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" The appeal of brief, vivid, and perhaps poetical

-expression has led beth pepular and techmical writers

to amimate the landscape by the skilful use of metapher.
The Seine River in France was once referred to by Davis
(1909, p.588) as 'am able-bodied river, a river of ra-

bust habit of lifel" p. 576

"ees..there is a genmeral unawareness of our ignorance
of some geomorphic processes and the plight is largely
the result of metaphor in eur geologic ‘thoughts and
expressions." ) | p. 577

— Harry E. LeGrand, 1960, Journal
of Gealogy, v. 68, nge,. 5.
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CHAPTER X

INTRODUCTION

1.1 Objectives,

The correlation betweem the altitude of an erosional
topography and the underlying bedrock is much assumed and
has been litile tested, Geomorphologists generally agree
that bedrock geology has am influence om topography; however,
8 survey of the literature reveals that the imterconnection
is thdught of as "ceomplex" , and that commemts cn the rela-
tionship are usually couched iﬁ~vague terms of relative ero-
aibility. ’ '
| If we define a topography as an infimite population
of altitudes, them it is possible to obtain.samples for
lithologically uniform areas and to study the relationship.
Primarily them, this thesis is am attempt to describe a topo-
graphy in terms of frequemcy distributions of altitude based
on lithology.

The following are detailed objectivesi

a)- The quantificatiom of the lithology-altitude rela-
tionship of a topography, by frequency distribution
analysis of altitude;

b)- Attempt at the derivation of an order of relative
.erodibiliﬁy (relative susceptibility to wearing away)
for the rock units within the study area;

¢)~ Consideration of the overall topegraphic system.

Most topographic analyses are controlled experiments
with many landform parameters either held or assumed constant
and the variability of ome or few parameters observed. Simi-
larly, this study is such an experiment, by adoption of &
model which has lithology as an.indepen&ent variable and
topographic altitude a directly dependent varisble.
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.2 Survey of the literature.
Quantitative eonaiderai.ions of lithology relative to

Tﬁndfwm' and its development are not mumerous in the litera~-

ture, while qualitative wiews are abundant. A sampl;ng is
presenteds:

De la N8e amd de Margezy (1888, p. 24), im their book

"Les: 2omes dau Terrain®, eum:.&er both topography and slepe

defwelopment dependent om rock type.
Gilbert (1877), in his celebrated Henry Mounta.ms re-~
poxt, speaks of a "law of structure".

p. 108: "Insofar as the law of structure controls
sculpture, hard masses stand as emlnences
and soft are carved in. vallo@‘s.

Villiam Morris Davis believed 11thology and structure
less 1mporta.nt than erosion. He writes (Davis, 1884);:

p. 4283 "The. relations of a number of . geogra.phus
..forms may be exhibited by means of a class-
ification. ba.sed ‘first on the- pecu.h.a.r:.t:.es
of structure ‘and. sec:ond on. the amount of

erosiom that they have suffered."

", ...of greater geological importance than
these early and comstruetional character-
istiecs; are the 1a.f.e:: destmmtmnal onea,
determined by erosion,: 1nasrhuch ag they:

comprehend the topog::apl;ﬁ.eal foxm that we
usua.lly observe.

In his txeat;se om tha Tnass:nc geology of Comnecticut,
Davis (1897) v observes: "....a complete lack of sympa.thy bete

ween strmture a.n& form."

Femneman. (1938), in discussing eyclic and vnon—cyc;l.i_‘-’.c .
erosion, writess: '

p. 92s. "The:ory would indicate that the rate of

' a ' erosion without walleys should vary with
the hardness of rock: and the width of out-
crop, the latter being determined by {thick-
ness; of stratum and dip. Even a casual ex—
amination of ‘the Appalachian ridges is
sufficient to indicate that such correla-
tions. o:t altitude ‘with stmcture ex:.st.
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On the same page he comments further:

"WVhem am equal amount of exact study shall hawe
‘been given to correlating each height with the
character of xock and the breadth. of outecrop,
the time will have come ta decide how mamy . '
levels must be assumed.

Ashley (1935), in Fennsylvania, questions multiple pene-
Plaim eriteria and emphas:.zes the effects and importance of .
structure and differential erosion in .p::oducing " e s .apPPO~
rent summit accerdances....”

Cole (1935; 1987) writes om rccit: zeslsbance and struet—
ural comtrol of’ erasion surfaces in eastern and southern Oh:.o
and .adj acent Pennsylva.m.a. a.nd West Virginia. Ha' cons:.dens -
(Cole, 1985), thats |

p. 1049: "The surface configuration....is govermed
- by varying resistance and attitude of

strata which have been differentially -
sculptured duning; four cyclés of erosion."

Thampsan (1941) . pnoudes a dc:tuled analysxs of the
relation of to:pogra.phy ‘0. bedzmeh, tor Earts of Y:..rginia.

D.. 5292 "The mmber of. summits per unit area of

' .outerop is another indicator of relative
I&‘ﬁlﬁm ‘of. thé. formations. By noting
the average altitude of the summits and
the number of summits per umit area of
outcrpp om each formation, ome might
arrive at a fairly aecuxa.te scale of re-
lative resistance ot +the various z:mcks.

Thompson: beliewved stromg].y in the 1mpozrta.nee of bedrock:
and strneture as physiog,raphic controil ss :

‘p587- "It seems: superflnous to cons:.der an up-
"~ 5893 land or summit peneplai:n if the wvarious
- altitudes of the ridges ecan otherwise be
satisfactorily explained. The following

factors are helieved to account suffi-
ciantly for the. various altitudes of the

ridges: (1) ditfenent rock formations, -

. {(2) structure, (8) width ef outerop of’
ridge-mekers, (4) altitude of anticlinal
folds, and (5) nearness: to. maim streams."

Hack (1960), promoting the concept of ld_ynanu‘e equilib- |
rium in humid temperate landscape evolution, presents a view

[l = T = e R R N Ly

S

MLl T e

e sy

b s it S B et b Dy ke



AT PTVTLT ALK T S AT L eie v

T

et g . e o m s e

whieh has found acceupta.nce By many modern: geomnmphologistss
p. 85: "....forms and processes are im steady state of
' balance and may be considered as time independent.
Differences and characteristigs of form are there-
fore explainable in terms of spatia]. relations in
which geologie pattems are the primary e@nsider-
ation..«q”

m 91: "Differences: in form from one area to another,
including the: relief, form of the stream profile,
valley cross~sections, width of floodplain, shape
of hill tops and other form elememts are explain-
able in termss of differences in the bedrock and
the manner im which it breaks up imto different
components as it is handled on the slopes and in
the streams."

Bretz (1962). and Holmes (1964), find little coxrelgtion
between lithoiogy and topogrephy. They ciite: examples from the
M:naannn Ozarks end western North Carolina mspeetively, '
m;ect dymamx.e\gqu:.lﬂxr:.um, and write in snppart of the

Dawis:nan system. Helmes o:hmervesx

p. 440: MAcross oxterop areas of weak: roek, valley floors
up to half a mile across in width have bgen de-
velagped; whereas across the intervening resistant
zoness the walley floors are narrow oxr of aenly
channel width through distances up to 2 miles...

.. eeesThese relationships indicate considerable diff-

. erencess in rock Fresistance to weathering and

- erosion....but the most s:.gmt:.ca.nt fact is that,
except for: three conspicuous momadnocks, the
uplands: are all but completely devoid of any re-
cognizable tmpug;:aph:.c: expression of- these obvi-
ous differences in rock nemastance.

Howard (1965) . rresents & review of current concepts
of geamorpholog:.cal sys'tems and notes me'wera.lly the import-

ance of lz.tholog:hc msmﬂeratﬁnnsz

P. 304: "Among bath historical and equiilibrium schools
there has been s widespread tendemey to consi-
der the effects of stratigraphy amd structure
upon landforms to be secondary and even tempe-—
rary infInence....more reasonable is the ex-
pectation that all wariations: of stratigraphy
and structure will find@ comtinuous expression
“through form and process variations in the :

la.ndsseape..
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Again, he writess

Po 305: "Stratigraphy and structure act passively upon
- Jandforms, dxerting imfluence through con- :
'st:na.xnts upon the system and, in the case of

stratigraphy, as a souree of mass for the sys-

tem. Im arveas: where lithology and siructure
are of constant eomposition or only slowly
 varying in the verticall direction, a c:omplete
adjusstment bhetween landforms and geology is to
be expected, and such a case is indicated by
the well defined. correlation between stream
and slope perameters and the parental material
in areas of steep reg:.onal d1p ‘ox locally
hommgeneons lithology. "

Quantitative studies of the relationship of lamdform

elemnnrts to lrﬁholmgy and stnuetu:re are few in numher..

Brya.n (1922), Strahler (19503), Melton: (1957) and Hack
and Goodlett (1960) hawve eommen:beﬂ on valley-&m.de alope
development in: areas of dhszuent lithology. Sttahle:r f:.n&s

no correlation: RS

p. 806: "Because the twa areas of similar reck dirfer
. - significantly in slape, whereas two of the
unlike areas. do 'not differ significantly im
slope, we may conclude that some Pactor (or
factors) other than bedrock hazx a contrelling
influence on slepé-differences....A possible
explanation for a lack of any strong bedrock
influence may be the deep vea.thering of bed-
rock in thi=z region.”

Melton obtains a definite eo::rela.tmn:

P. a%: "The valley-side slopes: af drainage basins wvary

with :1itholo bmng sbee est on shale and
perhaps limes: one ezt on sclust and
ac:n.d volcaniic: 1itho longies .

Hack and Gom&lwtﬁ fitted mathematncal equatio:ns to the
profiles of sleopes undenlum by speeific rock types.

Welman: (1955) , Hack (1957),, M:.ller (1953; 1968) amd
Hely a,nd Olms:tead (1963) have dizcussed stream gradxent,
drainzage: pa.ttern and density, and drai.nage basin s;ha.pe in
relation to lxthology. Brnsh (1961) has eons:.dered in detail
the hydraulic geometry of simteem szelected streams in cen-
tral Pennsylvania j; he relates strm_cha.nxml parameters

e




to lithology and observes thatas:

P. 145: "The type of beclrozk underlying the chammnels
“included im this study appears to. affect both
channel slape and particle size. Foxr a given
length of stream, a stream channel underlain
by sandstone, tends to. have a steeper slope.
and largex bed matexial than chammels under-
laim by shale or limestone. Hence, & stream
whiech heads in sandstome and ends in Iime-
stone, temds to have a more rapid deerease
in slope and particle size tham a stream heed-
ing im. limestone and ending in sa.ndstane-

Miller (1961);, sampled. anl.ntea im .small streams: drain-
ing. aa.mgle rock typess in the high Sangre de Cristo Mouwntains,
im New: Mexico and fownd that:

p. P28: ,"The aygronmately uniform concentration of
solutes in: waters draining single rock type
indicate a steady—state relation for weather-
ing mechanizms...."

Pe F21l: "....it seems very unil.:nkely that erasion surfa-

- 'cem . can be preserved unaltered for millions:
of years....the curves....indicate that 1
million:. years of wegthering at 10,000 feet
could. cause sandstone terrains to be Iowered
48’ teet, granite terrains: by 11 feet, and
meta-quartzite terrains by 3 feet. Thus solu-
tien weathering slone would considerably
lowfe:n any surface and in Iithelogically com-
trasting areas would m:onduce rugged relief’
wz.thm a 'few milliom years.

Flint (196&) atudied the relation of al'&i‘&u&e and
stream pa.ttexn ta lithology. in ccmmect:.cut, _thrmugh topo-
gra.ph:.e map analysi.sz. L:izmxtmng his eoms:.dmt;mns to crystal-
lime rocks, he ebtains freqne:my distributions: of altitudes
£rom gr:.d—poxnt sanqpling and calculates sample parameters,

He eoncludes thats

P 6903 "......agreement betweem Iitholo»gy and alti-
© {ude is good. Rocks that, because of their
mineral content, eould be expected to xe-

- sist erosion effectively, underlie areas
of relatimely high altitude: and rocks that
are rich :.n erodﬁ.ble mﬂzmerals un&erhe 0=,
er areas.,."

"This relationship betweem altitude and

{f\* . -1ithology... .seens: compatible with the
~") comcept, set: forth by Haek (1960)....

T it 2




V.C. Miller amd C.F. Miller (1961) note from wide
experiemce im the field of photegeolagic analysiss

P. 81l: "Differential erosiom is considered the first
key to bedrock identification and interpreta-
tion on aerial photegraphs. Im any area sub-
jected to prolomged erosion (primcipally by
running water), resistant rocks may be expecied
at or mear the surface of higher topegraphy, :
with less resistant rocks im lower topographic
positions (i.e., sandstone ridges amd shale
valleys)." ~

"In relatively few instamces such a topographic
~-Iithelogie correlation dees mat eccur."

1.3 Lecation of the area of study.

The Gaspé is situated@ im the Provimce of Quebec (fig.
1, p. 8). It is the peminsular landmass that extends east of
the Matapedia River into the Gulf of St. Lawremce, being
bounded om the north by the St. Lawrence River amd on the south
by Chaleur Bay.

This study is confimed to the western half of Gaspe€s~—. :
the topographic regiom between the Matapedia amd the Cascapedia
Rivers. The area is approximately bounded by latitudes 48°00!
to 49215' North emd longitudes 66°00' to 67°30' East.

1.4 Considerations in the choice of area.

The Gaspée was chosem for this study because it is
believed to be a good example (probably the best example in
Canada) of topography which has evolved umder the deminant
influence of fluvial processes alome.

Probably the regiom was completely covered by glaciers,
during the Wiscomsin maxima (McGerrigle, 1952). but it is
thought that the mountains formimg a high naorthern rim! kept
erosion by the Labredér ice sheets to a negligable miwmimum.

in the inmterior.

1 - The height of the neorthern mountaims ranges up to
4160 £t above sea level for Memt Jaques Cartier in
the Tabletop block amnd is commomly 3000-3700 ft im
the Shickshocks.
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There is a variety of geclogic units present in the
Gaspé, with good areal comtimuity of outcrops. The structural
trend is strikingly regular.

Finally, over mest of Camada, the best available topo-
graphic map coverage is at the scale of 1:50,000 with 50 £t
contour interval. F@r maps of this series, depending om the

‘method of pleoettinmg amd the type of groumd-comtrol available

at the time of the survey, altitudes depicted by ceombours
can differ from the represented absolute values, by as much
as ome half to twe times the conmtour interval (persomal com-
munication, A.C. Tuttle2, 1965). The greater the amount of
relief of an area, the less would be the effect of accrued
mapping errors. With lecal relief of mere tham 1,000 fi
found commorly, the Gaspé is a good choice for the type of
mapping available, ’

1.5 Fieldwork amd acknowledgements.

The problems discussed in this thesis are mainly
theoretical, and the maim startimg point is from map amalysis.
Semetimes, such studies can be somewhat umnrealistic if mot
complemented by field observatioms. The writer was able to
visit the Gaspé twice: for three months during the summer of
1965, as assistant party-chief of a Quebec Department of Natu-
ral Resources geolegical field crew, mapping the western con-~
tact amd metamorphic zome of the Tableiop granite intrusiwve;
and also for a brief but comecentrated two-week recommaissance
field trip, in the Fall of 1964.

I would like to thank the Province af Quebec Depart-
ment of Natural Resoureces, feor supporting this work, through
the granting of two post-graduate scholarships,

Also, simcere thanks are conveyed to Dr. J. Beland,
of the Universii€ de Montreal, whe discussed amd pointed out

2 -~ Chief Topographical Emgineer, Camasdian Topographical
Survey, Department of Mines and Technical Surveys,
Ottawa.
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several problems of Gaspé geology.

Dr. W.B. Skidmore, geologist of the Quebec Department
of Natural Rescurces, corresponded om the subject of his un-
published field work in the Riviere Angers East and Escumimac
map—-areas, and kimndly made available copies of umpublished
maps.

Dr. J.A. Elson served as the faculty advisor, and im-
parted am emthusiasm for the subject of geomorpholegy, for
which I am very grateful.

Miss M. Loatus of Montreal amd Mrs. A. Jurisson of
St. Catharimes, Ontario typed wvariocus parts of the manuscript.
AlY drawings and illustratiors were prepared by the author.
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CEHEAPTER 11

GEOLOGY and PEYSIOGRAPHY
ef GASPE

2.1 General Geclogy.

2.1-(1) Introduction. :

Study of the geological setting of Gaspé Peninsula
was begun by Sir William Legan, in 1843, as part of the first
field program of the Geological Survey of Canada (Legan, 1844,
1846, 1863). Subsequently, studies were undertaken by both the
Geological Survey and the Québec Dept. Mines (now rensmed:
Depaxtment of Natural Resources). A summary of the work is
given by Dresser and Denis (1944, p. 345-391).

Coleman (1921), Parks (1931), and McGerrigle (1954).
have written brief syntheses of the general geology of Gaspé.
McGerrigle (1953). compiled the basic geolagic map of the
Peninsula (now under revision), at a scale of four miles to
ome inch.

Seme detailed studies have beem undertaken within the
framework of M.Sc and Ph.D. theses. Carbomneau (1953),

Mattinson (1958), McGregor (1961; 1964), and Ollerenshaw (1963)

have mapped parts of western Gaspé in the course of theses
studies.

2.1-(2) Geolegical setting.
The Gaspé Peninsula is part of the morthern Appala-

chian meountain system and is underlain by Paleozoic roecks of

Camhriam t0o Pennsylwvanian age. The sedimentary reock units trend

in a northeasterly direction, which swings to easterly. from

central Gaspé to the Gulf of St. Lawrence (Gaspé Salient).
According to Neale, Beland, Potter and Paole (1961),

only two orogenies have effectively formulated the structural

elements of the region: the Taconic, eof Midéle and/or Late

Ordoviecian time, accompanied by ultrabasic intrusives; and

the Acadiam, of about Early Devenian time, with emplacement

of granites.
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2.1-(38) Belts of similar geological setting.

Western Gaspé cam be divided inte four east-west trending,
geologically-similar belts, after McGerrigle (1954), (figure 2,
p. 18): '
a)~ Northern belt: This is a ten teo twenty~-five mile v1de zone

of folded Cambrian and Ordovician rocks - pre&omlnantly shales
and slates, and mimor quartzite, limestones and phyllite. It
extends from the nerth shore toa the foot of the Shickshocks.
b)~- North-central belt: This belt is six to eight miles wide
and coincides with the Shickshock topographic high. It is
underlain by altered basic veolwamic rocks and minor metarkos—
es. and is considered to be of Cambrian or Cambreo-Ordovician
age (Ollerenshaw, }963, p.33). The Mont Albexrt ultrabasic
intrusiye and the Tabletop gramite belong in this belt.

c)- Central belt: This belt is about fourty miles wide. and is
underlain by Devoniar and Siluriam strata. ferming the
"Central Gaspé Basin" eor "Gasp€ Synclime®”, A variety of sand-
stones, micritic limesteones, shales and silitstones are found.
The north boundary of the belt is marked by fault contact with
the Shickshock greoup rocks.

d)- Southern belt: In western GasPé, the southern belt is a
zone of folded sedimentary recks. of Cambro-Ordovician to
Silurian age, with some Silurian and Devoniar volcanic rocks.

2.1-(4) Structural features.

Structural features within the individual belts . are
considered to be of a similar origin, after Neale, Beland, Potter,
and Pocle (1961I) - i.e., all formations making up any one belt.
are thought to have had a feirly similar tectonic history: the
Nerth and Nerth-central belts were affected mainly by the Taconic
orogeny; the Central belt only by the Acadian disturbance; and
the Ordaovician rocks of the Southern belt. in both. The above is
somewhat of a generalization, and the interested reader is refer-
red to Ollerenshaw (1963, p.287-289) for a more detailed review.

There is nmo evidence for a late Paleozoic orogeny in
the western Gaspé. and the area cam be considered a stable

4
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cratonic block. since the close of Acadiam orogenic time,
at about the Middle Devamian.

The siructure of the northern belt comsists of a
series of tight, frequently isoclinal folds, with noxrth-
northeast tremding axes. A complex series of mormal aund
thrust faults, generally of undeterminable displacement,
are found throughout. Cleavage is vertical and clesely spaced.

The rocks of the north-ecemiral belt are arranged
in a double fold - a northern amtxeline and a southerm
synclime; the structure is present the length of the Shick-
shock blcck., A stromg primary foliatiom, with a strike eof
N.60%B., is presemt throughout.

A major fault, named the "South Shickshock Fault"
by Olleremshaw (1963), separates the north-central belt
f::om Silurian strata of the cemtral zone.

Within the broad cemtral belt, bedrock is much
less deformed than in the two previoamsly described zomes.,
Although the Fortim Group has a complex structure, the
other formatioms are in broad, opem anticlines and synclines.,
The Fortin sequemce has a marked steeply-dippimg to vertical
schistesity . throughout. The Cape Bom Ami has a characteris-
tic fracture cleavage; the Grande Gréve is gemerally well
cleaved, but less =@ than the Cape Bon Ami.

In the southerm belt, the Ordovician rocks of the
Matapedia Group have a marked steeply dipping te wvertical
schistesity; bedding is gemerally steeply dipping to vertical.

2.2 Dezcriptions of sampled formaticns.

The altitude sampling of lithologies found im the
western Gaspé is based cu rock units at the formation or
group level. Each umit will be described briefly, below.

