fold axis) observed. but bedding and foliation directions 

were recorded where possible (Appendix, Table 11. The 

norral° (7- poles) to these bedding and foliation planes 

have been plotted on atereograms (Tt - diagrams), using the 



lower hemisphere of a Zoh idt-  stereo;.raphic3 projection. 

The style or folding cur►  be deduced only by 

quant!.tativo a..eometric consideration of the data 	Within 

the ?.:rI: river Formation, seep to vedticalli lipping 

bads are cean, accorrpanied by horizontal and on occasion 

overturned. strata. Sc^a11 folds with .,ent1y dippin # 117bs 

have been gapped on the north lima of the Heppe' syncline 

(rap 9) , no closure, was observed, indicating that they 

are open folds. 

On rig. 9a, the spread of the 	- poles to bedding 

planes, (131 reading) lie statistically on a sin to groat 

circle, indicating "cylindroidal folding". A fold can be 

described es cylindraidal it it has a raid axis defined as 

follows: 	the nearest appr axination to the line which 

when moved parallel to itself in space 7eneratca th. fold". 

(Clark and Maint ►re. 1951.) Weiss, (1951) has pointed out 

that a T - diagram for an ideall ►  zylindroidal fold thews 

all poles lyinz en a single groat circle of the projection. 

It should also be noted that this ainlo treat circle also 

results frow s sin>le axis of folding. The fold axis trends 

N. 5t)0  E. and is essentially horizontal. althcu3h the girdles 
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In Fil. 9a and 91) both 5uµ* st that there ray be a alun e 

of a feet degrees to  the northeast. Gently plunling canoe 

folds arc present both to the north and east of the area 

rapped (Deland, 1960 Stearn 1959b) . 

The ii - dia ram for foliation rapped 1n the York 

River shows axial ayrrstry with two well defined maxima 

indicating the plane of s try (F15. 9b) . This plane 

of ayymetry 1s assumed to be the axial plane cf the told; 

it strikes at N 50 E. and his a vertical dip. 

On the north limb of the .Heppe/ _s;rn line, the 

Grande Grave, Cape Bon Ami and St. Leon Formations are 

exposed, The attitude of the strata is in zeneral not 

as steep as that observed within the York River Formation. 

There is also structural  evidence of an anticlinal struc-

ture in the extreme northern part of the area. On riT. 

9c the poles to, the bedding planes (74 reading) are again 

statistically distributed along, a single great circle, 

indicating a similar style of folding as that found within 

the York River. Formation. In Fir. 9 e the fold axis trends 

at N.51 E. and has no plunWe, the foliation 7T- diarran 

(50 readings) however indicates that the axial plane strikes 

at N.41 E. and has a vertical dip. (Fib;. 9d). 
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tce tune of the tire available, the writer was 

unable to inves igate in detail the copplex str uc tur e 

existing within the slates and shales of the Fortin Group. 

During deformation this unit had markedly different compe-

tence from the graywacke sandstone or the York River 

Formation Folds with amplitudes of six feet or leas are 

co:T cn. and the structure of these rocks has never been 

successfully unravelled 	-parker horizons are absent and 

bedding directions are not always easily round. The ela=ey 

cleavae is extremely well developed and shows the save 

consistent trend observed elsewhere within the area (Fig. 9e), 

The rain structure within the area is considered 

by the writer to be synclinal. a view supported by minor 

crosabeddinc directions found within the siltetones and shales 

of the York Fiver Formation, and by the outcrop pattern 

of the overlying Lake Branch Formation further to the east 

(gap 3). The possibility nevertheless exists that the 

observations ray have come from the limbs of several smaller 

folds rather :han from the limbs of a large  fold. 

A fault of unknown attitude and displacement, which 

truncates  the Cape ion Ami F orzation, is believed by the 

writer to exist in the northwestern part of the area. 



Evidence for this fault is found along the Rimouski 

River (!ap 9) where northwest dipping St. Leon strata 

are found in close proximity to the Capin Bon Arai contact 

and where beds of the latter dip to the southeast. The 

fault appears to verge with the normal stratigraphie 

Cape Bon Ami/St. Leon contact about 3 miles to the east of 

the Rimouski River. 

The outcrop belt of the Grande Greve Formation 

is considerably wider between Lae John and the Rimouski 

River. Three possible relationships to explain this 

widening are represented diagrammatically in Fig. 10. Gentle 

folding in the western part of the area is possibly respon- 

sible for the widening, although the unit is also gently 

folded at Lac John, with no apparent widening. A thickened 

section of the Grande Greve Formation ray have been brought 

up or down along, faults, although no evidence for the latter 

has been observed. The third, and possibly the moat 

likely explanation is that the western area represents 

a region of rapid facies change, and here the base of the 

Grande Greve Forration is tine-equivalent to the top of the 

Cape Bon Ami Formation to the east of Lac John. 
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1:o  evidence was peen of any faultina along the 

York River/For tin contact, although the presence of a 

fault has been shown to exist to the east of this area 

(nap 3) (Leland, 1960; Stearn, 1959 a w b) . 

The torn foliation ie used in the terse defined by 

Pairbairn (19.94 p.5), where be stated, ''parallelism of 

planar elements gives riee to foliation''. Well-dovoloped 

closely-spaced foliation surfaces, statistically parallel 

to the regional axial plane, are present within the Cape 

Bon Ami and Grande Orevo Formations, as well as the Fortin 

Croupy the foliation is only veskly developed in the St. 

Leon and York River Formations. There is no apparent regular 

change in the develop rent of foliation in any direction 

acmes the area mapped. The derma of foliation developed 

is primarily controlled try the lithology of each unit. 

Foliation is well developed within the silty limestones, the 

eiltntcnes and the alleles , but is very poorly developed 

within the sandstones. 

Under the microscope the tine-grained rooka show 

a wall-developed foliation which hen the form of a myriad 

of ana.ato:osing very fine fractures, curved around individual 

detrital grains, producing a net•-like texture within the rock. 



The distance separating adjacent fractures appears to 

be controlled by the size of the grain around which the 

fractures. curve. (Fig. 12a.). In hand-sample the folia-

tion surfaces have a lustrcus appearance, however in 

thin-section layers of preferrentially oriented phyllo-

silicates are not obvious. 

The foliation is poorly developed and often 

irregularly spaced within the sandstones (Fig. 12e). The 

fractures do not transect grains but curve around them. 

