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CHAFPTER I
INTRODUCTIOHN

1. GENZRAL STATEMENT

Thia study s privarily ccncernsed with the
petrology, astratigraphy and strusture of the York River
Formation, the lowest unit of the Caspe Sandstone CGroup
(Devenian), The area chosen for study 1s in the south-
wastern part of the Rimouski-}atapedia area of southeastern
Quebéc (Map 1).

The distribution of lithology, the tectonic frame-
work‘of pedimentation and the environment of deposition are
also exarmined. Fosslls were collected but no atterpt s

rade to make a detalled palecntologlical atudy.

2. FIELD WORK

A coubination of thick glacial till, dense foreats,
and the locaticn of the area aleng a main drainage divide,
results in a lack of continuous exposure and diffisult

mapping. The writer became femiliar with some c¢f the reglional

‘1‘
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angd ntratigraphicvprcblems while capping similariusks east
of the present area in 13557, Four weeks were spent
rapping the York River Formation 4n the Rimouski-Matapedia
area in 1959. Access to this area 18 fairly good, by
gravel roads. Advance topographic meps, 27 to 1 mile,
prepared by the Department of lines 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.
¥any of the roads have been constructed recently and are
Anot shown oﬁ thé photographs. The Yest expocsures oscur

in cuta aiong'tﬁe'rééda; the streams cut through the thick
glacjial ti1l1 =nd;fo} tha most partvare atiil clogged with
this material. Many streams were traversed using pace and
conpass rethods, but in general did not provide muﬁh‘rack
exposure.

‘Jean Claude Dube and Denis Oacne were field assistants.

3. CENERAL GECLOSY CF GASFZ

The Caspe Peninaula and the Rimocuski-Matapedia area

are part of the northeaatern end of the Appalachian mountain
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system on the continental mainland. The rocks comprise
folded and faulted Paleozolic sedimentery strata intruded
by granites, diorites, dolerite dikes and gerpentinites.
The reglonal structural trend 4s appreximately parallel to
the arcuate cutline of the peninsula.

'The rocks of thes sedimentary c¢olumn can be
divided into four sequences, separated by three striking
angular unconfornities (Fig. 1). The ternm “sgquence“, used
in the sense defined by Wheeler (1953, p.105)), "is a preserved
stratal asasemdblage which i unconrofﬁably seporated from
underlyihg\and overlying rocks”. The oldest seqQuence
consistas of the Haqueraau Group,‘the Shickshoék Group and
the Murphy Creek Formation, all of which aro pre«MiddleA
Ordovician. The Raqueréau Group, which crops out enly
in southeast Qaspe, vomprises matémérphesed unfesailiferoua
graywaokea.and greanstcneé, ﬁbereas the Shickashock Gréup,
which crops out in noéthﬁeat Gaspe, comprises mainly hera-
blende~chlor1té gohiaté; Mccerrislg (1954) hss inteépreted
the latter as metambrphéaed'hasie to iﬁtermediate voleanics.
The fpaailirerous limestones and shales of the Eu}phy Creek .
Formation (Upper camﬁrién) crep‘cutzin eastern Gaspe. The
stratigraphic relaticnships between these three isolated units

18 as yet unknown.



Examples of lithologic units

(not necessarily in stratigraphic

]
o
[
[ J
-
-4
v {General Lithology Age order ) _
.. 0 o °o°"o"o'5°" 500&00:‘
es e B S booE
a IO R A M LI CARBONIFEROUS BONAVENTURE CONGLOMERATE
A Dol GASPE SANDSTONE GROUP
5 5 LAKE BRANCH FORMATION
DEVONIAN YORK RIVER FORMATION
GASPE LIMESTONE GROUP
AND  GRANDE GREVE FORMATION
CAPE BON AM! FORMATION
SILURIAN FORTIN BROUP

CHALEURS BAY GROUP
ETC.

UPPER AND MIDDLE

-~ ORDOVICIAN

MATAPEDIA GROUP
NORMANSKILL FORMATION
DEEPKILL FORMATION

MICTAW @ROUP
E£TC.

PRE- MIDDLE

ORDOVICIAN

ode
j“‘ y MAQUEREAU GROUP
£ SHICKSHOCK “SERIES"
3 :o" ' A :.'_
HEHNEVE O MURPHY CREEK FORMATION
’:‘;'« v.""h
VALY S40) -
y; '_':- Jd/L.0
y ‘ 2 J ‘.:.l..
v :"‘ .

GENERALIZED . DIAGRAMMATIC SECTION SHOWING
RELATIONSHIPS IN GASPE.

FIG. I.

STRATIGRAPHIC AND STRUCTURAL




-6 -

The seccnd sequence includes the !M1ddle and Upper
Ordovicien strata. This serles of closely folded conglon-
Verates, pandstones, shales, tlates and lirmestones l1s uncon-
forrmable on the first sequence. This unconfermable relaticn-
ghip 13 best seen outside the theéisAarea in southeastern
Gaspe, where ccnglomerates of the lMiddle Ordovician Mictaw
Group overlie tha Maquereau Greup (Ayrten, 1960).

Overlying the second sequence, with anzuler uncon-
formity, are folded Sillurlan and Devenlan strata, generally
referred to as the Gaspe Limestone and Gaspe Sandstone
Croups. ‘V0108n108 are present in this scquence. Crilckray
(1932) believed that the unconfeormity separating the second
and third sequences 18 evidence of the Taconic Orogeny,
which caused deformaticn of the Rerthgrn Appalachians during
the Late Ordovician. |

The third sequence 18 unconforrably coverlsin by
aubhorizental Carboniferous red non-marine conzlomerates ond
gandstones of the fourth sequence, (Aleock, 1935, p. £9).
This third regional unconformity i3 attridbuted te the Acadian
Crogeny, the last majcr orogenic episode to affect the

Northern Appalachians (McOerrigle, 1650, p.105).



VOlcanics ore gasoclated rainly with the first ard
third sequsnces. Intrusive ignecous rocks mre found, but
are not widespreéd. A lerge granitic bvody intruded
Crdovician atrata 1n north-central Gaspe, and two tands
of éarpentinitea,can be outlined roughly. Dikeas ana 81113 .
of rhyolite, dicrite and dolerite are commen throughout

the peninsula.

4, FPREVICUS WORK

Mo previous work has been done within the area
maﬁped by the writer. Since the Gaspe.Sandatona Gfoup and
the York River Formation in particular, crep out aléng the
leggth of the Gaspe Peninsula, a considerable azount of
work has been done nlsewhere on these units (Map 2). |

. :ﬁch of ths early work has been concerﬁed with
esfablishing 1ithelogic units, butlinin; thelr “eal distri-~
bution and determining tbeir‘géologia age, ‘Prominent amoqg
early worké*a wag Sir Willism E, Logan-(lﬁﬂ5. 1*k5 1?63);
who first outlined the two major litbolovio unita of Devonian
age, namely the Ga*pe Ltrea*ona Group end the Gaapa Sandstcn&

Group. "he early literature 1is extensiva and deals alrost






entirely with eagtern Gaspe; a corplete historical survey
of these publicaticns 1s veyond the sscope of this thesis.
However, the develcpment of the terrinology pertaining
to the Devonian strata and the varieu5 1ntérpretaticn§ of
geolozic are are related in Tevle I. ¥cGerrigle (19%50)
published an excellent ccﬁpilation of the work up to 1950,

Western GCaspe, in ¢ontrast to eastern Gasbé. was
exarined by only a few workers pricr to 1950. The rocks of
the Matapedia Valley ware first examined by Logan (1563),
who descrited strata which h@‘bélieved correlative ﬁiﬁh;4‘
the)Gaaﬁa Sandstone Croup of eastern Gaspe. These rocks
wera eritically recxamined by Alocosk (1935), who deacrived
their litﬁblcgy and generai atrgtigraphie relstionshirps,

'51nae 1950, quedrangle mappling b§ fhe:Qg@beo- -
Department of MNinea has ccontinued to outline thg areai
diatributibh of Devonian strata and attenticn has been focused
on petrosraphy, stratigraphy and variations in lithclégy;
(cCerrigle, 1950, 1953, 1559; Carbonneau, 1953; Siaarﬁ;.
165%a & b3 Beland, 1650.)

Beland (1960) mopped an area immediately weat of
tha Matapedisa Valley, and data from the writer's preliminary

field rmap were insorporated in Deland's report.
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CEAPRZR 11X

CEOLCGY COF THE SCUTHWZISTIRN RIVCUSKI-MATAPEDIA ARZA

1. STRATIGRAPHY

A sunmary of the unlts studied, lithologzic descrip-
tionsg, tratigrapﬁic relaticns, ete.. 48 included in Tsble
2 on the followinz page, and a gensraliczed wep (Map 3) is
a8ls0 included of the geology of the Heppel Synsline.

The oldest rocia examined occrprise the St, Leon
Forration of Silurisn age (Crickmay, 1932). This unit is
oyerlain by the Lower Devonian Cape Bon Aml and Grande
Greve Formations, which comprise the westward extension
of Lozan's (1245) Caspe Lirmestone Greup. Cverlying the
Grande Oreve Formaticn 1s the York River Formation (Lower
Devenian), whiceh represents the westward extension of Logan's
(1745) Caspe Sandstone Croup found in eastern COszspe. The
Fortin Group (Lower Devenian) underlies the York River
Forration in the southern part of the area, and 48 considered
by the writer to be correlative with the Cape Bon Azl and
Crende COreve Formations which arop ocut in the nerthern part

of the area.

- 11 -
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'The Lake Branch Forﬁatlon (Devonian), (Stearn;
1656t) 13 insluded in the stratigraphic column é@aause it
conformably overlies the York River Férmati¢nﬁapprox1-
rately 156 riles northeast of the Aréa gappeé.. Consideraticn
of the strusture, stratigraphy and sedimentation of the

Lake Dranch Formation 13 essgntial to regional interpretation.

3t. Lecn Forration

The term St.kLeon Ferrnation is used by the
writer to refer to thosa gray and'green'calcaredus gilt-
stones and rine-graineé ﬁandztoneg which uﬁ@erlle the Cape
Ron Ari Formatien w;thin the area rmapped.

Thiso rormatiog was only examined briefly to
establich the ocontast relaticnships with the overlying Cape
Zen Ami qumation. It has been examined in consideradble
detall by other workers east\or the arca mapped (Crickmay,
1932 Stearn, 1959 & & b; Burk, 1559, and Beland 1960),

The S:. Lecn Formation crops out over much of the
area to the north of the ﬁbppel gynoline (Belénd, 16860), but
has not been identified scuth of the n&neline; The type

seztion is located near the village of St. Leon le-CGrand,
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Pinault Township, Electoral District of Matzpedia
(Crickray, 1632), approxicately 16 miles northeast of the
area mapped.
The tase of tﬁe forzation was not seen, but about

G riles to the north of the area napped, Beland (written
communication, 1961) observed the St. Leon Formation
ccnforhably overlying the Sayabeo Formation at Laé des
Eoux Mcrtes, Graptolites found by Beland (1960) and
Stcarnv(1959b) in the St, Leon Formaticn indicate a
Ludlovian age, or Late 811ﬁrian in the Ncrth Agefican
terminology.
| | Ko thickness messurements were made within the area
rapped, Beland (1960’) esticated a maxirum thickness of
7.300 feet to the north of the pregsent arca. From
Aasocciated Developrents Causapscal No.‘l well, drilled
during 1953, (Lot 20, Range I, Lepage Township, 2} miles
northwest of Causapscal) Deland calculated s minimum thicke
ness of 6,365 reetl(Stearn; 1655b, p.19).

