University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers

1982

An investigation of the intertidal saturation level as it relates to
shore pattern development.

Dennis W. Mercan
University of Windsor

Follow this and additional works at: https://scholar.uwindsor.ca/etd

Recommended Citation

Mercan, Dennis W., "An investigation of the intertidal saturation level as it relates to shore pattern
development." (1982). Electronic Theses and Dissertations. 1134.
https://scholar.uwindsor.ca/etd/1134

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor
students from 1954 forward. These documents are made available for personal study and research purposes only,
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution,
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or
thesis from this database. For additional inquiries, please contact the repository administrator via email
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.


https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F1134&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/1134?utm_source=scholar.uwindsor.ca%2Fetd%2F1134&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca

f
o ’ “-/ -
CANADIAN-THESES ON MICROFICHE -

THESES CANADIENNES SUR MICROFICHE _

I* Nationat Library of Canada
' Collections Development Branch

Canadian Theses on

Microfiche Service sur microfiche

Ottawa, Canada
K1A QN4

NOTICE

The quality of this microfiche is heavily dependent
upon the quality of the original thests submitted for
microfilming. Every effort has been mdde to ensure
the highest quality of réproduction possible.

If pages are missing, coniact the university which
L

granted the degree. -

Some paged may have indistinct print\especiaﬂy
.if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocapy.

Previously copyrighted materials {jolurnal articles,
published tests, etc.}are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.

i
THIS DISSERTATION

HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (r. 82/08)

Bibliotheque nationale du Canada ,
Direction du dévelaoppement des collecnons‘

ISBN.

Service des théses canadiennes

"AVIS

La qualité de cette microfiche dépend grandement de
la qualité de la these sgumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction.

S'il manque des pages, veuillez communiquer
avec l'université qui a conferé legrade.

La qualité d'impression de certaines pages -peut
laisser a désirer, surtout si les pages originales ont éte
dactylographiées a l'aide d'un ruban usé ou si 'univer-
sité nous a fait parvenir une photocopie de mauvaise
qualité.

Les documents qui font déja t'objet d'un droit
d'auteur (articles de revue, examens publiés, etc.) ne
sont pas microfiimes. :

lL.a reproduction, méme partielle, de ce microfilm
est soumise & la Loi canadienne sur le droit d'auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des |,
formules d’autorisation qui accompagnent cette these,

LA .THESE A ETE "
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

Canadit



4

.. AN INVESTIGATION OF THE -
INTERTIDAL SATURATION LEVEL AS IT RELATES
TO SHORE PLATFORM DEVELOPMENT

4

by

Dennis wW. Mercan

A Thesis R

submitted to the Faculty of Graduate Studie:
through the Department of Geography
in partial fulfillment of the requirementg
for the Degree of Master of Arts at The”
University of Windsor '

Windsor, Ontario, Canada

1982



8

Dennis Wﬁ Mercan

All Rights Reserved

TTISS

1982



ABSTRACT

Saturated or critically saturated intertidal rock
has been aqsumedkto be essential for chemical or frost -
- weathering to pignatg sﬁore platforms in tropical or cold
- environments. Experiméntallresulta revealed that the-
saturation of rock within the intertidal zone varies with
the submergence‘#eriodf tidal head pressures, and rock
type. There ié'nd level of permanent saturation of rock
within or above the intertidal zone: Pield evidence ﬁasb
confirmed the conciuéiona of laboratory experiméﬁtation.‘
The gradual transition of low saturation-values at high
“tide to hearly saturéted rock at the low tidal eievation
is contrary to the assumption that there is a distinct
break between weathered énd unweéthered rock within the
intertidal zone. Therefofe, the theory that shoré plat-
forms develop at the level of permanent seawater satur-

ation, below which‘gpbaerial weathering cannot proceed,

is untenable.

»
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DEDICATION

There is a tide in the affairs of men,

which, taken at the flbod, leads on to fortunef
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1,1 ilature of . the Problem

)

CHAPTER 1 _ : Co--

INTRODUCTION

Shore platforms are 'sently slopihﬁ erosion surfaces

‘extending seaward Trom a marine cliff. Althoueh they are the

)

fundamental erosion forms of coastal éeomorphology (Fairbridee,
1968), there is no agreément as to their formative'procesées.
This is becausé of the fact that they exist in a myriad of
coastal environments, “where different pfocesses operate to
varying deerees, It has been-estimated that shore platforms
occupy 20-307 of the world's shorelines'(rrenhaile, personal
communication), yet these features have been studied in less
than a dpzeh countries.

*Shore platform' is a morphological term which is

sehnetically neutral, uniike the term 'wave cut platform’ which

"it has generally replaced. Whenever the feature is heing

discussed, controversy arises over which processes are‘respons—
inle for its fTormation. This controversy can he répresented
by “the wave cut and weatheting theories. These theories represent
whe two extremes of 2 specirum éf nlatforms, on whichlboth
vwave erosion ahd weathering have operated to varying degrees
(Trenhaile, 1980).

Pfoponents'of the veathering theory pelieve that
horizontal piaxforms cannot he cut by waves,‘vmich, because

of tidal and weather variations, operatée over a large vertical



T N

range., They considerad that weathering, which acts down to
the level 'of permanent saturation, is the process involved.
~ Troponents of the wave cut theory, however, naintain that

shore platforms are related to the concentration of wave

enersy, as determinined by the level. of the tides.

1,2 Previous Research

Shore platforms haﬁe haen studieﬁ for wmore thai a
century, swo sehools of thousht have dominated tﬁe researct
condac el on ghora plabiforns (srenhaile, 1080)., Qi _ruun
Yas cansidered shab storm waves are capable of eroding suo-
norizontal Surfaces (Bartrum, 1924, 1935, 193q;.50hn80hﬂ 197373
Jutson, 1631, 1939; Edwards, 1981, 1951), while the other
~roup has insisted that subaerial weatherins is essential for

. k]
+he develovment of horizontal surfaces (Wentworth, 1038, 1939;

7111s, 1949, 1971; ¢ill, 1947, 1972; 3ird, 1963; Davies, 197?)
(Firy, 1).. As a result, platforms in theﬁtfopics and in warn

temﬁerate recions were believed to he the result of a variety
oF echemical and organic weatherins précesses, whereas those
in the cool teﬁperate latitudes were helieved to be formed
by vigorous wave action. In high latitude and nolar rejplons,

shore platforms were usually ascribed to either physical
weathering by frost; or a combination of frost and wave action
(Mansen, 1922; ﬁoign, 1974 ab; Guilcher, 1974).