NORTHERN BELT

2. 2-(1) The Qnébec Gmp_. :
Ps.rts of the geology of the northern belt are kmown

from recomussme mapping by McGerrigle (11954) ’ Bela.nd (1957) ,

and from more detailed studw by 011eremshaw (11963).
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BELT FORMATION or GROUP AGE MAP ARFAS =and
Northern Quebec gr Cambro-Ordovician (i)-1. .
Shickshock gr Do (1)-2
North-centreal Tebletop granite (Lower) Devonian (2)—2,2i,2B.‘
intrusive
Mont Albert ultra- Ordovician (2)-1.
basic intrusive
Battery Point fm Middle Devonian (3)-6.
Lake Branch fm Do (3)~-5,54,5B,5C,
York River fm do (3Y-4,7; (4)-1;
Ste Marguerite do (7)-10.
volcanics
Devonian volcanics Do (3)-3.
(unnamed)
shaly facies Lower and/or Middle (6)-1,3; (7)-1:
< Devonian
Central LN silty facies Do (6)-4.
N
qu sandy facies do (6)-2.
undifferentiated Do (4)-3.
York Lake facies Lower Devonian (3)-2,
Grande Gréve fm Do {(1)-5; (3)-1;
Cape Bon Ami fm Do (1)-4; (7)-3;
St Leon fm Upper Silurian (7)-4,5; (8)-1
Silurian ,
(undifferentiated) Silurian (1)-38.
Ygé‘mudstones Silurian and/or Devomian (6)-6,6A,6B8.
&dfp basic volcanics Do (6)~-7,7A,.7B.
<2 undifferentiated Do _ (5)-3.
Southern Mont Alexandre gr Upper & Middle Silurian (4)-4.
Jonathan fm Upper Silurian (4)-2.
Matapedia gr Ordovician & Lower Silurian| {(4)-5; (%)-2;
1

Honorat gr

Ordovician

]
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(4)-6;
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TABULATIONS of SAMPLED DATA HISTOGR!
Table  A-1l, p.lcoL Figure B-1, p.
A-1, p.lcvL B-1, p.
s 2B. A-2, P. W\ B-2, p.
A-2, Pp.lvi B-2, p.
A-3a,p. 1] . B-3, p.
,5B,5C,5D; (7)-8. A-3a, A-3b, p.lo7 it¥; A-T7, p-ji2. B-3, p.
(4)=-1; (7)-1,7,9;()_4. A-8a, D.IE7; A—4.3p.l_c“2; A-T, p.N2; A-8, p.Wiy B-3, p.\i; B-4
-7, p. n2- |
A-T, P AV 1 B-7, P-'::.z‘l- -
A-3, p.lc/- B-3, p.li.
: (7)—11. A-6, P. 1t 3 A-T, Pp. N2, B~6, p..‘_(iz; B-"
A-6, p. M. B-6, p.M2.
A-—S-, p. T:! . B-G, p._\ﬁn
A4, D. =7 . B—4, P.L7.
A-3, p.ic/. B-3, p.ic.
(3)-1; (7)-2,6; (8)-3. A-1, p.jo’; A-3, p.igz3 A-7, P.i2; A-8, P.F . B-1, p.lid; B-s
(7)-3; (8)-2. A1, p.ii; A-7, puain; A-8, p.i3. B-1, p.lid; B-"
; (8)-1. .
3 (8) A-T7, p. V1l A-8, p.13. N B-7, p.ix0; B-=¢
A-1, p.rZ. | B-1, p.ld.
A,6B. - R !
. A-6, P -1:——- i B-6, p.u%.
A.TB. A-6, p. U . i B-6, p.UZ.
A-5, p.lic . ; B-5, p.}iS.
A-4, p.ros . B-4, p.l17.
: A-4, Dp..18g. B-4, p.\17.
(5)-2; (6)-5. A-4, p.1v9; A-5, p-uc ; A-6, p. 0. B-4, p.u7; B-
(c)-1. A-4, p.:Cy; A-5, p._vC. B-4, p.\i7; B-
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Poge 15 (foldout)
S

of SAMPLED DATA

: i
CUMULATIVE % FREQUENCY CURVES

STOGRAMS . :
-1, p.tii, - Figure C-1, p.i_;g_z
-1, p.i. C-1, p.122.
- i
-2, p.us. -2, p.izs.
| -

-2, p.ls. s C-2, p-ili.
-3, p.MC. C-3, p.lH.
-3, p.l; B-7, p.iz0l. C-3, p.l2i; C=7, p.Vz7.
&3 B-4, p.y_z;}B—% p.l20; B-8, p.l%. c-3, p.t2l; C-4, p.uE; C-7, p.\2/; C-8, p.iin
. % C=Ty DP.il/. i
lz. o c-3, p.2}. i
©5 B-T, p.ut.] C-6, pelf; C=7, p.lf.
(2. i C-6, P.lic.
l\i. i C"G’ p'h;(;'

| i
{7 e i C-4, p.iiv. i
i . I C-3, p.i:i. !
\4; B-3, p.l& ;i B-T7, p.jZt; B-8, p.1il. C-1, p.j2z; C-3, pJaxd; C-7, p.127; C-8, p.l:&.
4; B=7, p.ix;) B-8, p.iai. C-1, P.j.2; C-7, p.{2z; C-8, p.das.
x0; B-8, P12l C-7, p.1i7; C~8, p.uz¢.

) B
id . i C-1, p.l.2,
15 . C-6, p.llk. j
Ll.:/’ c-6, D-\_f’_‘a- i
iS. C-5, p-A?%. 1
7. C-4, p.1:5. ’
\7. C-4, pa2d. ; )
1173 B=5, p.l®; B=6, p.\i, C-4, p.125; C-5, p.ix&; C-6, p.lrb.
\{7; B-5, p.iS,. C-4, p.\vs C=5, p.1as.

Tab.fl;.ef

1 _.

Croaéiinﬁexfto,geoIogicaI units’
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The variety of lithologies which are found. are col-
lectively named the Quebee group, after Logan, who mapped
these rocks from Levis to the Gaspé. Attendant difficulties
in using this "dust-bin" term. are discussed by Ollerenshaw
(1963, p. 19-21), who suggests, for various reasons, the
term "St. Lawrence Complex", For the purposes of this thesis,
the name. Quebec group, will be retained.

The rocks are predominantly grey, greem and red shales
and slates, and phylliitic shales; calcareous siltstones, minor
grey limestone, limestone conglomerate and quartzite are also
found.

NORTH-CENTRAL BELT

2,2-(2) The Shickshock Group.
Two main rock types are found: grey-green, fine grained,

metemorphosed lavas (albite~epidote~amphibolite schists), with
locally censpicuous plagioclase phenocrysig; and miner meta-
sedimentary rocks (metarkoses with coarse grained quartz, and
pink and vwhite feldspars). Mattinsen (1958, p. 185-187) . recog-
nized four subiypes of the metavolcanic sequence, Epidoate,
calcite, and quartz veins are found in appreciable quantity.
throughout.,

2.2-(3) Tabletop Gramite Imtrusive.
Jones (1933). described the geoclegy of the Tabletop
granite . as follows: mainly medium to coarse graimed pink

granite, and grey medium grained (to lecally perphyritic)
diorite and granedierite; some medium graimed red syenite,
and minor fine graimed (to sugary) pink felsite, quartz-feld-
-spar pegmatite, and grenite porphyry.

The intrusive has a contact metamorphic border-zone
of altered sedimemtary rocks: tough, brittle, dark brown to
black hormfels; greenish-grey to white, ultrafine graimed
porcellinite; amnd green to brown garnetiferous skarnms.
2.2-(4) Mont Albert Ulirabasic Intrusive.

A general &escriptiom of the intrusive is givem by
Alcock (1926, p. 35-38), while MacGregor (1961; 1964). treats
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the body in more detail.

The cemtral part of the imtrusive is campesed of
danite a.md permdmtlte, with miner emounts of pyroxemite,
serpentlmte and ehraomitite.

The bod.yr is: surrounded om the east, morth and west
by a comtact metamorphiic rim of dark-colored hornblemdic
rocks. Oz the south, {the iptrusiom rests in fault combact
with the Shieckshock group rocks. A Potassium~-Argom age
determination on ftwo miicas from a sample o¢f the. contact
metamorphic zone, has given an age’iof 495 M-yrs. This
indicates a probable ordovician age of recrystallization;
evidence of a further recrystallizetion is lacking.

CENTRAL BELT

2.2-(5) Battery Point Formetion.
McGerrigle (1950) , suggested the name: for rocks

first described by Logems (1868, p. 416). at Tar Poimi, in
eastern Gaspe'.

In western Gaspe’, the fermation is exposed in the
Big Berry Mountains area and was described by Carbommeau
(1959, p. 87). as: medium to light greemish-grey, fime to
medium grained (some very coarse grained) sendstones, with
up to 20% :i:mterbe'ddéd shale. '

Tﬁe averae composition of the Battery Point sand-
stones is given by Carbenmeau; as: 51.5% quartz and chert,
20.6% micas and chlorite and 27.9% feldspar and kaclim.

The Battery Point samdstones are termed greyw acke sandstones
in this study. R

2.2-(6) Lake Brench Formatiom.

The formation has been deseribed by Carbomneaun
(1959, p.83-35): in the Big Berry Mountains area and by
Stearm (1959, p. 7). in the Ca.usa.péc:al East area.

Carbonmeau describes the formation as made up of
generally dull 0. bright red, well-bedded@ but poorly con-
solidated shale, with some siltstones amd fine grained argil-
lacecus saqutones.
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Probably & deltaic deposzt, the Lake Branch redbeds grade
inxtoe the underiying Yorlk River sand&tones; threugh an inter-—
fingering transitiom zone and the formation cam'be considered
as a red facies af the York River formatiom. l

2.2-(7) York River Formation.

The York River beds were named by Villiems (1910)
and are deseribed for; parts of western Gaspé. by: Carbomneau
(]‘.953, Pe 68 1959, 28 28), Stearn (l959,MS), Skidmore (1960),
and Ollerensha,w (1963, P. 2'72). Ollerenshaw writess

"The sandstomes of the Yoxrk River Formation in the
Cuog-Langis area are mainly intermediate im

compesition to arkose and feldspathiec or high ramk
greywa,cke Same are Tithie sandstones. Quartz is
the main constituent anmd forms 40-50% of the rock.
Feldspar content averages 20-30%....Weathered sand-
stemes of the regior can readily be recognized as
York River by their characteristie whitish weathered
feldspar grains."”

As described by Carbonmeau, the rocks ares

B, ...greerpish-grey, medium to fime grained, feldspath-
ic sandstomes with numercus interbeds of greenish-
grey shale up to ¥I00 feet thick."

The York River sundstomes: can Be distinguished from
the Battery Point sandstomes by the grey color of the feld-
spars (those of the Battery Poimt formation are cha.ra.cter—
istically p:mk).

2.2-(8) Ste Marguerite volcamics.

' Stearn (1959), mapped a nmarrow zome of volcanic rocks
in the Causagpscal area. He included these with the Fortin
Group and described them as:

".e..dark greem, fine gra.:.nea. » genmerally amygdaloidal
eescaugite andesites.”

2.2-(9) Unnamed Devomian Volcanies.
Carbompeau (1959, P.26), describes a series of vol-
canic roeks betweem the Grende Gréve and York River forma-
tions, in the ‘Big Berry Moumtains areas

Y. ..spreeminently basic lavas....greemish, fime to
medium-grained diabase followed downward by.ee.
darker and less greer diabase with scattered amyg-
dules; of eéalecite.c..and olivime basalt.”

i
et
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2.2-(10) Fortin Group.
The Fertin group roclkks are exposed in a wide zone

(map - 9, in back pockesd) . in the cemtral belt. and are des-
cribed by Beland (1958}, Stearm (1959) and Skidmore (1960).

Stearn (1959) mapped the following sequence in the
Causapscal areas

Poooo@arik to medium: grey, micaeceous slate and

phyllitic slate with indercalated beds of grey-

wvacke several tems of feelt thick. Much of the

slate is calearceus and a few beds approack the

composition of limestome."

Belamd (1958, p.7).was able %o divide the formation
imto three facies, in the Oak Bay area:; a)- dark grey to blaclk,
locally calcareous, phyllitic shale; b)- hard, Inght cclored,
thin-bedded siltstomes; and c¢)~- grey, medium to coarse grain-
ed, locally thin-bedded bul commonly massive sandstones.

Skidmore (1960). &id mot find ecerrespondimg
divisions im the adjacemt Riviere Angers area.

2.2-(11) York Lake facies.

Carboanesau (1959), after Jomes (1986), mapped the
transitional zome between the Grande Greve limestanes and
the I@rk River sandstones, as the York Leke facies. 011eren-
shaw (1963, Pe 267T) mre.mta.ins, howevers : '

n_...the transntnon does mot appesr te warrant
separaticon as a ‘@istinet formatiom or facies,
but it does raise 'bhe pr@blemx of where teo
place the emtact.

Most workers kave considered the York Lak.e :Eacxes
rocks part of the York: River forma.tzon.

2.2=( 12) Grande Grove Formetion.

- Clarke (19005 1968) ‘propoged the mame Grende Gréve
for the uppermost strata of S:.r Willian Logan's (1863}).
Gaspé Limestone Series. Within the thesis area, it has been
described by Stearm (1959, p. 5-6), Carbonmean (1953, p. 46;
1959, p. 19-21), Olleremshaw (1961, p. 9; 1963, p. 260-264),
and Mattinsem (1959; 1964, p. 80).

The rocks are mainly daerk to browmish-grey, hard,
brittle, vary fine graimed siliceous limestcme, some silty
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limesteme and some calcarecus siltstome. The bedding planmes
are gemerally 2 te 8 inches aperd amd separated by thin ’
layers of silty shale.

2.2-(I3) Cape Bom Ami Formatiom,
Clarke (1900) mpmsed the neme. Im westerm Gaspd,

e i L

A
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Carbennmeau (2959, Pp. 18) mapped these rocks in the Big Berry
Moumtains ares amd estimated the lithology ass 60% darik,
blueish-grey, soft, locally aremacecus limestome and 407
darl, calcareous shale. Ollerenmshaw (1963, p. 18), for the
Cuoqg-Langis map-area, described the composition £rom thin-
sections ass 60~-90% carbonate, 4-40% quartz silt and 5-10%
arg:.llaeeons material. Stearn (1959, Pe 4)5 in the Causapscal
area, foumds

Y eeeodark grey, argillacecus and lecally silty

Iimestone typically clesely cleawved and slaty

im the more argillacecus layexrs." ‘
2.2-(14) St Lecn Pormation.

- These rocks are well exposed in the Cuogq-Langis and
Causapscel areas and have beenm described by Stearn (1959, p.
4); aund Ollerenmshaw (1961, p. 7; 1968, p. 229-244). Stearn
describes the lithology as:

"....greennsh grey, calcareous siltstome in thick

.or thin beds which weather medium grey amd shades

of oramge grey. Intercalated with the siltstones

are mipor beds of greem.sh grey, medium and fime
graiped sandstone.”
2.2-(15) Zome of Unﬂifferentnated Silurian Rocks.

Matt:.mscn (1964, p. 70-78), mapped Silurian strata
in the Mount Logam map-area but did not essigm formatiom
names. The rocks are: brownish weatherimg, limy and argilla-
ceous siltstmé, grey amd shaly Yimestones, minor dolomites
and Pine grained orthoquartzite.

SOUTERN BELT

The geology of the scouthern helt is known from
reconnaissance mapping by Alcock (1935), and gquadrangle
mapping by Beland (1968). and Skidmore (1960, MS).
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2.2-(16) The Restigouche Group.

Beland (1957, p. 4-6), described the Group as:
".eecocomplex assemblage of voleanic and sedimemtary
roeks vwhich may be subdivided inte two zomes; ome
on ithe morthwest, made up almost entirely of sedi-

mentary roeks with a minor amount of volecemies;
the secoxmd, om the southeast, consistinmg of a
thick series of volcanies with but cme occurrence
of sedimenmbary rocks.®
The sedimentary zome is mede up of:

", ..obrove weathering, highly fossiliferous, grey
or greenish grey caelcareous siltstene (locally a
Pime grainmed sandstome), and....glightly celcere-
ous, massive, grey or greer mudstome, locally
quite fosailiferous."

The voleamies ares

", ...bIack, dark grey or derk green, fime graimed
to aphanitic basie rocks devoid of pillows. A
porphyritic facies with reddish or white phemo-
crysts of feldspar and more rarely small stubs
of e black mimeral is also commom. Abundant amyg-
‘dules of earbomate, silica (commonly black
chalcedony), chlorite and zeolite are widespread
in the porphyritic and mom-porphyritic facies.
Agglomerates and tuffs....are found throughout
the belt batimore partieularly along the margims."
Skidmore (1960, MS): found a similar sequemce im the

Escumimnac area but did mot differentiate volcamic and sedi-

mentery zomes.

2.2-(27 )' The Méxn'(s Alexandre Group.
Skidmore (1960, MS) . mapped@ rocks of this Group in

the Riviere Angers map-area. The rocks are mainly basic te
intermediate lavas and grey siltstomes; mimor limestene,
con}glmeré.tes, tuffs and agglomeratde.

2.2~(18) !Jonathan' Pormatiom.

Shdmme (1960, MS). used this name for a series of
medium to :ﬂ‘:i.'mé grained, amygdaleidal to porphyritic, gene-
rally ophitic andesite lava flows interbedded with hard
acidic tuffe and minor siltstones and sendstomes. The rocks
are exposed in the Rivitre Angers area.

et A e e 2
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2. 2—(19) The Mataged&ma. Group.
Rocks of thzs Grcoup were described by Beland (1958,
P. 4), in the Oak Bay map-area, as:

" eeeostly light e dark grey compact limestones
and dark grey calcareocus shales. Some ¢f the
limestomes are shaly and silty. They ceccur in
thin to thick beds that im many places cumulste
imto thick zomes. Thin beds are cecmmomnly inter-
layered with shales."

Skiézore (1960, MS).. mapped the same rock types inm
the adjacent Bscumimac and Riviere Angers map areas.

2.2—(20) The Homorad Gmuy.
Sh&fmnre (19&0, MS) . described these rocks in the

RJ.v:nere Amgers and Escuminac map-areas. ass Pine to medium

gramed, grey sandstomes and mudstomes with miner conglamerate _

azgd grey, fim-gramned limestones.

2.2=(21) Summaxy.

. The abave. general and highly qualitative descrip-
tions aye the best that are a.va.:r.lable far reck units mapped
in the Gas;pe. In a.ddr.txon, it Wuld be desa.ra.ble t@ Erow
scme of the physxeal and chemmaal m@pert:.es which ultma.tely
determne the resxsta.nce of the roeks to erosxon. The ma.pp:,ng
in the Gaspe is of a very genera.l ma.tm, however, a.mi such
date is not available. ‘Thus, we are left with purely subjecd
'blve]:y d:etermnad units, om which +to base the altitude ‘
samm.:.ng. Eetz (1963, p._194)k has put the problem in per—
spect:.ve:

Mo eoothe meammmt off the loca'&:mn, d:r.strxbut:r.om.,
and oriemtation ¢f umits ef rock are examples of-
the liomg use ‘of munreneal data in geology.. Hawever,

the rmcl&:s axe def:uned . ph; “ea]L a.ml chemeal

mants, Same af the properties are 'Wi'ned- ‘quanti-
taturely, but others are mot or csmmot be. -The reck
type is, therefore, defined by mixed quantitative
and qualitative date. Furtherm + the umit of rock
that is mapped i= established em a qualitative in-
terpretation or judgment of umity, represemted .
either by homogenze:.ty or some peculiar heterogenci-
ty of coriponemts.® .
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The suggrimposed projected profiles were drawm
for arbitrary 10-Km wide bhlocks of tepegraphy,
chosen perpendicular to the structural trend
(the 6 praofiles represent g 60 Km zqune with a
length from Chaleur Bay to the St.Lawrence
River). The prcfiles were drawn from 1:50,000
scale tepagraphic maps of the N.T.S., by using
a T-square and a right—-triangle to obtain a
runming projection of the maximum altitudes
along the length of a topographic strip.
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2.3 General Physiograpby.

2.8=-(1) Introduction.

~ The boundaries of physiograpbic regioms of Gasps may
be genmeralized from: the Natiomal Tepegraphic Series map
sheet 22SE-Gaspd-NW48/68, at 1:500,000 scale, with hypsc-
metric $ints. Three umits cam be cutlimeds

a) - am extensive plateau surface, @eeply incised by
rivers, present throughout the penimsula at an altitude of
abkout IS00-2000 £4;

b) % a mounteinous region, in the morth-cemtral part
of the peminsula and as a belt extending to the west ~ the
Shicksheck Mounteins - at an altitude ramging 2000-4160 £+t

¢) - pmarrow belt of coastal lowlands, best developed
in the southeastern Gaspe,

The westerm Gaspe( landforms are well represented om
the 1:50,000 scale topographic maps with 50 £4 comtours, from
whiich the lithology-altitude sampling proceeds; they are
incIuded in the pocket at the back aafvth-z thesis.

2.3-(2) Geomorphic history.

The first gemera..]z (and somewhat rambling) account
of the physiography amd glacial geoclogy. 'was published by
Colemam (1922).. Alcock (1926; 1985) mapped the Momt Albert
quadrangle and the rocks areound Chaleur Bay, and wrote omn
the physiography im detail. Alcock (I985, p. I09-126), om
scant visual evidence and following Davis' (1889; 1899a;
1899b; 1902b; 1905b) . popular peneplain theory, pestulated
a polyphase landscape system for the Gaspé, with remmants
of twe cycles preserved. He outlined the followimg geomorxrphic
history: .

a) - Continuous subaerisl ercosion since Devomian time;

b) - Developnm'n'& of the "Shickﬁmeek Peneplain" (named
by Alcock, 1944, p. 16) -~ of probable Early Tertiary age
end mow represemted by summits of Momt Albert, Tabletaﬁ. Mt.
Lyall and the teop of the Shicksheck Range;

¢) -~ Uplift of sbout 1,500 feet and the inauguration
of a new ¢ycle of erosion.
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d) ~ Development of a second peneplain on the sedimen~
tary rocks mnorth and south of the Shickshoeclk Rangs - the
“"Gaspé Peneplain®” (named By Alcoeck, 1944, p. 16). Remmamts of
the oldex surface were preserved due to the resistance of the
underlying rocks (granite, peridotite and tough metavolcamics).
This upland is correlated by Alcock (2935, p. 114) with the
"Atlantic Upland" of Nova Scotia, Noew Brunswick and Newfound-
lamd.

e) - Further uplift, probably in the Late Pliocene,
e.nd. the inauguration of the presemt erosion cycle.

£) - Minor modificatioms by local ice sheeds amd contbi-
nemtal gl-ae:.at:mm.