- vThe St. Leon Formatiecn comprises interbedded
calearecus sandy siltstones and fine-grained sandstenos,

which are dark greenish gray in coler 5 GY 4/1 (G.S.A., 1951).
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The beddinz i3 usually well displayed, with sandstone
beds up to 2 fest in thiclkness alternating with thinner
bada of siltstone. A distinctive zone of very finely
lJaminated, dark gray calcareous siltstone i3 present nsar
the top of the unit, Ccnvolute beddinz was found in
geveral cutereps, indicating scmo deformatlion while the rocks
were still ina plaaiié state, The St. Lecn Formation, in
overall nature, is wuch more reslatant to weathering than
either the Cape Bon Ani or (Grande Greve Foimation. It
weathers to a 1ight brown color. Nodules of dark gray, very
calcarepus glltstone, 3 inches in diameter were found
scattered throusgh gray gandy siiltatone at one;outeroy.

A three inch bed of volcanie sandstone composed
of at least 20 ﬁercent rounded frazments of fine grained
andesite exhibiting trachytic texture was found near the
tep of the 5t. Leon Formaticn (Fiz. 2). The rest of the
datrital fraotion is corposed of quértz, chert, plagioclase,
potash teldspﬁr and some individual crystals of calcite, |
cemented by iron-stalned carbonate. It 48 intereating to
note that Stearn (1959% p.17), working 25 riles to the northe

east, also found a two inch bed of tuff near the tep of






the 8t. Leon Fermation, which has a sicilar compesiticn,

In additicn to & distinct 1litholezic differense,
the 3%. Lecn Formation dces not possess the well-developed
alesely spaced foldaticn so characteristic of the overlying
Cape Bon Ard Formaticn. Poorly developed foliaticn,
statistically parallel toc the exisl plazne, 13 present
within these sandstcnes and ellistcones, but the rock rarely
cleaves aleng the follation planes., In thin zection the
fcliation planes appear as thin poorly develeoped fractures
along which there 48 no apparent preferred orientaticn
of micas or quartz. A discussion of the feliatlon 13 found

in Chapter II, Strustural Geology.

Cape Bon Ami Forration

The name Cape Bon Azi Forration was proposed by
CIafké (1507) to refer to divisicna 3 to § of Logan's |
Torillen Peninsula section of the Gaspe Limestone Oroup.
The formaticn has since been traced the lenzth of the Gaspe
Peninsula (Malerrigle, 1553). Stearn (1559b) recognized
the Cape‘aan Ami Forration and the Grande Greve Forsmatien

in the Matapedia Valley, and suggested that the term
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"Causapscal forration” (Crisizay, 1933), which included
boéh these units, be abandoned. Mapping west of Stearn's
nred, the writer was able to rap both these formation, but
cnly cn the north side of the Heppel synsline {¥ap 3).

The contact with tha overlying CGrende Grave
Forraticn was noﬁ geen, tut 1t is thought by the writer
to e gradaticnal and cenformable. The Cspe Ron Aml Forma-
tion 18 conforrably underlain by the St. Lecn Formation
cver rcst of the areca. Alenz the Rirmouskl Piver there is
evidenze of réﬁlting, which may be respcnsibla:for the rarked
thinning ¢f the Capa Eon Ami Feoreation (éee Chapter II,A
Strustural Coolozy).

Tha Caﬁe Een\Ami Feorration has chly been recogniczed
by the writer ocn the north lirb of the Heppel synsline, but
the hypothesis that these rocks are the lateral equivalent
of the Fortin Group, which crop out on the south side of the
syneline, will be presented in Chapter 1I, Forﬁin Greuv,

0 foszils wcfe foénﬁ in the Cape Bon Ard Formation
within the area rapped. btut to the east, fosslla collected
by Stearn‘(IQSQb, p.25) and}Eeland‘(IQSO) indicate a

Heldérbergian aze for the unit, Ths fessil collecticns are



poor, and therefore the age of the Cape Bon Api For¢a~
tion is 8t111 questicnable, | |

Ko coﬁtinuoua exposures of the Cape Beh Azl
Fermation were found within the area rapped, but 2n estimate
thickﬁeéé of 1,500 feet was computed from structural cross-
sections (Fiz. 11).

The Cape Bon Aml Formaticn is véry poorly exposed
in this ares, due %o iis well-follated end calcarecus nature.
Fost exposures are brown &nd deeply weathered. Where un-
weathered rocks occur, as along tha Rimouéki River, they
are dark gray .3 (0.8.A., 1951), well-foliated limestones
and 811ty lizesatcnes.

-The bedding 1s best seen on weathercd surfaces,
and 13 faint on fresh surfaces. The thin, 1/10” - §" beds
¢l 811ty limestone appear lishter in color than the dark gray
1tcestone, with which they are interbedded. These beds of
311ty lizestone often contaln szall cubes of diagenetic
pyrite. The silt content within the silty lirestone 1s
corposed mainly of detrital quartz grains with oinor amounts
¢f ruscovite. A closely spaced foliatlon, parallel to the
axial plane, 1s well-develcped witnin these rocks. In thin-

section, 4t can be geen that the rock i3 2ut by a ryriad of
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anastomozing frastures which are curved arcund individual

detrital graiﬁa and produce an "auzen” or net-like texture
cn a microsccpgc scale., A discussicn of the feliaticn 1is

found in Chapter 1Y, S:iructural Geoslogy eand the texfuro

is $1lustrated in Fig. 12a.

Urande Greve Formation

" The name Grande Creve Formation was proposed by
Clarke {1507) to refer to the two vounges*t divisions (units
7 and ?) of the Caspe Limestcne of Lozan (1745). Clarke's
typa-gection on the Forillen Feninsula in eastern Caspe
proved unsatisfasztory because tho litholegie criteria
uged in saparé:ing the Oranda Creve Formation from the
Cape Don A=l Pormaticn have not been resosnized elsewhere
in Gaspe. Mcﬂerrigia (1950, p.64) redefined the Grande
‘reva'Fcrmation at the same locality, including an additicnal
500 feet which had previously bveen assignea to the Cape
Bon Ari Formation The base was defined a3 the first
“appearance of hard, cherty to siliceous linmestones (or
calearcous siltatenes)”. The upper contast 482 rarked by

the first appearance of the Caspe Sandstone QOroup.
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Stearn (195%b, p.26) has pointed out, that as the Grande
Creve Forration is traced to the west., its lithology changes
{rom a cherty limesticne to the predorinantly silty line-
stone found in the Fatapedia Valley. 7This lateral change
in litholezy can be traced furthesr to the west into the
Rimouski-latapedisa erea, where the licestonss bvezome sandy.
Cn the basis of the stratigrarhic position and the
calcarecus nature of the unit. the nare CGrande Greve
Pormation woculd still appear to be applicable. 7The
introduation of a new term for tha unit would only confuse
tha already c¢omplicated terminology.

The O-~ande Orave Forration has been recognized by
tha writer on the north lirh of the Heppel synoclins, where
the unit 48 conforrably overlain bty non-calcareous sand-
stones and silltstones of the Yori River Formation. It s
probable that the Orandes Grave Formation is the lateral
equivalent of the Fortin CGroup, which cutoreps on tha south
side of the Happel syneline (Mep 3). This relationship is
discussed in more detall in the followinz sestion degling
with the Fortin Group.

The thickness ef the Grande Greve Formaticn is

estirated from constructed structural cross-seetions to bve
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approxirately 2,600 feet 4in the castern part of the area
(Fiz. 11, A-A'). Folding coupled with the lack of exposure
in the western part of the area, rake gifficult an; attempt
to estimate the thickness.

Very few fc531ls have been found in this forza-
tion 4in western Qaspe, and consequently the unit is not
satisfactorily dated. In eastern Gaspe, McGerrigle
(1550, p.73) placed the unit in ths Oriskany on the baais
of “rare rosaila" asgizned &8 Halderberg-Oriskany aze to
the CGranda Greve Forration of the lMatapedla Valley.

¥Within the area mapped, the Grands Greve Forma-
tien comprises interbedded calcarecus sandstones and silt-
stoneg. 7The formation is seen bvest along the road Jjust
scuth of Lake Kedgewlsk and Just north of Lake Ho. 2.

(Map 9). The color of the sandatones and siltstones i3
medium gray or N. 5. (G.5.A., 1951). The bedding 18 well
d1lsplayed con the dark brown weathered surface, vwhere the
more calearscus sandatone beds appéar dark brewn in

contrast with the gray silty layers. Eeds of both siltatone
and sandsteone range from 1” - 2" 4n thickness, thin {cne-

tenth inch), disrupted beds of siltatone ocaur within the
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sandstcne tods. The bedding 1le sharply cutlined and dips
corngintently to the southeast, Kowever, on & s7all scale,
the thin beds have & wavy appesrance, thickening and
thinning with 'flaves' of sandsteone (1" - 1) which have
intruded the coverlying siltstone beds. These structures
are similar to those seen in sedirents which have been
deformed while still unconsolidated,
o Sandstone predomihatea &t the top of the foruatien,

whereas giltetone 18 more abundant at the base, Szall
scale ¢rcééwbedding was obaeﬁ?ea, hut novobvious graded
bedding was seen probably vYecause of the srall grain size
of the rocks

A closely-spaced foliation similar to th@t réundlgithin
the Cape Pon Aml Formation is present within this unitg
it 43 easily diszernable in the field, and 4s atatistically
parallel to the axial plane. 7The fcliation is daveloped
to a hicher dezree in the siltatcnes than in the sandstones,

The medium to fine-grained sandastones of the Grande
Oreve Formation are extremely calcareous. Cement takes
the form of razped isolated patchea of resrystallized
caloite which almos: entirely replaced the matrix (Fiz. 3).

The desrital grains, quartz, feldspar and chert, are
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corroded and erbayed arocund thelr perirheries, and have
clearly bteen replaced to varying degrees by the calcite
(Fig. 3). The detrital fraction nakes up 70% to GO% of the
rock and the rest 4s cemposed of reerystallized calceite
cement. Potash feldspar, microperthite and chert grains
are exiensivaly replaced, vwhereas pleagicelase, nuscovite
and blotite are unaffected. The flalkes of cuscovite and
biotite are often crurpled and bent arcund other rore
resistant dotrital praina. The caleite 18 cloudy in
appearance, p%cbably because 1t c¢cntains small amounts
of clay.

The siltstones and silty-shales have suffered
leas replaceﬁant than the sandatones possibly because of
their relative impermoability. Solution and recrystalli-
zation of the calcite cemented the rock, while much of

the dastrital fracticn was corroded and replaced,

Eortin croup
The term "Fortin Series” was introduced by Meferrigle
(1546) to apply to a series of dark shaly slates interbedded

with lirmestones and sandstones in eastern Gesps., The term
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"Fortin forraiicn” 1s used by Cumming (1553) to refer to
these rocks, whercas Carbonneau (1553) uses both "series”
and "fercation”. Stearn (1555b) has trased the “Fortin
foématicn” &3 far es the Matapedia Valley, and Dsland
(1950) has centinued tha wapping of tha Fortin Group as
far west as the West Branch of the Patepedia River (Kap 9).
The werk dong by the writer on this unit 4a confined to
the contact zone between the Fortin Orcup end the York
River Formation.