Early coastal work in the-northern hemisphere,

narticularly in environments where storm wave activity is

visorous, has concentrated on mechanical wave erosion as the
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1Lo71; Gill, 1047, 1972; 3ird, 196%, Davies, 1972),

_nrocess which develons shore Dlatlormq (Dela Beche, 183

Y

Tamsey,! 1844; Davis, 1896-.,@nneman, 1909) Aithouch ther

[}

were early workerc who belleved that effectlve wave er051on
of coastal cliffs is alded by subaerlal weatherins, or that
subaefial weatheringm 1s a necessary condition of nlatform

development (Jukes-3rowne, 1893; Geikie; 1903), mére reéent
researci in the northern hemn phere Nas mainiy coﬁtinued to

supnort mechanical wave erosion.

fowever, in the Facific, and particularly in Australasia,

"mahy workers have held that subaerial weatherins is the major

nrocess responsibie for the formation of shore nlatforms

(3ell and Clarke, 1907; Wentworth, 1933, 1¢39; Xillx, 1949,
" rost,

¥

and possidly iece, iz irmvortant in the storm wave areas o

the northern Teml sphere, Particularly in fHe more northern

P

wh

latitudes, frost shatterins was belicved t& have rapidly
eroded ¢liffs and formed coaslal bhenches, with the w2athered
dehris removed hy wave and ilce action (MNansen, 1927; Andersen,

1645, Sollid et alﬁ, 1973). Gray (1977) accounted “or a late

- ¥
slacial vlatTorm in the southern Scottish hirhlands hy rapild
frost shattering, and it is certainly active on the c¢cliffs

and shore nlatforms of eastern Tanada (Dionne, 1972; Trennaile,
1978; Guilcher, 1981 Trenhaile and Zudakas, 1981).
" ' ' .

1.2.1 -vave prosion
o

Several workers since Dana (1849) and Barirum (1924)

nave maintained that horizontal shore platforms are the



ﬂirect producf“of wave erosion (Johnson, 1933, 1938: Jutson,
1@31, 1939 Edwa;ds._19&1, 1951)., Some  workers .have brieflyf
‘mentioned theé possible relationship between platform sradient -

and width and tidal range (Davies, 1972; Tdwards, 19531 RKing,

. .

1759), and récent'work in.storm'wave'environménts of the northern
henisphere has eétabliﬁhed.jhe occurrence_of'fhese relation—
anins (frenhéile, 1271, 1972,.1§?ha, 1278Y, Trenh;ile'(l9?hn)
-helieved that this ﬁ}hht hoe suemastive of the Tact that the
horizontal ﬁlmt?orms of Australasia are the product of wave.

eronion in nicrotidal and mesotidal environments rathéer than.

f weatherine, chis possibility is further sup-

4

the nraduct o

ported hy the nresence of horiéontai platforns in the cool,
mesot Ldal eﬁvironments o Gaspé (rranhaile, 1972) and wessern
chfﬁnndland Ghere chemical w.athérine of the clifl is nesr-
1irivle, and utenpiy slopin> platforms (3-50) in the macro-
tidal 3ay of Fundy. It rinds further supnort in mathematical

. . ‘ . %
models whish attempt to sinulate the developnent of platform

n

rrofiles {(irermhaile and Layzell, 1930, 1951; <renhaile, in

=N

nress-a). Furthermore, inm the only investigation of an

rustralasian environment, wvhere chemical weatherins of ihe
s \
. \

11073 L own important vprocess, but in a macfotlﬂdl environ-
ment (Edwards, 1953),; the platforms of Yampi Sound were Tound
to "slopigghqbaracteristically" (Davies, 1972) relatiYe to
those elsthere in Australia, ﬁhere it should bhe noted, meso-

tidal or -microtidal rances donminate. -

.
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1.2.2‘_Chemical Weatherinz ’ ‘ . lf - -
. A . ; _
Le “hateller S prlnCIDle has Heen used to ﬂrov1de the
. hasis for ewnlalnlnr chemmcal reactions 1in the m‘==at‘.her~1n;r of
"minerals.. The principle states that
briom witl react

any systen

in eguili-
to restore eqnilibr*um
anvlied

1T any force is
, o The system; 2ocks which were Lofmed under con- )
¢ ditlions hi~h ternerature and pressure |
are '

within the earth
in digeanilibrium when lodated on or nNear the earth's
suriace, 1

‘he .djuqt“bnt oP these 100ns to more
nhase

stahle mineral
s. under the existinges conditions
regults in the

in which they
weatheriry:

are. Found

of these rocks (Lourhnan, 1949),
ALl Chémical weatherin~ be~ins with the 1 -

of water on the mineral

interaction
surface, resuliing in & chemical :
alleration of the mineral, fundament al

P we é‘t'r -

nirocess of

Mhe the e
ieringes environmenf is leachin: bv water ab low temperaztures
, .
(_30O ) relative to their Tormative temveratures, in atmos-
rheric.tressures ransine from that

al sea level to that
he hishest mountalns (

of - -
Tarroll, 1970). Lepcnln. is %he
solectlive removal of chenmical Coﬁstituent wnian are
r;r which ¥ ‘ '

soluble

form stable hydrovhilic colleid solutions
T ghreush

from rocks
_ the action of percolatine water (Yariv and Cross
19797}, o
Some of the more immortant
hirrdrolysis,

solution,

weatherings processes
and hydration,

are:
ion exchange

, oxidation. and reduction,
For the purnose of this study, a brief® syrnopsis
will suffice,
Hydrolysig:“ydrolys

iz in the weatherins process refers to



the ;eaction-betWeen H+‘and OH"ions-of water and the elements
(or ions) of a rock.or minera_.. Water, with its content of
cations and anions is the rearent that causes hydrolysis
(Carroll, 1970). iHydrolysis ocours in the étage when the HY
ions with their hirh ionic.pdtential readily

renetrate the‘miperal surfacelnhd breakdoem the silicate
atructure (Loushnan, 1969)., “or rocks to weather hy hydrolysis
requires water, but the comrlete weathering of a'body of rock
by hydrolysis‘requircs more than a sincle saturation of the

IS

"rochk with water, Therefore, hydrolysis is implemented not
v saturation of the rock with water that is immohk]e, hat
rather by the rencated renewal o?_Fresh water wihich leaches
away the soluble products of the hydrdlysis reaction as the

water nasses throuch the rock. The volume of water that

s
1S
. '

availap}e for leachin~ tends to conditlon the ovi of the -

meatherine system and therehy inTluences the kinds and amountg

o7 the weathered products (leller, 1957).

Solution:In nature water is never "chenically rure,” hug

is always a solution, however weaXx, o7 other substgnaes:_-ﬁll
. substances occurring in the atmosphere and 1lthosfhere are
soluble to some degree in water, althouch thelir relative
susceptibpilities to solution differ widely (Reiche, 1950);
“hen water comes into contact with minerals, dissolutisn of
tha minerals herins and continues until enuilibrium concentra-
tions are attained iﬁ the water, or until all the minerals

are consumed., rhe soluhiikty of a mineral 1s defined as the

mass of the mineral that. will dissolve in a anit volume aof
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solution under specified conditions (Freeze .and Sherpy, 'L373).

Solution may be active on argt 1itholory whieh has a si-difican

'
L,
. .

carbonate content, or a carbonate cement (Trenhaile, 1930),

despite the Tact that seawater is rormally satufated or super-

catwred with bicarbonates (Wentworth; 1237),

" Ion exchange:yhié-is the veaction hetween i A7 OH™ igns

A7 water with dong of “ha mineral; to forn solublé products,
ony zelid minerala, whon otaced i contéct with watéy, Sinplay
a nvded teqnddeney o revilace acoritain loogely held fons '-:.-"if':':
itona of fthe sniwe si-n *"1’::1:7: solation, withont nhancin- the

struactura of the subatance.  ZTatlon exchance refers o ihe

~

loss and ~ain‘oef nositively charsed long, wiile with negativelw

ahar-ed dong, anton exaohan-e 15 ohbtalne?,  The econg lioual '
Lencihzine of the zoto o sseoineis "nelliiotes Uis process,

;-,:‘-'.lr)ﬁz)o‘s:{ﬁ‘i Lo ancian tan g o oanovit wator (Reller, 1937).
Eoicﬁo {1 50) sﬁateﬂ that the more coluton chanical weatherine
‘s a natter of nleceméel ion exchanre, and rarroll (1970)
arread, addine that it is the mest i-port-nt vrocess in the
chenical weatherin~ of rocks. .