Where sandstone and siltstone are interbedded the folia-

tion planes tend to be deflected or even disappear 

completely (Fig. 12b). 

In trying to classify this type of foliation the 

important question of "anale" must be considered. On the 

scale of the hand-sample, the fine-grained rooks appear 

to have been unifor^rly affected by the foliation, but on 

the scale of the thin-section every particle of the rook 

has not been affected (Fig. 12b). The foliation appears as 

a series of cicaely-spaced planes, along which movement 

has probably taken place. It is difficult to ignore the 

presence of lustrous foliation surfaces found in hand-sample, 

and it is the opinion of the writer that the term 'slip 



EXAMPLES OF FOLIATION 

a. Well developed foliation in 
fine-grained siltstones of 
the Cape Bon Ami Ra. 
N.D. foliation planes 
rarely cross-cut coarse 
beds. 

FIGURE 12. 
Foliation 

b. Weakly developed foliation 
in laminated siltstones of 
the York River Fat. 
Non-continuous fractures. 
Mica (in solid black) is 
aligned parallel to bedding. 

a. Fine-grained sandstone of the 
York River Formation; clusters 
of weekly developed fractures 
cross-cut preferred orientat-
ion of quartz and micaceous 
minerals. Sample not oriented 
in field and one foliation 
direction is thought to repress 
-ent bedding. 

0. ~47 mm. ~ 	 , 
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Foliation. 

2.0 utst 

— 66 — 

1 	 2.0 ass.~ 



_67- 

foliation" is applicable for this structure (equivalent to 

"slip cleavcae" as defined by £illir,7a. 1954, p.339) • 



PALEONTOLOGY OF TEE YOU F.SITILÎ? FORMAT/ON 

The York Fiver I'orration is not particularly 

rich in fossil content, but identifiable toms have been 

found within the sandstones at a number of localities 

(Yap 5). The identifications wore made by Professor 

Arthur J. Boucot of the Massachusetts Institute of Technology, 

and a list of the fauna found within the area mapped is 

shown in Table 3. The fossil locations of Leland (1960) 

and Stearn (1959b)  have also been shown on Map 5. 

Two distinct faunal assemblages are present within 

the area napped. The fauna of the northern limb of the 

Heppel syncline is characterized by the brachiopod 

Atphienia. a genus hitherto found only in strata of 

;chohari© and Onondaga age. The southern limb of the syn- 

cline contains an impoverished fauna characterized by the 

brachiopod Globithyris.  Boucot (1953, p.14) interpreted 

this fauna, which is not round in the middle or southern 

Appalachians, as a unique facies fauna. The situation of 

these two distinct faunal aase blages is simile r to that 

found by lotioot, (1953) in the To: zen Member of the 

Moosehead rormation in Maine. No evidence of the Olobithyris  
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fauna  is found in the fossil collections of either Boland 

(personal communication, 1960) or Stearn (1959b). Within 

the area rapped by the writer, cne collection, AA-70-6, 

contains a mixed fauna of both Glcbithyris end Ar, phiTenia. 

Boucot (1953) believed that the depauperate 

Olobithyx'is fauna, which is in such marked contrast to 

the normal marine fauna of the Lower revonian, suggested 

a specialized environment, and indicated that the zone of 

the littoral or sub-littoral would provide such an 

environment. There is no apparent change in the iithologic 

character of true York River Formation to indicate the 

presence of two distinct environments. 

The geographic distribution cf these two distinct 

faaies faunas is difficult to interpret, vainly because it 

is not known whether the faunas represent life or death 

assemblages. The restricted Olohithyris fauna ray have 

developed in response to a specialized environment as sugges-

ted by Boucot (1953)  or possibly it nay have been transported 

to the site of deposition without being mixed with the normal 

marine fauna. It is the opinion of the writer that the 

geographic distribution nay have been in 'part controlled by 
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turbidity  currents, but it is ntill. Lnigtaatic how the 

teGregation of the two faunas was achieved. 

Carbonized remaine of very poorly preserved 

plantas are co-....~on throughout the unit. No identification 

of these particular samples wan possible, hut Dawson C1671i 

has identified many excellent epeci we:s of Fnilophyton  

f_oel the Gaspe Sandstone Group in Eactern Gaspe, and it is 

probable that the same flora is preserved in the Rimouaki-

Mst~ pec.ia area. 

iherc - is a paucity of fcstils within the 1►ork 

River Formation, and i4 la difficult to give a definite 

reason for this lack of life. Many possi'oilities can be 

considered, for teeemple the tu' id environment within the 

basin may not have been a suitable place for animals to 

live. Alternatively, salinity,' temperature, depth of 

water, ...mount of lieht or food supply e.ay also have been 

res; or.sibïe tor inhibiting life. 



Globithyris Fauna 
Globithyris callida 
Globithyris diania 
Clams 
Unideat Claa 

Anphigenia Fauns 
Brachiopods 
Acrospirifer sp. 
Amphigenia parrs 
Atrypa "reticularis" 
"Chonetes" nectus 
Elytha ? sp. 
EodeTonarid sp. 
Irieristella sp. 
Mucrospirifer ? sp. 
Pholidops sp. 
Protoleptostrophia blainvillei 
Rhipidomelloidescf museulosa solaria 
"Schuchertiella" sp. 
Stropheodonta of.deaissa 

Mollusks 
Unideent pelecypod 
Snails 
Cornellites sp. 

Tetracoral 
Trilobite 

TABLE 3. 

FAUNA OF THE YORK RIVER FORKATIOH 

AA-76-2 AA-73-1 AA-70-6 AA-69-10 AA-67-6 

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 
X 

X 
X 
X 

X 
X 

"Found also in the Globithyris fauna of Boucot (1953)sin  Maine 

*Found also in the Asphigenia fauna of Boucot (19531 in Maine 
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CHAPTER III 

IZJTERPRETATI©tJ 

Tectonically, the Northern Appalachians wore once 

part of a geoaynclinal belt which, in the Devonian Period, 

extended from Newfoundland to Alabama. The pre-Silurian 

rocks of thin belt were deformed in Late Ordovician time 

during the Taconic OroCeny (CrtckToy, 1932). The northwest 

boundary of the Appalachians, and also the zone of severe 

Tacenic deformation, is outlined by the Logan Fault, which 

Logan (1é63) `relieved to be a major thrust. The fault can 

be traced as far as Quebec City, east of which it is generally 

believed to underlie the $t. Lawrence River (Hap 6). "Logan's 

Line n, as the fault-trace is commonly called, lies to the 

southwest, south and southeast of the shelf areas of Anti-

costi Island, the St. Lawrence Lowlands and northeastern 

New York State respectively. The undisturbed sediments of 

the shelf, chiefly limestones and shales, are relatively 

thin and range from Cambrian to Silurian in age. 