Mo eviﬁenae of faulting was fcund aleong thia
centact, althoush it 83 known to exist along the contast
further to the east (¥ap 3). 7he carbonate content of
‘hese rocks 13 varlable; at places they are complately
non-caleareous, whereass at other places they reast btriskly
with z2id It 18 especially noticeabla that aleng the
York River/Fortin contast, the rocks of the Fortin Grcup
are always extrenely calcareous.

The calcarecus nature and lithologic similarity
tetween the uppermost beds of the Fortin Group on tha south
sida of the Heppel syncline, and the rozks ¢f the Grande
Greve Forraticn on the north side is strikinz, particulariy

since both cf thege horizong lile directly beneath the York



‘River Formation. There iz alsoc & strong similarity
between the rocks of the Fortin Group and these of the
Cape Bon Ami Formation. Both formaticons are salcareous,
argillagsecus and well cleaved. It would therefore scenm
1ike1y that the Orandes Greve, Cape Bon Ami and posaidbly
St. Leon Forrationa are the lateral equiéélente nrithe
Fortin Group (Fig. 4).

The position of the Fortin Group within the
atratigraphic colurn has interested students of Gaape
_geolcgj tor scme time. In eaatern éaape the struotural
and stratigraphic relationships are more couplex than those
recognized iﬁ western Gaspe. MeCerrigle (1950), suzgested
several alternative explanations, one being that the,'Fortin‘ 
Sories” found in the southern part of his area "includes
the Cape Bon Ami and Grande Greve iima without ﬁaintainiﬁg |
the characteristics of the formationa™. Roliff (1952). and
Cunming (1959), #appina in sentral and eastern Gasba respag-
tively, belleved that the Fortin Group was the poutﬁern
lateral equivalentvor distinet lithaiogie units mapﬁed‘? o
to the north (Table I).

Stearn (1955b), suggested that his nin;lé tesqii

collestion, wade in the Causapscal area (Map 2); indicated 3
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the equivalence of the Fortin Croup to the Crande QOreve
end cépe Ben Anmi Formaticns.

t this stare of geolozic knowledpge of the Caspe
peninsula, 1t 18 recorrendzd that the term “Fortin Group”
te ratained ag the unit has lithologic consistenzy and has
teen rappsd the length of the peningula, It rmay be possible
to recornirze the Cape Lon Ari and Orande Greve Formations,
within what 48 now known as ths Fortin Croup, when detailed
paleontolozic, strustural and siratigraphlc informaticn
bescmes avallabla. The base of tha Fortin Group was not
saen,

Because of complex strusture and absence of marker
horizons, 1t 1s extremely difficult to estimate the thickness
of the Fertin Croup. BReland (1960) suzgested "a few
theusands of feet” and lMNcCerrigle (1GL6) estimated that the
thickness 18 2bout 5,000 feet av the type section. Mo
satisfactory estirate of the thickness can be made in this area.

No fossils were found in the rocks of the Fortin
Croup within the afea napped. Stearn (1955b) mapping to the
east has some poor paleontologlcal evidence indlcating an

Oriskanian sge for the unit.
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" ohe ‘dark gray, N.3. (0.S.A., 1951) thin-bedded
caldareous slates, siltstonea and fine-grained sandstones of
thé'?drtin'créﬁp are susceptible to deep kehih&éihg.
and ccnsequently are poorly exposed. The beddins 18 vest
seen on the brown weathered surface, whereté“ - 1" beds
of gray siltstcne eppear somewhat lighter in color than :
the dack slates. Thisunit appears to be 1itholozically
uniform, althouzh discontinucus lenses of sandatone and
coﬁgldmefaté have Yoen reported from the central part of
the belt (Beland, 1560). No good marker horizens have
been located within the ndftheéﬁ'part'éf the Fortin Group.

Foligtigh, parallel to. the axlnl‘plaﬁe. is ..
especially well developed within'thia uni;.'and tbexroeks"
oplit easily along these closely spaced planeé.‘ The .
remarkénmads ab§ut th& foliaticn found in the Cape Ben .
Am;_?grmqt;gntapply‘equalxy wezl to the follaticn found
wi{binuphg ?bﬁglnieroup,_ S | S

| L Uhde?r:he;wgcroncopapghg‘cglqarecga slates and -
ailtagcngu copprising the upper part of the Fortin Qroup .
bear‘a‘strikingzrysegblance to rocka of the Grande Oreve
Fé:matiog~”’ca;qa;gpgs cesent }akpreaent;in every slide

v

examined, and the detrital fraction is cocposed of Guarts,
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winor feldspar, chert, micaceous minerals and occasional
roeck fracrents. Small squares of limonite stain, similar to
staining found within the rocks of the Grande Grave .
Forzation, are present in this unit. The calcareous cement
has reacted with and erbayed the quartz, chert, potash
‘feldspar and rock fragwents, but the muscovite and plagic-
cla8se rerain unaffected. Tha silty bands are couposed
vainly of quarts and feldspar, and appear as very irregular
and distorted beds. |

L

"i yopk River Pormation

| Logan (1963),.'.,vh) rirst tentioned the sand~

\ stonea or the York Biver ’ raferrinﬁ to a»rata which crop

aun along tha York River 1n eaatern Gaape. Harc, hé collected
foselln from tba Yo%k River beds . He also deacribed

(1v4d. p. h15) "8 succeasicn or arenacecus strata abou‘

one and a half milas :cuth of the Causapacal RiVer. in the
Matapedia Vhlley. which repreaent the caspo aandatonaa .
These, 1n erreat, nrc the sandatonas and slltatcne: ot the
York River Fermatiun rapped by Boland (1950) snd Stearn

(15592 & b), and which are part of the sacme bslt rapped

" by the writer.



Williare (1918, p.0%0) defined the “York River
tads” as the bzesl, calzareous, wmarine and fossilifercus
zene of the Caspe Sandsicones. In 1635, Aleock, working in
the Matspedia Valley, rapped tha "arcnaceous strata’”
dsaoribed by Logar, oand narmed the unit the BEeppsl ?armatisn.
after the villaga of Heppel (Map 3). E.M Kindle (193%)

orrelated the Hepp2l Forration of western Gaspe with the

“York River bads” of snastern Oaspe. He cave tho naga Four
¥1le Brook méﬁb#r to the sha!ms “at tha top” of the Heppel
Formation. Stearn (1953%:, p 37) stated, "Z4indle has

azorded the v&r*ically dippin szation upside down for all

e

-t

he beda face scuth”. Dresser and Dennis (1934, p.350)
introduzed the terms Dattery Point Formation 1o cover
Locan's yeoosured seation of the Caape Sandatcn2 Group on
tha Forillon ?aﬁinzula. anﬁ the "York River Formation” is
rfsrred to Tor tha first tive 4n tha literaturet

i 44 1a rrrm the York Rivar formaticn that the
great majority of the rarine fossils of the
Caspe Sandatones hava bteen collecstad, Fossils
are particularly adbundant in certain beds in the
lowsy half of tha formatien.  York River beda
probabvly make up the entire 'Caspe Sandstone'
gerien in tha interior of the Peniuaula and as
far west as ltatapedia Valley.”

HeGerrigle (1950, p. 78) redefined ths York River

Fermaticn to inslude "all the rocks 4n the selticen having
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the same lithologs as the general series ¢f York River beds”.
The latter would appear to represent the type section of

the Yerk River Formaticn, but no formal type secticn has
been descrived

Stearn (19865, p.38) proposed dividing the Heppel
Formatiocn of Alcock (1935); in the following ranner:

"The present work in the Causapscal area

has indicated that the Heppel sandstene

can be divided into two atratizraphic units,

the lower of which 18 1itholezically similar

to the York River forzatlion and the upper.

to the Lake Branch forration.”

The Yerk River Forraticn wags defined by Stearn 4n egssentially
the sare form 88 it 18 in ths present paper. Stearn was

able to divide the York River Forration inte three infor-
rally defined members; the basal beds, the Four NMile

Brook beds, and the upper beds.

The York River Forzation crops out in three
different belts, which are rcughly parallel to the arcuate
cutline of the Caspe Peninsula (¥Map 3). Within the area
rapped, the York River Formatlion overlies the (rande Greve
Formation on the north side of the Heppel syncline and the

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

River Forzmaticn 18 not seen in this area, tut consordant
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relaticnships with the overlying Lake Branch Forrmation have
been assurmed by Beland (196C), 16 miles to the east,

On the north lirh of the Heppel syncline the
York River Forration grades down without interruptlion
inte the Orande Greve Fermation. There has bteen cconsideradle
diacuséion concerning the positiocn of the contact., Stearn
(1955, p.32) has sugcested:

"The only logical place to draw the boundary
between the York River and Grande Greve forza-
ticn 4s at the baae of the firat sandstcne bed
or resional distribution.,”
This suzgestion 18 practical, and was used by the writer
in the field. ¢ was noted by the writer that in the
Rimeuski-Matapedia area, the "first sandstone ¢f regional
distribution” a2l1so happsned to be non-salcarecus.

Stearn (155¢b, p.k6), reported that 4n the
Caucapscal ares to the ¢ast, the Fortin Group 13 in
sontact with the York River Formaticn aleng a fault of
unknown. tut probadbly small, displacement. Eeland (1950, p.13)
noted that this fault continues for some distance to the
west of the Matapédia Valley. No evidence of faulting

was observed in the area rapped by the writer, and

presurmably the fault dles cut between there and the Matapedia



Valley. 7This implies that within the area under siudy,
“he York River Forraticn conformadly overlies the Fortin
Croup. and that no depesiticnal or strustural break is
present

No prastical divisicn on the basis of litholezy %3
vet possible within the York River Formaticn, but 1t s
concelvable that the fossiliferous horizen near the base
of the formation is the sare as the Four Mile Brook
unit found 4n the Hatapedia Valley (Kindle, 133%). This
correlation 1s rather tenuous and the horizen 18 not
sufficiently distinset to Ve mapped as & wenber.

The thickness 1s not readily determined, mainly
bacause of the paucity of expcsure. There wers no sections
which could be reasured &and the problem i3 accentuated
by the faot that the overall strustural piocture {3 still
ohsaure. If the structure 1s a simple syncline with
steeply dipping lirbs, es susgested in Chapter II Structural
Geclory, & maximum thickness of 17,000 feab is anticipated,

The fossils collected by the writer and identified
by Preofessor Arthur J. Beoucot, indicate an early Onondagan

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

trachicpod Amphirenia 1in collections AA-67-6, AA-63-10

and AA-70-GC (Map 5). The corplete list of fossils 1ia
inzluded in Tadble 3.