From the time of Colleman and Alcock, the imterpreta~
tion of Gaspé lamdforms has. folloved strictly the Devisien
approach. The a;@peali_ng simplicity of a three-stage sysiem of
reference, paralleling human developmemt: ymith, maturity and

old age; and the easy comsideration of cyclical uplift and

reduction to base level, followed by rejuvenationm, have won
it many followers. Russe) (1958, p. 2). commentss

"The comcept of the erosienr cycle acceunted for a
rush of peneplain hunters who were likely to re-
gard anything from alleged accordance of summit
levels to broad alluvisl £lats as evidence of a
campleted cycle. The quest eventually lost popu-
larity, however, so that withim recent years the
rate of pewplm discovery has come 4@ a rear
haldt."”

The imherent denger is: that the system is simple to
apply and results im comsidering landscape equally simple.
Strahler (1950%) pwesemts the following criticisms

"Pavis' treatment .ef. ...geowrphr.c sub; ects was
completely qualitative. I do mot recall havimg
seen a measurement of slope angle or a precisely

" megsured slope profile....Neithexr is there any
-panetratumg analydis.of ercsional processes based
on mechanmics of fluids or plastic materiels....
Davis' treatment appealed them, as it does mow,
to persons who have had little training in basie
physical sciences, but who like scenery and out-
door life,"

In w » Scme students prmarz.ly interested in stra-
tigraphy and engaged im the mamgmn.g of apeal geology, have
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felt a need to include in their reports. a section om inter-

pretative physfography. Rather than Iimit their thscus siom
o general introductozry remarks and descriptiocm, they ha.ve
wneritically applied the penep:la,:.n hypothesis as a pmven
theory of Gaspe Landforms .

An exception: is Ollerenshaw (1963), who has pointed
cut the a.pp,;a:ren‘& streng bedrock ccmmtml of teopography . im

Gasps:

P. 333: "A comparisom of the geclogicsl map of the Cueq
Langis: avee with the t@p@graphnc map -and the
physiographic divisiigns....reveels the strong
influence of the bedreck en the tape:graphy.
This geolegical control is apparent in beth
the general divisions and the detailed features
within themy,"

Pe. 857: "Evidenece of peneplamatiam in north-westerm
Gespe” is mot conwincing and requires: gemeral,
not Iocal statistical study. Geological cemibrel
i phys:wg;raplu.s development has been irofound,
partieularly in nmrﬁhwestem Gaspe, "

A few more-or-less-statistical studies have been
made. of the accordance of summit heights: Mattimson (1958) .
and Olleremshaw (1963). made cemparative cumulative counts
of sunmit alti:tudes - for Mount Legam and Cucg map areas,
respectively; Mattinson (1958, p. S4) =Round enly moderate
accordance of summits at 1800-2200 feet and 2300-2900 feet;

¢llerenshaw (1963, p. 337-338) . obtained defimite accordance

at several lewels, which he considered to be tepcgraphic
subdivisions controlled by litholegy.

Mattinsen (I958). comsiructed projected profiles
for the Shickshock Moumtaims in the Mount ng'm map area,
amd found the results incanclusive,

Lesperamce (1960) . applied the method of projected
profiles extensively, in the Lake Temiscouata regiom, situ-

asted directly west of the theais area, and found no evidence

for postulating a peneplain.
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In view of the fact that detailed study of the appli=
cability of the peneplain hypeothesis te Gaspé lamdforms has
not been undertakem. amd simce studies presented by people
mere comcermed with areal mapping. are to date, inconclusive,
it is suggested that the term pemeplain be dropped from future
desceriptions of Gwsgé'physiography and the terms Gaspg'ugland
and Gaspé plateaw be used.

Alternately, the development of Gespé landforms can
be comsidered within the philasophic framework expounded by
Strahler (1952), Hack (196@) and Chorley (1962). The lardscape
may be appraised as am opem system (vaem Bertalanffy, 1950). in
dymamic equilibrium. or im a steady state condition, inm which
there is a comstant adjustment of the intermal form-variables
to the external comditiems imposed largely by climate. Emergy
within the system is equated to the relative elevation of
particles of water and sedimemt {Leopold amd Langbein, 1962),
and all topographic elements are ceonsidered {to be exodimg
vertically, at approximately equal rates, Thus, there is little
areal rearrangement of topography, but a constant readjustment
of system parameters. such as stream gradiemts, draimage pat-
terns and demsity, amd valley-side slapes, etc., all.:of which
are mutuelly interdependent.

Howard (1965). presemts a gemeral review of the equi-
Iibrium comcept. amd Schumm amd Lichty (1965) have examined
the theory with respeet to time spam. Curry (1964). has written

a short general comment.

2.8-(3) Qualitative esiimate of lithologic comtirel.

A disgram of superimposed projected prefiles was drawn
for westerm Gasp€ (methed ocutlined im Dury, 1960, p. 170), and
correlated with lithology (figure 3, p. 23-foldout). The pro-
files were oriemted perpemndicular to the structural tremd. and
represent 10-Kilometer wide, adjacemt belts of topography.
They were drawm, mot to test the acecordamce of summit heights,

but to previde a preliminary overall view of the maximum alti-
tudes supported by the varieus geologic formations.
A defimite correlation between lithology amd altitude
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is aspparent and there is a more-or-less consistent relation-
ship in the relative position of the rock units. Within the
central belt, the Battery Point greywacke sandstones, the
York River feldspathic sandstones and the Grande Greve silt—
stones and siliceous limestones suppert the highest altitudes,
in agpproximately decreasing order; ‘the Cape Bom Ami argilla-
ceous to silty limestones, the St.Lecn calcareous silistomes
and the Lake Branch poorly-consolidated redbeds suppert lewer
altitudes; over the Fortin Group, landform and bedrock are in
extremely close adjustment - profiles representing a 60-Mile
wide zome , with e length of over 7 miles, show & relief of
only 200-300 feet. The Quebec Group rocks, meinly shales and
slates, support altitudes just above the rangé ofqthe.Lake
Branch redbeds., In the southern belt, the Honorat Group sand-
stones. and mudstones stand uniformly highest, with the Resti-
goeuche Group sedimentaries and basic volcanics, and the
Matapedla szup limesteones at lower levels. Eroflles for the
Matapedia Group: zone. show a relief of only 150-200 feet.
Some structural control is: apparent within the central
belt: syncllnal areas: are found generally fower than anti-
clizal arecas. and faults shwu'gao&.éorresgonﬁemce 40 scarps.

Analysis of the development of river systems in western
Gaspe has been attempted by Alcock (1926, p. 16-23).
Ollerenshaw (1963, p. 841-348). A diagram of the prinecipsal
draimage lines is included in this report (figure 4, p. 29).
An;excellent example of piracy controlled by differences in
bedrock lithology. is available from the Big Berry Mguntains
West map-areas the capture of the headwaters of Square Forks
R;ver (traversing the resistant Battery Point greywacke sand-
stones) effected by Lake Bramch Brook.(which is underlain by
the Leke Branch redbeds). Downcutting through the poorly con-
selidated redbeds. took place much more rapidly, with the re-
sulﬁvof‘stroﬁg headward erasion by'tributaries and finally,
breaching of the watershed and capture. It is possible that
glacial action may have speeded up the process and contribu-
ted in some measure. to the final breaching.
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A qualitative estimate of lithelogic centrol within
the Queq map area, is provided by Ollerenshaw (1363, p. 333-
334):

"Examination of the upland regiem reveals that the
numerous quite deeply imcised valleys ef the morth-
west are developed om St. Lawremce Complex shales.
The flatter, less deeply incised central, seouth-
central and Trout River areas, are developed over
moderately ineclined, more uniform Siluriam amd Cape
Bonr Ami strata....The elevated plateau regieom of

the southeast is based on the more resistamt Grande
Greve and Yark River formations (with the latter
tending to have a more evem surface than the former).
The Grande Gréve siltstones appear to be the most
resistant Iithology of the uplsmd in these parts amd
also form the highest ground imn the Causapscal area
toe the socuth.®

2.,83-(4) Glaciatiom.

Coleman (1920; 1921; 1922) and Alcock (1928) first
stated the belief that the Labrador ice sheets were not able
to overtop the high rim of the Shickshock Mountains and +he
Tabletop bleck; and that the interior of Gaspé: thus. did not
suffer comtimental glaciation. Subsequent studies by Alcock
(1935; 1944), by Flint, Demorest, and Washburn (1942), by
Carbemnneau (1949), amnd by MeGerrigle (1952), favor complete
glaciation, but with very little resultant ercosion, The evi-
dence of Shield erratics. found em the upper slopes and sum-
mits of the Shickshocks amd Meont Albert. is mot comclusive,
but in view ef the fact that much higher peaks of the White
Mountains Range, situated further seouth, were glaciated, the
hypothesis of cemplete overtoppimg of the Shickshocks by
Labrador ice. seems temable., Flint (1957, p. 82), im his text-
back on Glacial and Pleistacene geoslagy, writes:

"A comspicuagus example of slight glacial eraosien
throughout a wide area is the region extemding
from the ecrest of the Shickshock Mountains, the
backbome of the Gasp€ Peminsula, southward across
Chaleur Bay through western New Brumswick. In
this repiam of about 15,000 sq mi, glacial erasion
is so slight that the terraim has been cansidered
by mors thar one geoalogist to have escaped glaci-
atiom. .
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2.4 Climate amd processes of denudation.

The brief discussiom givem below is valid for only
the present climatic regime. The paleoclimate umdex which the
Gaspé landforms developed. may have been much different.

Veather records, for the Gaspé’Peninsula and the im-
mediate surroundimgs are available from more tham thirty sta-
tions! (recorded from 1883. at Cap Chat. and at Cap Madeleime;
from 1913. at Causapscal; from 1932. at Price; amd from 1933.
at Mont Louis). The mean anmual rainfall is of the ordex of
20 imches ard abeut 1@ feet of smow. The meam anmual tempera-
ture is about 35°F.

Under these conditiens, the most effective processes
of denudation may be expected to be, inm erder of deerecasing
importance: domimant mechamical weatherimng; erosiom by run-
nimg water; processes of mass wastimg; amd some chemical weathe-
ring (Leopold, Wolman, and Miller, 1964, p. 40-46).

The present climatic regime provides daily, rapid
fiuctuations of temperature, which coupled with high relief,
provide am ideal setting for mantle creep; and when friciiomal
and cchesive stresses between bedrock amd mamtle are exceeded,

the inmitiation of debris avalamches. Creep is seen to be an

important process, frxom the pesition of trees growing on slopes.
The vector of curvimg trumk grewth is found teo poimt dowmslope.
in increasing mumber of cases, as the slope amgle imcreases.
Debris avaianches have been described by Mattinsom (1964, p. 12,
amd Plates IV, ¥). under the term "mudflows".  and by Olleren-—
shaw (1963, p. 338-340) -.as "landslips".

Frost shattering of bedrock is found commonly +through-
out the Gaspé; On higher slopes (Mount Richardson, ebc.), exten-
sive areas of felsemmeer occur.

Soil development is minimal, due to the steep slopes and
high rate of activity om them. Im the south, where temperatures
are higher and chemical weatherimg more important, some fairly
good soil profiles are found; for example developed on the flat
interfluves underlaim by Matapedia Group limestones.

1 — Available from the Department of Transport, Meteorologi-
cal Bramnch, Torente, Omtario.
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PLATE - B

View of rolling tapography
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View of the north-~front
of the Shickshock Mountains.

The foreground is the flat
upland underlain by (uébec

group rocks.
- vicinity of Gaspé Park
“te innel.

’

morth gate i

PLell - 8

View of rolling topography
underlain by Homorat gxr rock:=.
- vicinity of Cascapedia
River: lookimg west.
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CHAPTER III.

L ITHOLOGYand ALTITUDE ANALYSIS

3.1 Problems of data input.

It is proposed to amalyze a bivariate landform system
comprised of the imdependent variable, bedreck, and the as-
sumed dependent variable, topographiec altitude. The medel
suppoeses that withim a humid temperate region, Eithology con-
trols the form and altitudinal positiom of landscape.

Two input factors limit the analysis: a)- the scale,
preeision and availability ef topographic mapping, fer topo-
graphy cannot be analyzed quantitatively over anmy appreciable
area, except through the medium of prepared plamnimetric maps;
and b)- precisiom and availability of geological mapping at a
cerresponding scale amd for correspornding areas.

Figurg 5, p. 3#HA, provides amn index of the available
topographic mapping for westerm Gaspé} table 2, on the same
page, lists the maps used, Naot all the maps are equally pre-~
cise and accurate - two sheets, the Causapscal amd Cueq areas,
are at presemt under cemsideration for revision. A.C.Tuttle,
(personal cemmunicatien, 1965) states that the above maps
were compiled from: parallax measurements based om ground baro-
metric elevations with contourimg hamd-sketched om photes and
transferred to the mamuseripts, so that "...in effect the
comtouring shows relief shapes and canmot be relied on too
greatly for absolute elevationsd! Mast of the maps of cemtral -
and western Gasp? were compiled by multiplex plotters, based
on altimetric heightimg using helicopters, amd it is considered
that ﬁ...these values are more reliable tham the heighting
obtained from ground traverses but at that time, the methods
being used were in experimental stages and considerable ad-
justments were mecessary in photogrammetric bridging".

The gemeral standards are that 90% of the contouring
should fall withim ome half the contour interval of its cor-
rect position, amd any spot height read from the map should
be accurate to withinﬂome—hiif the contour interval.

'
SPOON
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With the possible exceptiom of the Cuoq anmd Causapscal
maps, all the topographic sheets are comsidered tto be within
the required accuracy standards,

The available geological mappimg is not all of the
same uniform standard. Some areas of westerm Gaspé have been
mepped under the auspices of the Québec Department of Mimes
(Natural Resources); some have been covered within the frame-
work of Ph.D. theses problems; and some studies have been
made by geologists of the Geological Survey of Camada. The
greater number of studies have been published by the Québec
Dept. Mines, either as "Geological Repexris", which are fairly
comprchensive and which have a geological map om a topographic
base, with coentours; or as "Preliminsas Reports", which are
brief statements, desigmed for quick reference, and which
feature a geological map, without any cemtour data.

Of the eight mep areas studied, three (Mount Logan
sheet, Big Berry Mountains sheet, and the Cuoq sheet). were
mapped as Ph.D. studies; +two are covered by preliminary
reports, with detailed geollogical reports pernding (0ak Bay
area and Causapscal East sheet); and two areas are covered
by umpublishedé "Interim Reports" (Riviére Angers East sheet and
the Escuminac map érea). The Momt Albert-Tabletop. area is
covered by a thesis study gnd & Geological Survey Memoir,
Another Geelogical Survey Memoir cevers parts of the southern
area of the Peminsula (Alcock, :985).

3.2 Procedure.

Topégraphic map sheets at a scale of 1:50,000. and
geologic maps at a scale of 1:63,360 (1 inch te 1 mile). were
compared, and eight map-areas were found te have coverage by
both. '

Geaological boundaries were tramsferred omto the tomo-
graphic map sheets; and these were used as. the basis for the
study. Table 2. amnd figure 5, om page 34, list the maps, which
were photoreproduced. and copies of which are imcluded with the
thesis., im the pocket at the back.
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Figure_5_.~ Available topographlc map coverage
of the Gaspé region, by Canadian National
Topographic System 1:50,000 series sheets.
Maps used are listed Below.

Table

.— Topographic map sheets used in this
studiy' .

MAP SHEET ' N.T.S. DESIGNATION - ISSUED
MAP9(1) Moun't Logan sheeteeeeeee22~B=15ccecessass.1958

MAP (2) | part of Mount Albert 22=B=16-East.... 1958
’ and Lac Madeleine sheets 22-A—13—West..,.§1954

MAP (3) | Big Berry Mountains: .
Sheetr'iooo eeso0sv e c.o--022-’B-9-Westoqony?u1958 :

MAP' (4) | Riviére Angers sheeb....22-B-8-East.......1958
MAP (5) | Escuminac sheeb.........22-BEeueenssens 1958
MAP' (6) | Oak Bay sheetie.eeuseese22-B-2eevecossoss 1958
MAP (7) | Causapscal sheet...,....22—B-G-East.,.;...1954

M.AP (8) Cuoq_ Sheet.. L] . e e .. oo o0 0 022-B-11-E8’3t0 v»o.‘ L] .1944




8.2-(1) Theoretical basis.

The theoretical framework of sampling of the lithology~
altitude relationship is govermed by the following assump-
tions:

1)- Subaerial topography, by defimition, has altitudi-
nal position {sbove a mean sea level), and may be considered
as made up of am Infinite population of altittgfies. The popu-
lation is arranged inm a spatial distribution that is both
orderly and integrated and im aceerdamce w:n.th segme complex
set of nmatural laws.

2)= For a stable cratonic block, which has had &
lengthy and cemtinuous subaerial expo Sure, the arrangement
of altitudes at anmy given instant in time is the product of
the interaction of two variables: a) the predetermined
erosional resistance of surface crustal. material (bedrock) ,
and 'b) the cumulative effect of all past ;ga:ocesses ‘of denu-
datzcm% acting to reduce the landmass.

Sinee precess. depends on elimate (Leo-pcpld, Wal‘mxah
end Miller, 1964, p. 40-46G), then for areas of similar cli-
matic emviromment, processes of derudation should be of
approximately equal magnitude amd rate, amd anly the litho-
logic variations sheuld be manifest in the position and
distribution of the sltitude population. In fact, lithologic
units may' then be expected to support sepa,rate characteristic
po:pula'fs:wns of their owm.

3)- Ercesional resistance is fundamentally determimed
by the mimor umits of lithologic similarity (the girata)
and their arrangement in space. Major units of Yithology -
(the formation and group), however, provide a better
ass:mzlatxom of the ef:ﬂeets of process and allow llthology
to be capable m{ meaningful amalysis.

I, 2 —WH&%@ is defined to imclude
€ phy=ical and chemical properties of the
rock, -the attitude of the strata and the
minor structural features, schistosity, cleav-
ege and jointing; process is considered to
also include the effect of vegetal caver.




4)~ The initial variable altitudinal position of the
landmass is of mimor importamece. An equilibrium state is
first reached and the topowgraphy is: then reduced through
dewnwasting at a comstant rate, accmr&:mg to the erms:wma.l
resistance of each lithelogiically s::.m:.la,r component—area.

5)- Bxterdimg the previous: a.ssnmptxam,_ topography is
viewed as am imterrelated. "jig-saew puzzle", with interlocking
Xithologic umits epproximatinmg to the "puzz]ie pieces""..‘ The
lithology—-altitude system may be expected then, to have an
inherent indetermimacy. ox, after Leopold and Langbeir (1963,
p. 191) ,,iﬁé‘i exlxibiﬁ{i‘ a ",...variability which may be expected
as a result of incomplete dynemic determimaey." .

8.2-(2) 8 E ing.

The altntude samplimg of rock units described in
chapter~1F. proceeds according to the precepts Iisted abave.
Simee the populations are theoretically infimite in size,
representative samples of convenient but meaningful
nunmbers of variables, must be drawn. According to the first
postulate, we are ré_quired to: sample not only the absolute
altitude values but, a.i_so: the areal arrangement. Thus the
gsampling must be both raendom and sy;s_.tgma.tic.. Ve coculd met,
for instamce, use the method of random co-ordinates
(Strahler, 1954, p. 3% Krumbeim and Miller, 1953). The only
suitable arrangement is to use a randomly-orr.emted g:r:.d
system, which provides a series of systematic grid inter-
sectionms at which altitudes may ‘be counted.

The grid mesh size value is: of particular significance,
for it governs the validity of the prefigurement aof the
population; by the sample. If the grid mesh is too small,
the time required to complete the study mey ke impracticably
Iong; if it is too large, the sample may mot be representa-
tive of the populatiom. A key: is the ho:_riion.tal spacing of
topographic contours. By drawing lines at random, s;ay 20 cm
long, ‘and_ counting the number of conmtours crossing. aund then
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dividing the length by the number of contours, an empirical
value is arrived at. om vhich te Base the optimum grid mesh
size. Fer example, measurements for the Homorat Group im
the Escuminmac map-area yielded am average value of .23 em.
(6 measurements); for the Matapedia Group, in the Qak Bay
a,réa, a value of 0.20 cm was found (Gi-mea.surements).,

For this study, the comsiderstiom of a theoretiecal
grid meshk size was overshadowed by the edvantages of using
an available ready-made system. Camadian National Topcgraph-
ic Series maps’ can be obtained with & grid system printed
on. (Transverse Mercator Pro.jeetiom)';; the mesh far 1:50,000
scale maps is equal to 1 Km. The grid iz"random"; and by
adopting it, comsiderable lebor was: saved im drefting. The
accuracy of machine-plotting is an added feature. The grid
was halwed, resulting im a final mesh of 6.5 Km (1 em on
1:50,00 scale maps).

The testing of the lithology-altitude relatiomship
proéeeds from the geologic-tepographic maps with overall
0.5 Km grid, by the counting of altitudes et each grid lime
intersection point and grouping according to Lithelegy. The
sampling follows class limits equal to the comtour imterval-.
aml altitudes measured fraom the contours, were grouped inmto
classzes of 0-49 £, 50-99 £i, and so on. For the Cucq
(px_-elimﬁinarj map) sheet, 100 £+ contours are available and
the countimg proceeded in 0-99 £t, 100-199 £t elasses,

Vhen a grid intersection point Iay om a boundary line, the
altitude valuewas imcluded in both formation coumts; when

a point was located within the areal boundary of a lake ox
major river, the altitude walue was taken to be one contour
interval lower.than the contour emclosing the body of water;
and in the case of rivers, the nearest contour.wvas taken.

Frequency distributioms: of altitudes were developed
for 25 different lithologies and S5 segg.ra.te a.réa.s; individ-
ual counts ranged from 26 to 2350 grid peints; a total of
over 18,000 points were counted.
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Te imsure the accuracy of the grid peint counts agaimst
significantly large operator errer, the altitudes of at least
two sample-~units of each of the map areas. were counted twice.
If the second count availed am appreciably differemt struecture
of frequemecies, them a third countimg was iritiated. and the
three were averaged. Since the oriemtation of the grid was not
changed, these counts are mot separate samples. and no amalysis
of sample variance can be comsidered. In the Riviedre Amgers
and Oak Bey map-areas, all the sample-units were counted twice,
vhile for the Québec Group (Mount Logan map-area), with 2350
grid imtersections, only a single countimg was attempted.