Silurian and Devonian rocks unconformably overlie 

Ordovician and older rocks at a number of locations within 
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the Gaspe Basin. Scuth::c t of Cacpo, long belts of 

Silurian and Devonian rocks extend into New Brunswick, 

Maine and New Hampshire, and synclinal re;.-nanta are 

also found in the Eaatorn Townships of Quebec, (Dresser 

and Dennis, 1944) . 

The rocks of the Gaspe Devonian are of the typical 

euGeosynclin;l asacciaticr., chiefly Craytraakc, dense 

siliceous firestone, siltotone, Green shale ttnd volcanics. 

There is very little record regaining of r:ioce©synclinal 

or shelf rocks of the Devonian Period, as they have either 

been obscured by later dctor aticn or eroded. Because or 

this Grp  in the oolest° record, it becomes increasin,ly 

difficult to interpret whether the York Fiver sediments were 

derived frcM inside or outside tha ceosyrclire. 

By ceneidering first the pattern of sedimentation 

in the Gaspe Basin, and secondly the type of sedirent° 

deposited in it, it is possible to reconstruct a partial 

tectonic framework of part of the Northern Appalachians 

during the Devor.ir_n Period. 

Sedimentation continued without any major break 

during the Silurian and Devonian Periods, so it is of inter-

est to consider the pattern of Silurian dodinentation. 
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Eurk (1959)  outlined two elongate troughs in which as much 

as 20,0W feet or eloru of Silurian sedtLlcntary and volcanic 

rocks were depouitei. These trouLhs were roughly parallel 

to the preaont outline of the peninsula and were separated 

by a less-rapidly subsiding arch. An inferred hinge Zone 

eepar rated the thick goosynelinal succeeeion or Gaspe roe 

the thin shell' sequence preserved on Anticosti Island to 

the northeast. 

The Gaspe Liwestone Group (St. Alban, Cape Bon 

Ami and Grande Greve Formations) waa deposited during the 

Early Ievonia; n, and was cvorlain by think clastic sediments 

known aollectiv€ly as the Gsepe Sandstone Group. She York 

River Formation uaa the f i..'et unit or the Gaspe Sandstone 

Group to to deposited. An isopach map showing restored 

thickness values has teen constr otei (hap 7),  and the 

pattern of sedimentation is eimilar to the Silurian pattern 

(Burk, 1 59). At least 10,000 Tact of eedivents were 

deposited in the Gaspe Easin, the northern part cr which was 

roughly parallel to the arcuate outline of the peninsula. 

Thu isopach pattern suggests that the euutcrn end of this 

elongate trough received less seditaent than did the western 
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part and that a less rapidly subsiding element apparently 

existed at the eastern end of the trouh. The isepach 

pattern illustrates that the unit thickens towards the 

south, and that the most southerly exposures are those in 

which the thickest accu:ulation5 are found. It is therefore 

apparent that neither the shape nor the extent of the 

southern part of the basin can be satisfactorily outlined, 

an probably much of the rock record has either been 

covered by later Carboniferous sediments, or has been 

removed by erosion. 

'ihe progressive thinning, of the York giver 

Formation to the north suggests a pre-existent shelf area 

where thin limestones, since removed by erosion, were 

cnec deposited. No Devonian rocks have been preserved 

on Anticosti Island and the only evidence of Devonian 

strata north of the St. Lawrence River is found in the St. 

Helen's Island Breccia at Montreal. This volcanic breccia 

contains fragments of fossiliferous Lower Devonian lime-

stone (Clark, 1952, p.Cl). The youngest rocks which crop 

out in the St. Laurence Lowlands are of Ordovician age, so 

the extent of the shallow Devonian seas over the Canadian 

Shield is unknown. 
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The York Fiver 1 ormatien has been described in 

detail in Chapter II, but in the light of the present 

discussion it is considered relevant to review some of the 

more important lithologic characteristics, The York River 

Formation is a marine deposit comprising a monotonous 

and romular sequence of innurberable alternating sandstone, 

siltstone and shale layers between which the contacts 

are sharply defined. The sandstones are medium-grained 

raseivo graywa:kea of harked petro;raphia consistency. The 

shales rind siltstcnes are finely laminated and of 

similar composition to the sandstones. Loch carbonized pic 

material is found within the sandstones, but vectorial 

properties such as croaa-bedding and flute casts are 

rarely found. 

The presence of finely laminated shales inter. 

bedded with r.,assive sandstones rich in plant material is 

somewhat paradoxical. The forcer indicate undisturbed 

bottom conditions, presumably deep water and certainly 

deposition below wave-base, while the latter indicate 

deposition in a shallow neritic environment. 

At this point it is of value to consider examples 

of similar deposits found in similar tectonic environments 



in other parts of the world. xn so doing, the mode of 

deposition, the provenance and the environment of deposi-

tion, within the Gaspe Eaain ray be rare clearly under-

stood. Three depoaitc are here considered, the Alpine 

flyach, the flysch of the Polish Carpathians, and the 

sediments of the Ventura F3c.sin of California. It 13 

beyond the scope of this study to describe each of these 

deposits in detail, but sono of the pertinent criteria 

tnd geologic inferences have been extracted from the 

literature, and are compiled in Table 4. 

2ujkowski (1957), in an ex ellent paper descrlbin3 

flysch sedimentation stated that: 

`',.any rock series outside the Alps resemble 
Flysch, and there is no reason why they 
should not be classified as Flysch. 

Cujkowstdi's definition of flysch is given in Table 4, and 

it is apparent that the sediments of the York River Forma. 

tion could be thus classified. 