There has been ruch disquasion over the age of
the Caspe Sandatone Greup, and of the York River Forzmation
in particular. An attenpt has been cade to relate the
various interpretaticns to a chronolozic ssale usinz the
type saction of the Devenlan 4n New York 23 reference
(Table 1). A good review of the reascns behind soce of
these interpretations 18 given in MoGerrigle {1550, p.o7
andvlgﬁﬁ. p.44), The diverse conclusicns reached by
rany workers, mainly in eastern Caspe, have been dased
prirarily on conflictinz azes assisned to the rocks on
the basis of eithar brachiopeds or wollusks. MNHcoCerrizle
(1546, p;ﬂb) pointed out that., in Eastern Caape, the brachio-
peds surgest an Early Dovonian Oriskasny 2ze, while ihe
rollusks, particularly the pelecypods, suzgest a8 ¥Kiddle
Devenian Hamilton age. If the age 4ndicated by the brachio-
pods is»the correct one, then 4t wculd appear that the
Gaapq Sandstoene Croup gets younger from east to west, as

the brachiopods 4n the west indicate an Early Cnondazaen age.



The rccks of the York River Ferretion are brown-
weatherinsg, greenish-gsray. 5 0Y 4/1 (6.8.A., 1951) medium
to fine-rrained graywacke sandeptoneg, intertedded with
green and pray glltasteones and creenish-oray shales.

The sandstores oscur 4in zassive teds, usually
abeut two to three feet thick, wheress the siltstenes
oa2cur in beds from 1" to 4" thizk. Commonly. finely
laninated siltstones are interbedded with shale in
thin-tedded sequences, &nd $n the area rapped, sandstones
grpear to ts slizhtly more aburndant than siltetenes and
shales  However, wmuch of the unit 43 hiddsn and 1t is
protable that the less resistant siltatones and shales
unédarlie nuch of the covered &rea.

Th2 sandstcne 18 composed of sharp angular
fragrents of quartz, feldspar and chert, and is cerented
by an arzillacesus mairix. The quartz grains are wostly
frested, clcudy and dirty gray in cclor, sore are wilky;

2 fow are clear, show pood cencheldsl fracture and are unfros-
t2d Anzuler plazloclase grains are twinned, and gocd
cleavage fases may be seen. The potssh feldspar is

kaolinized and is prasent as pporly defined white snd gray

zraing. Pink feldspar (microclinz?) was observed in minor
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amounts. The chert 18 present as blaszk zrains, which are
screwhat telter rovnded than the quartz or feldspar. Musco-
vite 1s present as cruwpled, bant flakes, &nd there are
gmall amecunts of viotite.

The sanisicres are predonminanily nen-calgarcous,
although saveral screwhat nalcareocus fossilifercus horizens
are pressnt within the unit. Plant frazrents which
appear as carbonaceous orzanlo rermains develd of any
sellular structura ars zorumcn., The weathered surfaze of
the sandstonss is usually whitse, du2 to the g2lteration
of the feldspar and the arzillaceous matrix; on csccasicn
it has a brown to orangze tint caused by lironite staininz.
Effests of weathering arc apparent to depins of approxi-
rately one inch.

A striking feature 18 the abtrupt variatiion &n
11thelosic character within the formation; thick sandstone
beds (Flate Ia) alternate with thin-bedded scquences of
siltstcne and shale (Plete Ib) with moncteoncus regularity.
The [isaility of the shales and silistcenes ia low, probadbly
due to the high silicecus content. Small-ascale cross-
tedding 13 found within the slltatcnes btut was never

otserved in ths rassive sandstones. Graded bedding was
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often suspected by the writer, btur dus t¢ the prevalling
s7811 crain slze, 'tops!' determinations were never
receorded wilth any certainty.,

Thirty-£five thin secticns ¢f ths sandstones, sili-
steones and ghales of the Vork River Formation were examined.
Twelve cut of twenty-six thin-secticns cf individual sand-
stene horiecons were selected aceerding to a stntiatisall&
randem design; each thin-secticon number was writien ¢n a
separate plece of paper, put 4n a hat, and the first itwelve
to ve plecked were pcint-ccuntedr The sangdstones are of
sinilar mineralozie compesiticn, and there does nct appear
to Le any weli-dafinad arcal variability within the grea
vapped. The locaticn of the serples is shown on Mep 0
(Appendsds) snd their minerclogic cocrnpouitions are given
in Tarle 7 (Arpendix).

A pilot study was rade te determine the number
¢ srains that should be ccunted, in order that an accurate
end representative egtinate of the rinergl corpcesition of
each thin secticn could ke shtained., This study 48 included
in the Appendix. 7The results of twelve minersloglcal deter-
tingtiors have teen plotted on Gildbert's Sandstone Classifi-

cation triangle (Fig. 5), (¥Wilillacs,_et_al. 1953, p.25R).



Quartz, Chert, Quartzite,

Arkosic Wacke - / \ / s /N Lithic Wacke

Feldspars Unstable fins-grained

. rock fragments

FIGURE 5.
Triangular diogram showing the mineralogical composition of

tweive sandstones from the YORK RIVER FORMATION.
(Trionguiaor diag. ofter Willioms ¢t gl., 1958, p.292.)

RESULTS TAKEN FROM THIN-SECTIONS X-50-1,2,3,4,567,8,10,11,12,13.

- b2 -
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Since avery sandstcne exanined consists of rore than
1% arzillacecus ratrix, the “wacke” trianzle has been
used. All but cne sarple falls within the "feldspathice
waske” r4eld., and this latter falls within the "arkesiec
wacke"” fiald, however, it 1ies very ~lcke to "feldapathis
waoks ",

04ivert (4bid, 1957, p.233) dafined & graywacke
as a rook aonselidated by a dark-colored, fir:l7 indurated
ratrix of slate cr argillite corpesition, containing
abundant fins-prained rlsa cr ehlerite. Therafore, the
term "gravwaska sandstcn2” adequately descrites the gsand-
stoned of the York River Forwmation.

In thin-gection iz quartz grains are bishly
anzular, havinz a roundness of approximately C.2 &8nd a
sphericitry of 0.5 (¥Xrurdsin and Sleega 1951, p.f1l). 7The
sz of the quartz grains ranges from .35 rm. (length of the
lonz axis) down to those aizes included in the ratrix
(1esa zhan',oa me). At least S0% of tha graing are
within the €.3% rm to 0.€5 rn. ranze, and therefore the
rosk 48 aiassiried a8 a8 rediun-prained sandstens.,

The rmajerity of the graing are in point-contast

with g legser nunber of concavo-convex contacts; welded



sontacts are rare and 1t 18 suspected that all of thosze
seen were within fragrents of quarizite. The guartz grains
have kept thelr original detrital shape and do not appear
t0o have bveen deformed or siznificantly altered. Any
physical deformation has apparently been rminicized becnuse
of tha “padding” wmechanism provided L7 tha argillacaous
ratrix, 8lizht pertfsral alteration is noticeable 4in scme
craing, thelr edges beln~ slichitly erraved or pitted whén
in contast with the wmatrix. Sixty to seveniy percent of
the quartz crains exhibit u-rain shadows. & srall nucber’
of quarts praind have worn overprewths, suzzesting thas
part of the datrital raterial may be ccrposed of secoend-
eycle sediments (Fig. 6).

All the feldspar oxomined 18 bellaved to be datri-
tal as no evidenca of authicenic grcowth was seen. Eight
of the twelve thin seations were etched with hydrofluoric
a23id and stalined with sodium cobaltinitrite following the
technique deseribed by Chayes (1552); thin proved helpful
and time saving as far as the grain counts were concerned.
Approximately 704 of the total feldapar 18 highly altered;
it exhibits no observable twinning, appears as cloudy and

exbayed graing with indistinet cutlines, and is thought



to be altered potash feldspar. The turbid nature of

thegse grains 15 most likely due to the development of
rinute flakes of kaolinite, chlorite znd sericite within
the potash feldapar. The rexaining 305 of the total
feldspar comprises recognizable microperthite, microcline
and plagloclase, all three of which have clear cutlines
vhich contrast strongly with ths turvld grains of altaréd
potash feldspar. Tho plagloclase feldspars are predeml-
nantly scdia, consisting of individual grains of albite (?),
cligoeclase or andesine. In general, the feldspars have a
roundness of 0.1 and a sphericity of 0.6 (Kruzbein & Slosa
1951, p.L1).

Chert, a minor corponent, has an average roundness
of 0.1 and a sphericity of 0.5. The grain boundarles are
vaguez wvhen th2 chert 18 surrounded by matrix and it 1o
Gifficult to differentiate betwecn detrital grains and
silicoous matrix.

Thoe rosk fragaents are highly altered and are
rarely identifiadble., The majority of those identifled are
rcuniea‘rfagmanﬁs of acidic and intermediate volcanle rocks

which show trachytic texture. There areo alsc a few



fragments of quartzite but no fragments of lizestcone cor
shale were observed. Finely disserminated maznetite (%)
and iimenite (?) grains ars present in srall amcunts in
every thin sestion examined.

The matrix is dark»colored and firﬁly indurated.
Iv 18 made up of finely corzinuted quart:z, teldspar.'
kaolinite.’seiiaité. muscovite and an atundance of chlofite,"
¥hich cccur together to form a miérocrystaliina ﬁggregatg.ﬁ'ﬂ
Soze iren oﬁidovand 6rganic matefial are also pre#ént. o

The matrix appears to have been forzed from the original

arzillaczous datritus. which reoryatallized diageneticail?,:“.:i

depend&hz én tiﬁn and depth of burial;‘ The davalcngnt‘qf—v'A
chloritq;is an 1nd1¢aticn:or diazenstic replacemegt,lléw‘i,
zrade rvetarmorphism, or possibly both. Silicification 1;
also respcnsible for partiasl cementation of the reak;iand;
where present, the matrix 1s anisotropic and reserbles |
chalcedony. Since the rock has a very low perméability

it 13 suggzested by the writer that the s4l1ca cement is an
alteration product rather than an addition by precipitation
from sclution. The mica i3 considered by the writer to be

privary as 1t cccurs a8 crumpled, elongate flakes, wrapped






arcund other detrital zrains, indicating corpaction. Rare
rircon and Brall fragments of acter coleored garnet are
easily recognizadble; a few scattered graina of glauconite
and tourmalina are algo present, thaipy rarity 1g atiributed
to the irrature st#te of the sedimeni. Some calcarcous
cerent 4s preaant at the horizon represented bty gample
X - 50 - 2 The cement, replaces feldspar and quartz s is
evidenced by the embaved outlines of the grains,

In réview, therefore, the sandstones of the
York River Formation are dark greenish-gray, hard. medlium-
graiﬁed feldspathic graywackes,

Siltstcnea and shales probadbly make up at least
504 of the York River Forration. Petrographically, the
siltstones are very similar in zeneral appcaranze and nineral
compogition to the sandstones. ‘They have a hizh detrital
quartz content, with feldspar 8nd chert present In approxi-
rately the same quantitles as in the sandsicnes. the vain
difference 13 in the corpositicn of the ratrix. There is
conasideradly leas chlorite and silicecus cerent than was
seen in the sandstenes; sericite and egpecially biotite
ere present in hizher proportions. The blotite hab a

preferred orientation parallel to the vedding and is
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srurpled and bent as in the sandstcnes. The sericite
arpears to have a random orientation interpreted as
suthirenie crystal growth 4in place.

The s3iltstcnes are both rassive and laminateds;
the laminations are alternating tands (0.3 tm -~ 1.0 ©m)
of silt-sized and clay-sized particles.