The counting of altitude values is a tedious and time
consuming task, and requires a constant’alertness‘an the part
of the operator. The writer tried im vaimr to emlist undergradu-
ate assistants and consequently, all the altitude coumts which
appeer, were made by the author alcne,

Time did mot permitjk but & suggestior for future work
would be to shift the grid system e distance equal to one half
the diagenal lemgth of the grid square, and proeceed to count
another sample. This camn be dome by simply observing the alti-
tude values at the centre of each of grid squares. as they now
stand. This second sample cam be used to provide two types of
information about the samplimg. It cam be treated as a second.
and separate sample from the population; or when added te the

frequency distribution ebtained in the first sample, provided
in this report, it gives a sampling demsity twice that of the
present study - i.e., it is then equal to a sample taken with
a grid mesh size of Q.25 Km.




8.2-(3) Grouping and presentatiom of semple data.

A vast body of date is unmanageable unless it is
grouped according to some form of order. Grouping enables.
an overall visusl appraisel and the making of comparisons
and decisions as to Purther testing oxr analysis.

The data of sample frequency-distributions of
altitude ean be arranged in several ways: B

a) They can be tabulated on a common base of the
altitude velues of class Limits., This allows a comparison
of the sample range of altitudes and the frequemey maxima.
Relative-frequencies can be calculated by dividing the fre-
quencies of classes: by the total frequeney ef the sample;
these values cam then be tabulated also. All the date was
tabulated according te the abowe methad and is incIuded as
Appendix~A.

b) Graphs may be plotted on arithmetic co-ordinate
paper, with altitude as abscissa and class frequencies (or
percent class frequencies) as ordinate. If mid-points of
classes are used and joined, the resulting figure is a
f;equencyapqugon;'if'the frequency values are represernted
by'verticallreetangles of width equal to the class intervsl,
the graph is termed a histogram. Relative-frequency histo-
grams are constructed by plotting percent-frequenecies. For
all sample distributions, histograms were plotted and are
included as Appendix-B.

¢) Cumulative-percent-frequency curves are cbtained
when the percent;frequencies.are cumulated, to read as
greater-than or less-than altitude values, and are plotted
against altitude. The altitude wvalues chosen for plotting
should be eithex the lower or upper values of eclass limits,
or the center wvalue of class limits. Cumulative curves
were plotted for all sample distribuitions and are imcluded
as Appendix-C. The plotting is on probability paper, with
arithmetie abscissa and probability ordinate (a Gaussiam
ecurve of probability theoxy plots as a straight line. This
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allows a comparison with the Gaussian "mormal" frequency dis-
tribution curve.

The histogram is the most readily understood presen-—
tation of frequemcy distribution data and probably yields the
greatest amount of readily C&iéested facts. Distributions.
however, eannot be effectively compared unless numerical

parameters are available.

3.3 Arnalysis and calculations for frequency distribution
parameters.,

3.3-(1) Frequency distribution ana.lysis°

Sampled frequency distributions can be subjected to
exact mathematical specifications. By use of statistical
theory, parameters cam be computed which describe the peculi-~
arities of a distribution and which, in effect, solve it.

The methods of statistical amalysis have been available
for a relatively long time {since the 1800's); fhey were first
formally intreduced to workers in geomorphology by Strahler
(1950a; 1950b; 1954). For geolegists in general, two text-
books are available: Miller and Kahn (1962) and Krumbein and
Graybill (1965). Gregory (1963) has introduced statistical
theory for geographers (with some applications to geomorpho-
logy). Frequency distribution analysis theory is given in the
above texts and is also available from countless others. Arkin
and Colton (1957) provide a genmeral listing; many recent books
have appeared in the subject. The discussion which is presented
on the pages to follow is taken from Dixon and Massey {(1957),
Spiegel (1961) and Parrat (1961). It is not planned to under-
take a rigorous statistical treatment of the date but rather to
describe in detail +the meaning and interrelationships of dis—
tribution parameters and te correlate this with topography.

Frequency distribubtions of all types of data have cer-
tain characteristics which can be mathematically defined and

by which the distributions can be summarized and compared.
These common properties are: a) central tendency

b) dispersion

¢) symmetry.
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These properties cam be readily visualized by inspection of
a histogram plot (Appendix-B).

8.3~(2) Measures of central tendency.

Se#eral location indicés: or average values can be
computed for a distribution. These lie centrally within a
set of data and are thus known as measuress of "“central
tendency". The most common are: :

a) The mthmetnc mean ( X )

b) The median (Ma)
¢) The mode (Mode)

d¢) The geometric meam ( Gm)

a) The arithmetiec mean:

This parameter iz the most commomly used and
generally understood average. It is a measure of the center
of mass of a distribution and is equal to the sum of the
values of the distribution divided by the total number ef
observations., It is computed from the foxrmulas

= ;fx = ng'ml
N N

where:

arithmetic mean of sample

frequency ik altitude
class .
= altitude of class infetval

= total number of obgser—
vations
MP: = mid point of class
interval
2 = summation

2 W X
]

The arithmetic meam has the advaentages that its
computation is relatively simple end thet its walue may be
treated alpjebraically (the arithmetic meams of several sub-
groups can im turn be averaged). Disadvantages are that
extreme values produce a'distortion'.
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b) The mediam:
The median is defined as the middle ftem when the

items are arranged according to size (Arkim and Colton, 1957,
p. 19). The median "is am average of pasition while the
arithmetic meam is a ecaleulated average." It is equal to that
value of the variable such that half of the members of the
distribution are larger and half are smaller. First, the
pasition of the variable is determined from:(gb , and then
its walue is computed by interpolation from:

Md = Lpe + %‘C

vhere: Md = median
Lpe™ lower limit of class inter-
val the median falls im
i = number of items needed
within {the frequency group
the median falls in
£ = frequency of the group the
median falls in '
C = walue of the c¢lass interxrval
The median is easily calculated amd is independent
of unusual wvaluesi. Thus: it is a good measure of central ten-
dency of a series. A disadvantage is that it may not be treated
algebraically (the median of a series: of medianm values of
samples drawn from the same pepulation, cammeot be computed).
Its significance in this study appears at first glance to be
very small.

c¢) The mode:
The mode cannot Be calculated exactly, but may be

approximated froms £q
' Mode = Ly, + ————C
o+ £y

wheres Ly, = lower Iimit of modal group

£q = frequency of class inter-
’ val above modal group
£fp = frequency of class inter-
val below medal group
C = value of the class interval
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The mode is the most frequently occurring value or
the most probabﬂe value. of a distribution. There may be only
one prineipal tendemcy fox modal aggregatiom of values:. or
several. A polymodal frequency-disitribution represents.either
a mixture of sam@ies:fram.severél separate populations. or
it may simply mean that the total number of observaetions is
not sufficient to yield a smooth distributiom. When the sample
is; very small, the model value may be imdeterminste - thus, the
mode is dependemt directly cm the Sample size. Yhen the distri-
butiom is very irregular, the calculatiom of the mode is
facilitated by doubling the class interval amd combinimg the
corresponding frequencies.

The mode is emtirely independent of extreme items
and is the most typical deseriptive average. It has the ad-
vantage of being capable of approximation by observation,
from either tabulated date or a histogram.

d@) The gecmetriec meam:
The gecmetric meam of a set of observations of
'n' pumbers is €quel to the o o0t of the product of their
valuess

G‘ = Vxl- XZ' 13-341 Y xn
and by using logarithms: G = antilogZf*log(MP)
N

wheres G = geometric mean

(and other symbols are as defined
previously)

The geometrie meam has the property of givimg equiva-
Ient weight to proportional changes. It is less affected by
values: of extreme items tham is the arithmetic mean, but has
an inherent disadvantage inm that calculations cameot be made
where one of the frequency values is zero.

0f the four measures of central tendency, at first
glance, the arithmetic mean and the made appear to have the
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most ready applicatiomns in this studys the former is an average
of the distribution viewed as a whoele, and the latter des-
cribes form-elements within parts of the distribution.

8.8~-(3) Measures of diispersion.

The measure of the spmea.d of wvalues about the central
location is importamt for it refleets em the wvalidity of the
average. If the scatter of values is very large, the central
value may mot be very typical. Figure 6, p.45, iXlustrates this.

a) The ramge:

'Fhe range is the simplest index of dispersicm and
is equal to the absolute differemce between the largest and
smallest items of the distribution. Because of its dependence
on omly two items, it can be greatly affected by an umusual
eccurrence: and it is thus, net a very efficient measure. The
range is us‘e'dx when there are only a few wvalues, the total
mnumber of which should sisc be givem,

b) The standard deviatioms
The standard deviation is a better index of dis-
persion. and has found the most cemmom usage. It is defined
as the r«met meen square ef the deviations about the arithmetic
mean., and is computed from the formnla:

=j2f~(x—3'c')2

vwhere: S « sample standard deviation.

(and other symbols are as defined
previously)

The standard deviation provides a numerical guess
as: to the range of values imto which the next measurement may
fall. It depends om the value of every item in the distribu-

tion. It may be treated@ algebraically. v
The square of the standard deviatiom (S ) . is known

as the variamce and it may Be used as a measure of dispersion.
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Figure __6 «-Hypothetical frequency-distributions
with equal arithmetic means, but
different dispersiom characteristies,

(after Dixon & Massey, 1957)

c¢) The mean deviation:
‘The mean: deviation is the absolute value of the
sum of deviaticns about either the arithmetic mean or the
median. It is calculated from the formula:

M.D. = f‘lx-'fll

where iX - f.l = absolute walue of
’ "~ the deviation of
sample wvalues about
the arithmetic mean.

a) Relative @ispersiom:

A measure of dispersion should be compared with the
size of the average about which it is measured. For example,on
absqlnte. variation or dispersion of 200 feet of altitude for
a mean. value of 500 £ would have a much different sigmifi-
cance then 200 feet dispersiom for a mean walue of 5000 feet.
The landform indicated in the first imstance. would very
probably be a fairly dissecied region; while in the secomd
case, a relatively well preserved plateau surface.is indica-

ted.
— A measure of relative dispersioan may be computed,
CJ termed the goefficient of warjatiom ( V ), from:

v = 5. .
X
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3. 3~(4) Measures of symmetry..

The sannple parameters discussed under. thm headimg
are in actuality. dispersion indices. However, since they are
also highly descriptive of the variability of dr.strr.butxm
form, they are listed sepe.rately.'

a) Skewness: :

Skevness is the degree of asymmetiry, or the amount
of departure from symmetry. of a frequency-distributiom. The
value of s coefficient of skewness describes the extemt of
the presence of a "tail' of extreme welues. A positive
skheuness means that a tailing of extremes is present at the
upper end of the range; while negetive skewness indicates
extreme values at the lower emd. For a perfectly symmetrical
éistribution, skewness would be equal to zero.

The coefficient of skewness is defimed in terxms
of the third moment of the dmstrnbutmon about the arithmedtic
mean end is computed f£roms ‘

SK, = =2
| (s)®

wheres SK,, = moment coefficient
S0 of skemeas.

ng = gfgxaxi = _the third
E mement about
the arithmetic
mean,
S = standard deviation.
zz4 g . W_z
£ €L g : 4 MODE E €%z
g oo 758

— . .

(1) sgp'< o~ (2) sgy; =0 * (3) SEp> 0O

Figure _7 - thetical unimodal (1) negative,
(2 ; symmetrical, and (3) pesitive
skewed frequency distributioms. Note
the relative positions of the mode,
mediam and arithmetic meam.
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b) Kurtiesiss

Kurtosis is the degree of peakedness of a frequency-
distribution, ususlly considered relative to the normal curve
of probability theory. It is a measure of the sortimg im the
extremes of the distribution. A normal curve (Dixon and Massey,
1957, p. 48-66). has s moment cocfficient of kurtesis equal
to 8.0 and Is eglled mesol:ur'ﬁx.c H when the velue is Tess than
3.0 or greater tham 8.0, the curves are termed glatxkurtxe and
1egtokurt1c, resyeetnwe]ly.

The above nmamed moment coefficient of kurtosis is
the most useful inmdex of the value of pesgkedness of a frequen-
cy-distribution curve, and is based on the fourth moment
measure of the distribution. It is computed froms

Kp = 4
(s)*

where: K, = momenit coefficienmt

of kunrtosis.
my = ngx-x)‘fz the fourth
N moment about
the arithmetic
mean.

s = standard deviatien.

K_> 3.0
£ £ £ m
K < 3.0 K = 3.0
e = D ?— e
(1) (2) (3)

Figure _8 - othetical unimodal (1) platykurtic
(2) mesokurtiec, and (8) leptokurtic
frequency-distributions,
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¢) Moment measuress

Momenmzmeasﬁies of the sample distributiom were
mentioned in the diseussion of skewness and kurtesis.
Maments.are précisionﬂindiees and allow & more precise com-
parison of frequency distributiens. They are also useful in
the fitting of a thgoreiical curve to an actual. observed
sample distribution. Moments are calculated amalogous to the
computation of moments of toerque in mechanical physics. and
can be taken about any point im the distributicn. The mos®
useful moment measures are those taken about the arithmetie
mean.They are cemputed from:greuped data, by the following
formulaes ’ "

‘W = zgng-i')‘ mg = F £(x-X)°

N N
my = Zf;x—x}z my = Z:ng-_x'f1
N N -
The first moment is the arithmetic mean and is

equeal to zere whem the mean is used as the centre of moments.
The second moment. about the arithmetic meam is recegnized as
the équare of the stendard deviation (82), the variance.

" Moment measures are used in the computation of the
best value of skewness and kurtosis ceefficients and in fit-
ting a theoretical) curve to the abserved sample frequemcy

distributiom,

'8.8-(5) Fitting of & theoretical pepmlation curve.

A method of fitting a theoretical population frequemcy
curve to the observed sample data iz given by Eldertom;(1988).
Eﬁdb "curve type criteria" are calculated from momemt measures
of the observed distributiom, and are compared with standards
given from theoretical comsideratioms. Three maim types ef
frequency curves are available. and nine “"tramsitiomal" cases.
The curves are termed "Pearsom curves", after the pioneer
worker in stetisticel mathematies.
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¢ - Theoretically, the population characteristies are
NS, defined. in the Pearsom’ . system. by the following parameters:
1 3 2 3 T2
(=5) (m,) s

and a{ - @1‘@1% 3)2
4(£0,-3%,) (20,-8@,-6)

wheres @l = Curve criterior measure
of skewmess.

@2 = Curve criterion measure
of Xkurtogis.

‘Q .= Curve eriteriomn,

The method is deseribed in Kemdall (I947); Elderton
(1938, table VI epp. Pp. 51) provides a tabulatiom of the
range velues of the above parameters, amd gives the equations
aof curves of the represemted types. Tammer.(1959), has written
on: the a;_@pliea.tion of Pearson eurwves in representing geo-
morphological populations (short mote).

8.3-(6) Summary:

Values were caleculated for most ef the above mamed
sample frequenmcy distribution perameters. Under the guidance
af the staff of the MeGill Computer Centre, and partiecularly
Miss J. Keeling, programmer, a fortran program was writtem
and run om the 7044 digital computer (the program is ineluded
in appendix-D).
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3.4 Geomorphic meauning of parameters..

8+.4-(1) The sample.

The sample governs our interpretation of the popula-~
tion. The size of samples is importent, for small samples may
have regional characteristics which might mask those of the
true population. The equilibrium between process amd bedrock
may Be poorly established in a finite area and the topography
developed may not be represembative for the rock type. Statis-
tically, small samples require special techmiques of handling,
because the comtinnity of the distributiom and the approxima-
tion of the sample to the population is mot strong and becomes
weaker with decreasimg value of N. The value N= 30} is consi--
dered the lower limit of "large samples" (Spiegel, 1961,

p. 188).

The samples takem from the populations of altitude
supported by various rock formations in western Gaspé have
a size range of 26 to 2350 altitude coumts. Fourty five samples
of the total fifty-five have altitude counts im the range
89 - 5003 orly ome (the area of Ste. Marguerite volcamic rocks
in the Causapscal East map-area) has a coverage of less than
30 grid imtersectioms (it has 26). The actual size frequency
break&own.of'sgmples is shown graphically in figure 9, p. 51..

Thus, for practical purposes, 2ll samples obtained in
this study are of the "large sample" category.

It is important to kmow whether the sample character-
istics are represemtative of those of the population. Statis-
tically, the problem is resolved by fititing a theoretical poﬁu-
lation curve to the data and them computing the goodness of '
fit. This has not been atitempted for the data obtained im this
study which is of a preliminary nature. Representative sampling
hes been discussed in section 3.2-(2), p. 36-37, in terms of
sampling grid-mesh size only. The samples are considered to
adequately represent the populations from which they were drawn.
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A sample may be comsidered im parts, if desired, by
the method ef "stratified sampling" (Krumbeirm and Graybill,
1965, p. 156). This was used for unit 5 (the Lake Branch for-
mation) in the Big Berry Moumtains West map-ares. The method
is 4o "slice" or subdivide the populetiom area and to develop
frequency distributions for each part and then compare. In
much the similar manner, the Tabletop granite was considered
in two parts (cirque areas and the regular topography); and
in the Oask Bay map-area, the topegraphy developed on the foot-
wall and bhanging wall parts of a fermatiom cut by & mapped
thrust fault, were studied.

Stratified sampling of the Lake Bramch formation is
discussed further im section 8.4-(3), p. 55.

3.4~(2) Thecretical popelation curve (Pearsom curves).

Toyogr&phy‘&epicte&.by'comtwurs is a contirmous series
of altitudes. Thus a sample canmct have a distribution such as
shown by figere 6-2, p. 45. However, the sample might show a
less then smooth contimuity, amd therefore the question arises
whether we are able to use the data of the sample as that of
the population. We may caleulate the theoretical populatiom
curve to £it the data; and the degree or goodpmess of £it. This
will be carried out im part, mot for the recasorm given above,
for the samples are considered represemtational, but for a
check of Tanner's contentmom.that a "representational geomorph-
1c_pr@f11e" belomgs to the class of Pearson's Type-~I or Type-IV
curves (Tammer, 19592, p. 458; see alse 1959b amd 1962). The
Pearson system of frequemey curves iz discussed in detail by
Elderton, (1938) and described by Kendall (1947)..

The curve type which best fit an altitude distribution
was determined for all samples by the method givem om p. 48-49,
46 of the total 55 curves were foumd to belong to the Type-~I1
family and 6 were Type-IV; cne Type-II, ome T¥pe-~VI, and eme
Type~VII were also found. All these are non-Gaussianm distribu-
tions. Thus, Tapmer's view seems to be wvalidated,

Table D-2 of appendix-D lists the calculated curve
type data; and. appendix-C shows the plotted ("zig-zag") curves.
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A represemtative series of Type~] curves may be seem from
figure C-5 im appendix-C.
, The departure of the observed data frein a Gaussian
"mormal” distributien of frequemcies cam alse be calculated.
Most statistical text books have tables imcluded im the ap-
pendix, by which am appreximate determimation of the degree
of fit cam be made om the basis of skewmess and kurtosis
values, at chosem levels of sigmificamce. For presemt purposes,
a visual approximatienr suffices amd mey be made freom curves
included as appendix-C. The curve that most mearly approxi-
mates a normel distribution is ebserved to be that for the area
underlain by rocks of the Jomatham formatiom in the Riviere
Angers Bast map-area {figure C-4, mo.2, appemdix-C; see also
map 4, unit 2). The frequemcy distributiom of altitudes of the
sample from this area has a non-skewed amd slightly mesokurtic
character and represents a teopographic surface which has a
fairly dissected appearamce and is made up mostly ef slape
facets. This may point toc a possible correlatiomn of the mor-
mal curve with maturely dissected topography.

"The: fittimg of a theoretical curve from classical fre-
quency distributiom theory (Pearsomian system) can be mdde for
any distributiom. Further amalysis might comnsider the approxi-
mation of the nmom-"meormal" curves by two or more compoments
of normal Gaussiam curves and the correlation of parts of the
topography of the sample area teo these. The reader is referred
to Tanmer (1959b; and 1962, and referemces given thereim) for
some suggestioms onr this acceunt,

3.4-(38) Geomorphic sipnificance of average altvitude parameters.
The several pessible measures of cemtral temndency eof

a sampled frequemcy distribution of altitudes reflect vastly
dissimilar characteristics of the altitude population defimning
the topography. Each will be discussed im some detail:

a) The arithmetic mean altitude:s
The arithmetic mean altitude is computed as the

centre of mass of a structure of frequemecy distributiom of
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altitudes, Therefore, its value represents the average lamd
height of the crustal block enclosed withim the beoumndaries of
the area sampled. It is a value computed from every altitude
occurrerce in the sample area amd is a computatiomal average
of positiomal height; it gives mo indicatiom of the shape of
the landform.,

Because it is a mass—average, the value of the arith-
metic mean altitude seems a good imdex for comparisen of the
relative erodibilify or the resistamece to erosiom, of reck
umi s,

Values fox the arithmetic meam were computed for all
sample units and are tabulated in table D-1, appendix-D.
In figure 10, p. 56, they are plotted in the form of a bar
greph, with the meam gltitudes of the rock units grouped
according to map-area. amd the map-areas arramged im two north-
seuth limes,
In western Gaspe, the mean altitude of lamdmass has
a remarkably marrow range, Figure l10-a shows that im the most
westerly map-areas, almost all the rock umits support arith-~.
metic meam altitudes im the imterwval 900 - 1400 £t above
meanr sea levelg 22 of 27 reck umits fall imto this group. The
only exceptions are the Shickshock metavelcanies, the St. Leon
formation where it is bounded by the major South Shickshock
Fault, and the Matapedia Gr limestomes amnd Restigouche Gr mud-

, stones amnd velcanic sequence bordering Chaleur Bay. In the

Causapscal East area, 10 of 1I rock umits have a range of 350
£4.(from 900 to 1250 £1; the exceptiom is a narrow band of Ste.
Marguerite volcanics, which .i$ slightly higher,
Notwithstanding the marrow ramge imnto which the mean
altitudes fall amd the various structural controls (major
faults and folds), diagram 10-a points to a consistent rela-
tiomship for altitudes supported by differemt lithelogies. With-
in each of the map-areas, the Gramnde Greve formation always
supports a higher meam altitude tham the York River, which
in turm is always higher tham the Cape Bom Ami, followed by the
St. Leom, and so om. That these formations have a comstant
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relative altitudinal position, as indicated by the index of
arithmetic mean altitude, is clearly empirical proof that in
this area, lithelogy does exert a comtrel over topography. A
corallary is that the roclks must exhibit a varying reaetien
to the influemce of precesses tendimg to reduce them to a
lower mean altitude, i.e., there is relative erodibility.