Cujkowski believed that the normal type tif deposit 

in situ in a flysch series is represented by shales and 

that the sandstones are "interlopers in a estrange environment% 

Each bed of sandstone represents a local accident which 

interuptcd the normal sedimentation and introduced foreign 



TABLE 4 

AR SON OF FLYSCH DEPOSITS 
Terrier (i941) 

ALPS 

Dzulynski etal.(1959) 
Sujkowski 	(1957) 
POLISH CARPATHIANS 

Natland,&_Kuenenctmrst) 
Ventura Basin, 
California 

Ayrton (1961) 
York River F-., 

(ASPE 
Thickness 6,000 ft. 	(?) 20,000 ft. 20,000 ft. 10,000-18,000 ft. 
Sandstones 
Graded Bedding Common Common Suspected 
Cress-Bedding Net Present Rare - 	Rare • Not Present 
Av.thick.of beds i"-6ft. 	(lenticular) 6"-Sft. 	(lenticular) 6"-eft. 
Sorting Petrographic 

Consistency 
Well-sorted(fer size) 

"- ~` 	̀" 
Petrographic 

Consistency 
Graywackes Composition Micaceous Sandstones Graywackts Impure Sandstones 

Siltstones & Shales 
Laminated Horizontal lamination Regular lamination Horizontal lamination 
Av. thickness 5" - 6" 6" 
Cross-bedding \Commion Small-Scale Common Small-Scale Present Small-Scale 

Conglomerates Present 'Present(Lenticular) Abundant One 3ft. bed 
Current Ripples Scarce Present Questionable None observed 
Layer Contacts Regular bedding,sharp Sharp & clean-cut from Upward transition Sharp S clean-cut 

shall - 	îs:abrul0`t` 
Sedimentary Markings Slung Structures Flute &dear Casts, 

Slump Structures 
Slump & drag marks 
Pull-apart structures Stu'4 	Struc€ L,res 

Organic Remains Lack of autechthan- 
ous dwelling fauna. 
Abundant carbonized 

_plants. 

Abundant in shale, as. 
scarce-decayed plants 

Fairly abundant, wood 
& leaf fragment 

Few sandy fossil.ifer-
*us horizons.Abundant 
carbonized plants. 

Tectonic Environment Geosynclinal basin, 	- 
broken by steep dis- 

cordillera ill era ,Çantlnuo 

Geosynclinal 

, 

Basin Geosynclinal 

Depth ofSeaimentatisn Marine seds. part nerd 
itic,part bathyal 

Deep Water 4-5,000'shoaling to a 
few 100' then deposits 
of terrestrial origin 

Deep water4basin well 
filled, & finally sods 
of terrestrial origin. 

-Problematical Problematical Turbidity Currents Turbidity Currents Turbidity Currents 
Rate of Sedimentation 0,8"-1.0"per ION yrs. 

Sand phase each 4000yrs, . . 	... 	._ 

Definition of Flysch by Sujkowski (1957) - "The name Flysch is a facie* denomination of a marine deposit composed 
of innumerable alternations of sharply divided politic and psasmitic 
layers. Other rocks in the deposit are accidental, and in particular 
pure limestones are rarely present. The series commonly attain thick-
nesses of thousands of feet and were deposited in geosynclinal areas." 



material from outside the area. This explanation is similar 

to that given by P atland and ituenen (1951) for the sedi-

ments of the Ventura Basin of California. They believed 

that after rivers carried sediment to the sea, the silt 

and clay fraction proceeded immediately down the gentle 

submarine slope, but the sand was concentrated near 

shore. When these deposits of sand exceeded the angle of 

repose they slid seaward in s massive turbidity flow. 

Such conditions may well have existed in the Caspe Basin. 

The bathyctric setting within the Gaspe Basin 

is still • far from clear but a few lines of evidence may 

still be followed. The marine deposits do not show 

evidence of a high-energy environment and exhibit good 

evidence for a low-energy environment, i.e. finely laminated 

siltetones and shales. It is therefore likely that the 

strata was deposited in undisturbed conditions below wave 

base. There is no indication of abnormal salinity. The 

abundance of plant fragments .ay indicate a fairly shallow 

sea. not too far distant from coastal environments, yet a 

shell-bearing littoral fauna is rare. Shepard (1955), in a 

study of the Mississippi delta, remarked on the great 

abundance of wood fragments in the aedimenta around the 
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delta. Trumpy, (1960) came to the conclusion after 

studying the Alpine fly:sch, that most flysch rocks have 

been formed at depths exceeding '200 meters", yet not 

exceeding "a few kilometers". It in evident that the rate 

of supply and the deposition of elastics was rapid within 

the Gaspe Basin. It would seem logical to assume that the 

basin was filled or nearly tilled with sediments, until 

finally the rate of deposition increased to such an extent 

that the sediments accumulated above base level. Evidence. 

of this non-marine environment is found in the overlying 

Battery Point and Lake Branch Formations. These rocks 

contain red beds, cross-bedding, plant fragments, mud-

cracks, ripple marks and rain imprints (Carborneau, 1959; 

Stearn, 1959b). 

The position of the shoreline has not been 

recognized. Boucot (1953, p.63) believed that the 

Olobithyris fauna is Situated between areas of typically 

marine and non-marine faunas, floras and sedimentary rock 

types. If this be the case, it le possible that non-marine 

deposits were formed to the south of the area mapped, and 

have since been removed by erosion. 

It is somewhat difficult to postulate the rock 

typed of the sour ee area during York ;diver deposition. 
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It is the belief of the writer that the abundance of detrital 

potash feldspar and sodio plagioclase within the sedi-

ment indicate that acidic and intermediate igneous rooks 

were once present. The existence of volcanics within the 

source area is considered likely, as detrital fragments 

are found within the sediment. Much of the detrital 

traction may have been derived from reworked sediments 

since ohert grains, quartzite fragments and several quartz 

grains with worn overgrowths were observed in thin section. 

The question now arises; from where did these 

great thicknesses of elastics cone from? Where was the 

source area? In the early literature many writers hava 

been intrigued by the problem of the Northern Appalachian 

sediments and of the "land mass of Appalachia". Walcott 

(1891, p.365). one of the first writers to propose this 

Atlantic borderlands  suggested, 

"It la not improbable that the area of the 
great coastal plain of the Atlantic slope was 
then an elevated portion of the continent, 
and that much sediment deposited Burin, 
Cambrian and later Paleozoic was washed from 
it into the ueas immediately to the west." 