The shales are corposed rainly of flakey micaceous
rinerals, rainly ruscovite and sericite. Althouzh they
are not particularly fissile in hand sample, a definits
rarallel orisntation of the ricaseous minerals can be gssen
under the nicroscope. Pettilohn (1957 p.351) has rmenticned
this type of parallellizm and states:

"Many of the individual crystals do not lie

exactly parallel to the bedding. In all

sections cut normal te that strusture most

ricacecus rinerals will be approxirvately

parallel toc the bedding. DBecause such rinerals

have the slow ray vibrating psrallel to their

cleavage thay show parallel extincticn. Thin
sestiona that are cut neormal to the bvedding
therefore show an aggrezate positive elonga-
ticn and rass extinastion very ruch as if the
slide were cut fron a single crystal.”
The shales are also larinated, but the silty lavers are
thin end lens-like and tend to taper cut, a8 do fine layera

of black corcanic rmaterial. Sili-sized ¢grains 4in the shales
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gro predorminantly quartz, whereas feldspar 4is alcost
completely absent. There 18 no visible chlerite, but
consideradble amounts of orange, waxy, translucent raterial,
which ray e organic or pcsaibly ferric iron stain, is
present,

Foliation, statistically parallel to the axial
plane, 18 weakly developed within the York River Pormatién;
sinze rany of the bveds dip at angles of £0-90 degreos, the
foliation 1s parallel to bveddingz in wcat cases. The
foliation 13 not observable in handsarple in west of the
rediun-gratned sandstones, but may show as weakly developed
fractures when the rock is examined in thin seation (Fig. 12c).
A more corplete discussion of the foliation 418 included in

the following section on Structural G:sology.
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2. INTRUSIVES

A diorite dike has intruded the 5t. Leon Ferma-
tlon at the crest of the northernmest anticline shown on
Hap 9. The intrusicn i1s at least 300 feet long and approxie
nately 150 feet wide, parallelinz the N.50.E trend of the
fold axis. TFronm observaticns wmade in thae field, it is
velieved by the writer to have a vertical dip. Xo contast
retacorphism was seen, except for & small amocunt of pyrite
enrichrent within thé calcareous siltatones in a zone less
than two feet thick.

The rock 1s fine-grained and weathers rusty'brown.
Tiny laths of white plagioslasa feldspar, énolosed ina
green groundgaaa; are visitle in the'hand-sample. The later
crystalliring pyroxene occupies interstices detwsen ecuhedral
lath-shaped andssine crystalg, as regses of eptically
apentinuous materlial giving the rock a holoorystalline, sube-
ephitic texture (Pig. 7). Bladed interzrowths of 4lmenite
and ragnetite are present as skeletal crystals, and the
ilrenite is partially altered to leucoxene.

In mineralegical corposition, the rock ccntalns

approxirately 60% andesine, 15% pyroxene (elinopyroxene 1is
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w08t abundani, but orthopyroxzne is also preaent), louss
than 5% 1lpenite and ragmetite, and 227 alteration produsts.
Considerabla chlorite formed by ths alteration or_plaglo-
alnsg 1s\presant a3 radiating, fibrous, irr gul;r patehes,
The plagzloclesas 48 alao sericitized to & small extent,
Interior partas of sore pyroxene gralns have hoen altered

to ohlorite.



3. STRUCTURAL GEJLOGY

The Devonian end Silurian rocks of this area
vere deformed at the clese of the Devonian perlod, during
the Asadlan orogeny. The main deforrational features
rreduced were folding, developrment of foliation and fauiting.
Sincé tha rocks of the afea are poorly expcsed, cnly
lirited struétural‘1n€erpretation‘may.ba rade, The Jizppel
Syncliﬁe. the rain strusture within the area, can te
traced at léaﬁt kO riles to the east, and is named after
the villaze of Heppel in the Matapedia Valley (%ap 3). The
York River Formation, which cutcrops in the center of the
Habpel ayq;liné, is fcund for m distance of 14 miles te
the southwest (Beland, written corrmunication, 195&).' This
formatioﬁ has a Qidth of 6 to 7 riles parpendiéul&v to the
dominant axial trend. |

‘NoAflexures were geen in the rielq, noé were any
well-defined "b-lineations” (lineations parallel to the |
fold axis) cbserved, buﬁ beddinz and roiiaticn directions
were recorded where possible (Appendix, Table &), The
norrals (fr- poléa) to these tedding and foliation planes

have been plotted on sterecogrars (T - diagrams), using the



lowes hemisphare of & Schaldt starsoraphlo projesticn.

The atylse of folding can be deduced cnly by
quantitative georatr-in ccnaiﬁaraticn of tha data. Hlthin
*he 7:rk Rivef’Farmazion. aileep to vertieally di;p;ﬁg
bbﬁn ars cooman, assorpanied by horizoﬁial and ¢n oscasion
ovc:turned strata. S»3l11 feolds with jgently dipping lirhs
have Yeen mapﬁed on tha ne>th lich ef the Heppel sync;ine
(¥ap 9), no clcaufc was cbaerved,’indicaﬁing that they
are open folds. |

n Pig. Ca, the apread of the T~ polas to bedding
planas, (131 readingh) lie ntati;tically cn a single great
cirele, indicating "cylindroidal foldinz”™. A rcld‘aén ve
described as ylindroidal 4 it has & fold axis dofined aa
follewa: ".. . the neareat approxiration ¢ the line which
when movad parallel to itself in apace enerates tha fold”,
(clark and MoIntyre. 1951.) Welss, (1951) has psinted out
thas a T - diazeam for an ideally eylindroidal fold ahowa
all poles lyinz cn a a3ingle great oirazle of the profection.
It should also bs no*sd that this sinzlo gréat eirecle also
regults from 2 sinzle axis of folding. The £0l3 axis trends

N. 500 E. and 45 e3sentially horizental, althouzh the girdles
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in Fiy. $¢a and Sb voth surrest that thera ray be a plunze
of & few degrees to the northeast. Gently plunziing cance
folds are present both to the north and ezst of the area
rnp;ad (Beland, 19@9; Stearn 1955%) .
The T - diagram for follation wapped In thz2 York
River shows axial ayrosiry with two well defined zaxira
indicatinz the plane ér syrmetry (Fie. §b). This plane
of aymmstry'is assunad to be ths axial pl#na ¢? the fold;
Lit aﬁrikes at N sﬂ'ﬁ. and has a vérﬁical d1z.
. On the nbéth'liéb of thq,H@pp@} synzline, the
Grande erVe, Cape Bonvﬂmi and St. Leon'Formaﬁiens are
‘ ex#osed” The attitudé~ofi:he'a:r ta 18 in geé&ral not
| és steep as that observed withinAthg York Riveb Fcfm&tian,
Thére 18 also structural av;den&e br an anticlinalAazrug-
ture in thé;e#trema nertherﬁ part of the area,‘ oﬁ Tiz.
4a the poles to.the bedding planes (74 raadingé) gra~again
tatistically distribduted along a sinzle great ¢irale, H
1ndiéat1ﬁg.a sirllar style of folding as that féund witﬁin
‘the Yofa River Formaticn. In‘Fig. 9 ¢ the fold axis tréndé
‘at .51 E. and has no plunge, the follation T - diasran
(50\read1nga) howevear indicaten that'ihe axial plane st:;kes

at N.47 E. and has a vertical dip. (Fig. 94).






Ezcausa of tho lime aveilable, the writer was
unable to investizate in detall the complex structure
existing within the slates o&nd shales of the Fortin Group.
Puring deforration this unit had rarkedly different corpe-
tense from the graywacke sandstens of the York River
Fermaticn Folds with amplitudes of six feet or less are
conren, and the struature of these rocks has never been
successfully unravelled | Marker horizons are absent and
bedding directions are not always easlily found. The siatey
cleavaze 1s extrewely well developed and shows the sace
consistent trand observed elsexhere within the area (Fig. Je).

The rain gtructure wlthin the area is censidered
by the writer ¢ be synelinal, a view supported by minor
crogatedding directions found within the siltstones and shales
of the York River Formation, and by the outerop pattern
of the overlying Lake Branch Formation further to the east
(¥ap 3). 'The pcaaivility nevertheless exists that the
ctsarvations ray have come from the lizbs of soveral smaller
folds rather than from the lirba of a large fold.

A fault of unknown attitude and displacensnt, whish
‘runcates the Cape Bon Ami Formatlon, 18 belisved by the

writer to exist in the northwestern part of the area.
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Evidence for this fault 43 found along the Rirmouski
River (Map 9) where northwest dipping St. leon sirata
ara {ound in clese proxirity to the Cape Ben Amil eontast
and where bveds of the latter dip to the southeast. The
fault appears to rerge with the norcal stratigraphic’
Cape Bon Ami/St. Laon gontact about 3 miles to the east of
the Rimcouski River,

The outercop belt of the Grande QGreve Formation
18 considerably wider between Las John and the Rimouski
River. Three possible relationships to explain this
widening are represented dlazrammatically in Fig. 10. Gentle
folding in the westerm part of the area is possibly respon-
sible for the wideninz, although the unit is aleo gently
folded at Lasc John, with no apparent widening. A thickened
section of the Grande Greve Formation may have been brought
up or down along faults, althouzh no evidence for the latter
has been observed., The third, and possibly the wost
likely explanation 4s that the western area represents
2 regicn of répid facies changze, and here the bvase of the
Grande Greve Formation i3 time-equivalent to the top of the

Cape Bon Ani Formation to the east of Las John.
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o evidence was peen of any faulting aleng the
Yerk River/Fertin centact, although the presence of a
fault has been shown to exiat to the sast of this area
(1tap 3) (Belmnd, 1960; Stearn, 1959 a & b).

The term foliatien 40 used 4n the senae de:ined by
retrvairn (1949, p.5), where he stated, 'parallelisn of
lanar elerents givea rise to foliation". Vell-doveleped
clogely-spased foliation surfaces, statisticelly parallel
to the regicnal axial plane, are present vithin the Cape
Bon Ami end Orende Oreve Formations, as well as the Fortin
Croup; the foliztion 18 only veakly developed in the St,
Lecnn and Yorl: River Formations, There 418 no apparent regular
change in the developrent of feliation 4in any direction
across the area mapped. The degres of follation developed
is primarily controlled by the litholopy of each unit,
Foliﬁtion is well developed within the silty limestcenes, the
siltstcnes and the shales, but is very poorly developed
within the sandstones.

Under the ricrosaope the fine-grained rooks show
a woll-developed roliation which has the form of a myriad
of anastomosing very fine fracturas, cur§@d arcund individual

detrital grains, producsing & net-~like texture within the rock.



- 65 -

The distance geparating adjacsent fractures appears to

te controlled by the size of the grain éround'which the
fracturos curva. (Fig. 12a.), In hand-sarple the folia-
tion aurrdcea have a lustrcus appesranée, however in ;
thin-sestion layers of prer&rrentiélly oriented phylla-~
8ilicates are not obvious, .