Pigure 10-b shows a roughly similar relatiomship as
that described for figure 10-a but it is mot as clearly
defined., This was expected amd is attributed to the structural
control exerted by the Gaspd Synclime,

Structural comtrol due te faultimg is also clearly
indicated, in western Gaspé: By comparimg the arithmetic mean
altitude values of adjacent feormatioms, situated on epposite
sides: of a mapped fault, it is seen that im all cases, the
formation situated to the south supperts a taoapegraphy with a
higher meam altitude tham that of toepography developed on +the
fermatior situated te the morth of the fault. (Compare umits
8-2 and 8-3; 6-6 and 6-7; 4-5 ard 4-6; possibly 1-4 and 1-5,
and alse 3-5 apd 3-6, of figure 10, page 56). It seems likely
that these are thrust faults im which the thrust forces have
originated from the south er south-east; it may be that thrust
faulting is am importamt structural comtral of tapagraphic

development im western Gaspe.,

The migration of the meam altitude may be observed by
applying the techmique of "stratified sampling" (see p. 52).
If a topography is suspected to have special tremds, then these
may be studied by slieing the total population imtc parts amd
developing frequemey distributioms. Im the Big Berry Mountains
West map-area,(figure B-3, Appendix-B), the Lake Bramech red-
beds (unit 3-5; map-3) are cbserved from the topographic map.
to. have a gradually decreasing altitude. from the western
mountaineus region to the east, where the Cascapedia River
flows through the area. Hisiograms were developed fer arbitra-
ry areas (of 10-lime blocks of grid-intersection peints, from
west to east) and the results plotted inm figure B-3, Appemdix-B.
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The migratiom of the arithmetic mean altitude and the mode(s)
are clearly showm. The means have a trend. decreasing in value
towards the major stream (Cascapedia River). The geomorphic
meaning; here, is the reflectiom of the cemtrol exerted by
adjacent lithologies amd the cemtrol of topegraphy by major
streams. Apart from the Cascapedia River, three other majeor
streams traverse the outerep area of the Lake Bramch formation:
the Miner Brook, flowing NW to SE at abaut the middle-ta-south
part of the area; the Go—-A-Shore Broock, alsc flowing NW to SE,
at about the cemtral part of the area; and the Cascapedia River
Lake Bramch which flows longitudinmally through the area, from

'SW to NE. The first (most westerly) stratified sample count

(part 5A of figure B-3, appemdix-B) yielded altitudes ranging
up to 1900 £t with a mean altitude of 1221.3 £t; this approxi-
mates the altitudinal position of the adjacent and higher units:
Battery Poimt formatiem (X = 1403.3 £+) and the adjacent York
River formatiom (X = 1091.4 ft). No major streams cress the
area of the first sample, and the interpretation is that alti-
tude here is controlled by the bedrock resistamce and the
effect of adjacent resistant ("ridge-making") lithologies. The
second stratified sample coumt is: over an area through which
the Mimer Braook and the Cascapedia River Lake Branch Breok flow.
The topography supperted im this area has a maximum altitude
of only 1250 £t with a mean of 884.8 ft, bath noticeably

lower than for the previous sample. The interpretation is that
altitude here is controlled mostly by the bedrock resistance
alone. The third "slice" has a structure of frequencies almost
exactly similar to that of the secomd coumt and only a slightly
lower meam altitude, at 865.3 £t. This would seem teo indicate
that bedrock resistamce amd stream erosion, mass wastimg and
wegthering are in some sort of quasi-equilibrium, and that the
effect of more resistant adjacemt formations is relatively of
no comsequence. The frequemcy distributiom of ‘altitudes of the
fourth and‘final (most easterly) stratified sample. count

shows: the effect of the major stream flowing through that area.
The mean altitude however, is omly slightly lower, at 806.1 ft.

a4
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Clearly, the topographic development on the Lake
Branch formation, in the Big Berry Mountains West map—-area,
is controlled in the westermmost part by the adjacent more-
resistant lithologies. East of Miner Brook, the mean altitude
is constant for the sliced populations, and the erosienal
topography is dependent only on the characteristic resistance
to erosion of the bedrock material. The interpretation given
is backed up by the plots of altitude frequency distribution
curves in figure C-5 of appendix-~C. Curves 5B, 5C and 5D
have similar frequency distributions, while that of curve 5D
is different, more complex, amd resembles the curves drawm
for units 4 and 6 (York River and Battery Point formations,
adjacent to the Lake Branch formation). The distribution of
unit 5A seems to be made up of two or more componrents, while
curves 5B, 5C and 5D show a single trend and lie in close
proximity, away from unit 5A. The tremds of 5B, 5C and 5D
are correlated to topography controlled by a single reck type.

A modified method of "sliced populations" was used
in the analysis of the frequency distribution of altitudes
for the Tabletop granite block, in the Mont Albert-Tabletop
map-area (map-2). Cirques were noticed to be prominent at the
sides of the Tabletop bleck, and were observed to have a
uniformly different topography (arrangement of altitﬁdes)
from the assumed fluvially-derived topography of the gently
rolling upland of the block. The total population underlain
by’the granite was comsidered made up of two subpopulations,
and frequency distributions of altitude were counted for both
parts and the whole.(Sece histograms in figure B-2, appendix-B).
The cirque areas had a comsiderably lower mean altitude value
(2680.9 £+) than the fluvial topography (3402.7 £t); a mean
value of 3166.2 £t was obtained for the whole. The cumulative
percent-frequency curves {(figure Q-2 of appendix-C) clearly
show the presence of two well-defined subpopulations, ome of
which is due to glacial actiomj; the other is due to fluvial

processes., There is a definite similarity between the curves
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of the Momt Albert perideétite amnd the Tabletop gramite -
thus, it is likely that beth have subpopulatiomns derived from
glaciation. Therefore, in comparimg the altitude of different
rock units, it must be ascertained that the topography of each
has developed in a similar manner apd under the same general
conditions of erosieorm, Am important corollary is that the
environment of topographic development may be reflected by
the altitude populatiom,; much as im the case of emnviromment of
deposition refleeted from grair size of sediments {(Felk and
Werd, 1957; Friedman, 1961, 1962).

The above discussion alsoc points out eme Iimitation
of the arithmetic meam - there is mo selectivity. « . all
altitudes of the sample have am infIuemce om its value. There-
fore, the arithmetic meanss ef only idemtically derived paopu-
lations cam be subjected to walid comparison. This has am
important bearimg im uSing the values of the arithmetic meam
altitude as the index of relative eredibility.

b) The altitude-mode amd "modal temdemecy":

The mede of a frequemcy distributiom of altitudes

is the altitude value which is found to eccur mest oftem. It
is an indication of the preferemce inm the accurrémce of alti-
tudes in a topeogrephy. Im most cases, its value carrelates
with some predominamtly flat area of the lamd, such as am up-
land surface or a broad valley bottom or a gentle lowland.
However, the maode is also found to be developed for frequency
distributions of altitude for areas where no flat surfaces are
present - where t@pogréphy is made up of fairly steep, straight
slope~facets only (for example, the area underlain by the
Jomathanm formatiom, umit-2 of map~4; refer to figure 11d, p.62).

. A frequency distribution masy be umnimedal, bimodal,
or with several mades. There may be one well-developed mode
and aone er more subsidiary modes; or there may be sevefal,modes
none of which is more well-~developed than the others. All these
categories: may be seem from the figures of histograms in appen-
dix~B and from the percent-relative-frequency histegrams of

figure 11, P.62.
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Although the mede is simply defined, the geemorphic
meanimg of a modal altitude is mot as easily visualized as
that of the arithmetic mean altitude. To simplify, frequently
it is more useful to speak im terms of the "madal tendemcy"
which is defined as the indicatiom of a mode stated im terms
of several class intervals of altitude. Im most instances, the
mode sigmifies flat arees present im the lamdscape: it dees
not however, indicate such things as the highest surface
plane of an upland; rather, it gives the altitude at which
there is the greatest area. For instance, in the sample unit
6-5 (see map-6 amd figure 11d, p.62), there is present a very
well defimed upland surface which is traverse& and cut by
several narrow, steep-sided, V-shaped valleys. The upland is
at an altitude of 900-1150 £+ but the mode is fourd to be at
about 900-1000 £t; the madal temdemcy cam be placed between
the limits 800-1050 £+ - at the lower limit of which is found
the major break in slope — above 800 £t lie ceomnvex slopes and
the flat upland, amd below which are found steep, straight slopes
and the congave slopes leading to the marrow valley-bottom
lewlands.. Thus, while the mode is mot precise im definimg the
upland, it may be useful in helpinmg to assign the altitude of
the boundary between two deomaims of different slape types.

The medal altitudes of all sample frequenmncy distri-
butions are shown by the histograms found in appendix-B, and
some percent-relative-frequency histograms plotted for selected
units, imn figure 11, p.62. While some urits have unimodal dis-~
tributions, most are seem to be polymadal,

A polymodal distribution mey be explained by correla-
ting each of the ebserved modes with topography shownm on the
contour maps. There are some cases where the sample is simply
toe small to have a umiform contimuity of altitude distribution
through all altitude classes; the several modes are mot very
meaningful in this instamce (for example, umit-5 of Moumt
Logan map~area: see histegram, figure B-1 of appendix-B). But
even when the sample is large, the modal tendemcy may be nmeot
too well defined (for example, unit 3-6 of the Big Berry Mtns.
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West area: map—-3). When there is some difficulty in assigming
the limits of a modal tendency (for example, for umnit-5 of the
Riviere Angers map-area: see histogram 4-5, figure 1lla, p. 62),
the altitude frequency distribution may be cansidered in terms
of doubled class imtervals - 100 £t classes in this case. The
modal tendency usually becomes much more evident.

Im general, polymodal altitude distributions should
signal the presence of mixzed subpopulatioms withim the sample.
These may be due ta special causes: such as glaciation, in the
case of the Tabletop gramite area (map-2; refer to histograms
2, 2A, 2B of figure B-2, appendix-B}; or faulding, as in the
Oak Bay area (map-6; see histograms 6, 7, GA, 6B, 7TA, 7B of
figure B-6, appemdix-B); or mixed rock formations, i.e., the
presence of litholegy other tham that magpe&'fwr the area,

More commenly, polymodal altitude distributions indi-
cate mixed subpopulations attributable to the general form-facets
of the topegraphy - upland, slope amd lewland. For example,
in the Riviere Angers map-area, the Fartim Group (uwnit-3) sup-
ports am altitude frequemcy distributiom with three modes,.(See
histegram 4-3, figure B~4, appendix-B). The primary or dominamt
modal temdency is at k300-1700 £t altitude and represents the
gently ralling uplamd, feund in the area; the mode at 200-250
£t correlates with the broad, flat-bottomed Causapscal River
valley; and the mode at 650-700 ft represemtis, approximately,
the mid-altitude of the valley side slapes. Similarly, in the
Cuaeq map-area (map-8), the St. Leon formation has two modes:
the higher correlates with the altitude of the upland surface,
and the lower represents the valley floor of the Matane River
(refer to histogram 1, figure B-8, appendix-B). In the Causap-
scal East area (map~7), the York River fermation (unit-9) has
a well-defimed major mode which correlates with the upland,
and minor modes which correlate with slope-facets and the valley
bottom af the Cascapedia River (see histogram 7-9, figure 11b,
pe. 62).

Frequency distributions of altitude, with a single mode,
are obtained for topography in which there is present a flat
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area, such as an upland surface which has not beem dissected
too greatly; or perhaps a lowland near sea level; or a broad
valley f£lat. The greater the extent of such an area, the bet-
ter developed will be the modal tendemcy of its altitude popu-~
lation. In western Gaspé, units 1-4, 8-1, 8-2 and 8-4 (maps 1,
8 and 8, respectively) show well-defined, gently rolling up-
land surfaces., Histograms of altitude frequency distributions

for these umits, show clearly defimed unimodal character.

For a highly dissected topography ("mature" in the
Davisian semse), the modal tendency is s$ill found to occur
for the frequemcy distribution of altitudes. For example, the
Jonathan formation in the Riviere Angers East map-area supports
a topography made up eSsenitially. of slopes. The sample of its
altitude population shows a relatively well-~-developed modal
tendency (refer to histogram 4~2, figure 11d, .p. 62), which
correlates approximately with the altitude laocus of the middle
part of the slopes (refer to map-4). Theoretically, it is the
middle part eof slopes which has the greatest areal extent, in
a topography in which upland and lowland are at & minimum, i.e.,
in a "maturely" dissected topography. For the above unit, it
is found that the mode, mean and median altitude values are
almost equal - the conditiom mecessary for a Gaussian "mormal"
distribution.
Gemerally, a frequency distributionm becomes smoother

as ithe number of counts in the sample increases. This may be a

disadvantage in the case of altitude frequemcy distributions,
derived on the basis of litholegy, for it results in the masking
of the modes of subpopuletions due to form-facets.. The distri-
bution obtained for the Quebec group (unit-l of map-1l) is an
example. With a total of 2350 altitude counts, its histogram
shows am extremely smooth distributiom (histogram 1-1, figure
1la, p. 62) with a sinmgle mode., The mode(s) represemting vwalley
bottom lowlands, whiech are seem to be present om map-l, are
campletely masked. Im this instamce, it would have beem better
te have divided the area inmto several parts, and to have counted
separate frequency distributions fof each.
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The mode is dificult to calculate -~ inm the case of paly-
medal distributioms especially, it may be more useful +to
consider the indications ef "modal temdemcy" instead. The
mode dees mot depend or all altitude values of a distribution
(the arithmetic meam does); however, the size of the sample
is to some extemt eritical: very small samples might have no
modal tendemcy; very large samples might have some of the

minor modes eobscured.

¢) The median altitude:

The mediam measure of cenmtral tendemey of a distri-
bution of altitudes is of lesser importamce tham the arithmetie
meam or the mode. It is based om the division of the population
into two parts: 50% of all altitudes have higher values than
the mediam and 50% have lower values. This indicates that one
half of the area sampled lies at a lower level than the median
altitude and ome half lies at a higher level - but the alti-
tudes within these divisions Iie betweem the limits of +the
range of altitudes amd the median value, and ecan be in any
form of distributiom. This provides us with an extremely gene-
ralized view of the topography and ome which has little meaning.

The mediam might serve as a prelimimary measure of
the central temdency. It may be read directly from a plot of
cumulative percent frequency and might serve as a reugh index
for comparison, befere the arithmetic mean camn be calculated.

3.4-(4) Geemorphic significance of dispersion of altitude para—
meterss

Dispersion indices measure the spread of wvwalues abeout
the central tendengy of a distribution. If the greuping is very
close about the average of the series, the interpretation is
different than when the wvalues have a wide spread. Dispersion
of altitudes is an indication of the relief of a topography.

a) The ramge:

The range is defined as the difference between the

lowest and highest altitudes found in am area, and is the




e

e

i Bl

- 85 -

simplest index of dispersion. It gives the maximum relief in
an area. It is a simple index to derive - its value may be
ebtained fram any comtour map. The ramge, however, is mot a
very meaninmgful imdex, for it is based on twoe extreme wvalues
of a distributiom and it dees mot comment on the arrangement
within: the presemce of one high hill would praduce a large
value for the ramge, but the greater part of the land area
could be a featureless plain,

b) The stamdard deviation from the mean:

As defimed and described om page 44, the standard
deviation about the arithmetic mean altitude offers a much
more significant parameter for the description of topographic
relief, It is defined so that a Gaussiam "mormal" distribution
would have 68.26% of all values included within two stamdard
deviations (one om either side of the meam). For moderately
skewed distributions, this holds +true also. The smaller the
value of the stamdard deviatiom, the greater. the comcemtration
of altitudes about the mean; the less the available relief over

the greater part of the lamd area.

The term "relief" is seomewhat confusing in Geomarphic
literature. Gemerally, it is given as the difference beitween
the maximum and mimimum altitudes found inm am area, i.e., the
range; but it iIs used in discussiom as indication of the height
of land over which demudational pracesses due to gravitatiomal
shear stresses (Strﬁhler, 1952, p. 924-925) may be considered
tc act. This is misleadimg, for moest of these processes can be
considered only relative to an average wvalue of the relief, and
not the total relief, which would mot be available over most of
the area.

The value of twice the standard deviation about the
arithmetic mean altitude would give an index of the "effective"
relief of am area, which may be direetly related to processes
of denudation induced by gravity, considered in terms of average
effect.
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Values of the ramge and stamdard deviatiom are tabu-
lated in table D-1, appendix-Dj; the range amd "effective"
relief are plotted for all rock units im figure 10, p. 56,
and grouped in figure I, p.85.

¢) Other measures of dispersions:

Two other measures of the absclute dispersion of
values of a frequemcy distribution were mentioned in section
3.3-(3), p. 44-45, These are:; the variamce, which is equal to
the square of the value of the stamdard deviatiom; and the
mean deviation, which for moderately skewed distributions, is

empirically equal to four-fifths of the wvalue of the stamdard
deviatiorn. These measures do mot appear %o have much use in
describing a topography.

A measure of "relative dispersiom", the coefficient

of variation, relates the arithmetic mean altitude and the

standard deviatiom by the equatiom V =ﬁ%F', where V is the
coefficient of variation. (The value may be stated as a number
or as a percentage.). The ceoefficiemt was calculated for all
sampled sedimemtary rock units amd the values were plotted
against approximate average distamce3 from the sea (base level).
The relationship is showm in figure 12, p. 68.(Am expomential
tremd is: obtained, with values of V decreasing with distance
measured away from the base level). For rock units which are
at a distamce greater than about 20: Kilometers from the sea,
the values of V are foumd to be im a relatively marrow ramge,
from about 10 te 80% (stamdard deviation is 10-30% of mean);
the trend is remerkably constant amnd decreasimg very slightly
away from sea level. Less than 20 Km from the sea, the rock
units support tepegraphies for which the coefficient of vari-
atiom is much higher, ramgimg up te a value of 0.65 (65%).

3 — The distamce from the sea (base level) was obtaimed
by measurinmg alomg the major streams, from the sea to
the approximate (estimated) "centre of erosion" of the
unit. Where several streams draimed an area, distances
along all were measured and averaged to give the mean
distance. All distances are approximate.
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( ) Figure 12 shows that in western Gaspé, the standard
deviation relative to the mean of altitude populatioms deve-—
loped on lithologically similar umit-areas (the relationship
may be definmed as "relative bedrock dissectiom") is greatest
for units which are closest to the sea (base level). It is
interesting to note that there may be seen a vague indication

of a cyclical (modified sinusoidal?) trend for values within
the general envelope fitted to the relationship.

The coefficient of variatieon might provide a conven-
ient and meaningful index for comparison of different erosional
topographies which maey or may mot be from the same gemneral area.

3.4-(5) Geomorphic meaning of skewness and kurtosis.

a) Skewness:

Skewness is a measure of the asymmetry of a frequency
distribution. It shows the presemce of a "tailing" of values
(altitude) at either end of the distributionr. When the tail
is at the upper end, the distribution is said to be positively
skewed; whem the tailing is at the lower emd, it is said ‘o

be megatively skewed.

Positive skewmess is not commom in the sampled
lithologically-based altitude frequency distributiomns in
western Gaspé. It is well defimed omly for the altitude popu-
lation (Htopography) supported by the Lake Branch formation in
the Big Berry Mountains map-area (histogram 5, figure B-3,
appendix~B). In this area, the poorly-comsolidated Lake Branch
redbeds are adjacent to the very much more resistant York
River feldspathic sandstonme on one side and the Battery Point
greywacke on the other (the difference in relative resistance
to erosion of adjacent units is the maximum found in western
Gaspé). As outlinéd om pages 55-57 there is centrol exerted
by the more resistant lithologies on the topographic develop-
memt on the less resistant formation. The high value of posi-

(ﬁ\ tive skewness in the altitude distribution is thought to re-
Plect this. Positive skewness is found also in the case of
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deviation relative to the mean of altitude populations deve-
loped on lithologically similar unit-areas (the relationship
may be defined as "relative bedrock dissection") is greatest
for units which are closest to the sea (base level). It is
interesting to naote that there may be seen a vague indication
of a cyclical (modified sinusoidal?) trend for values within

the general envelope fitted to the relationship.

The coefficient of variation might provide a conven-
ient and meaningful index for comparison of different erosional
topographies which may or may mot be from the same general area.

3.4-(5) Geomorphic meaning of skewmess and kurtosis.

a) Skewness:

Skewness is a measure of the asymmetry of a frequency
distributiom. It shows the presemce of attailing" of wvalues
(altitude) at either end af the distributionr. When the tail
is at the upper end, the distribution is said to be positively
skewed; whenm the tailimg is at the lower emd, it is said to
be megatively skewed.