H.S. Williame (1.197, p.395) was the first to name 

the area "Appalachia", and ho implied that it was the source 



area of the later Devonian clastic detritua. Schuchert 

(1923, p.162) sub-divided the northeastern half of Appala-

chia which ho named Oreater Acadia, into the Acadian geo-

eynoline, the New Brunswick geanticline, and the borderland 

Nova Scotica. The New Brunswick geanticline, according 

to Schuchert, lay to the south and east of the St. Lawrence 

geoaynoline. 

Kay (1951, p.31), on the basis of abundant evidence, 

also believed that Middle and Upper Ordovician Silurian 

and Middle and Upper Devonian sediments came from the east. 

He suggested two possible source areas; "great crystalline 

borderlands formed prior to the beginning of the Cambrian", 

and "lands raised from earlier Paleozoic geosynelinal belts 

by intra-Paleozoic Fountain building". The second concept 

suggests that the geosyncline grew by a process cfcannibalism. 

The writer favors Kay's second suggestion for 

several reasons. All indications, the volcaniar, the rapid 

facies changes, suggest that the geosyncline was a region 

of great crustal instability. Stratigraphie information 

can be matched with ties of emplacement of acidic plutonic 

rooks during Devonian time. The Littleton Formation (Devonian) 

of New Hampshire contains rhyolite and trachyte flows; the 



Oliverian and New Hampshire magma series of the sale state 

are probably Middle Devonian (Xing, 1959).  Potassium-

arson dating of granites in southern Quebec and Newfound-

land indicates emplacement in the Devonian Period (Lowden, 

1951). It would therefore seen likely that within this 

Devonian geosynclinal complex positive areas of acidic and 

interrediate igneous rooks and sedimentary strata were 

shedding the elastics of the York River Formation. 

Rising cordilleras would furnish large amounts 

of detrital material, but it le difficult to explain how 

the detritus was reduced to the coiparitively small gain 

nice which to consistent along the length of the Gaspe 

Fasin (Stearn, 19591)j  Carbonneau,  1959j MoCerriglo, 1950). 

There nay have been fragmentation around small positive areas 

within the basin, but evidence for the existence of these 

is leaking. Djulynski, et al (1959) have reasoned that 

a powerful and prolonged source of sand rust be attributed, 

in most cases, to weathering of a wide area of subdued relief, 

and that large rivers transport the sand to the_sea. The 

feldspar content of the York River Formation is high, 

and it has been often suggested in the literature that a 
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high feldspar content le evidence of a nearby source, 

short transport and rapid burial. russc11(1937), on the 

other hand, has effectively shown that. along the Mississippi 

River for example, there is little dowretream change in 

feldspar content. Therefore it is possible that the 

York River sediments ray have been derived from a large, 

distant source area of low relief. 

The exact location of the source areas is unknown, 

but certain inferences ray be made from the information 

gathered Ito important conglomerates are present within 

the York River Formation, so an imrediate source area is 

not indicated. A northern source is probably eliminated if 

limestone was being deposited en the shelf area. It is 

unlikely that if the detrital fraction of a graywacke 

sandstone was derived from the north, that it could bypass 

the zone of carbonate deposition on its way from the 

Canadian Shelf to the Gaspe Basin. The marked thickening 

towards the south ray indicate that the source area is in 

that direction, 

Rivers can be barred from laterally entering a 

geocynclinal trough by flanking positive areas. According 



to Dju1yrski, et al. (1959), Kusnen (1957) has co pared 

this picture to present-day land-locked trenches, and found 

that the supply from the end is the rule. An important 

result of the mapping done by Djulynski et al. (1959) 

in the Polish Carpathians is the strong predominance of 

longitudinal transport in flysch troughs. It is as yet 

enigmatic whether longitudinal transport occurred 

in the Gaspe Laain , as vectorial properties are rare in 

the sediments. ficwever, Carbonneau (1959) believed that 

the current . direcotion, s.s interred' Prose the orientation 

of fossils, cross-bedding and ripple narks, was south-

westerly. This direction may well have been parallel to 

the axis of the depositional basin, but there is no 

evidence to sucgest that the measurements were taken at 

outcrop locations coincident with the trace of the axial 

plane of the basin. 

It to the belief of the writer that the sediments 

of the York Fiver Formation represent the first major 

influx of elastics into what had been a predominantly lime-

stone depoeitin7 sea. These elastics wore deposited in the 

Gaspe }chain as a result of the first pulse of the Acadian 

Orogeny, which deformed the geosy►nclinal belt in the 



latter part of the Devonian Period. 

7'e-rioter (1947) has attached an arc:-enio aicniti - 

canoe to the r.etaning of £lynch deposits, and, tratslatinz  

freely, he described flysch a3 "the deposits which 

i.::ediately precede the main paroxysmal phase or a mountain 

chain". The term flyach consequently expresses a close 

relationship betfeen sedimentation and oro3eniu processes. 

The York River Fo. ation therefore corresponds 

to the important class of sedimentary rocks known as flyach, 

both in litholo;iv aspeot and in position within the tectonic 

and orozenio fra:^c orka . 



CIi'+r T°.,?:t IV 

C CNCLUS IE?P3 â 

The following conclusions can be drawn s 

lj The York River Formation comprises ac^no4onçus, thick, 

riarinQ succession of gra;*wmcke sandstones, siltatones 

and shales. 

2) The York River I'orra.tion is part of an uninterupted 

depositional cycle, which continued through most of the 

Silurian and Devonian Periods. 

3) Faleontolo io evidence, based primarily on the presence 

of the brachiopod Ar.phiçenia, indicates that the York 

River Formation was deposited during the Onesquethaw ACe 

of the Devonian Period (Early Cnondar an). 

4) The Fortin Group, which crops out on the south aide cf 

the Heppel Syncline, is the stratigraphie equivalent of 

the Grande Greve and Cape Faon Ami Formations. 

5) The structural geometry of the area rapped indicates one 

episode of cylindroidal folding around a horizontal axis 

which trends at N.50.E. The dominant structure i3 

the ileppol Synoline. 

J~ 
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Igneous aativl.ty within the ,;eosynolina2, belt is 

evidenced by the intrusion of a diorite dike. 