The foliation 48 poorly develcoped and often
irregularly spaced within the sandstonas (Eig. 120). The
fractures do not transect grains but curve around theb.
Where>sanda;one and siltstone are Interbedded the_rolia-
ticn planes yenﬁ to be deflected or even disaﬁpear
completely (Fig. 12b). -

In trying to classify this tvpe of foliation the
irportant question of "scale” must be considered. On the
gcale of the hand-sample, the fine-grained rocks appéar
to have been uniforrly affected by the folliation, tut on
the scale of the thin-section every particle of the rockv
has not been affected (Fig. 12b). The roiiaticn appears as
a sories of closely-spaced planes, along which movement
has prcbably taken place. Iﬁ is difficult to ignore the
pr@aance'orlluatrous foliaticn surfaces fﬁund in hand.sanrple,

and 1t is the opinion of the writer that the term 'slip



FIGURE 12,

Poliation

EXAMPLES OF FOLIATION

a, Yell developed foliation in
fine-greined siltstones of
ths Cape Bon Ami Pa,

N.B. folistion planes
rarely cross-cut ocoarse
beds.

be Weskly developed folistion
in leminated siltstones of
the York River Mnm,
Non-continuous fractures,
Mica (in solid black) is
aligned parallel to bedding.

¢ ., Pine-grsined sandstone of the
York Rivor Formation; clusters
of weekly developed fractures
cross-cut preferred orientat-
ion of quartz end miceceous
rinerals., Sample not oriented
in field and one folietion
direction is thought to repres
-ent bedding,
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foliation" is applicable for this structure (equivalent to

"slip cleavaze” as defined by Billings, 1654, p.339).
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L, PALEONTOLOCY OF THE YORK RIVER FORMATION

The York River Forration is not particularly
rich in fcssil content, but identifiadble forms have been
found within the sandstones at a number of localities
(#ap S). The identificaticns were made by Prefessor
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 Belénd (1960)
and Staarﬁ (1959b) have also been shown on lap 5.

. Twe distinct faunal assecblages are present within

the area mapped. The fauna‘cr the northeﬁn limb of the

Heppel syncline is characterized by the brachiopod

Amphigenia, a'génus hitherto found cnly in strata of
Séhoharie.and Onondaga age. The scuthern licb of the syn-
cline contaiﬁs gn impoverished fauna characterized by the

brachiopoﬂ Globtthyria. Boucot (1953, p.14) interpreted

this tauﬁa. which 48 not found in the riddle or southern
Appalachiéhs, 88 a unique facles fauna, The situation of
these two distinct faunal assecblages is similar to that

found by ﬁo&cbti(1953) in the Tomegan Mexber of the

¥oosehead :brmation in Maine. No evidence of the Globithyris
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fauna 18 found in the foasll collections of either Beland
(persenal comrunisaticn, 1960) cor 3tearn (1655b). Within
the area rapped by the writer, cre collection, AA-TO-H,

- containo a mixed fauna of beth Glebithyris and Amphigzenia.

Poucot (1953) bvelieved that the depauperate

Qlobithyrls fzuns, which 12 in such rmarked contrast to

the norral marine feuna of the Lower Devonlan, suggested
a specialized environment, gnd indicated that the zone of
the littersl cor sub-littoral would provide such an
envircnment, There i3 no epparent change in the lithologice
character of the Yord River Formation to indicate the
vresence of two distinct envircnrents,

The peographic distridbution cf thege two distinct
fagies fauras 18 diffizult to interpret, rainly because it
is not krown whether the faunas represent life or death

assexdblages. The reetricted Globithyris fauna ray have

develcoped 4in response to a specialized environment o8 sugges-
ted by Bousot (1653) or possidbly 4t may have been transported
to the site of deposition without beinz mixed with the norval
rarine fauna. ' It 18 the opinion of the writer that the

geograrhic distridution may have been in part controlled by
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turbidity currents, but it 1s still cnigeatic how the
segr&gat;on of tne Lwo faunzs was achieved.,

. Carbonized remains of very poorly preserved
plantis are common throughout the unit, No idantificsation
of these particuler szmples was possible, but Daws#n (1871)

has identifled many exzellent mpesinens of Frilophyton

fron the'GEape Sandstene Croup in Eastern Caspe, ond it is
probable that the saze flcra 13 presesved 4in ths Rimouski-
Msiépédia aren.

| Tpére 13 a pauclty of fcssile within the York
Rivef:Formation. and 1t 13 difficult to give & definite
reason [or this lack of 1life. ﬁany possinilities can e
osﬁsldeﬁ&d, for ¢rample the turtld enviromient within the
basin may not have been a2 sultedle plase for znimals to
livél Alternatively, sa2linity, terperature, depth of
water, amount of lizht or fo2d supply mey also haove been

regponsitle for inhiblting life,



TABLE 3.

FAUNA OF THE YORK RIVER FORMATIONX

IGlobIQEp huml
Globithyris callida
Globithyris diania
Clams
Unident Clam

[Anphigenia Fauna
Brachi

Acrospirifer sp.

Axphigenia parva

Atrypa "reticularis”
"Chonetes” nectus

Elytha ? sp.

Eodevonarid sp.

Meristella sp.
Mucrospirifer ? sp.

FPholidops sp.
Protoleptostrophia blainvillei
Rhipidomelloides € museulosa solaris
"Schuchertella” sp.
Stropbeodonta of. demissa

Mollusks -
Unident pelecypod
Snails
Cornellites sp.

Tetracoral
Trilobite

AA-T6-2 | AA-T3-1| AA-TO-6 AA-69-10 | AA-6T7-6
e 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
X

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

*Found also in the Amphigenia fauna of Boucot (1953) in Maine
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CEAPTER II1
INTERPRETATION

Tectonically, the Northern Appalachians wore once
part ¢f a geosynclinal belt which, in the Devonian Periocd,
extended from Newfoundland to Alabama. The pre-Silurian
rocks of thls belt were deformed in Late Crdovician tirme
during the Taconie Orogeny (Crickmay, 1632). The northwest
boundafy of the Appalachiana, &nd als¢o the zone of severe
Taconic deforrmation,; 1s cutlined by the Logan Fault, which
Logan (1553) bellieved to be & major thrust. The fault can
be traced as far 23 Quebes City, east of which 4t i3 generally
believed to underlie the St. Lawrence River (Map 6). "Logan's
Line”, 83 the fault-trace 18 commonly called, lies to the
southwest, south and scutheast of the shelfl areas of Anti-
costi Island, the St. Lawrence Lowlands and northeastern
New York State respectively. The undisturted sedirents of
the shelf, chiefly limeatones and shales, are relatively
thin and renge fron Cacbrlan to Silurian in age.

81lurian gnd Pevonian rocks unccnfoémably §verlie

Ordovicizn and older rocks at & nurber of locations within
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MAP 6. TEGTONIG FRAMEWORK DURING YORK RIVER TIME.
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the Gaspe Basin, Scuthuwest of Caspe, long belis of
S5ilurian end Devenian rocius extend into lieuw Drunswick,
Maine and lew Harpshire, end synclinal remnants are
glso found in the Iastern Townships of Quebeec, (Dreaser
and Dennis, 1044),

The rocks of the Gagspe Tevenlen are of the typieal
eugeosynelingl csscelaticn, chieflly groyvwasie, dense
siliceocus lirestione, siltstcne, green shale and volconics.
There 1s very little record rereining of milogeosynelinal
or ahelf rocks of the Devonien Pericd, as they have elther
teen obscured by later deforrgticn or croded, RBecause of
this gep 4in the goolesic record, 1t Yecormes increesingly
difficult to 4nterpict whether the Yerk River sediment; were
derived frem inaide or outside the gecsyneline.

By ccnsidering first the pattern of sedizenteticn
in the Caspe Basin, and seccondly the type of sedirenta
deposited in 1¢, 1t 18 posasidble to reconstruet a partisl
tectonice frawework of part of the Northern Appalachians
during the Devoninn Period. |

Sediméntation continued without any major break
during the Silurian and Devonian Perieds,'ao it i3 of inter-

est to consider the pattern of Silurian dcedinsntation.,
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Burk (1959) outlined two elongate troughs 4n which &8 much
as 20,000 reet or wore ol Silurlun sediuentary and voleanio
rocks vere depositved, These iroughs wéru roughly parallel
1o the present cutline of the peninsula and wera separated
by a less-rapldiy subsiding arch. An inferred hinge zone
separated the thick geosyncliinal succession of Caspe {rom
the thin shell sequence pressrved on Anticosti Island o
the nortiicast.

fhe Gaspe Limestone Group (St. Albtan, Cape Bon
Ani and Grahda Greve Formations) waa deposited during the
Larly Devonlex:, and was ¢verlaln by thisk ciastic sedimenta
inown oollectively &8 the Gaspe Sandstone Group. The York
River Formation was thée sivot unlt of the CGaspe Sandstone
Group to Le deposited. An isopach map showing restored
thickress values hLas veéen coenstiucted (Map 7), and the
pattern of sedimentation is sizilar to the Silurian pattern
(Burk, 155G). At least 10,000 feet of cedluecnis were
deposited in the CGaspe Basin, the northern purt ¢f which was
roughly paral;e; to the arcuate vutline of the pedinsula.
The 4sopach pattern suggests that the cagtern end of this

elongate trough reselved less sodiment then did ithe western
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part and that a less rapldly subsiding elenent apparently
existed at the eastern end of the trough. The iscpach
pattern 1lluatrates that the unit thickens towards the
gouth, and that the rost scutherly exposures are thosa in
which the thickest accurulations are fcund. It is therefore
apparent that nelther the shape nor the extent of the
southern part of the basin can be satisfactorily outlined,
a3 probably rush of the rogk reccfd has either been

co#ered by.later Carboniferous sedizents, or has been
romoved by erosion,

‘The progressive thinning of the York Ilver
Forration te the nerth suzgests a pre-existent shelf area |
where thin lirmeatones, since removed by erosicn, were
cnee deposited, No Davonlen rocks have been preserved
on Anticostl Island and the only evidence of Devenian
strata north of the St. Lawrence Rlver is found in the St.
Helen's Island Breccia at Montreal. This voleanic brecela
containg fragrents of fossiliferocus Lowaer Devonian lire-
stone (Clark, 1952, p.Cl). The youngesat rocks which crop
ocut in the St. Lauwrence Lowlands are of Ordovician age, so

the extent of the shallow Ievonian geas over the Canadian

Shield 18 unknown.



The York River Torration has been descrited in
detail in Chapter II, btut in ths light of the present
discusaicn 1t 18 considered relevant to review some of the
rore important lithologle characteristics, The York River
Forrmaticn 13 o narine deposit comprising a monotonous
end regular sequence of innucberable alternating sandstone,
siltstons and shale layers bvetween which the contacts
are sharply defined. Tha sandstones are cedium-grained
rassive graywackes of marked petrographic consistency. The
shales and siltstcnes are finely laxminated and of
sirilar coxposition io the sandstones. Yuceh carbonized plen;
raterial 43 found within the sandstones, but vectorial
properties such as cross-beddinz and flute casts are
rarely found.

The presence of finely laminated shzles inter-
bedded with rasaive sandstones rich in plant material is
aomewhat'paradoxiaal. The former indicate undisturbed
bottom conditions, presumadbly deep water and certainly
deposition below wave-base, while the latter indicate
deposition in a shallow neritic environzent.