Oxidation and reduction:ihis is the pnrocess of the losing

o? an electron and the ~ainin~ of a positive ehnrce in the

aponic structure of a substance. Althoush 0, is involved

with the weathered material, oxidation may also cccur via
dissolved 0, in waﬁgr. This process renerally onerates in
the zone of aeration, procéedinﬁ more‘readily‘in more alka-
line golutions (0llier, 19590), and is exirenely slow 1l

.

stronsly acid selutions (Stumm and Lee, 1961). Reductlion



cannot he separated from oxidation, Pvr both reactidns’are

s

~overned by the redox votential of the system., One reaction

will ocecur in corditions which ‘have chanyed from those which

were iavourable to the other reaction. Jary silicate minerals
contain cations that are easily converted into another oxida-
Lo . . . : : T A . .

t 160 state. A chatwe -in the redox potential 1n the . onviron-

ment of such minerdls may cause oxidation or reduction of

these cations (01lier, 19A9),

deration:‘i‘h ig occws wnel a clay mineral adsorbs wator,

thereby incorvoratins an'H+ ion into lts structwre, albelit

.
-

'.-:eqa!f.'ly. This vrocess results in pressures due to the swelling

the mi

.3

eral surface, /,?,:u'l is the deterioration of a rock

- .

pt

dne to tgrperature de&e;dent wetline and ﬁryinq,‘pﬁodupinc
the 'same 2f"ect as froeg in and thawine (Hudec, 1930).

Tarroll {1070) stated thaﬁ thele”feet nT the various
nrocesses of weatherin~ reactins with ;oc!-:s iy shown Dy
mineralo~ical, chenical, and frain size changes in the

"

weathered material counared with the unweathered rock.. ihe
woatherin: nrocesses proceed simulianecusly; they are inter-
related zmd_ therefore the c’nemi'cal weatherin~ ol rock is a

complex oacurrence., Tor weatherin: to continue, an ovepn

system mnst exist, i.e. removal of some weathered products

of renawed weatherins azents, The end roal is the develop-

Ead

nment of a dynsmic equilibrium for that particular weathéring

environmant.
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1.2.3 Subzerial Weatherin- in Low Latitudes

3ecause low latitude coasts are dominated hy Gwell

wﬁve_eﬁQirdnmentsv(Davies. léfﬁ), mostﬂworkeré in this rerion
have concentrated upqn other nrocesses which may. be active -
in producin- shore platforms; Dana (1349) believed_tﬁa§ ithe

’ fnpid weatherings of ¢lirfs in hot, wet climates resuited in.

.

the for@ation 07 shore platforms, '‘he level at whieh the
rockh iﬂ nermanently saturated with-éeawafér'nafks The Lowest
intertidal elevation to vminh the Qoaétal rock is weathered,
Rather than Enﬁresfinr that shore ﬁlatporms Jdevelop at this
saturatioQﬂlevel,'however, he pdstulated that waves cut
xpiatforms {nto the weathered éiifﬂ at the "level of Freatest
wear.' the Tirst workers tb_proyose that platforms developed
At éhe saturation-level Qére“?ell and Tlarie (1o0Q2), hohever,
lﬁho waves were not responsible for cuttine the prlatforn cut:

p’ tme coastal ¢liff, as their function was o:ly to remove

the Jdebhris which collected on the platforn surface. (his

1.

=T

2t of platiform was térmed '0ld iat' Wy Hochstetter in

1358 (sen frennaile, 19%C). Yet it was 2artrim (1916) who
Tirst asserted that.subaérjﬂl weatherin& of the coasta_rock
Jdown t0 the saturation level was the fundamental nrocess which
produged 0ld iat platforms. e stated that 01d fat platforms
were located "slirhtly below rnish water level' (1924), Since
Fartrumn helieved that the unweathered and hence more resistant
rock helow the saturation level was nrotected from wave eroéion,

v oand that waves were only capable of washirne away the weathered
naterial ahove the saturation level, 1t follows that he

ronaluded that the permanent saturation level of coastal rock
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.

to he just heneath the hizh tide eleéétion. ‘he‘qualﬁfieénhis.
thgory, however} by statine that bhése'platformé-deveiop dhly
in impermeable rockg which are fTree of joints, and in loca-
tions which are sheltered.érom strogr:wave activ{ty. He there-
fore considered fhe_Old “at platform:to be 'abnormal,' and
rather rare (1914, 1925). In spite of the fact.fhat tﬁese
-nthForns were saild to.be hishly uncommon, many workers haﬁe
feported their occurrence, often in quite exposed environ-
menss (Edwérds, 1953; Jird and Dent, 1964; llealy, 19468;

Russell, 1271).

Althourh oithers

e ferred to the 01d at platfo

albts!
not ﬁll of these workers have arreed with Jartfum aé to the
~vprecise formative nrocesses, 3artrun had rot ;eceivéd full
supnori for his contantion that waves are incapable of nro-
dusiny 014 Hatb nlatforme, -nor that they deve}op Just bLelow
the hifh tide elevation il (1942, 1383) nroposed that
pintférms develon intertidally, where wave zabraslon removes

the weathered coverin- of rock; Fairbridee (1952) arrued
Lhnt'the saturation level, and the plétforms witich it controls,
are close to low tidal level., iiost hustralian workers have
~sser<ed that subaerial weatherine is necessary for the
development of hnrizonfal.nlat?orms, because even tnough

they concede the ability of waves to erode cliffs in exposed
arceas, the elevation at vﬁich waves operate and thelr inten-
sity are too varlable to prodﬁce 0ld ﬁét plalforms {(Wentworth,
1.03%, 1939; Wills, 1949, 1971 Hauwley, 19635; Gill, 1967;

Sanders 196%a; 3ird, 1948; Davies, 1972).
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Trenhéiler(i980T remarked onffhe iﬁconSiétehcy of
-weathering thébrists who applied.the 0ld Hat claséifipaxion
to shore platforms which did not meet all the criteria which
Rartrum carefully enunciated. rhese subsequent workers often
inferred that the existence of a sheltered location or weath-
erad éliffs were sufficient efidence of the occﬁrrenee of

01@ Hﬁt Platforms., “Trenhaile further stated, in opposition

to 3artrum, that the original 0ld ilat platform, alone with

IS

‘other horizontal platforms on adjacent islands,‘are too
resistéﬁt, desnite beirus weatﬁered, to attribute their forma-
ti6n to weak waves merely removing the débris. HYe maintained
that a platfbrm is not necessarily of the Oldliat‘type because
of the presende_of‘a weathered ¢l iff; rathér{ the fact that
the platfofm_surfaces are wider on the more‘expoéed seawérd'
~sides of the islands indicates that wave erosion is vital to
-thoir devulopment. Jecause he had distinruisned between OLd
“at mlatforns produced by weathering in sheltered environ-
ments and platfopméwcut by waves in more exposed areas, 3artrum
(1935) implicitly related platform morpholosy to the wave
energy of the enviromment (irenhaile, 1980)., 3Bartrum had
stipulated that weak waves only remove the weathered debris
srom the platform surface, whereas later workers have arrued
tﬁat waves cut the platform out of the weathered cliff face;
The difference between these two positions is crucial, be-
cause the question of whether or not the eliff is weathered

is irrelevant to.undgrstandina platform morﬁhology, if wave

erosion,is significant in such situations. Tor example,
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rather tnan developing aﬁd%he saturation level of coasfal rock} S
as theorized by the weathepiné school adherents, the platform
will develop at the level of maximum wear as a result of'ﬁave
.activity, as ﬁypothesized by Dana (1849)(Trenhaile, 1980},