Positive skewness is mot commom in the sampled
lithologically-based altitude frequency distributions in
western Gaspé. It is well defined omly for the altitude popu-
lation (topography) supported by the Lake Branch formation in
the Big Berry Mountains map-area (histogram 5, figure B-3,
appendix~B). In this area, the poorly-comsolidated Lake Branch
redbeds are adjacent to the very much more resistant York
River feldspathic sandstore on one side. and the Battery Point
greywacke on the other (the difference in relative resistance
to erosion of adjacent units is the maximum found in western
Gaspe). As outlinéd om pages 55-57 there is control exerted
by the more resistant lithologies on the topographic develop-
ment on the less resistant formetion. The high value of posi-
tive skewness in the altitude distribution is thought to re-
flect this. Positive skewness is found also in the case of
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units 1-5, 5-3, 6-6A, 8-4, 8-4 and 3-8, Except 5-3 and 6-64,
which are very probably effected by structure (faults), all
these are adjacent to more resistant lithologies. Positive
skewness, therefore, would seem to be a signal of cantrol ex-
erted on altitude distributiors by nearby more resistant rock
units. Where several border om a relatively monresistant unit,
the controls are superimposed and complex in the averall ef-
fect. Howewver, if the area of the weaker rock type is large,
the effects due to the adjacemt resistamt units might be con-
fined te the edges emd could possibly be studied by stratified
sampling in strips of topography parallel to the unit bounda-
ries. '

Since most rock units im western Gaspe do not support
positive skewed altitude distributioms, it is considered that
caontrol by adjacent resistamt rock umits is mnet overly impor-
tant.

Negatively skewed altitude distributioms are probably
due to the effect of streams. Very high values of megative
skewness are correlatable to areas where there is much evident
contraol. by major streams acting as well-developed local base
levels. For example, sample units 7-4, 7-7, 7-8, 7-9 and 7-11
have altitude populatioms with high megative skewmess wvwalues.
These are foumd im the Causapscal Bast map-area, bardering om
the Matapedia Riwver which rums transverse to the tremd of the
reck units. The river aects as a major base level and there is
indication of a regiomal slape towards it. Units 4-3 and 4-6
similarly have high negative skewness wvalues. These are found
in the Riviere Amgers East map-ares, where the Causapscal
River amd the Riviere Angers flow through. Again, there are
very apparent regiomal slopes of tepography teward these major
streams, suggesting the grading of topography. Other examples
can be given, and it seems fairly certain that megative skew-
ness indicates a degree of stream erosion.

As found for sediments.(Friedmemn, 1961, p. 524), skew-
ness seems to be environment-sensitive for frequency distribu-

“tions of topographic altitude also.

M4
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b) Kurtesis:

Kurtosis is a measure of the "peakedness" of a
frequency distribution curve, It indicates the degree of cen-
tral sorting.

High values of kurtosis (leptokurtic curves) are
obtained for frequemcy distributiomns of altitude which corre-
late with relatively flat or featureless topography; €ole s
gently rolling uplands, plains areas, amd wide valley flats.
The Gaussian "normal" (mesokurtic) distribution, for which
the kurtosis value is 3.0, correlates with maturely dissected
topography im which slopes dominate and upleamd amd valley-
bottom lowlanmd areas are at a minimum. Units 4-2, 4~3 and 4-6
of the Riviere Angers East map-area and units 6-4 and 6-5 of
the Oak Bay map-area are examples of topography with meso-
kurtic altitude frequency distributions. Unit 1-4 im the
Mount Logan map-area has an extremely leptokurtic altitude
frequency distribution.

Frequency distributioms of altitude with low values
of kurtosis (platykurtic curves) are found to correlate with
topography in which meither well-developed uplands or ether
extensive flat area, mor mature dissection, is found to be
present. Examples would be unmits 8-4, 8-6, 5-3 amnd 1-5. The
platykurtic distribution probably sigmifies an intermediate
stage of topographic development in the Gaspé.

On the whole, kurtosis comments on the degree of
development of the type of landforms found. It shows whether
a topography is made up of flat areas or highly dissected.

8.4-(6) Variability of distribution parameters with distance
from base level (the sea).

In order to ascertain whether the descriptive parameters
of altitude frequemcy distributioms have a depemdency on the
distance from the primary base level (the sea), figure 100
was drawn (found included in the pocket at the back of the
thesis).
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Figure 100 shows skewness, kurtesis, standard deviation and
arithmetic mean values for the wvarious altitude populations
plotted against the approximate average distance of the umits
from the sea - the base level - measured along draimage lines,
on topographic maps of 1:50,000 scale. All the parameters
show definite systematic variability . Mathematically fitted
first order linear trend lines, according to the least squares
method (outlined in most stetistical texts), show the average
or mean tremd of each. Am approximate "enmvelaope" of values
hes been fitted by eye to each graph, in order to allow aome
comment on the ramge of wvalues.

| It s apparent that base level does exert a defimite
and systematic control over the develepment of topography im
western Gaspé.

a) Yariability of meam altitude and standard dewiation

with &istamée from base levels

Mean altitude values plotted agasinst distamce from
the sea shows an average trend which is defined by the

equatioms X = 924,7 ft + 8.872 D , ‘here

X is meam altitude im feet; and D is distamce from base
level, measured in Kilometers, Most meams are foumd withim a
well-defined 600 £ wide "emvelope", parallel to and centered
ori the calculgted average tremd lime., The values which do not
belaeng in the envelope are believed comirolled by structure,
because they are all close to faults, Withim the trend envelope,
the scatter of values shows three parts with high values of
mean altitude spaced more or less evenly alomg the distamce
axis. with two intervemimg localities of low mean altitude.

A cyclical trend mey be speculated but it does not appear to
be of any particuler significance, Tremds fer imdividual rock
types mostly show parallellism with the general limear varia-
bility, indicating that most are adjusted to the topegraphic
system (for example, the York River Formatiom, disregarding
the upfaulted beds). There is ome éxception — the Gramde Greve
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siliceous limestones, which have a well defined tremd meore at
right amgles to that of the system, Why this is so is not
clear, for the rock type is fairly umiform; it may be that the
areas sampled are small and distort the tremd with some abmor-
mal values; also, there is strutture presemt im or mear the
outcrops of this lithology, which sgaim might distort values.
Another possibility might be that the topographic system is
not completely im equilibrium with all rock unitse.

If the arithmetic mean altitude is am imdicator of
relative erodibility, then the "envelope" of values as shown
in figure IGO-A, may approximately defime the maximum amount
of differential erosion im westerm Gaspé, if structure were mot
present,

Standard deviatiom plotited agaimst distance from base
level has a trend which is defimed by the equatiom:

S.D. = 821.6 £t - 1.060 D , where

S:D. is standard deviation; and D is distamce from base level
measured in Kilometers. Am envelope of wvalués 200 £t wide
emncloses all but three of the wmit values. Again, the emve-
lope is parallel to and cemtered om the calculated main +trend.
The graph shows that the average "effective" relief in western
Gaspé is greatest at clese to base level and decresses directly
as the distamnce toward tie imterior region. The envelope
defines approximately the maximum smount of relief that can be
obtained by the variable bedrock found im the system . The
relief is govermed both by the emergy inpw inte the system, and
the resistamce offered by the bedrock in dissipating the energy
through erosionm. Along the available distamce from base level,
found im the system of topography. im the map area, the relief
over those rock units which are expected to be resistamt or
fairly so, is found to be high (e.g., the volcamic rocks; the
Battery Point Formation; Homorat Group rocks); however, there
are several exceptiems to this rule .
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(: - Bb) Varigﬁility‘cf skewness and kurtcesis values.
with distance from base level:

The variabilily of skewmess plotted ageinst un@t
distance from: the base level is according to the equatiom:

| SK = - 00,5118 <+ 0.00094 D 9 where

SK is skewmess; and D is the distarnce from base level,
measured im Kilometers. Skewness is defined alse by a fla-
ring envelope of values as shown in figure 100D. The above
equation shows that the main tremd is almost constant over
the available distance of streams flowing in the system. The
flaring is centered om the main trend and widens away from
base level. The megative value of the average skewmess indi-
cates probably that stream erosion is prevalemnt and important
throughout the western Gaspé. The flaring emvelope . probably
indicates that;’a)— control exerted by adjacemt resistanmt
lithologies is more prevalent im the interior regiom; and
b))~ contrel by local base levels, effected by mejor streams,
also becomes more important away from the primary base level.
(Refer back to discussiom on skewness, section 3.4-~(5), p. 67).

Kurtosis plotted ageinst distance from base level
has a tremd which is defimed by the equation;

K = 2.6024 «+ 0.00735 D » where

K is the kurtosis; amd D the distamce from base level,

measured in Kilometers, The fitted emvelope of values is

about 3 kurtosis points wide and is cenmtered at the main

trend, with its limits parallel to it. Kurtosis is seen to

be almost constant with distance away from base level, as

is skewness. There does nmot seem to be any clearly defimed

relationship with lithology. Within the envelope, values are

criented in a fashion suggesting a broad *M'-figure, although
(}P this may be am ilIlusion., Kurtosis seems to be dependent on

local conditions; it does mot seem to be a semsitive parameter.
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I summary, there is a clearcut relationship of fre-
quency distribution of altitude descriptive parameters to
base level, This is empirical proof that base level exerts a
systematic comirol over the development of topography in the
western Gaspé.

The trends defime the topographic system presemt in
the Gaspé. The fitted average tremd limes defime the average
topographic conditioms im the system; while the imdicated
envelopes of values show the maximum conditioms. Thus, the
belt or envelope of mean values shows the highest and lowest
possible mearn altitude a* vwhich a rock may stend at any one
distanmce from base level, acvording te its imtermal and ex-—
termal characters which defime its relative erodibility within
the system. The emvelope of standard deviation values shows
the greatest and least possible relief wvalues that a reck
unit might arrive at, depending om its locatiom withim the
system, as defined by the distamce along a sitream path from
it to the sea. The values of skewness indicadte that river
erosion is domimemt im the Gaspd. Kurtosis seems to be the
least descriptive parameter amnd does mot avail much,information.
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CHAPTER IV
DISCUSSIONand CONCLUSTIONS

4,1 The lithology-altitude relatiomship.

4,1-(1) The lithologic umit.

The objective of +this thesis was stated to be the
description of the lithology—-altitude relationship in western
Gasp&€. This was approached through first defiming topography
as a population of altitudes (sect. 8.2-1, p. 85) and then
sampling the altitude frequermcy distributions over areas of
reasonably umiform lithology. It is therefore impertant to
know what the optimum sized umit of lithology might be, for
the uniformity of a rock type is relatively dependent on the
gvailability and type of mapping, and there may be considerable
choice for some regioms. The umits should be comsidered in
relation to the degree of homogemeity of the lithology; the
size relative to the area comsidered for anmalysis; and the
size relative to averaging out of the effects of processes

over the umit area.

In western Gaspé, geologic mapping is available only
at the groupl or formation? level. It appears, from the dis-
cussion given below, that these are optimum units of litholo-

gy for this type of study.

Magmatic ignecus rocks are generaglly defimed by mine-
ralogy alone and are the least variable of possible rock types,
in a relative semse. The questiom of optimum unit size is not
pressimg, and has beem largely resolved by field mappingi
usually the size of an imtrusion is characteristic and when
mineralogical contemt differs, differemt umits are mapped.
Volcanic igneous rocks can be more variable over a unit area:
far example, lava beds might be interlayered with tuffs; or

1, 2 = The formation is the fundamental rock umit of strati-
graphy. It is defined as "..a genetic umnit formed under
essentially upiform conditions or an alternatien of con-
ditions.." (American Stratigraphic Code, 1933). A group
consists of two or more formatioms.

ARSI Y £ 7)
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a variety of volcanmic rocks might be found closely associated
with sedimentary beds. It might be pessible in some cases to
map these as separate umits but uSualIy'this is mot feasible
and the rocks are mapped as a'grpnp (eeg., Mont Alexandre
group). Generally, igneous rock types show least amount of
variability within mapped units.

Sedimentary rocks are mapped in the field by groups,
formations, members, or in some cases of very detailed mapping,
by the smallest whole uxit of dggosiﬁion, the bed. The bed would
be expected to have the least variable lithologic composition;
yet it might be made up of thin lamimae of materials which

might have very different resistamces to weathering and erosion,
Thus, regardless of the type (size) of sedimentary rock unit
chosem as the basis of analysis of the lithology-altitude re-
Iatioﬁshipu lithology would never be perfectly homageneous

over gy unit area. Furthermore, sedimentary strata or beds have
certain inherited orienmtations im space (dip and strike) which
provide for meore heterogeneify over urit areas of "uniform"
lithology. The bed comntrols the developmermt of microrelief in
a relatively finite area but its effect on averall topography
and macrorelief is last. The member also is a relatively small
unit and has an added disadvantage in thet it Is not commonly
used in geologic mapping. Usually, members are designated to
outline units of local importance only. The most commonly used
unit for geologic mapping is the formation which has the follo-
wing common characteristics (after Weller, 1960, p. 421—433);

a)- vertical continuity of deposition;

b)- lateral continuity of similar strata;

c)- comsistent chemical and mineralegical composition;
d)- abrupt changes of lithology with respect to adja-

cent formations;

¢)- possible presence and persistence of key beds;

f)- possible cyclic repetitions of strata.
Field geolaogists consider the formation in very broad

terms as "..,the mappable rock umit..." . Weller (1960, p. 425)
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comments on this practical view:

"In order to be practical, a formation should be
identifiable and distinguishable from adjacent
formations by virtue of reasonably ebvious cha-
racters that can be recognized by any competent
geolugist. Most commonly, gross lithologic cha-
racters are relied upon although there are nu-
merous exceptions. The ideal formation consists
of a simgle distinctive kind cof rock sharply
set off from different but equally distimetive
rocks both above and below."

These are excellent standards for mapped rock umits en which
lithology—-altitude amalysis might be basedy at the level at
which the emntire topographic system of a region is under con-—
sideration., Formatioms are variable in size but they are suf-
ficien&ly large to allow a good assimilation and averaging of
the effects of processes acting to reduce the topography. This
is importanmt, for processes over a finite area canr be imr very
poor adjustmemt with the bedrock and might distort the altitude
population considerably from that which might be characteris-
tic for a particular rock type; Also, the faormetiom is thaught
Yo be sufficiently large to keep t0o & minimum the effects of
adjacent very resistamt units; and there would be little effect
of depositional cover derived from other unmits (problems which
might be critical when individual beds are éompared). Thus it
appears that the formation is the most readily available unit
of reaseonably similar lithology and the optimum rock unit for
this study.

4,1-(2) Relative erodibility in western Gaspé.

a) General comment on relative erodibility:

' According o the theoretical basis of this study
ocutlined in secti0m.3.2a(1), poimts 1-4, on page 35, relative
erodibility should be manifest in the distribution amd average
height of altitude populations supported by the various units
of 1itholog&. Some discussion will be given in this section, of
the propertics of rocks which determine their individual ero-
dibilities.

The nature of this study precludes detailed review
of processes which comtribute to the lowering of a land mass.




T B N,

[

- 78 -

A general framework is envisioned as that given by Strahler

in his outline of the dypmamic basis of geomorphelogy (Strahler,
1952). Briefly, it is considered that earth materials are
affected or acted upon by a variety of patural processes

which exert shear stresses to produce strains which cause
failure, Weathering, erosiom, and mass wasting are all ex-
plained im this way. For background, Leopold, Wolmarn and
Miller‘(1964, pe. 27-180) provide more general discussion.

Since the roék’units are all from the same area,
climate in this study is considered a comstant variablee..
Thus processes which are all dependent or climate are acting
more or less equally om all rock units, amd the focus is on
the response of the variocus racks in resisting the effects
which tend to wear them down. The resistance of rock units
at the formatioen level should depend on the following proper-
tiess a)- the mature of the intermal fabriec (texture)

of the major constituent rock type of am
area (mineralogy, granularity, cementing,
degree of comsolidation and metamorphosis);

b)- the nature of the external features(structure)
of the rocks (bedding, cleavage, joimting,
schistosity; faults and folds);

c)- the degree of variable lithology within the
formation (uniform, interbedded, cyclically
bedded formatioms; grouped formations);

d)~ exterior controls and controls due to adja-
cent very-resistant ("ridge-making") rock
formations.

In addition to the above, in western Gaspé there is

some dependence on distance measured from the rock unit along
streams to the primary base level (the sea).

Mineralogy (and crystal size) determines the suscepti-
bility of igneous racks to weathering. The rock formimg sili-

cate minerals have a definite order of susceptibility which




i SO

A

it

®

-_— TP -

is in accaordance with Bawen's3 reaction series, as shawn by

figure 13, below:

mast resistant Quartz IF?
/7 Alhite E
Biotite ] e
/ Oligoclase = g llg
Hornblende S 2 2 Is
{ es1ne = il 3 5_
Pyroxene . ; =
/By ineressing) Labra.dor:.te e &

Pyroxene
_ Olivine
least resistant

g
Bytownlte % &q
Anorthlte

Figure _ 13 - Bowem's reactiom series
for commom rock forming 51llcate minerals,

The susceptibility to weatherimg of sedimeuwbary rocks
is determined by the type of mineral grains found present; but
also important are the degree of comsolidation and the type of
cement which bonds the graims., Thus, for example, the most
resistant unit might be expected to be ome which has afcohpo—
sitiom made up mestly of quartz grains bonded by a silicate
cement; and the least resistant racks might have mostly clay ’
mimerals which are easily erodible whem aggregated, and TWith

a calecium carbomate cement.

The mature af the external features (structure) of

reck units governseredibility im a secondary semse. Weathering
may proceed alomg joint plames amd erosiom is emhanced by a
well develaped cleavage, schistosity, or clasely spaced joints.
Bedding orientation im the ideal case should be vertical for
all units, for then the characteristic resistance of each rock
type relative to that of the others would be most clearly shown.
In.westernuGaspé: the units at formation level have a more~or-

83 - Bowen, 1928, The evcolutiom of igneous rocks:
Princeton Univ. Press, Princetor, N.J.,
(reprinted by Dover Publ., N,.Y., 1956).
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less wniferm strike oriermtation amnd considerable wvariation in
the dip of bedding. Qualitatively, it may be stated that the
dip variability is‘appraximaﬁely of the same erder feor most
formation amd group units.,

It is important to consider the presemce and amount
of litheologic wvariability within a formatiom. Most such rock
units are mever emitirely homogemecus. For example, the Battery
Point formatiom is maimnly greywacke sandstome bubt it is also
up to about 20% interbedded shale (estimate by Carbonmeau,
1959, p. 37). The York River formation is mainly feldspathic
sandstone but cam have up to aboubt 35% interbedded shale and
fine grainmed siltstome (Carbonmeau, 1953, p. 183). The other
formations in western Gaspé all have some variability with
regard to lithology but for most there are no %-composition
estimates available.

Effects due to adjacent resistant formations do not
appear to be important for formation and group units ir western
Gaspe.

b) Relative erocdibility of rocks mapped as formations
in western Gasp€g:

There are several fairly distinct rock types found in
western Gaspé Peminsula. In erder to consider their relative
erodibility, they were grouped by brocad categories of sedimen-
tary, volcamic, and igneous types; sedimemtary rocks were then
subdivided further into calcareous and detrital classes, while
volcamnic and igneous rocks are comsidered by individual units.
The sedimentary rocks, which are the most abundant category,
have a variety of subtypes. ~Teble 3, page 8l, shows the break-
down.

From the theoretical considerations advanced in sections
3.2-(1) and 2.4-(3) it seems that the lithology-altitude sys-
tem avails & simple but useful index om which to base the von-
sideration of relative erodibility. This is the arithmetic

mean altitude.




LITHHOLOGIC TYPL

MAP SHEET-aqd-UNIT number

SEDIMENTARY ROCKS:

(a)- Calcareous rocks,
GRANDE GREVE siliceous limestones
CAPE BON AMI argillaceous limestones
ST. LEON calcareous siltstones
Undifferentiated Silurian
YORK LAKE calcareous siltstones

Matapedia Group argillaceeous
limestones

FORTIN Group calcaresus shale fac.
FPORTIN Group calcareous slate

(b)- Detrital rocks,
BATTFERY POINT greywacke sandstones
YORK RIVER feldspathic sandstones

HONORAT Group mudstones
ST, LEON {calcareous) siltstones

" LAKE BRANCH redbeds

PORTIN Group sandstone fac. (grits)
FORTIN Group (celcareous) shale fac,
FORTIN Group siltstone fac.

RESTIGOUCHFE Group mudstones
QUEBEC GROUP (mainly slates and

chalac)

(1)‘5, (3)‘19 (7)’29 (7)56, (8)93.
(1)-3, (8)-2, (1)-4..7.
(7)-4, (7)-5, (8)-1

(1)-3

(3)-2.

(4)-5, (5)-2, (6)-5.
(6)-1, (8)-3.

(7)-11.
(3)~6.
(3)‘41 (3)'7’ (4) 1 ) 11 (7)'7
(7)-9, (8)-4, (3)-2%.
(4)- 6, (5)-1.
(7) ( ) 5%, (8) 1%,
(3)-5, (7)
=2.
$6; y (6)-3%, (7)-11%,
(6)-4.
(8)=6.
[ AP |




HONORAT Group mudstones (4)-6, (5)-1.
‘ST, LEON {calcareous) siltstones (7)-4%, (7)-5%, (8)~-1%,
" LAKE BRANCH redbeds o (3)-5, (7)-8.
PORTIN Group sandstone fac. (grits) ?6;-2.
FORTIN Group (calcareous) shale fac, 6)-1%, (6)-3%, (7)=11%,
FORTIN Group siltstone fac. (6)-4.
RESTIGOUCHE. Group mudstones (6)=~6.
QUEBEC GROUP (mainly slates and
shales) (1)-1.
VOLCANIC ROCKS:
STE. MARGUFRITE augite andesites (7)-10.
RESTIGOUCHE Group basic lavas (6)-17.
JONATHAN amygdaloidal andesites
o and acidic tuffs (4)-2.
MONT ALFXANDRE Group basic lavas
with siltstones (4)-4.
Unnamed Devonian diabasic rocks (3)-3.
SHICKSHOCK Group metamorphesed _
lavas (1)=-2,
INTRUSIVF. ROCKS:
TABLETOP granite (2)-2, (2)=-2a, (2)-2B.
MONT ALBERT dunite-peridotite (2)-1.