Interpretations, based on a regional study, are as follows* 

a) The .York River Formation is a typical flysch deposit. 

b) Deposition of the York River Formation occurred in a 

rapidly subsiding, elongate geosynclinal troush, 

which has been called the Gaspe Basin. The rate of 

'deposition finally exceeded the rate of eub$idence, 

since non-marina deposits unconto: Mably overlie the 

York. River Â ortation to the east. 

a) Turbidity currents played ' an important part in 

tashionin the lithologie character of the York 

River Formation. 

d) Axial transport was probably n important factor in 

the distribution of the York River For=tion elastics. 

o) Deposition of the York River Fo:nation immediately 

proceeded they paroxysmal phase of Acadian deformation. 

Further work should be directed toward cxtondin the 

mapping of the York River Formation to the west, and 

investigatin.3 the structural geometry in that area. 

Particular emphasis should be placed on vector ial properties. 
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APPENDIX 

PILOT STUDY 

The object of this atu:y vas to determine the 

number of counts that must be made in thin :cation in order 

that an accurate and representative c:inera1 composition of 

the rock can be obtained. This condition was satisfied, for 

the purpose of this study, when the arithmetic mean (X) was 

stabilized and the standard doviaticn (s) for each capotent 

(quart:, feldspar and matrix) fell below 5Ç. 

Six thin-sootions, chosen at random from the York 

hiver Formation, were investigated on a statistical basis. 

Fcr each thin-section, a total of Goo counts were cade, 

and these results are shown on Table 5. The following com-

ponents were recorded: quArtg, chart, feldspar, matrix, roc% 

fragments and unstable minerals, No division as to the. 

type of feldspar counted was cade. The main difficulty 

lay in determining what size quartz grain should be counted 

as 'quartz,, and what should be included along with the 

agillaceous matrix. Gilbert, (Williams, et al, 1953, 

P. 297) has mentioned this complication and bas suggested 

that any fragment less than 20 microns should be included 

in the matrix; this suggestion was followed. The counts 
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ocre made under redium power. Traverses swore made across 

the slide by moving a mechanical stage one division at 

a time, the grain directly under the cresshairs being counted 

each time. 

These data wore treated in the following mariner. 

The variance (s2), for the components quart, feldspar and 

matrix for each modo (25,50,75,103 . . , . .600), 

lated using the following formula: 

52 = ~ _ Zl - 	1.J 

~CJ  

was calcu- 

    

N-1 

Where ;l is the total number of slides examined in the pilot 

study, and x is the number of counts of each individual 

cor^; onent, L(x`) therefore is the sum of squares and (I x)` 

is the square of the serti of six counts. The standard devi-

ation (s), which is simply* the square root of the variance 

(s ), was calculated, as well as the arithmetic mean (i). 

Tho latter, in this study, is the sum of six counts divided 

by six (Table 6). 

To illustrate the results graphically (Fie. 13), 

the arithmetic mean (x) has been plotted against the number 

of points counted. The arithmetic mean (X) becomes stable 

after approximately 300 points have, been counted. The 

confidence band outlined-by one standard deviation (s) on 

II 



either side of the mean has also been constructed. htie 

300 points both quartz and feldspar have a standard 

deviation of less than 5%. The matrix, however, has a 

cttrndard deviation of 5.255, but it was decided that the 

necessity of counting CO1 	oro grains in order to low=er the 

standard deviation by O.3)Ç was unnecessary for the purpose 

of this study. 

Arkin and Colton (1939, P.31 point out that if 

an a..aunt equal to one standard deviation is calculated 

on either aide of the arithmetic wean, 6.27% of the values 

will be included within the limits indicated. 

This team that in 63.27% of the cases, for a 

samples chosen at randoo, the finer al ccrposition will bet' 

Quartz . 	37 ' +  . , . . • . . • • . . r . 	i • ~•,~ `"2.7g    

raeldapar . 	 13.25 - 3.7% 

Y ~ Y  ~ ~ rial • . . • • • • 	 . .35.0%  ~ 5.25%    
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TABLE 5. 

Modes Determined At Intervals prom 25 To 600. 

THIN- '5 'MOT •• c• X- 50- 4  

T•T*.t. p...ue• -a C_►.itRT F'~~oa►..! P-r...-cis.i,. 2.k. Fv.a. 

15 11 3 5 5 1 

So 19 5 11 11 -4 

15 2.3 10 14 14 L 

lo0 4o lz 19 21 8 

150 6o 14 24 39 R 
100 19 11 31 53 1 z 

8o0 116 34 AS 93 l9 

4ao 141 10 6 2 134 21 

6oO 144 33 15 112 3i. 
b Co 2~4 11 9 L i.00 39 

TNIN - S6G7k0rW X-50-5 
• 

TOT.~%_ G7u.V[TZ GM1ZICT Ft 6-13sP1‘.R f`T.6.TRiX R}(. FRI.FS. 

2_5 13 o Z 1 O d 

Bo 20 2. 4 23 I 

15 31 s 4. 2.0 3 

l 	0 40 1 9 39 S 

150 Si. 10 15 G 3 4 

100 11 I 4 l8 115  $ 

ôCb 115 al 23 123 12 

40o l53 38 11 lGt: 1G 

SM 195 44 40 2A3 18 

600 241 41 5 l 2 31 18 

"T•rirv- S¢GTIo/4 X- 50 -%  

TOT~1- C;:, .+ARTZ GFyQizT FIE ~Di1'h! M,..TGh• R+c• F~...65. 

a.. 5. 1 I S 1l 1 

So 16 g 8 11 s 

15 24 1 13 2.4 1 

100 35 % IV 33 1 

1 So 47 14 24 61 17. 

Zap /og 11 30 11 14 

300 loa 2.1 41. 10S 19 

400. 134 34 Lb 14 2 2-1 

5pp 164 33 30 115 32 

620 19% ' 4 c 91 219 4 3 
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TABLE 5. (cost.) 

TN • 1-4-  SQ'_.-r.  . • N 	X - fo - -/ 

TOT.wI. (?uAtTZ Gt-tfattT f2.i1=Tole. 1+T/:Tlit-tfr 'WK. C1t/.45 

23  II o 3 9 2 

Z o 1I 1 4 24 1 

`1s at 5 1 N 3  

teo 4o 9 9 3 y' 3  

1 So $2 lZ l5 64 5  

4 O0 G(e  I S 2t wit 1 

30o ttt 2a 3; t2.3 ta 

-Qoo 149 31 Al tt.o t 3 

i-)oo le  37 Ss t,3 19 

b 00 i Si -44 GG t st u 

T.+t rt -'5111:c_T% o 1.4 

TO Tot- 41u0R.TL GMttcT Ft1.425/940.R t"tLTo<ix ItK•ixlkjss 

2 5 '1 (, ..i 7 I 

4o l6 9 1 14 1  

15 24 t  4 15 
I- 

1 00 34 l4 (( 11 2. 