. Various'physical and chemical weathering proqesseé
undoubtedly operate on the cliffs and in the intertidal zones
of low latitude coastlines (Pricart, 1972; Consentius, 1975).
There.is little reliable evideheé to support the suaqestion
that waves either wash away'or erode the weéthered debris from
éﬁove the saturation level (frénﬂaile, in pfeparation-h);

Tt appears then, that the only elément held in common by the
various 01d iiat theories for shore platform development is
thé recessary existence of a cdastal cliff‘which ﬁas heen
weathered down to the elevation at'which the rock is perman-
ently ;a;urated.with seawater. Thils saturation level acts
as a control to determine the vertical position within the
intertidal zone at which the platform will develop.h This
level of permanent saturation of coastai rock is the crucial
_premise of the weafherina theérists' diffefent arguments for
shore platform development. |

Althoush there is no agreement as to the ﬁevélopment
of horizontal platférms via weathering, all weatherinm
theorists agree that the saturation level distinctly separates
the weathered rock agbove it from the unweathered rock below.
It has long been thought that acidic envirdnments are essential
for weathering, which is restricted to the zone of aeration,

i.e., the zone above the water ftable (see, for example,

-



Vl_Cotton, 1942; Reiche, 1950); Althbughﬁﬁeiche (1950) believed
that the lower limit of effec?ivé altération of minéralé is
the water table, Ollier (1969) stated that in the saturation 
zone the ﬁores in rock arélwater filled, possibly resﬁlting‘
in the alteration of gomé minerals by anaerobic bacteria;
reduc?ion;‘hydrolysis, and lonic exchange. Althouch the flow
of water in thé dischargé belt towafds the top of the water:
table is probably sluggish, so that chemigal reactions would
proceed slowly and-fend to attain equilibrium conditions, it
nevertheless allows for the removal of solutes. The rate gf
weathering above the wéter-table is therefére thought to be
as muéh as 20-30 times greater than weathering below it
(2irot; 19488). ‘ |

Alfhbugh much work has been conducted with resvect
to deep weéthering.of the regolith (Campbell, 1917; lye, 1955;
0llier, l9g5; Watsoh, 1964: Thomas, 1965; Lelons and
nillot, 1966); the relationship between the depth of weathering
and water movement and availabillity ﬁay be complex (DeSwardt ‘
and Casey, 1963;’Thomas, 1974). The intgrface between_
weathered and unweathered rock is gradual, and poorly defined.
Althoush the transition may be distihct in basic rocks in
the tropics (Chorley, 1969), very little work has concentrated
on the capillary fringe in rock, and so the nature of this
weathered/unweathered i;terface is poorly understood. The
position of the base of the groundwater zone, rather than
that of its surface, determines abrupt changes in the weath-

ering front, and even in such circumstances, the boundary. is
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dshallf@i%regular, rather than beinz a horiidntal plané
(Ollier, 1969), & | |

The watef‘table_may he aﬁcufately located in focks
which‘cbhtain a.large amount of water, either because of their
high porosityior because they are very fissile. In‘focks
which are nonporous water is found only in existing fractures,
making it very difficult to locate the water table; as some
éfacks may;be dry while othe;s are full of water. Thajaround
water, 1in such cases, is discontinuous;'resulting in én ir-
‘regular WEather}ng front, with projections of impermeabie
rock found above adjoining weathered rock (Trenhaile, in
preparation-b). ]

Within the intertidal capillary fringe, which is an
'extension of the safuration zone into thelvadoée.zone (Béar,
1972), oxidation and reduction alternate in response to tidai
| oscillations (Carr and Van der Kamp, 1969; Thomson, 1979).

Thé resultant weathering, because of the total effect of

tﬁ;se processes, may be greatest near the low tidal level,
based upon the f;pding§ of Mercan (198C): In his preliminary
study'of the relationship between tidal 6scillations and the
intertidal water level,. the low tidal level was found to h‘ye
the highest degree of saturation; this was no% unexpected, ¢
‘since rock near the low tidal elevation is water covered for
the longest tiﬁe,during a tidal cycle., However, Trenhalle
(in preparation-b) stated that it is possigle that eypﬁ'jgst

— i
above the low tidal elevation rocklmay not be submerged for

the lensth of time necessary for permanent saturation to occur
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within the‘intertidallzone. He asserted that there is a lack
of firm support for thg'contentions that weak waves remofing
the weathered debris froﬁ'ccastal cljffs'fbrm‘shoré platforms,
or that stronszer waves carvé these features at the eievation

-~ of the weafhering front on coastal cliffs. :éoth of these
‘prdpositions are based on the unfounded assumptions that:
there is an intertidal saturation level; that it separates

weathered from unweathered rock: and that the water table

1s smooth and horizontal.

P
.

-
+1.2.4 Subaerial Weathering in High Datitudes
any of the'cﬁemical and mechanical weathering vro-
cesses oeperative. on coastlines in the mid and low latifudes
occur in hizh latitude résions alég;g\gecause cnemical weath-
erine is usually *elieved to be rgtardeﬁ:by the coldness of
fhe hirh latituﬂes_(ﬁelly and Zumberge, 10561), meéhanical
weatherine processes, more suited to the eiwironmental cor-

ditions, may ‘ieminate shoreline modification., Jhe oomabs)]
trndformg o7 eol? reriong nicrht he distimgruished From those
vhich havé'ievéloped in wermer olimqt;s heczuse of the zonal
neculiarities resultinges froﬁ Froét s%atterinv ard other
‘related processes. Althoush the elimatic conditiors of very
hish latitudes are not optihum for effective frogt action,
it may bhe of ecreater importance in sculpting the coastline
than wave activity. This is hecalrce of~$he fact that not

only are ithe waves weaker, but alsc that the coastline is

protected dy ice for most of the year (Irenhaile, in press-b).

v
-
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With respect to shore ilatform development in polar regions,

a

‘wise used Younger Dryas frost shattering to account for inter

there are those, on the one hand, who believed it to be slow
(Bird 1967 Zenkovitch 196?: Davies, 1972; PFrench, 19?6)
and those on the other who believed it to be gquite rapid, as
evidenced by recently eroded pietforms (Jahn,” 1961 Araye eﬁF
Herve, 1972y Galkin and Nichols, 1972; Sollid et al., 1973
Moign, 1973, 1974ab).. |

Frost action is most likely to be of greatest import-
ance in the following areas: +the northern United Stafes.
gouthern Canada, Ireland, Scandinavia, around the shoreg of
the Jepan‘Sea. and southern South America (Trenhei}e, in
pfese-b). Scandinavian researchers have long recognised the
relationehip between frost action and coastline modification

(Rekstad, 1915; Vogt, 1917). Contemporary workers have 1ike-

tidal shore platforms in resistant rocks located in sheltered
environments in western Scotland (Sissons, 1974; Gray, 1977}
Dawson; 1980), and in northern Norway (Andersen, 1968; Sollid
et sl., 1973). Even shore platforms which were cut into
chalk by waves in southern England, thch generally has s mild
climate, were recently reported to have been damaged when
they froze during an especially severe winter (Williams and
Robinson, 1981).