At this point 4t is of value to conslder examples

of similar deposits found 4in similar tectonie environments



el

-l -

in othe* parts of the world. In so doing, the rode cof
depoaiticn, the provenance and the environment of deposi-
ticn, within the Gaspo Basin ray be rore clearly undere
stood. Three deposiis are here conaidered, the Alpine
flysch, the flysch of the Polish Carpathians, and the
sedironts of ths Venturé Besin of California. It is
beyond the aéope of this study to deacribe each of thesae
depeuits 15 detalil, tut scrme of the pertinent eriteria
and geologla inferences have becn extracted from the
litaratﬁrﬁ; and are ccxplled in Table 4,

Sujhowski (1957), in an exsellent paper describing
flyseh sedimentation atated thats |

:’"any rock series cutside the Alps reserble

' Flysch, and there 13 no reason why they

~should not be assified as Flysch.”

SuJkowski'a definition of flysch i3 given in Tabla 4, and
it 48 apparent that the sediments of the Yo*“ River Form
tion cculd be thus classified,

Sujkowski believed that the normal type of deposit
in situ In a flysch series 18 represented by ahalea'and
tha£ the éﬁndséones are “"interlopers in a strange environment”,
Each ba& of sandstone represents & lccal‘aacident which

interupted the normal sedimentation and introduced foreign
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TABLE &

COMPARISON OF FLYSCH DEPOSITS

)

Yercier (1037

Dzulynski etal. (1959)

Matland & _Kuenen(195%)

Ayrtea (1961)

Sujkowski (1957) Ventura Basin, Yerk River Fwm.,
ALPS POLISH CARPATHIANS California GASPE
Thickness 6,000 ft. (?) 20,000 ft.. 20,000 ft. 10,000-18,000 ft.
Sandstenes
Graded Bedding Common Conmeon Suspected
Cress-Bedding Net Present Rare - Rare » Net Present
Av.thick.of beds ¥"-6ft. (1¢nticuI|r) 6" 5ft. (lenticular) 8n-2ft.
Serting Petregraphic Well-serted(for size) Petregraphic
Censistency - - e N " Censjistency
Cespesition Micaceeus Sandstenes Graywackes Ilgure Sandstenes Graywackes
Siltstones & Shales
Laminated Merizental lamination Regular laminatien Herizental laminatien
Av. thickness 5" - 6" 6"
Cross-bedding iCosweon_Small-Scale Comsren_Swnail-Scale Present Swall-Scale
Cenglemerates Present Present(Lenticular) Abundant One 3ft. bed
Current Ripples Scarce Present Questionable Nene ebserved

Layer Centacts

egular bedding sharp

Sharp & clean-cut

Upward trln-ition frem
shale*F ¢'s7 abrupt™

Sharp & clean-cut

Sedimentary Markings

Slusmp Structures
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Definitien of Flysch by Sujkewski (1957) - "The name Flysch is a fecies deneminatien ef a marine deposit ceapesed
I — of innumerable alternatiens ef sharply divided pelitic and psasmitic
layers. Other recks in the depesit are accidental, and in particular

pure limestenes are rarely present.

The series co-nonly attain thick-

nesases of theusands ef feet und were depesited in geesymclinal areas.”
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vataerial from outside the area. This explanation §s sicilar
to that given by Natland and Kuenen (1$51) for the sedi-
rents of the Ventura Rasin cof California. They belileved
that after rivers carried sediment to the sea, the silt
and slay fraction prozeeded $rmedlately down the gentle
subrarine slope, but the sand was cencentratgd near
shore., When these deposits of sand exceeded the angle of
repose they slid seaward 1nla rassive turbildity flow.
Such ecnditions may well have existed in tho Caspe Basin,
The bathymetric setting within the Gaspe Dasin
is étillrfar from clear but a few lines of evidence nay
81411 be followed. The rarine deposits do not show
evidence of a high-energy environzent and exhidit good
evidence for a lovw-energy environment, 4.e. finely laminated
siltstocnes and shalesa. It is therefcore likely that the
stiata was'depcsited in undisturbved conditions below wave
bagse, There 1s no indicaticn of abnermal aalinity.: The
abundance of plant fragments may indicate a fairly shallow
sea, not too far diastant from ccastal environments, yet_a
shell-vearing iittcral fauna is rare. Shepard (1956), in a
study of tho Misgsissippi delta, remarked on the great

shundance ¢of wood fragments in the sediments around the
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delta. Tr&m??, (1960) came to the conclusion after
studying the Alpine flysch, that moat flysch rocks have
been forrmed at depths exceeding 200 meters”, yet not
exceeding "a few kilometera”, It 1s evident that the rate
cf supply and the depositicn of claatics was rapid within
the Caspa Basin. It would seem logical to assume that the
basin was filled cor nearly filled with sediments, until
finally the rate of deposition inareased to such an extent
that the sedirents accumulated above base level, Evidence,
of this non-marine environzent 18 feund in the overlying
Battery Point and Lake Branch Formations. These rocks
contain red.veds, cross-bedding, plant fragrents, rud-
eracks, ripple marks and rain imprintsa (Carbonneau, 1G59;
Stearn, 1959b).

. The position of the shorelins has not been
recognized, Boucot (1953, p.63) belleved that the

Qlobithyris fauna 1s situated between areas of typically

rarine and nen-rarins faunas, floras and sedimentary rock
types. If this be the case, it is possible that non-marine
deposita were formed to tha south of the area mapped, and
have since bteen removed by erosion. | |
It 13 somewhat difficult to bcstulata the reck

types of the source area during York River deposition,
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It 13 the bellel of the writer that the abundance of detrital
petash feldspar and sodic plazioclass within the sedi-
rent indicate that acidic end intermediate ignecus rocks
were once present, The existence cof volcanics within the
scurce area i1s considersd likely, &8 detritsl rrazménta
are found within the sedicent. Much of the detrital
frastion nay have been derived from reworked sediments
since chert grains, quartzite fragments and several quartz
greins with worn overgrowths were observad in thin section.
- The question now arises; frem where 444 these

great thicknesses of clastics corme from? ¥Yhere was the
gource area? In the early literature many writers have
been intrigued by the problem of the MNorthern Appalachian
sediments and of the "land rass of Appalachia”. Walcott
(1591, p.365). ona of the first writers to propose this
Atlantic borderland, suzgested:

"It 18 not irmprodbable that the area of the

great cocastal plain of the Atlantic slope was

then an elevated portion of the continent,

and that ruch sedirent deposited during

Cambrian and later Paleozoic was washed from

it into the seas irrediately to the west.,”

H.3. Willtams (1897, p.395) was the first to nare

thé area “Appalachia", and he irplied that it was the source



area of the later Devonian clastic detritua. Schuchert
(1523, p.162) sub~-divided the northeastern balf of Appala-
¢hia, which he naxed Oreater Acadia, into the Acadian geo-
synoline, 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
geosynsline.

Kay (1951, p.31), on the basis of abundant evidence,
also belleved that 1Middle and Upper Ordovician Silurian
and Middle and Upper Devenlan sedizents came from the east,
He suggested two possible source areas; 'great crystalline
borderlands forrmed prior to the beginning of the Cacrrian”,
and "lands raised from earlier Paleozoic geosynclinal belts
by intra-Faleczolc wountain building”. The second concept
suggests that the geosyncline grew by a process cf cannibalism.

The writexr favora Kay's second suzgestion for
several reasons. All indications, the valcanism, the rapld
facles changes, suggest that the geosyncline was a region
of great crustal instability. Stratigraphic information
can ba ratched Qith tires of emplacement of aclidic plutonie
rosks durlng Devonian time. The Littletbn Formation (Devonian)

of New Hampshire contains rhyolite and trachyte flows; the



Oliverian and New Hampshire magma series of the same state
are probably Middle Devonian (Kinz, 1953). Potasaium-
argon dating of granites in scuthern Quebec and Kewfound-
land indicates erplacement in the Pevenian Period (Lowden,
1551). It would therefore seem likely that within this
Davonian geosynclinal complex positive areas of acidic and
_ intermediate igneous rocks and sedirentary strata ware
shedding the cleatics of the York River Formation.

Rising cordilleras would furnish large amcunts
of detrital rmaterial, but it is difficult to explain how
the detritus was reduced to the comparitively small grain
size which 18 ccnaistent along the length of the Caspe
Dasin (Stearn, 1950b; Carbonneau, 1959; McGerrigle, 1950).
There may have been fragmentation eround small positive arcas
within the basin, but evidence for the existence of these
is lacking. DJulynski, et al (1953) have reéassoned that
a powerful and prolonged source of sand rust de attributed,
in rost cases, to weathering of a wide area of subdued rellef,
and that large ;1vers transport the sand to the sea. The
feldapar content of the York River Formation is high,

and 1% has been often suggested in the litersture that a



high feldspar content is evidence of a nearby source,
short transport and rapid burial. Pussell (1937), ¢n the
other hand, has effestively shown that along the Hississippi
River for example, there 1s little downstream change in
feldspar content. Therefore 4t 18 possible that the
York River sediments ray have bveen derived from a large,
distant source area of low relief.
| The exact location of the scurce areas 1s unknown,
but certain inferences ray be rade from the information
gathored. ‘llo important conzlomerates are present within
the York River Formation, so an imrediate source area is
not indicated. A northern scurce 18 probably eliminated if
lirestone was being deposited cn the shelf area. It is
unlikely that 1f the detrital frastion of a graywacke
sandstone was derived from the north, that it could byﬁass
the zone of carbonate deposition cn its way from the
Canadiean Shelf to the Gaspe Basin, The marked thickening
tovards the scuth may indicate that the source area is in
that direction,

Rivers can be barred from laterally entering a

geosynelinal trough by flenking positive areas. According
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to DJulynski, et al. (1559), Kusnen (1657) has compared
this picture to present-day land-locked trenches, and found
that the supply from the end 13 the rule. An izportent
result of the mapping done by DJulynski, et al. (1959)
in tha Folish Carpathians 18 the stronz predoninance of
lonzitudinal transport in flysch trouzhs, It 45 as yet
enigratic whether longitudinal transport occurfed

in the Qaspe Lzasin , 83 vectorial properties are rare in
the sadiments. Ilcwever, Cardennsau (1959) veliaved that
the current direction, 23 inferred from the orientation
of fossils, orcss-bedding and ripple rmarksa, was south-
westerly. This direction may well have been parallel to
the axis of the depoesitional tasin, but thers 18 no
evidence to sugzest that the reasurerments were taken at
ocutercp locations coincident with the trace of the axial
plane.or the basin,

It i3 the belief of the writer that the sedirents
of the York River Formation represent the first major
influx of clastics into what had been a predozinantly lire-
stone depesitiné sea. These clastics were deposited 1in the
Gaspe Basin 2s a result of the first pulse of the Acadian

Crogeny, which daformed the geosynclinal belt in the



1atter part of the Devonilan Pericd,

Tereier (1647) has attached an orogenic signifli-
cznce to the reaning of flysch depesits, and, translating
freely, he descrived flysch as "the deposits which
immedlate;y precede the rain parcxzyszal phase of a wountain
chain”, The term flysch conseguently expresses a ¢lese
relationahip between sedimentation and orogenié processes.

Tha York River Formation thereforse corresponds
to the important class of scdirentary réaka knewn as flﬁach.
both in lithologic aspect and in position within the tactcnic

and crogenic frameworks.