Table 8 « Sampled units arranged according to
similar lithologic type. Nate that some
units (*) fit more than one category.
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The arithmetic mean altitude is a valid indicator of
relative erodibility only if the altitude pepulations for the
compared arees of umiform lithelogies are im adjustment with
the acting denmudatiomal processes. The degree of ad justment
sheuld be of the same order for all the umits which are com-
pared, and thus omly units of the same topagraphic system canm
be. treated.

The Gaspé Peminsula, alike with the gemeral Appalachian
region, may be considered after Hack (1960, p. 89) 4o have a
"ridge and ravime" type of topegraphy, for which the “.,.di-
versity of form is largely the result of differential eresion
of rocks that yield to weathering in different ways." Western
Gaspe Peminsule is within a single system of topography, which
is described amd defimed by the figure 1@0. It is defimned,
after Hack, as an "erosiomally graded topography" with close
adjustment of process and form . Thus, all the sampled rock
units may be compared as to their relative resistance to being
Iowered by the acting processes of demmdation. Care should be
taker in comparing other reck units, evem from as clese by as
eastern Gaspé., It must be shown first that the topographic
system is the samej or if differemt, the differemce must be
compensated foirt.

By comparing mean altitude values amd the rock textures
and structures, +the value of the mean altitude as am index of
relative erodibility may be checked qualitatively. With this
purpose im mind, 'a ber graph was plotted (figure 14, p. 85),
with meam altitude shown for each rock umnit, alomg with other
data. For rock types which have several umit samples, weighted
means were. calculated and also plotted. The formula used iss

Xy = NiXy - N5%p - ....= NnXn » where Xy is the
Ny - Ng = .e0e = Np
weighted meamn altitude of a rock type with several sample umits;
X is the meam altitude of individual sample units; amnd N is
the number of altitude counts in a sample ( an indirect measure
of the area of outcrop).
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The weighted mean altitude takes imto account the
overall area of a rock type in western Gaspe and therefore it
is a true representational average.

Figure 14, p. 85 shows arithmetic mean altitude, the
standard deviation taken twice (the "effeciive" relief), and
the altitude range of each individual umit, arranged accordirng
to the broad categories of similar lithology sutlined im
table 3, p. 8l. Some gemeral trends are apparemt at onces
igneous rocks stand highest; mext are volcamic rocks; debtri-
tal sedimentary rocks; and calcareous sedimentary rocks. Among
the detrital rock types, sandstomes stand higher tham silt-
stones and shales; and among the calcareous reocks, dolomitic
and siliceous limestones are highér than argillaceous lime-
stones. There appears to be a correlation of arithmetic mean
altitude or the mean topographic height with the first pre-
cept given on page 78 -~ the mature of the imtermal fabric
and composition of the mein rock type of formatiom size umits.
Among the igneocus rocks, there is an excellent correlation

‘of mean altitude and mineralogy accordimg %o Bowem's reaction

series. It is seen that gramite stamds higher than peridotite,
which stands higher than amphibolite schists,

Apart'ffam the consideration of main gemeral tremds,
the individumel unmits may be compared from the diagram (figure
14) which is fairly self-explanatory. Most mean altitude
valuwes are seen to eccur within a marrow range, but meverthe-
less there is a éefinite order for the various rock units
which is tied in with mineralogy and composition of the bed-
rock, '

The plot of figure 14 shauld be compared with that
of figure 10, p. 56, which has mean altitudes grouped accor-
ding to map-areas. Note that there has mot been any meuntion
of relative erodibility with respect to land height, in the
discussions of these diagrems. These are simply descriptive
plats of the land height over wariocus formations. Differemtial
erosion is am.imferémce'which, as we shall show, canmot be made
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directly from the consideration of altitude alone, for alti-
tude is simply land height measured above the arbitrarily
chosen detum~-plane of the sea. There may be a "datum—plame"
imposed by the erosiomal system im which the rock umits are
found, and this must be comsidered.

Vithin a teopographic system, there may be an inherent
spatial distribution of lamnd height according to the particu-
lar conditiems which govern the system. The profiles drawm
for figure 3, p.23, suggest a regiemal slepe for westerm
Gaspe, from the initerior region to Chaleur Bay. When the des-
criptive frequency distribution of altitude parameters are
plotted agaimst the distance measured alomg the major streams
draiming the rock-topographic umits to the sea (to base level),
the overall topographic system is more clearly revealed.

Meanm altitude is found te imcrease linmearly from the sea to
the interior ; "effective® relief is found to decrease; and
skewness and kurtosis also show well-defimed@ trends (also
linemr). The comsideration of relative erodibility, using

as index the arithmetic mean altitude of populations developed
on varicus bedrock, must proceed onmly through first crediting
the amount of control this has on the mean.

FPigure 100A (disgram inm back pocket) shows the wvaria-
tion of meam altitude with distamce from base level +Ho be
linear and such that mest values occur within the envelope
that is shown. Om: the basis of this trend, it was comsidered
that a "Relative Erodibility Diagram" could be comstructed, as
shown by figure 15, p. 88. The diagram is a plot of the weighted
average mean altitude values (calculated from the meams of
all samples of a particular rock typejy’ taking into account the
relative size of each umit) -versus- the weighted average
distamce from base level. The formulae ased are those given
on the diagram om page 88, amd im the discussion onm page 82.
The effect of positiom within the system,-with respect to
base level, cam then be removed from each umit. This can be
done grephically by projectimg the loci that are plotted for
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each rock type, to am equivalent position at base level (by
projectimg parallel to the trend of the system). A cursory
scale of relative eroéibility will be shownm, i.e., any vertical
plane will show the relative erodibility, by the imtersectioms
of the (dashed) projectiom limes im the plane.

The relative erodibility of rocks foumd in the thesis
area is shown by figure 15, and is tabulated below. Four arbi-
trary divisioms were assigmed, for convenience of discussion,
Withir each, rocks are .listed in order of decreasing resistance
to erosion@ a)- Resistand rocks; basic volcamics; Homoradb

Group mudstomes amd samdstomes; Battery Point

greywacke sandstonme; Silurian dolomitic clasties,
dolomite and limestone (undifferemtiated);

b)- Moderstely resistent rocks: Fortin Group
sandstones, siltstomes, and slate; Quebec Group
shale, slate, with resistent quartzite bands; the
Gramde Greve siliceous limestone; and York River
feldspathic samdstomes

e¢)- Weak rockss Cape Bon Ami Formatiom, and
Matapedia Group argillaceous limestomes, and the
St. Leon Formatiom calcareous siltstomes;

d)-~ Very weak rocks: the Restigouche Group
mudstones and basic velcanic rocks; and the pocr-

1y comsolidated Lake Branch Formation redbeds
(shale with siltstone). (The Restigouche Group
lithology suggests a greater resistance; possibly
. the mearmess to the sea ar the faulting across the
unit may unduly effect the value of relative ero-
dibility.)
The relative erodibility scale shows volcamic rocks
less easily erodible than sedimentary. Also, samdstones as a
group are more resistant than limestomes which are stronger
than shales. This follows permeability (Leopold, Wolmam and
Miller, 1964, P.101), considered a major factor in denudation.
Note that figure 14 shows Battery Point rocks highest of sand-
stones; but with regiomal slope removed, the Homorat Group
appear to be more resistamt,
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Similarly, figure 14 shows the Matapedia Group argillaceocus
limestones with the lowest mean altitude of the -limestone
group. Haowever, when the effects of regional slope are re-
maved, as shown by figure 15, the rock type has a relative
resistance to erosian roughly equal tc that of the Cape Ben
Ami and St. Leon formations,

Differential erosion can be obtained in terms of alti-
tude difference by comparimg the values of altitude for the
units projected to base level, ‘

In some parts of westerm Gasp€ there arise guestions
as to whether faulting or differential erosion has caused a
particular landform. For example, inm the Big Berry Mountains
map—area many consider faulting as the cause of the Big Berry
Mountains escarpment, found between the Lake Branch amd Battery
Point fermations. Carbonmeau (1953, p. 75-78) advocates dif-
ferential erosion;

"The idea of faultimg aleng the Berry Mountain es-
carpment is attractive om acecount of the topo-
graphic break at this front. Irregularities im
strikes and dips of the Battery Point beds in the
vicinity of Mount Noble also suggest faulting,

There is mo faulting however in the Imlet River

section, and the escarpment does not follow the

trend of the rock formatioms west of Loon Lake.

The escarpment is most likely due to: the friabiliity

and poor state of comsolidatiom of the Lake Branch

formation compared with the resistant Battery Point

sandstones." -

.Figure 15 shows that for the two fermations invoalved,

the value of differemtial erosiom is close to the maximum
found im the Gaspé. Thus, the view quoted above might well be

the coarrect one.

In summary, the figﬁres 14 amd 15 can be caompared with
table 3, p. 81, to show that there is a very defimite corre-
Intiom betweem the svrithmetic mean altitude of populations
supported by various types of bedrock, and the litholegy of
the rock umits., The relative erodibility of unmits can be
aobtaimed if the means are considered within the framework of
the overall topographic system.
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4.2 Trends among the frequency distribution parameters.

In order to summarily show that there is a definite rela-
tionship between the various frequency distribution of alti-
tude curve parameters, figures 16, 17, and 18 are included
on p. 90, 91, and 92 respectively. These show scatter ploté
between skewness, kurtosis, and standard deviation, to which
first order limear trend lines have been fitted, for each
rock type, according to the least squares method. For the
skewness—vs—kurtosis and kurtosis-vs—standard deviation plots,
the tremds for individual rock types all have about the same
general orientation, indicating that while there is a varia-—
bility according to lithology, the umits are from the same
general system which could be defimed by characteristic values
of these parameters. These plots might bBe useful in defining
"suites of +topography" . The western Gaspé suite might be des-—
cribed by an average skewness value of —-0.5; an average kur-
tosis value of 3.03 and a standard deviation of about 200 £t
These are the same values which are found to define the system
from the plot of figure 100, on which they are more clearly
evideni. The scatter diagram of skewness-vs—standard deviation
avails a jumble of tremds, but it is observed that detrital
rocks have an orientation different from the calcareous rockse.
Whether this is meaningful or nmot will not be considered at
this time. The fitting of tremd limes to the umnit properties
is to some extent misleading, for it must be assumed that each
plotted point is of the same value as the rest. This is mot
entirely so, for the areas from which the samples were drawn
varied in size., However, they are worth includinmg in order to
show that the variation of the parameters amongst themselves
isﬁprobably linear., The best example of linear trend lines
is the plotting for the Grande Greve formation.
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4.3 Conclusions and suggestions for further woerk.

4.3-(1) Prequency distribution amalysis of altitude.

(a)- The frequemcy distribution analysis of erosional
topography comnsidered as peopulations of altitude supported
by lithologic umits at the Formation level, appears to be a

reasonable method of landscape description.

(b}~ The method is quantitative. Rigorous statistical
techmiques may be applied; or the observed data can be sub-
jected tc amalytical-descripbtive comparisoms,(as in this study).
The approach is im accordamce with the comcept of dymamic
equilibrium advanced by Hack (1960).

(c)~ The method depemds upen the availability of beth
topographic and geologic mapping at am equivalemt scale for
the area under consideration. The initial time required to
ebtain the sample data is considerably lonmg but all subsequent
steps in the amalysis, including the graphing of values, can
be performed by electromic computer.

4,3-(2) The topographic system of western Gaspé.
(a)- On the basis of available evidence from this study,

and accerdimg to the logic of the approach, the comcept of
dynamic equilibrium of Hack (1960) is thought to apply to
western Gaspé. The plot of arithmetic meam altitude, standewxrd
deviation, skewness, and kurtosis measures of frequency dis-
tributions of altitude based om litholoegy, against the dis-
tance of the rock-topographic units from the sea (base level)
shows im each case a well defimed tremd of limear wvariability.
Individual rock types with more than ome sample umit, show
trends which in most cases are parallel or subparallel to that
for the system. Thus, the topography is comsidered erosionally
graded to base level; amnd the gross lamndform elememts (rock-
topographic units) are mutually adjusted within the system,
and are downwastimg at rates equal to their imdividual resis-

tances to erosion (imcluding weatherimng and mass wasting pro-

cesses).




(b)- The topographic system of western Gaspé is con-
sidered to be defimed by the equations giver below, which
determime the trends of descriptive parameters of frequency
distributions of altitude based on Formation umits of umiform
bedrock geology, 3in relation to base level controls

X = 924.7 £t. + 3.372(D)eevcececcceccl,
SeDe = 321.6 fte = 1.050(D)evccccvenee e
SK = =0.5118 4 0:.00094(D)eeeeesceceeeSs
K = 2.6024 4 0,00735(D)eccecccescncde

where: X is the arithmetic mean altitude; S.D. is the
standard deviation from the meamy SK is the skewmess of the
altitude distribution; amd K is the kurtosis value, D is
the distance from base level, alomg streams, to the rock-
topographic units measured im Kiiumeters, The first equation
defines lamd height relative to base level; the segond motes
the relief of the land. The other two equations describe the

erosional setting.

4,3-(3) The lithology-altitude relationships

(a)-~ At the Formation level, bedrock geology shows
goad correlatiom with arithmetic meam altitude. Volcanic
igmeous rocks stamd lower thar plutonic ignmeous; and higher

than sedimemtary rocks, The igmeous rocks support tepographies
for which the arithmetic mean altitudes range in value ac-
cordimg to the resistant-mineral contemt givemn im Bowen's
reactiom series, Sedimemtary'rocké stand in accordance with
relative permeabilityi the most permeable, sandstomes, stamd
higher than limestomes, which stamnd higher than shales.

(b)- The relative erodibility of bedrock cam be con-
sidered, usinmg as a basis the arithmetic meam altitude of
rock-topographic umits, provided that the system im which the
units are found is takem into account., In the thesis area,

by adjusting for the effect of base level comtrol of topography,

e numerical relative scale of erodibilities is arrived at.
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(c)- Of the factors which are thought to comtrol the
mean altitude of rock umits im the westerm Gaspé systenm,
the most important appears 4o be the mature of the inmtermal
fabrie of the major constituent rock type of & given forma-
tiom. The relative amount of interbedded weaker rocks (usu-
ally shale) is also important.

(d)~ The degree of topographic comtrol by imfluemce
of structural features, such as faults, is mot kmown, Although
there is some evidence from this study that thrust faulis
may be common in westerm Gaspé, it is expected from the
observed overall tremds of the altitude populations that dif-
feremtial erosion plays a greater role. At ome possible fault
locality, the morth-front of the Big Berry Mountaims, the
great differemce in relative erodibility of the Battery Point
and Lake Branch formetioms seems to accoumt adequately for
the escarpment at their contact,

4.,3-(4) Suggestioms for further work.

In summary, this study is in neture a preliminary in-
quiry into the applicability of the method of frequemcy dis-
tribution amalysis of altitude om the basis ef lithology, as
a way of describing topography. There is comsiderable poten-
tial in the method and room for comsiderable research. A more
statisticel approach might be takem. Meodel topograephies might
be anslyzed. The same sort of study might be made with a var-
iety of umit amd sample sizes, and correlations attempted bet-
ween. several topagraphic areas, from different systems of erosion.

It would be interesting to compare results with other
quantitetive studies. The Gaspé is an ideal location for geo-
morphic research relating to lendforms and topagraphic systems.
The Fourier amalysis of relief (Stone and@ Dugundji, 1963) ox
the fitting of three-dimemsional lendform equatioms (Troeh,
1965) might offer complimemtary imformaticn.

The present study might have practical applications
in photogeolagic interpretation and mapping in the'Gaspé} and
possibly in the comsideration of military geolegy (Woaed and
Smell, 19603 Kolb, 1962).
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tabulations of frequency, $ frequency, and cumlative $ frequency

Table A=5 .~ Grouped data of frequency distributions for ESCUMINAC sheet;
for altitude classes,

Appendix—A




- 111 ~

Appendix-A

ALTITUDE >

Coroe f29s N = ay 7N :
_ém. 6925N | | 9000 w%& \~) Sl
m aulgvolesed | w|\wofiecd]  02G=N % -
0oLt —[seofRs] | wilsojud | —[6roksed .m 2e=N 80d<N
. w|eciher] [ orzhoed | wiEsoped — [z obé "~ [<Tsedfe]
000 =[ooe| ] | el |wfesofred 8 T ol o B ol o [hed
1 opisR | |seo|ivae} | 18] 1espees] | 2261 pord ..A 5é G - [0l @ =] stilbd]
IR EIEER S| [ 12]os2 T ot - [ez0 @ _ — | eolied]
N I ¢z | nlesa|%@] [ Sloouiaeg | Dleot g 5 osheN [ lroRH 922aN - |scolice]
KU IEE lseq | pleevllest] | 8losulpwl | W@jeoslred - umv 2 nm ~Rzopwl] | eusvo[neg - |[7op66 3| 69vfoed
| [ellesiri] | Qleootevd] [ Blsrollinze [B[8 1o o1 | epoReh] [ofeprd  Ye2aN | wiswoltg RIEYE
"M B eeslaed | wioies] | 55| el | Blosefe 1601sN [0 [ pagg [ wferele] [ <fsvopeal Foglaripy ~| ez
| leeprn [ elaslsn | B]svelliss) | S psnysi] | wlssoReed | =2jed | wlssifss | olpalEl [w[REN @\ | ofaidw
V1 Shsslrr| | Bleonjrze | Qheopere] | Flovepood] | =] wfereq [ [lseftsd [ werftsd | =Jevoliesd] | =liar & a7
S &Jwnfa| | Kleeelerd | miwsioey [ B esofsts] { Rovpred | 2 psefacq [Jfoopi [ w]eczih¥d [ =|Biee EGE
O T o] [ ver{sen] | 2locejort] | @ olen | K |meje | e o] |etjorzlorsd [rofimalerd | lirobetd AN | | a3faid]
N [ Sleetle [=[ose| 2] [ Q|wchen] | gloz|edd | Beuirl | niespie | Klwsies [ <o B [={6vEE] | =[oohw] [1§]&zws]
RN ZIEEEICE sl [ psokein] | Qlecafon] [ Q[wskved [ [rvid] [ wozfnd [wfeipse] [wprjrd | nwsmd)
~ewslsrd | oGolis| | S|we|wes | {l |6n] | Blrnen] [ &esped] (e afarir [efsiberd [wz[ed | Ao
R I pasy | <oi|se] | oo lltes| | B pszvin] | eejeles | wfselsil) | Rres|hey | ek | =lsvhe | oy | Xt
w|is|by [wlea|ivE] [o]wolsav] | 2lzifiwe| | Blwtlery | vk | @lwsks] | svuzy | 2l2lbs | ey MRS
BT TS Bz ln] [ o] o (1] [wlwoile] | Sz 2] | Rjw[Esq | R[veken] [Sjesimg | ofeelid] [RiioH [olivhd |2 paem
wjeselEs) Nofiot][w1] [w|wolosz] [ wefser[ios) | Iyfesed | ]éselos) | REsvis] | o[sn|lw) | [0E[l¥E [ qvsropral [=[vg/erd
O T G hzlou] [ <[e[wo] | ~len]@a] | w0 ¢ lovvlee] | §|6ovies] [oloslna | aijresiecel [Skivr |wlksd] | wlelznrg
19|ifyes] | —seofago] [ mlavolsce] | ev|efeoe] [Flwelveel | m|iovibey |ollvslier] | elntosd | <lishang | w|ivlhd | alatlar
RAINEE ~[ovofaro] | ropsafset| [ [tz | @wijwi [e(hbisi] [ =[] | nforsfeed [ ollvjest] | 3 {iered
wibijes @ ~|ovojzed] | o] o] [ Biwejsrn) | slbriew] | ehitezd [ Riws|ryE [ olsepd | ol [olatun
BRI IDmIE of o|yo] | =[crofero] [R|befod] | ohevivs] | &[¥be | «fesrd [oehw] |2l | o|wtzd
of oo @Y 569] [ E]ire|me] | mlntieed [ ofwilid] [neelzl] | =iy | fwdan
|8¢|.® of 0| @ RERIESREIREZIBRETT 923& IR EE
. I of|oni|ve?] | Hpesihw] | @idira) [ wforskeid | ovpeElsol] | oy PNEEET
g =|3r0]sv0 afeeo| 1| | N{iarinl] | afezfar] [ 2peapad | 2o [ w|Ene] | oy
: N\ [ [ieofaad [Nlwvisva] [2]eeed [Q[bekd] [~peo[2?] [w{ifvd [<|&i(s
0 ﬂ3\ otsiolerol | weszfssz) Teolsst|eze] | 2 prwféen) [rolevifany| | wt]éctfid] | w]oEnH
ot ot|ero|&o] ['2fee|iot] | 2[ssens] | o feor(ebe) | fr0]r0] | nleanoal) [ <] ectfeey
~00l —|eo]@d| T opolsvz| |afprzfses| | olir] e oz b | o ¥orféel
oolert [an] [=lss2]ss?] | oollst]isy O |¥69[169| | —[S005€0)

; tabulations of frequency, %

frequency, and cumlative ¥ frequency for alti-

tude classes,

* Table _A-6_.— Grouped data of frequency distributions
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TABULATED Computed parameters of frequemcy
distributiens,
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300-24,50 -
(301)
' 501900
{873)
‘50=1650"
. (256)
115021450
(15)
1502000
' (Iw 9)

PO pray . N b

164,,9

- 23500,

291,8
2147

Y
1604,
165,0.
29

39l
281,5

286,0°

- 36948
1198
3143
. 308,0
35549

= 1,3018

A K 74

Lo8832

= 00577 | 2,275
- 0,2983 24469
0,037 1,8981
IS L heb700
0.5916 " b 23915
0.1162 | 2,3279
0,2558 2,3070
045887 3.1525  f
040803 20361
- 0:,3130 1,8195
=0 ,3730 12,1093
- 0,1787 | 3,0825
-0.9693 | 3;1120
-0.96,1 | 3.5087
20,1831 24469
- 0.8143 3.2191.

B ey TN



3= Fortin g

I Mont Aleiandre
VU 1 £

5= Matapedia gp

6= Honorat gr

135104
1195.8

8090k
138146

ESCUMINAG sheet

1w Honorat gr
2. Matapedia gr
3~ Restigouche gr

1 1207,2

81007
42802

OAK BAY sheet

shaly facies
2~ Fortin g,

sandy facles
3~ Fortin gr,

shaly facies
L~ Fortin gr,

silty facles|.