‘The severity of frogt shattering within the intertidal
zone has been recognised by coastal engineers (Cook, 1952
Kennedy and Mather, 1953;.Gjorv, 1965; Gjorv et al., 1965|
Seki, 19755 ACI 1980). Kennedy and Mather (1953), working
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in Maine, recorded 30-40 freeze thaw cycles in one year for
~an inland lecatibn, compare& witﬁtover'zoo“ffost cycles ih
the intertidel‘zone. Since the upper portion of the inter-
tidal zoﬁé experlences freeze-thaw cyclee related to air
temperatures as well as those caused by fhe rise and fall of
the tides, the high tidal eleVation.méy be subjecfed to the
- greatest number of freeze-thaw cycles. It is not reslly knewn.
however, how the duration, freezing or thawing rates, or rEnge
of temperature fluctuaf}ons about thejfreezing point of freeze-
thaw cy&les affects rock disintegration (Trenhaile, in preee-b).
‘The operation of frost shattering within the inter-
tidal zone is a complex phenomenon. critical ‘saturation of
the rock and retention of the water during freezing are _
essential-for effective frost actlon (Lewis, gﬁ_gi., 1953)
The absorption period is 1ongeet at the low tidal elevation,

and the rate at which rocks take up water is zlso probably

-
o

greatest here. This is because of the pressure exerted by

the tidal head. It is also necessary for the water within
the criticaliy eaturated rock to freeze, so thet destructive
pressures will be generated which will damage the rock. Under
ideal conditions, water which freezes within a rock may gen-
ergte enormous tensile pressures agalnst the confining rock
walls (Winkler, 1973). The tensile strength of even the most
resistant rocks are less than 10% of the theoretical maximum
ice pressures which could be generated (Rzhersky and Novik
1971; Trenhaile, in press<b), although maximum pressures are

probably unattainable in the field.
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.‘_The dégrée bf_saturafion_of the rock at the time of
freezing is a major factor ié determining_the effieacy of
frost ahattering;within the intertidal zone. Because of the
~expahsion which bcéurs as Qatér freezes}'@f the degreé of
saturation of a rockfis-<:9l;?%; assuming uniform- distribu-
tion of water within-the rock, then the crystai growth may
be conﬁained without it generating damaging pressures.
Pagerlund (1975) stated that because watér is rarely equally
distributed within a rock, some rocks.may have.degrges of
critical saturation much less than 91.7%. Each porous mate-
.rial has its .own well defined critical saturation level, go‘
that the values are different for different materials; there
ig, therefore, no general critical degree of saturation.
Fagerlund argued thét frost damage does not occur, even after
many frost cycles, if the actual degree of saguration does
not at any point withiq’the structure exceed the criticall
degrée'of saturation. However, he found that the degree of
saturation changes all the time, as it normally increases
with the number of freeze-thaw eycles. Full consideration
of the principle of critical dlgkees'of saturation requires
knowledge of the moisture distribution within a rock, as
well ag either the;critical‘degree of saturation itself or
the rock properties which determine the eritical degree of
gaturation, in all parts of the rock; unfortunately these
data are extremely difficult to attain. - .

Critical saturafion may be very difficult to realize
under naturgl conditions (Ver beck and Landgren, 1960). ‘

e
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Saturation is controlled by the rock's permeability and por-
osity, as rocks with higher porosities take lgnger to eritic-
" ally saturate, given the same permeability. Pore siza and
pore size distribution are also involved. Airock with a
fine pore structure reaches critical saturation more rapidly
than a rock with a coarse pore structure, even if the rocks
have the same porosity. For rocks with similar pore siza‘A
distributions, the one with the ‘higher porosity requires
more time to attaln crltlcal saturatlon than the one with
the lower porosity (Ver beck and Landgren, 1960). Although
rocks with large capillaries may be the first to absord

water, they are also the first to lose 1t when they are no
longer immersed (Fagerlund, 1975).

This baéfn mechanism of nonuniform distribution of
water within a rock has led mary workers to report frost
damage tn rocks with saturation levels below the absolute
critical level of 91.7%. ‘ Kreuger (1923) found the critical
degree of saturation to be on the order of 85%. MacInnis nnd
Lau (1971} also ascribed frost damage to critical saturation
levels below 91.7%, but did not provide any value for this
lower level; Hudec -and Rigbey (1976) believed it to be as low
as 85%. Other workers not only correlated frost damage with
the degree of saturation, but also found that frost shattering
is more damaging in saltwater solutions. This is because
" saline waters not nnly increase the osmotic pressures which
are innolved in frost’shattering, but also because higher

degrees of saturation are attained and retained by the

I



21

mafeziéi’akfing freezing (Powers, 1975: Litvan, 1976 MacInn;s
an iti 1979). Therefore, the freezing of saline -solu-
tions is more deleterious to rock than is freshwater (Cook, -
1952; Goudie, 1974; Williams and Robineon, 1981; Trenhaile
'épgeRudekee. 1981). The salinity devels of solutions which
" have been found to result in thelgzet damege range from 50%
to‘150%'ef the normal salinity of seawater (Arnfeld, 1943,
Var beck and Klieger.‘1957; Browne and Cady, 19751 Litvan,
19763 MacInnes and Whiting. 19795 Trenhaile and Rudakas, 1981).
In coastal situations where porous, fine-gfained rocks of
low tensile strength may achieve high levels of saturation,
frost shattering appears to be most deleterious (Trenhaile,
in press-b). .

The central issue to be focused upoh in high and mid
latitude coaefel regions, is whether or not frost shattering,
ecting alone, can produce shore platforms. Although the
mechanics of frost action in modifying coastal landforms are
not completely understood, several workers ceggider that;
frost shattering and planation may produce shore platforms
in sheltered environments, where wave action is weak (Andersen,

1968, Sollid et al., 1973; Sissons, 1974; Gray, 1977) Dawson,
1980).- As the coastal cliff'recedes as a result of frost
action, a platform or rough intertidal ramp may result, but
moderately smooth horizontal surfaces which occur throughout. .
a variety of rock types cannot necesserily be scribed to

J/Md ary to

distinguish, however, between-those processes which are

frost action (Prenhaile, in press-b).
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responsible for cliff recession, ahd those which are respons-
iblo for the planation of the residual surface; they are not

hecessarily the same. Physical weatherlng of coastlines may

- wbe dominant in sheltered locations, but if the waves are not
capable of xremoving- the ‘resultant debris, the process cannot
opérate efficiently\(Bird, 1967; Howarth and Bones, 13723 '

. John and Suéden; 197 5 Trenhaile, in press-b). This debris
apron is probably the result of intensive frost shattering,
as 1t is quite pronounced on such cliffs whlch are frequently
wetted (Taber, 19503 MacKay, 1963). This has convinced mary
workers of the importamt role which frost shatteriné plays
inuthe modification of coastal cliffs in cold environments.
There are, still, other workers who have downplayed the
effectlveness of frost action in these env1ronments because
of the pattern of fréeze-thaw cycles {Cook and Raiche, 1962;
Gardner, 1969; Thorn, 19?9)