130 60 24 2e • 44 2. 

lop -18 23 21 46 L 

Soo t to a{o .12 GY) `  'i 
400 t44 se 56 134 to 

Soo t12 •5 G9 122. 12_ 

600 21 3 -1 3 S 1 2t9 13 

T►.I.v-_,e,_TtoN x—SO- 9  

TeT".L 41 uh.MLTL Gh1i's.R-T F-ttLD3P►.ti MI.Tt<t ,t R1Ci F'ltAtS 

5 t6 0 0 

So 32 0 4 t  0 

15 -41 2- tt t$ 3 

too .e9 2 is 23 5 

t5o 12 9 '24 39 4. 

Loo aji ll, 36 53 4 

Soo (21 22 '53 515 12 

40o Ill 32 Z( t( t 15 ,. 

	Spo 214 bB 91 , 	13>i 19 

4.5!'7 mss -{-T _ 	to/ 11Z 10 
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TABLE 6. 

PILOT STUDY DATA SHEET. 

QUARTZ . 

~c lLx z (.,_ 
x~~ *S4 )(C..-%)

' 

5 5 C. %) X 

2-S 65 Z 65 704. t2•2 35 I4.o to-g 4G•5 

5o ta* 2,1311 2563 350 59 lt 8 10•-[ 4t • 4 

IS t84 SO48 5645 32'2 5-T T.0 3o--•t 42•5 

too 236 9,44G 9,2.83 32 6 57 s-rr 39 3 39•4 

3g .p 	i t5o 3•45 3.01673 20,300 6, o B I 5 4 58.2 

zoo -459 35,5ts 35,(14 Tso 2 9•0 -a 5 14•S 37 3 

300 683 7E,095 17,747 En 4 4?-3  L-7 u3s 3rTt 

-aoo °302 t3L,32o t3S,bot t434 tt•g 2• .1G tso•3 3T•5 

Soo t 1~1 3..tt,021 101,44o 3t4.•2 tT•8 3 gS t86•"it 3`TL 

Goo t 31I 315,173 3t3,2rl•4 -493'7 2Z•4 3•Z2 1zB 5 380 

MATRI X 

~ K L 5~Z C~~j J
• 

Z S cJ~wa~) X X 6-1,',/,) 

25 4-r 4o1 368 6•g z.•6 ,o 4 ?V 3t'o 

So toi t4'f48 12'-t34 22-4 4-g c). SS t•t•o 34-0 

5 (42 3522   5,341 

6)144 

32.3 _.. 5 rt' i G _ 	217 31 5 

►oq (12 6,470 
(too t2. 

30,32.4.) 

454 41 S 1 320  320 

(So 3o4 _-~ t5,302. t421  it s Q Se •1 33-g 

200 -4 24) 29,40o t$4 o # 	t3G 63 'Too 350 

3oo 62.13 66,358 45131 245• S~ (5 .7 ÿ23 to4 6 V5 (25 

.(co 84g 122)o53 17.0,134 3(11 ,:, 9.g 4 oi 141.5 3S-4 

'Soo toil 156, '7E1 tg4,04o 541 4_ 134 4 6 113-H  35 2t.', 

6.00 1 2r7 8 11S,o34. 212 ,214 564•4 ~3$ 3-p}  zt3-o  3s s 

FELDSPAR. 
__ 

x xz 
L-x)

/
2/ 

_ 5 Cl:,%) ?C xC,r1%) 

25_ 23 _____ `d8 _ 	t  -- 	1 Z- -4g 3'a  r ts 2 

So <110 3o2. 24.7 7 I .2 1 5 4 L'j t a -4 

15 54j 635- St/3o 11•o 33 -4a too t3•4 

too ?9 1125 1jo4o _ t? o -S 	i '> t 13 2 13 2  

I 50  (24  
T— 

' 	2,cZ_8 2,563 
23 1 

.j.g _ 	3.2. 2..0•-T 134 

Z40  14.4 4; (t.}. 
--- 

4/433 
-- 

A6.3 Gr -4 27. 3 134 

Boo 145 p,Gll I;oo•4 1  II•a 31 40•1  113•Z 

4pq  324. t8,9g 1.1,Tt3 2 13•I 1ÿL 3.9 54-3 t1 .4 

Sop  4o8  25,4/4 2-/,14••a 346•4 18 G 3.7 GS• o 13.4, 

da" 43,155 -4t,5oo G,.00 
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VI 



One Standard Deviation on either 
side of the Arithmetic Mean (X) 
(same scale in %)  
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MAP 8. 
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TABLE 
	7. 

Mineral Composition of Samples 

Sample 
Number nuartz Chert Feldspar Matrix 

Rock 
Fragments 

X-50-1 40.3 7.3 11.0 33.3 8.0 
X-50-2 38.3 5.3 9.3. 41.3 4.0 

X-50-3 41.7 4.0 11.3 37.7 5.3 
X-50-4 32.7 5.7 16.0 35.7 6.7 

X-50-5 44.0 h.7 1).3 38.0 2.0 
X-50-6 30.6 6.3 J7.0 38.0 8.0 

-. 