S5« Matapedia gp

6= Restigouche gy,
mdetones -
7= Restigouche gr,
basic voles
6A=part of 6, west
of Mann fault
6B-part of 6, edst
of Mann fault
Th~part of 7, west
of Mann fault
7B-part of 7, east
of Mann fault

1'100.0
1281,6
1313.5
1142,7 -
87941
66306
71540

495.8 |

8250
485,0
8324

s woovs v g gy |

12247
1122,5
- 81303
1313.4

1198,1
757.0
430,7

[RTOFLY SRR Sty Bt

10558
1268,6

_ 1277.2

1132,0
832.3
660,8

6913
533,7

78657
| L,B8,2
79249

B o LT R

1103,2

11126
67805

10225

1110,3
79542
*B4763

417.0

7606
3571

R AR BT R

50-1900 - 419,8 = 0,9693 - 3,1120
(873) S ‘ , -
50=1650" 313 - 0,9641 1305087
, (256) .
{ 1501450 . 308,0 - 0,1831 2.4469
(15) - : - ,
150=2000 35549 = 0.8143 362191 |
' (1w39) : |
502050 395.1 = 0,2921 2,72
oy = 2n
50-1300 | . 280,3 =001t | 2,52
(h91) ' ' 27
0=1100 . 279.8 0,198 Te :
o k (01986 | 1.8224
B
(180) v 21 g :
600w1750 197.6 - 0.4127 302302
(259) : :
2501800 216,9 = 0,8375 L1815 -
(621) o '
24-50-1 700 21095 bt 003867 301993
(520), o .
 50=1250 215.7 = 0,8230 3.,1160
(2091) | : S
0-1400 |  328,5 0.0098 1,9573
(1;50) : o ) - '
(432) » : R -
0-1300 312,6 004288 22,3042
(224) :
100=1400 293,6 - - 0,3118 2,1632
(226) o | .
0-1050 27796 - 0008[4.7 ' 1.9’}63
(144) o ' A
0=1650 3345 = 0,241 2,2365
(288) . ‘ ‘

- e

jL




Wi UKAUL ACGMLY

7B-part of 7, east| 832, 7929
of Mann fault
MAP - T
(7)| CAUSAPSCAL sheet
1= York River fn | 12049 | 118ke5
2~ Grande Gréve fmf 1260,6 | 12676
3= Cape Bon Aml fm| 9%he6 | 987,5
= Sto Leon fm, 968:2 | 939,3
5= Sto Leon fne J1222,F 12204y
6= Grande Greve fm] 11340k | 1107,1
7= York Rver fm ] 1180,1 1118,7
g~ Iake Branch fm { 108404 | 1032,9
9= York River fm ]1181,3 1069,0
10- Ste Marguerite,]1375.C | 1367.3
© voles . o
1= Fortin gp, . |12140 | 11585
1+ - shaly facles| - ‘
¥AP ’ T
(8)] e sheet
1= Ste Leon fm 85603 7806
2~ Cape Bon Ami fm] 1015,1 9893 -
3~ Crande Gréve fm} 1278,7 | 1272,3
i~ York River fm | 1189,5 | 1201,8

L PR

.‘--

Tab‘& bi;i t‘:xtfalues of frequency distribut.ion parmnetera (compat.ed from fonmlae given .

: L

VL) ) . .
— 0~1650 334s5 - 0,2441 242365
(288) |
1172, 7(%%?1)606‘ 1518 | - 00722 3,520
—_ 700-1800 | 1861 - 0,361 3,3656
(195) | |
e 3(%0-1)600 242,5 = 0,035 25173
_— 45<9ﬁ1)200 52,7 = 150382 39349
. | . ) R
—_— 50012001 = 263.1. = 063823 ' | 2472
1) : - N
— 6%0- 1500 [ 168,9 - 0,5236 < | 3.6721
_— '(00'1 0]  286.2 e 0,9539 33377
239) ' e .
- 35(0"1)350 © 22505 .- 10-’4&21 ' 4,1289
101005 3501500 | - 306, - 0,9010 2.6300
, 301500 30 Lo | oot 300
- 10?0-1700 1639+ | = 05309 22764
11238 B0=1600| 26T =BTk | k3116
| |
75002 3(()0.2200 - 210,8 - 0,6818 2,214,
156) ‘ :
9745 z,r()o-é z),oo 157.2 = 1,0373 L4640
32 ' _
1255, 6?0«%&)&00 o 2_02o7 = 0:2534 2,6098
25 P B ' R . .
119606 800-1600,} 11129 0.3236 38860
i | (425) S SR T

e

| 62T

“ﬁ!

.?3



)

AP
(@)

MAP
(3)

Moments of distribution _
about the arithmetic mean P

Determination of gurve tzgé%frm
Pearson's System of Frequency>Curves

Frequenoy, curve 1-8t 2=nd 3erd h=th ’ | Curve type criteria Curve
| T e |3
L " i ) ™, : @l @g K wi
MOUNT LOGAN sheet | _(amiauct) | |
1- Guebee gr. o | 1129589792 | . 24600061,95 | 13u56258 | 0ah199 | 34057 | ~eu77ms | 1
2 Shickshock g | o | 336847.0976 | = 114926490,0 | 397869570 | 0.3u56 | 3.5065 | ~11.8789 | -I
3-slurdanls | o | 6097608176 | - 4141692,98 | 1195750,0. | 00757 | 3.2160 | 0.,2822 | IV
he Cape Bon And fn | o | 407946615 | = 291795.75 |  11467.108] 1.25L0 | 6.8898 | 0.3207 | IV
5= Grande Grdve fm | o | 426010404, 140821,5.43 33391849‘6 040256 | 148399 | = 0,0086 I
MONT ALBERT
& TABLETOP :
1= Nont Albert, o | 41186905776 | = 13556917000 | L1032082,0 | 0.2631 | 2.660 | = 0o1166 | 1
ultrabaasics : . ' .
2« Table::;;é 0 | 201526,8896 | = 61872842,0 | 118425200 | 004677 | 2.9159 .| = 0.2538 1
8T e
A= Tabletop, 0 | 138168,0000 8223318,02 | 4855175,8 | 0.0956 | 245433 | - 0,0197 1
({cirque areas)
2B~ Tabletop, 0 | 61700.4696 70203663 | 1356897.6 | 0.0021 | 3.5643 | 0.00 | I,(vID)
(2 mimus 24) _
BIG BERRY MINS.,
. (West) sheat
1= Grande Grdve fu | O | 27196,9796 | =~ 5838947.02 | 361200,73 | 1.6948 | 4.8832 | = 1.3829 I
2= York Iake fac 0 | 55405.5512 | = 752238413 697595.73 1 0,0033 | 202725 | = 0,007 | 1,(11)
3= Devonian voles | 0 8515044008 | =~ Th12425,52 | 1774173.3 0,0890 2,469 | = 0,0505 1
L= York River fm 0 5985544128 54,8119,73 680042,4,9 0,0014 1.8981 | - 0,0005 11
5= lake Branch fm 0 6695841584 20349174458 2093738,1 1379 L6700 | = 1.7478 1
54= part of 5, 0 831910664 | 1419562500 165509151 |' 03500 | 243915 | = 0,1317 I
see histozrams, .
5B- do 0 | 25716,73L0 479297.37 | 153953.68 | 0.0135 | 2.3279 | - 0,0075 | I




MAP
(&)

MAP

= (5)

MAP
(6)

2« York Iake {ac
3= Devonian voles
L= York River fm
5« Iake Branch fm
5A= part of 5,

- see histozrams,
5B~ do

5C= do .

5Dm do

6= Battery Point fm

7= York River fm

RIVIERE ANGERS
(East) sheet

1= York River fm
2~ Jonathat fm.
3= Fortin gr

L= Mont Alexaﬁdro
5= Matapedia ér ’

é= Honorat gr

ESCIHINAC sheet
1= Honorat éf~,:
2« Matapedia gr
3= Restigouche gr

QAK BAY sheet

= Fortin er

o o o [=] © ©

o o (=] o o o o [« o o

5540505512
8515044008
59855.4128
6595841584
£3191,0664
25716,7310
272146172
2988545400
15554245552
19235, 5608

B1786,8381
13678808720
176199,7792

98811,9040
'94,862,5376
126641,7888

15611848032
7858004072
78261,9832

60979.8574

- 752238413
- 12425452
5,8119,73
20349174458
-1419562540
47929737
1148487046
3558346021,
492378368
- 6981678,59

- 8724,800,10
- 9042286428
- 7169124,2,70
- 299450635442

- 5349771021
- 36699740416

- 1802024980
- 154428047433
434874271

- 7863607.92

697595073 |
177417303

68004249
209373841

1655091311 |

15395368
}7086h°56
281566.03 |
19260529
11423438

.
14109143
ST6TT46.46
616305
31,2580346

220193902
5162791.3

A

a -
R

6648195.7
156062807
11161864

898802.19

00033

0,0890
0,001
1.379%
043500
0.0135
0,065
0Ll 7L
04006l
040980

0.1391
0,0319
049395
04294
0,0335
0.,6631

|9

0,0853
0,4915

040395
V4

0.2727

Lol'(4)
2169
1.8981
406700
243915
203279
2,3070

301525

2,0361

1.8195

201093

300825
31120
3.5087

2,469

302191

2,7277
2a5274
1.822L

2,617

- Uit
- 0,0505
- 0,0005
- 1,7478
- 0,1317
= 0,0075
- 0,0322
- 0,3589
- 0,0026
- 0,0307

- 0.0515

0u3491
- 0,3512
- 0,942
- 0,0213
- 03797

- 0,0820

- 0,1797
- 0,0129

« 0,1139

— | p=  +4

1,(11)

11

-




MAP

= (5)

MAP
(6)

MAP
(7)

ESCIHINAC sheet
1= Honorat éf~,:
2« Matapedia gr
3= Restigouche gr

QAK BAY sheet

1= Fortin gr
shaly facies
2= Fortin gr
sandy 'facies
3= Fortin gr
shaly facles
L~ Fortin gr
silty facies
5= Matapedia gr

6= Rentigouchs gr,
midstones
7~ Restigouche gr,
basic volcs
6A=part of 6, west
of Mann fault
éB=part of 6, east
of Mann fault
Th=part of 7, west
of Mann fault
7B=part of 7, east
of Mann fault

CAUSAPSCAL (East) .
sheet,

1= York River fm
2= Grande Grdve fm
3= Cape Bon Ami fm
L= Ste Lson fm

S= Ste Leon fm

be Grande Gréve fm

© O O O 0O 0O O O o o o

o O O O O o

15611848032
7858004072
78261,9832

6097948576
390507140
4702740556
4130146876
4653944736
107921,0496
120966,3008
9772505488
86178.8720
770481216
111980,5696

26181,1110
3475243976
5881145976
23502.&108
6919842621,
2852349960

- 1802024980
- 154428047433
434874271

- 7863697,92

- 31844,88,40

- 8540877493

= 3605591071

- 8263071,95

34,9051,21

- 170008910
13098362,47

- 7888764452

- 1810797,70

- 9145383422

- 3068035, 51

233990, 60
- 621123,23
~ 369311,8,16
- 6958997,61
- 252211,26

a -
A

664,8195,7
1560621407
111618641,

898802,19
492596523
921765482
627506,00
674905028

22801159

3217815.4,

2200623,4
1606556,6

115539406
2804495,1

24347271
LOGT5.40
90526091
213668,2,
1183862,7

298770429

|9

0,0853
0,4915

040395
V4

0.2727
0,1703
0.7014
0,1495
046774

1040001

060016
0.1838
0.0972
0,0072
0005'96

045245
0,0013
0,0019
1.0779

1,162

042742

2,7277
2a5274
1.822L

24171
302302
L1815
341993
301160

1,9573

2,1990
2.3042
2,1632
19463
242365

35520
33656

206173

3.9349
2472,
3.6721

- 0,0820

- 0,1797
- 0,0129

- 0,1139
- 2,6410

2.2889
- 2,3282
- 0,3373
- 0,0000
- 0,0008
< 0,0768
- 0.639%
- 0,0027
- 0,0273

- 0,9489
0,0014
- 0,0019
- 6975598
= 0,0775
0.L217

-

viI
1,(v11)

I,(VII)

IV, (VII)
I,(II)

\



| fa=part of 7, weat | O | 77048,1216 | = 1810797,70 | 1155394.6 0,0072 | 1.9463 | = 0,0027 1,(m)E
7B-p:f'tb?;17fa:i§t 0 | 111980,5696 | = 914538322 | 2804495,1 0005'96 2,2365 | = 0,0273 1
of Mann fault .
'('“%’ CAUSAPSCAL (East) .
sheet
1= York River fm 0 | 26181.1110 | = 3068035.51 | 20347271 | 0.5245 | 3.5520 | - 0.,9489 | 1
2= Grande Gréve fm | 0 | 34752,3976 233990060 | LOBLT5.40 | 0,0013 | 3.3656 0,0014 | 1IV,(VII)
3-Cape Bon Aml fm | O | 58811,5976 | = 621123,23 905280.9; 0,0019 | 2,6173 | = 040019 I,(11)
L= St. Lson fm 0 23502.h108 ~ 3693148,16 | 213668,2) 10779 | 3.9349 - 697:598 »I
5= Ste Leen fm 0 | 69198,262, | = 6958997.61 | 1183862,7 | 1.1462 | 2,472% | = 0,0775 I
6= Grande Grive fm | O | 28523,9960 | = 2522411,26 | 29877029 | 0.2742 | 3.6721 04217 |
7- York River tm - | 0 | 81885,286L | - 22351280,13 | 1238008,7 0,9099 | 3.3377-| -o.4188 | 1
8- lake Branch fm 0 5085847216 | = 16540564,48 | 1067982,2 2,0797 | 41289 - 0,6458 1
9= York River fm O | 9386420000 | = 25910230484 | 2317112,7 _ | 0.8118 | 2.6300 | = 0,2506 | 1
10~ Ste Mazﬁulzgite 0 | 26863,9040 ‘= 1360376045 ~16h283°1§ | 040955 | 2.2764 | = 0.0435 1
11- Fortin gp, 0 60552:9240 | ~ 16546269439 | 1580920,1 102331 L.,3116 - 151305 I
shaly facies _ ‘
A
AP - '* - g
(8) QUCQ shest ) 4 0 !
1-'S£. leon fm 0 207992 - 6387458,97 | 143737230 0.,4648 1 2,214 = 0,1427 I
2~ Cape Bon Ami fm | O 2470342076 | = 4027339.98 | 272416485 | 1.0759 | LoLbkO ~ 34184 I
3= Grande Grave fin | O | 41105.8032 | = 2112246,27 | k09756 | 0.0642 | 2.6098 | - 0.0507 | 1
" |ieYork Riverm | 0 | 12520.4147 | 45316,28 | 60916,8 , | 0,087 ! 3.6860 | - 0s0559 | 1v
*

after: Elderton, 1938: "Frequency Curves

g
' and correlation_“_. E :
&

Table D-2 ~ Values of mements ca.lculated about the arithmetic mean of
frequenc&' distributions; and parameters used in Pearson curve correlation,

in text, @, = (m)? =0 %.@?,-3 D o
As given e. 1= F%)-} @2“.(_&)_ h(h?’z"l’ 2@2.-3%-6) : 4

-y

e : . . i




I~

| SOURCE STATRWRIY

Fﬁmam _squ(@ﬁ ISR

1SN
0 $18FTC. MAW
| D1 MeNS|ON xm(eo’).s»s(eo) 816(56,5¢) » m&(so) ,Tr(Sé, 56) ,vaa(se,ss) ’
L €L(70) ,CHL(T70) , SYAR(56,56
2 DO 17 K=l,56 . .
-3  PRINT 40,K : o _
4 40 Fonmnr(euasm' no.,m) '
) " READ I, ND 4N P
10 1 FORMAT(I2 m)
it - READ 2, cn-(x) 1=1,ND)
16 .2 FORMAT(2074
17 READ 2, (CNL(I),xai,ND) o
¢ CALCULATE MEAN : -
24 smgo - . . . i , N .
25 6M=0.0 : .
26 DO 4 I=1,ND .
27 e oL (1) . EQ.0.0) 6070 4
32 - @M=Gr+CNL (T) PAL0G 10 (CL(T) )
33 . 4 spsenk(I)®cLC3)+ s 3
35 . G=10.092(6M/FLOAT(N) )
36 xmesm/ﬂ.om ()] ,
37 PRINT 6, >GM :
40 é Foam'r('mmn =,F(2.4, 15§ GEOM. MEAN =,F12.4)
C CALCULATE MOMENTS '
41 =0 . ‘
42 SA=0 \, : :
43 SB=0
4 sP=0
45 DO 4 I=L{,ND
46 5A=SA+CNL§ID*!CL(I)"XM)4”Z
47 “SB=SB+CNL (1) #(CL (X)~XmM) 233 .
50 : st>=sp+ CNL(I)®CCL(T)=Xm)Be4
51 14  SH=CNL(T)®(CL (I)~XM)+SM B
53 - .xmz-SA/F\.okr(N)
54 XM3=s8/ FLOAT(N)
% e soman
M= ¢
57 SD= K‘FL .
60 x3=xm3/sw3
é\ - X4=XM4/5 Desd .
&2  A=FLOAT (N) ' ’
63 - Rsp=L.O/SD cL
64 " AsD=sp/SGRT CA)

snlasem-m 0/a)B(<n$42)

i




él

63

64
é5

66

70
[{

122

125

126

127

130

 X4eXM4/sDeRE - "
 A=FLOAT (N) ' ’
) $D=i lO/SD ) A
) Asb-s»/s RTCA)
| solasam'{n .0/A)%(sp¥42)
sD2= SQRT(E6:0/A)® swﬁs)
$p33 sQRTé% x‘(p. #(SPtg
« PRINT 8. 2l s XMB9X M4 sn .Rsb,ASb $bJ , 3D2,5D3
el S ile, i
v 7 MENT =
221 HKSTANDARD DRVIATION Z,F A “
3 =F12.4/98 SDu2 =,EL7.8,9H 17,8594 =817
PRINT 304%3,%4
30 FORMAT(mk 49HVALus-s FOP. DIFFERBNCES  FROM NORMAL cuavs ca!TER!A
L/10K,y JIH sxavmsss 2,F 2. 4 4X,l0HRURTM|S w,Fi3.4)
C CALCULATE CURVRE TYPR CR!TE&\F\
BI=XIM3492 /XM 2ee3 . ’
B2 X4/ Xnd829,
xk= 8l #E2t3.0 )**2/ 14.0%14- o*sz—a m«at) $12.0482- 3.05B1
X=x3% (B2+3. 0)/!2. 5.0%82-6 0%B}-9.0)")
AMp=XM-X2 50
" PRINT 20, 61,8 Xy XM
20 TORMATIO er? =. m..4 T, GHFETA 2 = ng.A.s% Fl.?. 4
1o, HskewMEss COBRF -,m
AN(K)=N
SDS( R) = XML
XAX(R) = XM
\7 eom'mue
~ PRINT 19
Do \® I=1,56
Do 8 )=1,56
17(l. @)o) GO TO |
VAR(1 esusm/mu)«sm(«s) /AN(J)
SARCE, d )=SQRT(VAR(T, ng
L Tr(I;J? = (XMKET ) - XMRTI) ) /SVAR(T-Y)
'8 ggmlus, T 503 VARTT 5 9) 5 SVARCT ) STT( T50). _ |
: NUE
|91 ngmg*grx l+t<,:2;<,1nt y %y THy 8K SHVAMANCE,%HHSTAMDA«D \:RRDK.
-TRST o
119 grokmkrm-\s 213,F18‘4,F18 4y Fi8.4,F18. 4)

END.

Tub|e D' >  Camputer program for IBM 704l datp. processinv system,

{o* hcomputatiom of parametiers of frequency distributions,

/D a,F1a. U'H RT(W
,gDU‘B b 9 4’ /Sg) ()

2-4)

T8I~

L
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York River Pormation; (Hiddle Devonien)
Tight mediun grey, nedium prained, slightly
calcarsus, feldspathic sandstone and grey
celearsous siltstone,

Grands Grdve Formation:  (lower Devonian)
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Brown to reddieh brown, fine grained sandstone and

red giltstone,

Ste, Marguerite Volcanicas (Middle and-or ower Devonian)

Tark green, fine grained, arygdaloidal andesite ; minor

sheared voleanic breseia,
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Light mediun grey, meddum grained, slightly Brown to reddish brown, {ine grained sendstons and
calcaraous, feldspathic sandstons and grey J';————-J red siltstons,
celeareous siltstone, ) ,
| : Sto, Yarguerite Voleanicas (Widdle and-or Lover Devonian)
Crands Grdve Formatlon: (Lower Devondan) Dark green, fine grained, amygdaloidal andesite ;  minor
Groy, caleareus ailtstons and alliceous I sheared voleande breccla,

limoatono.

Topographlc base: canadtan Nationsl Tepographic Histetn, Bhoat 22-8-6 (Enst),

pabon Ani Formation: (Lower Devonian
s - ) (G00l0gy# Quebsc Degt, Hines (Natural Resouros), Prolininary Baport no, 362,

Dark grey, argillaceous and silty

Limsstene, {by CutlsStearn, 1959);
alsot Maruserdpty  Quebsc Depty Hines (Mabural Résourees),Geological
: ' Baport saries,
8t, Ieon Pormation:  (Upper Silurien) Portdy Group: (Lower Devondan)

Greendsh grey, calcarecus siltstons;
ninor greenish grey, medium and fine grained

- andstons,
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Dark to mediun grey, nicacoous, calearsous elate and
pyllitic slate; minor intmnlated beds of grepwack
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Note: distance (D) is
in Kilometers.

MEAN ALTITUDE trend:

X = 924.7 £t + 3.372(D)

STANDARD N VIATION trend:

S.n. = S21.6.Tt — 1.050(D)

KINRTOSIS trea.% :

K = 2.6024 4 0.00735(u)
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