The formation of strandflats, partlcularly where
they occur in sheltered locations and hence have not been
ekposed to vigorous wave activity, are believed to be.the
re;uIt of freeze-thaw activity (Rekstad, 1915; Vogt, 1917
Nansen, 1922; Gr,ﬂnlie 1924; Nordenskjold, 1928y Holtedahl
1960). Nevertheless, strandflats are widest and besgt devel-
oped on capes and in other exposed areas, where frost and
wave action can operate together (Nansen, 1922). In other
high latitude coastal environments, strandflato.and recently
deveioped shore platforms have been ascrioed to the combina-

tion of wave action and frost shattering, as in Spitsbergen
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(Moign, lé?j, 1974kab; Guilcher, 1974). - In the St. Lawrence
Estuary of eastern Canada, the icefoot removes the debris
which has resulted from both solution and frost action working
on the cliff (Corbel, 1958). .In the latter area, however,

' especially where a:Vgriety of rock types éxist. there is no'
-evidence to suggest:that physical -weathering actually'pléhates
intertidal shore plaxforms. evan though such proceéées may
assume an important role in the retreat of cliffs whﬁph are
saturated (Trenhaile and Rudakas, 1981).

Although Nansen (1904) originally_believed that the
combination of wave and frost action was regpongible for the
development of the strahdflat, he later proposed that frost-
action associated with the icefoot produced shbre platforms
from coastal cliffs (1922). However, it seems that his revised
theory is partly'based on the false'premise that frost action
resulting from the‘freezing of freshwater is more deleterious
to coastal cliffs than the freezing of seawater. Although
this positipn was supportedlby others (Guilcher,1958;.Daviea;
1972), it was previously noted (p.21) that experimental work
has shown that saltwater solutions are actually more damaging.

| If frost is capable of planating subhorizontal surfaces,
it must be shown that its efficlency markedly deteriorates
rock above a fixed datum within, or slightly above the inter-
tidal zone, Nansen (1922) thought that because the rock
underwater is protected against frost gction. and because of
the location of an icefoot at the high‘water level, fpost i

action may have its greatest effect on coastal rock above
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mean sea level. Trenhalle (in press-b), however, maintaineqd
' that there is a lack of convincing evidence to eupﬁort the
'claim that frost shattering operates down to a specific datum,
and many geological and engineering experiments suggest that
it 4093 not. He’ asserted that the formatlon of planated
surfaces at the cliff base is not sufficient evidence to
'acceﬁt the claim that frost action is @he'formative process
involved, even though he conceded that the recession of
coasﬁal cliffs in sheltered high latitude areas may be largely
the result of frost shattering. Rather, he stated thet frost
in high latitudes does essentially the same thing as chemical
weathering in low latitudes - it helps to weaken rocks‘suf-
ficiently to permit plaxfbfm erosion by anes~in areas, or
in rocks, which would not otherwise be suitable for plat form
developﬁent. In more exposed areas or weaker rock, frost

shattering is not essential (Trerhaile, in press-b).

1.2,5 Rock Saturation

| It is evident that much of the previous research
into shore platforms has been concerned with the intertidal
elevation at which coastal rocks are saturated. Howeber,
this has usually involved assumptions, rather than direct
investigation. It is.necessary, therefore, to also consider
laboratory research into tgé gsaturation of porous media, sg\
" that a better underefanding of the relevant properties will

be achieved, This will then benefit a later discussion of

the intertidal saturation elevation of coastal rock, as the

registance of rock to weathering processes in many enviromments
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is.determine@ by fhe'degfee of water saturation.within the
‘rock., Additional factors which complicate matters are the

- presence of salts and the temperature induced phase change

from the liquld to the solid state. These factors vary be-
tween erwviromments, producing weathering rates dependent |
upon the condltions at each location. _

‘ Studies of mechanical_weathering of rocks (i.e. fros
action)-hafe revealed the same kinds of phenomena as those
observed with concrete and cement paste. The results of ‘
work on the durability of concrete to frost, whiéh'is alsé

relevant to thé consideration of the efficacy of chemical

weathering processes, can therefore be applied to rocks.

1.2.51 Porosity and Permeability

The-effective porosity of a rock 1s its volume of
intercomected pore space expressed as a percentage of the
totél'volumé 6f the rock. The permeability of a rock is its
capacity as a porous medium to transmit fluid, and
indicates therate of fluia flow under pressure. Porosity
determines the amount of water that can be contained withih‘
a rock, whereas permeability coﬁtrols the‘movement of water
within the rock. |

Corey (1977) identified six factors which affect

-the porosity of a rock. They are: 1),structure - porqus
media with structure have larger porosities than medlia without

gtructure 2) grain shape - flat platelets can be packed so

that porosity is Tower than for spheres; it is also possible
to stack platelets so that porosity would be greater than that

o r
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for éphgrgs 3)Agréin~size diatribdtion - fock with spheres

of varying sizes has a smaller porosity thén one consiétihg
of.spheres.of 8 single size &) mixing - rock with spheres

of two different siéds but with each segrégated into different’
regions will have the same porosity as a‘rock with a single
size of spheres; howéver. if the two sizes are mixed, the
porosity will be reduced 5) packing - individual grains may‘
- be tightly packed, resulting in low porosity, or looseiy
packed, resulting in higher porosity 6) cementation - the -
volume of cementing material reduces the porosity; consequently
congolidated rocks typ%cally have smaller porosities than
unconsolidated depoéits.

A given porosity can be the resulf of either a small
number of large pores or a larger mumber of small pores. In
the former case, the imternal surface area is small, whereas
in the latter case it is large. The response of carbonate
rocks to weathering has been found to be direcfly related to
the internal surfade area and the average pore size (Hudec,
1978). ' |

Hudec (1973) stated that the finer the grain size the
larger the porosity, but the smaller the pore size; since
pores are interconnected via a large number of capillary
openings, pore size and pore size distribution become criticsal
when considering rock as a capillary system. The properties

.of grain-size, porosity, and permeability are relevamt to.an

explanatign.of rock weathering based upon saturation, as they

determine a rock’'s ability to sorb water, the movement of
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that water within the rock, and also the rate of. water desorp-
tion from the rock (Lewis, gg_g;.. 1958). '

Materia.ls that:contain no water will not be damaged
by disruptive pressures which require water in order to be
generated (e.g. frost action); for damage to occur, critical
conditions of water content and Yack of drainage must be
present. The size and continuity of the pores control the
-rate of sorptio.rr and, simiilarly, the rate at which water can
escgpe from the material (Lewis, et al., 1953). 'The rates:

' of water sorption and desorption will datermine in part. the
type and also the intensity of the disruptive pressurgé
generated within the rock. )

The freeze-thaw durabllity of rock depends malnly
~upon the rock's ability to achieve a high degree of satura-
tion in the envirornmental situation, and té maintain this
Safuration lavel during freezing., The harmful pore size is
large enough to permit'water readily to emnter a high per-
centage of.the pore space but not so large as to perhiﬁ easy
drainage (Lewis, et et al., 1953)