CHAFTER IV

CCHCLUSIONS

The follcowing conslusions can be drawnt

1)

3) -

A)

5)

The York River Formation comprises a ronotoncus, thicl,
rarina successicon of graywacke sandstones, silistones
and shales.

Thae York River Torration 13 part of an uninterupted
depesitional cyele, which continued throush most of the
Silﬁrian and Doveonlan Teriods.

Faleontologio evidense, tased primarily on the presence

of the brachiépcd Arphirenia, indicatesz that the York

River Forration was deposited during the Cnesquethaw Age
of the Devonian Perled (Zarly Cnondagzan).

The Fértin Group, which ereps out on the south sida of
the Heppel Syncline, 1s the stratigraphic equivalent of
éhs Grande Oreve and Cape Bon Ami Formaticns,

The structural geomeiry of the area mapped indicates one
episoda of cylindroidalyroldiﬁg arcund a horizontal axis
which trends at N.50.E. The dorinant strusture is

the Heppel Syneline.



6)

7)

-~

)

Igneous activity within the gecsynclinal belt is

evidenced}by the intrusicn of 2 dicrite éike.

Interpretaticns, based on a regional study, are as followst

a)
b)

The Yori River Tormation is a typical flysch deposit.
Deposlition of the York River Foruation occurred in a
rapidly subsiding, elongate geosynclinal trough,

which has been called ths Caspe Basin., The rate cof

"deposition fiﬁally exceceded the rate of subsidence,

o)

since non-marine deposits unconformably overlie the

Yerk River Formation to the east,

- Turbidity currents played en inportant part in ,'

fashicninz the lithologie character of the York

River Formation,

Ax1al transport was probably &n iupertant facter in
?ha,QSEtribution of the York River Formation clastlcs,
Deposition of the York Ri?ér Formation imm@diataiy

preaéadea the paroiysmal vhase of Asadian deformation.

Further work should be direcsted toward extending the

rapping of the York River Fermation to the ﬁest; and

investigzating the strustural gecowetry in that area,

Partioular ewphasis should be plased on vestorial properiles,
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APPENDIX

FILOT STUDY

The object of this gtudy was to dotermine the
nucber of counts that rmust be made in thin sastion in order
that en accurate and representative wineral compesition of
the reck can be obtainad. Thig condition was satizfied, for
the purpese of this study, when the arithmetic wmean (f)‘was
stabllized and the standard deviaticn (8) for each couponent
(quartz, feldspar and patrix) fell below 55,

Six thin-scctiona, chosen at randem from the York
River Forﬁation, vwere investigated on a statistdcal basis,
Fer each thin-gseoticn, a total of 600 counts were wade,
end these results ere showvn on Table 5. The following com-
ponents wore recorded: quarts, chert, feldspar, matriX, rock
fragrents and unstable minerals, Mo division &g to the
type of feldspar counted was rade, The malin difficulty
ley in determining what size quartz grain should be counted
as ‘quartz', and what should be included aleng with the
agillaceous matrix. Gilvert, (Willisms, et a}, 1953,

p. 297) bas mentioned this complication and has suggested
that any frogrent less than 20 microns should be included
in the catrix; this sugrestion was followed, The counts

I



were zmade under redium power., Traverses were nede across
the 8lide by rmoving & mechanical stage one division at
& tire, the grain directly under the ¢rcashairs beling counted
each ticve,
These data were treated in the fellowing ranner.
he varlance (62), for the components quarts, feldaspar and
ratrix for each mode (25,50,75,100 . . . . .600); was calou-

lated using the following forrulas

== =26 - C‘i"‘y

N~
there M 18 the totel nurber of slides exarined in the pllot

atudy, and x 18 the nunbter of counts of each individual
component, s{x“) therefore 18 the sum of squares and (= x)°
13 the square of the sum of 8ix counta. The standard devi-
ation (8), which 1s sicply the square root of the varilance
(s2), was ealculated, @3 well &3 the arithmetic mean (X).
The latter, in this study, 1s the cum of aix counts divided
by six (Table 6).

To 1llustrate the results graphically (Fig. 13),
the arithmetis rmeon (X) has veen plotted against the nucber
of points counted, The arithwetic mean (X) becomes stadle
after approxiwately 300 points have besn counted, The

confidence band outlined by one standard deviaticn (s) on

11



either side of the mean has also been construsted, At
300 points voth quartz and feldspar have a standard
deviation of leas than 5%. The matrix, however, hag a
standard deviation of 5.25%, but 1¢ was decided that the
necessity of counting 1C0 more grains in order to lower the
standard deviation by 0.35% was unnecessary for the purpose
of this study.
Arkin and Colton (1933, p.32) point out that Af

an axount cqual to one gtandard deviation 18 calculated
on either side of the arithrmetic mean, 67.274 of the values
will be included within the limits indicated,

| This reans that in 62,27% of the cases, for a

sarpleo chosen at rander, the mineral cceposition will bes!
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PILOT STUDY DATA SHEET.
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TARLE 7,
Mineral Composition of Sanples

Sample Rock
Nurber Quarte Chert feldspar Matrix Fragments
X-50-1] 40.3 7.3 11.0 33.3 8.0
X-50-2 38.3 5.3 9.3 ul1.3 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 4y.n 6.7 5.3 38.0 2.0
X-50-6 30.6 6.3 17.0 38.0 8.0
X-50-7 42.0 .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 u4.3 5.7
X~50-13 4.3 4.7 7.0 38.3 5.7

IX

All values in percent; determined by 300 point counts.




TABLE 8

STRUCTURAL DATA
YORK RIVER FORMATION

BEDDING FOLIATION
so/s0 wwl %0/80 SE. Horizontal 60/$0
80/90 60/70 SE. 70/40 SE. 60/50
50/90 Yiorizontal 60/80 KW. 60780 Nu.
80/80 8. - 75/490 40/80 NW. 65/90
30/90 70/90 80/45 SE. 60/90
60/90 65/50 30/45% <. 65/50
65/80 SC. 40/25 SE. 30/90 25/30
$0/30 75/40 NW. 50/¢0 45/90
55/90 35/35 SE. 55/90 - 70/90
65/70 SE. 40/65 SE. 58/72 NW. 55/30
75/90 40/7% SE. 75/75 KW, 40/90
60/80 s[. 60/50 6G/SS SE. 40/%0
75/90 55/75 SE. 78/90 30/30
55/60 SE. 55/90 40/50 35/90
40/15 SE 50/45 SE. - 60/90 60/90
30/60 Nu. liorizontal 60/:0 ££/90
160/10 E. 35/25 SE. 120/40 NE. 50/90
$5/80 SE. Horizontal 135/1% NE. 50/50
50/60 SE. 50/35 NW. $0/90 35/90
50/80 SE. S0/35 ¢<E. 60/780 NW. co/es
50/80 SE. $5/90 40/50 NW. 4o/90
62/80 SE. 55/50 60/90 55/90
$S/S0 45/80 sg. . W5/¢0 $5/¢0
Horizontal llorizontal - liorizontal 48/80SE. -
60/80 SE. 45/80 SE. 50/30 SE. 50/30 |
50/20 SE. 45/80 SE. 50/45 SE. S0/80 NW.
45/65 SE. 45/45 SE. 55/40 40/80 SE.
35/62 SE. 45/80 SE. - 60/80 €&B. $0/90 .
35/69 SE. 4S/80 SE. 60/50 55/30
35/70 ¢&E. 100/15 N. 65/60 , 3%/50
60/85 NW. 60/80 SE. 60/90 $5/90
50/70 NW. 50/950 70/90 - 80/90 .
60/50 : 5¢/90 SQ/%  SE. 60/80 NW. .
60/50 $0/80 NW. 65/40 SE. - 60/80 NW.
S0/45 &E. 130/718 NE. 70/60 SE. no/90
$0/90 50/90 - 70/60 SE. £0/90
45/70 SE. 75/80 NW. - 60/30 BE. 75/90
35/70 sE. . $5/80 NW. . 6/30 &E. 55/90
4s/70 SE. . 50/%0 - 55/90
$5/80 SE. Cu40/s0 $0/80 NW.
55/90 . '35/90 . : 4u/50 EE.
£5/80 SC. ys/80 NU. $0/80 SE.
Horizontal 70/40 SE. 60/90
35/90 80/15 S. 65/70 NW.

50/70 NW. 65/32 SE. 70/%0



TABLE 8 (continued)
YORK RIVER FM. (cont.)

FOLIATION

60/90
60/90
60/90
55/80
55/90
60/80
60/90
60/90
55/90
50/90
45/9Q
45/90
50/45
85/90
55/70
55/90
80/90
45/90
60/90
50/90
45/80
45/80
45/80
30/90
45/90
45/90
50/90
45/80
45/90

SC.
SE.

NW.

N,
N,
NW.

SE.

40/75SE.

45/90
35/90
40/90
30/90
30/90
50/90

BEDDING

65/90
50/80
75/170
60/45
120/15
45/40
30/35
45/50
55/60
55/70
55/55
50/40
45/25
45/15
140/10
50/20
60/35
50/50
50/50
50/40
4S/15
60/80
45/60
50/590
55/75
50/90
75/55

GRANDE GREVE _FORMATION

SE.
SE.
SE.
sW.
NW.
NW.
SE.
SE.
SE.
SE.
SE.
SE.
NW.
&W.
SE.
SE.
€E.
SE.
SC.
SE.
SE.
SE.

NW.

SE.

Horizontal

135/15
30/60
160/5

SW.
NW.
w.

Horizontal

80/30
90/50
30/20
60/30
75/40
70/50
90/45
70/30
65/40

X1

S.
S.
SE.
SE.
S.
SE.
S.
SE.
SE.

50/80
50/90
50/90
45/90
45/90
45/90
50/90
50/90
45/90
40/90
40/90
50/80
40/90
40/90
45/90
40/90
60/90
40/50
40/90
30/90
60/90
60/90
60/90
55/80
45/90
50/90
45/90

FOLIATION

SE.

SE.

NW.



TABLE 8 (continued)

CAPE BON AMI FORMATION

SBEDDING

55/70 SE.
$$/35 S8E.
710/70 SE.
60/40

40/45 SE.
45/45 SE.
45/20 c<E.
40/32 SE.

50/90
55/90
55/50
60/90
40/80
45/90
55/60
55/90
55/50
45/90
40/40

ST, LEON FORMATION

BEDDING

20/10 W,
110/8  sw.
45/1% SE.
S0/15 SE.
45/15 SE.
- 50/50 SE.
$5/70 SE.
65/65 SE.
Horizontal
70/6% SE.
$0/70 SE.
S0/10 SE.
Hor{zontal
5§5/20 SE.
140/10 NE.
160710 NE.
Horizontal

45/90
50/50
55/90
60/90
25/90
45/50
50/90
35/90
40/4%0
50/90
30/90

FOLIATION

NW.

FOLIATION

FORTIN _GROUP

BEDDING

40/90
50/25 SE.
o/C
Horizontal
55/80 NW.
40/40

40/90
50/90
50/90
60/90
45/90
65/90
35/85
40/90
40/950
35/90
70/80
40/50
30/90
50/90
50/30

¢€First nusber refers to strike, second number to dip. followed
by direction of dip.

XII

FOLIATION

SE.