X-50-7 42.0 8.0 11.0 36.0 3.0 
X-50-8 34.3 11.0 13.3 40.0 1.3 

X-50-10 30.6 6.0 11.0 42.0 4.7 
X-50-11 43.0 5.7 7.3 39.0 5.0 

X-50-12 39.0 3.7 7.3 44.3 5.7 
X-50-13 44.3 4.7 7.0 38.3 5.7 

All values in percent; determined by 300 point counts. 
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TA8 LE 8 _..__~-.. 
STRUCTURAL DATA 

YORK RIVER FORMATION 

BEDDING 

50/50 N# .# 	40/80 SE. 
50/90 	 60/70 SE. 
50/90 	 Horizontal 
80/80 S. 	'75/90 
30/90 	 70/90 
60/90 	 65/90 
65/80 SC. 	40/25 SE. 
50/90 	 75/40 NW. 
55/90 	 35/35 SE. 
65/70 SC. 	40/65 SE. 
75/90 	 40/1S SE. 
60/80 SE. 	60/90 
75/90 	 55/75 SE. 
55/60 SE. 	55/90 
40/15 SE 	50/45 SE. 
30/60 NW. 	Horizontal 
160/10 E. 	35/25 SE. 
55/80 SE. 	Horizontal 
50/80 SE. 	50/35 NW. 
50/80 SE. 	50/35 SE. 
50/80 SE. 	SS/90 
62/80 SE. 	55/90 
55/90 	 45/80 SE. 
Horizontal 	IIorizontal 
60/80 SC. 	45/80 SE. 
50/20 SE. 	45/80 SE. 
45/65 SE. 	45/45 SE. 
35/62 SE. 	45/80 5E. 
35/69 SE. 	45/80 SE. 
35/70 SE. 	100/15 N. 
60/85 NW. 	60/80 SE. 
50/70 NId. 	SO/90 
50/70 NW. 	50/90 
60/90 	 50/90 
60/90 	 50/80 NW. 
50/45 EC. 	130/18 C. 
50/90 	 50/90 
45/70 SE. 	75/80 NW. 
35/70 SE. 	55/80 NW. 
45/70 SE: 	50190 
55/80 SE. 	40/90 
55/90 	 '35/90 
55/80 SE. 	45/80 NW. 
Horizontal 	70/40 5E. 
35/90 	 80/15 S. 
50/70 NW. 	65/32 SE. 

FOLIATION  

Horizontal 	60/90 
70/40 SE. 	60/90 
60/80 NW. 	60/80 NW. 
40/80 NW. 	65/90 
40/45 SE. 	60/90 
30/45 SE. 	65/90 
30/90 	 25/90 
50/90 	 45/90 
55/90 	 70/90 
55/72 NW. 	55/10 
75/75 NW. 	40/90 
60/55 SE. 	40/90 
75/90 	 30/90 
40/90 	 35/90 
60/90 	 60/90 
60/:0 	 ✓S/90 
120/40 NE. 	50/90 
135/15 NE. 	50/90 
50/90 	 35/90 
60/80 NW. 	.,C/9 0 
40/SO NW. 	40/90. 
60/90 	 55/90 
45/90 	 55/50 
Horizontal 	451805E. 
50/30 SE. 	50/90 
50/45 SE. 	50/80 NW. 
55/90 	 40/80 SC. 
60/80 4E. 	50/90 
60/90 	 55/90 
65/90 	 35/90 
60/90 	 55/9 0 
70/85 SE. 	40/75 SE. 
70/90 	 50/90 
50/5 SE. 	60/80 NW. 
65/40 SE. 	60/80 NW. 
70/60 SE. 	40/90 
70/60 SE. 	60/90 
60/30 SE. 	75/90 
60/30 SE. 	S5/90 

55/90 
50/80 NW. 
4û/S0 SE. 
50/80 SE. 
60/90 
65/70 NW. 
70/90 



TABLE 8 (continued) 

YORK RIVER FM. (cont.) 

FOLIATION 

GRANDE GREVE FORMATIOii 

BEDDING FOLIATION 

60/90 65/90 50/80 SE. 
60/90 SO/S0 	SE. 50/90 
60/90 75/70 	SE. 50/90 

55/80 	SE. 60/45 	SE. 45/90 
55/90 120/15 	SW. 45/90 
60/80 	SE. 45/40 	NW. 45/90 

60/90 30/35 	NW. 50/90 

60/90 45/50 	SE. 50/90 

55/90 55/60 	SE. 45/90 
50/90 55/70 	SE. 40/90 
45/90 55/55 	SE. 40/90 
45/90 50/40 	SE. 50/80 SE. 
50/45 	NW. 45/25 	SE. 40/90 
85/90 45/15 	NW. 40/90 
55/70 	NW. 140/10 	fini. 45/90 
55/90 50/20 	SE. 40/90 
80/90 60/35 	SE. 60/90 
45/90 5O/50 	SE. 40/90 
60/90 50/50 SE, 40/90 
50/90 50/40 	SE. 30/90 
45/80 	NW. 45/15 	SE. 60/90 
45/80 	NW. 60/80 	SE. 60/90 
45/80 	NW. 45/60 	SE. 60/90 
30/90 50/90 55/80 KW. 
45/90 55/75 	NW. 45/90 
45/90 50/90 50/90 
50/90 75/55 	SE. 45/90 
45/80 	SE. Horizontal 
45/90 135/15 	SW. 
40/75SE. 30/60 	NW. 
45/90 160/5 	W. 
35/90 Horizontal 
40/90 80/30 	S. 
30/90 90/50 	S. 
30/90 30/20 	SE. 
50/90 60/30 	SE. 

75/40 	S. 
70/50 	SE. 
90/45 	S. 
7Q/30 	SE. 
65/40 	SE. 
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TABLE 8 (continued) 

CAPE BON AMI FORP;ATIOiJ FORTIN GROUP 

BEDDING 	FOLIATION BEDDING FOLIATION 

55/70 	SE. 	50/90 40/90 40/90 
55/35 	SE. 	55/90 50/25 	SE. 50/90 
70/70 	SE. 	55/90 0/0 50/90 
60/90 	60/90 Horizontal 60/90 
40/45 	SE. 	40/80 	NW. 55/80 	NW. 45/90 
45/45 	SE. 	46/90 40/90 65/90 
45/20 	SE. 	55/90 35/85 SE. 
40/32 	SE. 	55/90 40/90 

55/90 40/90 
45/90 35/90 
40/90 70/90 

40/90 
ST. LEON FORMATION 30/90 

50/90 
BEDDING 	FOLIATION 50/90 

20/10 	W. 45/90 
110/8 	SW. 50/50 
45/15 	SE. 55/90 
50/15 	SE. 60/90 
4S/15 	SE. 25/90 
50/50 	SE. 45/90 
55/70 	SE. 50/90 
65/65 	SE. 35/90 
Horizontal 40/90 
70/65 	SE. 50/90 
50/70 	SE. 30/90 
50/10 	SE. 
Horizontal 
55/20 SE. 
140/10 NE. 
160/10 NE. 
Horizontal 

#First number refers to strike, second number to dip, followed 
by direction of dip. 
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