Test results of pore size determlnatlons on bulldlng
stoné were reported by Schaffer (1932); he found the crlt;cal
pore size to be {5u, i.e., water was sorbed into these
pores, but not easily desorbed. The volume of pores having
diam;ters { 54 was correlated with the resistance of the
sfone to freezing and thawing. Sweet (1948) and Fears (1950)

algo correlated the volume of pores {5u in diameter with

freeze~thaw susceptibility, and found that they were not as
durable to frost action as rocks with the larger pores.
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On ;hetpther hand, some rocks seem to ha#e 'built in*
escape boundaries, which are natu;ally‘océurring macroscopic
volds that seldom, if ever, become water.filled (Powers, 1955).
.Willman (194k4) ‘found a good correlation between resistance
to freeze-thaw damage and macroscopic porosity'for dolomite.
If the number of mécroscopic“voids per unit volume absorptife
rock is right for the peimeaﬁility. porosity; and gtrength
of the rock substance around the.macroscopic voids, the rock
cannotlbe damaged by freezing (Powers, 1955). Lewis, et al.,
(1953) also found a poor cgoxrelation between frost resistance
and total porosity. These results support Howe's finding
(1910} tha£ the fype of porosity is more‘impoffant than the

. $0tal pore 'volume,

+1.3 ‘g priori' model

The relatiqnship betweenfprocesses.respbnsibleffor
shore platform developrent and platform morphometry has been
studied extensively (EBverard, et al., 1964; Sanders, 1968abs
Wood, 19681 Phillips,19703 Wright, 1967, 1969, 1970; Suzuki et al.,
19703 Takahashil and Koba, 1975)., Trenhaile (1972, 1974ab,
1978) has related the plaxformfgradieﬁt‘and the height of ,;ﬁ7t
the cliff-platform junction to wave fetch, tidal range, and
tidal levels. He proposed a storm wave shore platform model
(1978) which indicated that the platform slope is dependemnt
upon the tidal range, and- that the mean platform elevaiion:
is dependent upon the mean tidal elevation. Mathematiical
modelling has confirmed the validity of these relationships
(Trenhaile and Layzell, i980, 1981; Trenhaile,'in press-a) .
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A model ie a formal representation of the researcher 8

image of the real world, which portrays those relatlonships“

that are of greatest imterest to the investigator. Not all
_possible or known relationships are portrayed, as the level
of eomplexity'would be too great; thus hindering the under-,
.etanding soeght of the real world sitﬁation. The level of
 abstraction from'Fhe real world will determine the ecepe of
the study. However, a careful examination of the selected
environmental aspects will provide a more complete under-
standing of the environmental system's functioning, thus
epproéching a 'white—boi' situation (Harvey, 1973).
Previous reseafch'en the nature of tlie saturation
of porous materlals is extensive, and has resulted in the*
generation of rock saturation models (e.g. Hudec, 1980).
.These'relatlonshlpSvhaye‘been integrated W1fh others to
. produce an 'a priori' model (Fig. 2) of rock weathering,
which is dependent epon watef saturation for the attendant
processes to disintegrate the rock. This etudy is concerned
with the saturation subsystem, as the output of this sub-
system acts as an imput to the rogk weathering subsystem.
Within the saturation subsystem, the degree of sat-
uration is mainly determ?ned by sorption. The influence of
the tides has been investigafed by Mercan (1980), who found
that the degree of saturation in intertidal ro varied
inversely with height above the lowltldal 1evel. It. is well
known that pressure beneath the water's eurfece incremses

with depth, so that when the tide submerges coastal rock,

‘i.__J_
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greater hydrostatic pressure will be exerted upon rock at the- a

low tidal elevation than/ upon rock at the high tidal elevation.

- -Because rock is a porous medium capable of sorbing water,

when the water is nééf.ﬁréééﬁfé{"it”wi}l-be forced into the
porous rock.. Therelfore, the éreater thé_hydrostatic'préééhﬁe;" )
the greater will be the amount of water which is forcedinto
and taken up by fher ock. The length of the submergehceA
perioq will depend upon the intertidal elevation of the
coastal rock. Rock at the high tidal elevation is submerged
- for the shortest period of time, while that at the low tidal
eléVation is submérged the lohgest. Rock which is‘subﬁerged
for a longer period will have a greater opportunity to sorb
water than coastal rock which is submérged for a much shorter
time period. Hence, differences in the degree of éaturation-
will_exiét within the intertidal zone. h
The'absorption-of water 1is related to lithological
and structural variationssy fractures increase the amouht of
water a rock can hold, whereas porosity affects the amount
of-wafer absorbed and permeability affects the depth of
absorption. The position of the water table (satu;ation
1evel) is lower down 1in permeable than in impermeable rocks
(Penck, 1953). These properties influence.the.amount of
water a rock can hold, and they vary between the different
typeé of rock. |
Hudec (1978) has determined that sorptidh gensitive
rocks (fine-grained argillaceous rocks which eritically

gaturate with mainly adsorbed water) can saturate under
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conditiohs of high rélative humidity. Thesé rocks do not-haye
‘to be submerged in order to be in a critically-satufaxed state.
" In this case, when the rock ié exposed to the afmosphere with
a high rélative humidity, thén water will be retained within
the rock and a.saturatéﬁ state may occur, or be maintained.
'--The-aforementiqng¢wre;ationéhips‘constitute the
' sorption aspect of saturation..‘The ef&pdration'aspect.ofu._
saturation for intertidal rocks occurs during the emersion
period, and involves reducing the amount of water re%aineqf”
by the coastal rock. -The wind, air temperature and relafive
humidity determine the rate of evaporation from'gn“éiﬁosed
surface. Although these variables are importaﬁf in determ~
ining ‘the water retemtion capability of coastal rock, they
will not be studied in the laboratory But will be studied in
the field. They are.presented here in order to more fully
11lustrate the envirommental situation, so that the deferﬁined
scope of the study (saturation of coastal rock because of
tidal factors) can be adequately related to the larger picture
of coastal rock saturatlon.
Therefore, the tidal factors which are believed to

influence rock saturation within coastal environments will
be examined to determiné the extent of their relationship to

sgturation levels within the intertidal zone,

1.4 Hypotheses

Based upon the 'a priori’ model, thé following
hypotheses will be evaluated:
Hypothesis 1) the intertidal degree of saturation of coastal
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rock varies according to: a) elevation (position) within
the intertidal zone, This is composed of twq.eiements -
immersion period and tidal head; b) rock type. |
. t £

Hypothesis 2) there is no level of permanent satﬁéation of

coastal rock within the intertidal zone or within the

. supratidal zone.

1.5 Purpose of the study

"Although chemical. and mechanical weathering of
rock requires saturated or critically saturated states f;r N
these processes to operate (within the context of shore
platform devélopment), previous‘research has merely assumed
this to be the environmental ;eality. The purpose of this
study then, is to indif%ctly investigate the saturation of
coastal rock within the intertidal zone.

An attempt has been made to develop a tentative
saturation model of intertidal rock using the relevant
aspects of tides. These include: tidal range, tidal type,
intertidal elevation of the shore platform surface, and
the salinity level. This model facilitated the attempt to
determine degrees of maturation in coastal rocks, and the_
determination of whether there is an absolute saturation
level within the intertidal zone. The.interfidal level of
permanent saturation of ccocastal rock 1s essential_to theories
of shore platform development based upon weatheriﬁg. The
merits of such an argument will be assessed in this‘étudy.
The scope of this study will be restricted to a preliminary

determination of the static degrees of saturation of

A
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- coastal rock resulting from the tides, i.e., water flow
within rock because of pressure, gravity, etc. will be
disregarded. |

4

is concerned with a‘léboratory._

, Most of the study

determination of the degrees of saturation of intertidal
rock. Field work was also conducted, however, so that the.
1aborat6ry results could be compared and supplemented with
the‘resultsﬁfrom the fiela. Although desorption was not
studied in the laboratory, this phénomenon was.investigated
in the field, so that_a more realisfic'conception of the
environmental éonditionq.cduid be dgﬁelﬁped.'This feedback
mechanism allowslfor the improvement of the 'a priori'
model, with the iﬁtent of facilitating‘future work in

thig area. | .



' 2=1 Location

Shore nlatforms occur gporadically for 600 ¥m alnorus
southern shoreline of the 3t. Lawrence Istuary,. botwee:n
-

I'd . ) - . .
Quebeac Sity and ZJar-des-Rosiers. .he ecastern part of this

@D.

h

cT

resion i;_tne :aspé Peﬁinsula. he study area is containet
within the sastern most 140 i {(Rividre-a-2lausde tOlCaP—dGS—
Bosiers) of the ltasnd Peninsula (?i:..3). the 3t. Lawrence
Dasoace, which separates the veninsatsa from Anticosti Island,
reprasents theorthern Hound ary of this r‘e\-;'ioln.. | ‘;‘.’ne”-coas-t ar'l

o175 o the .otre Dame rountalss (the northeastern limit of

the Avpalachian (ountain nystem):narﬂ

the southern boundary

of this recinn,

The mid-Ordovician :iornan 3xill Formation
cxtends northeastward frowm YVirsinla to the Zaspe peninsula,
orth of the St. Lawrence iver, the roclt fornmations consist

of thin, flat lyine limestones and shales overlyin~ the

Precambrian basement {Zanadian Shield). On anticoszti Island

cuterons of upper Ordovician rock aceur, while on Liinran

fad

Island rock outereops of lower (o lower-middle Crdeovician occur
(!wemnoiggg/{ggp). deneath the Jacques Cartier Passaze, be-
~tween Anticosti and lingan Islands, temperal eqalvalents of the

'Zloridorme’ Liiddle Ordovician Tlysch sequernce can he found,

35 , :
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_Althoush similarities hetween the lHew York and the
‘ | ‘ ; M .
L r . , . s
“Zaspeslan rocks|exist, the apparent lack of continuity in the

intervening 500 km of rock maXes the use of the term 'lorman

et : LA ' - . ’
3111 unsuitabhle, and so the preferred reference to the Taspe

Ordovician .flvséh is as the_'Cloridorﬁe‘?ormaﬁion' (Znos,194%3a),
fhe middle Orddvictan-and other older Eormatioﬁs‘which
were tirhtly folded durin- the “aconic OrOgency-(Jeal)
1041}, were lat%r covared by the iniddle Silurian dnd-lower
. | .
Devonian '::iﬂs'c;'o;:::,fxxcl inal limestones and shales of the central

I . " La PR .
Jasve aynelinorium with an~ular unconformities (2-1minc~s, 1939).
o Lo . . . /. . .
“he Jeposition of terrisenous clastics (Uasveslan saldstones)
in the eastern peninsular reésion occurred later, in the early

Jevonian poriod, and spread throwshout the area by the-middle -
Devonian period (Loran, 1853: lelerrisle, 17230). During the

CAcadian Crocency oven “olds developed bhefore the Zarboniferous

deposition in the “Wasin underlyin~ the sulf o; 3t. Lawrence
{alcock, 1924) - |

Mhe struciural confisuration of large ampligndinnl,
assymmetrical folds with some thrust faulcing of the niddle
Ordovician flysch is typical of the Appalachlan Valley and
Ridre Pro&ince. Althoush the flysch is of low metamorphic
srade, fhe slatev cleavare is well deyeloped in arrill aceous

~

. .. .. n /
rocks (Enos, 1969%), she niddle Ordovician rocks of the Gaspe

peninsula are divided into three distinet »loeks (2is, LY.

1

joy

e Eastern block (extendinr Trom Jersey love to rointe Jaune),
consists of only one major fold. It is located at Anse-au-

. PR a1 N O= 2.
~nriffon, and is a steep-limbed, open syncline plunging 5°Z with a
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waveleng in excess of 3 km, Coastal exposures consist of
several southwest dippings nomoclines., Near the“contadt with
the Cap-des-Rosiers Formation at St. Hﬁlier,VL'anse-a-Valleau.'

.\

Riviere- au-?enard and Jersey ,ove, minor folds ocecur. Jhe °
. 1 .

Tentral hlock is separated from the Eastern bleock by a thrust

fault extendins west from Pointe Jaune. It 1s composed of

three larre (olds overturned to the north and two snaller folds

nlancine hew, xtending for annroxxmately 900 m from Pointe

“de Tloridorne we stward are minor folds with plunges up Lo

.")"-40"-\

SIS aﬁd'w. the ‘lestern block, which is separated from the
Centrél Wlock by a transveérse fault 5 xn wést of Grand Vallee,
ig defined by an ant?clinal Fold extehding gastward towards
the Zentral »lock and plunﬁihg Tron 200w;at anche=-0"'Epee to

-~

295 ot adelel ie-Zentre.

!
.

The thickness of the 7loridorme Tormasticn is estinater
to he 770C m, consistine of dark, slaty ar—illite (about 50.
a™ the total rock), interhedded with coarse sraywackes (1357),
raloareous wackes (37, calcisiltites (204, aind a Tew beds
o nelarlc rock (dolostone, lirestane, yolcanic ash, and silty
Jolonitic arf(Lllte) {Enos, 1969b) S
The occurrence ofs thin beds of terrirenous and

arhonate clastics interbedded with pelagic arsmillite; dis-
tinetive sedimentary structures such as flutes, sgrooves, tool
narks, rivple and convoluted'iaminations, graded bedsyand
frammented benthonie fossils in the coarser clastic beds are
the three factors which 1ndlcate that turbidifty curremts

Aepnsited the rravwackes, calcarenus wackes, and cqlc151ltltes

(%nos, 1949a).
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The;grQiilites. which afe 50% pelagic in orisin,
exhibit a dark gray colour in either tne wéaﬁhereq or'
'-.Junweatbéred state, and are very suscepfib}é to wéﬁtﬁering e
prbcesées. 3eds have been fodnd\to be up to 4.3 m thick |
(Znos, 1969b). .“ .

Aecdgdinr foaﬁnos tlQéQb)t the Cloridorme Format ion
2 an me subdivided inﬁdhi§rstratigraphiq units grouﬁed into
three sequences. EZach se@dence is confined fo one structural
hwlock -- the '®X' sequence with 3 menbers is confined to the
. Eastefn block,.the 'B' sequence with 7 members is confined

to the Central block, and the vg sequence with % members

is'confined to the Western block.

~,%7 Qceanocrachic Characiteristics

The Gaspé peninsula has been classified as a meso-
fidal storm.wave environmént (Daviés, 1964, 1972; Trenhalle,
1980)., The area experiences semi~-diurnal tides with two <
complete tidal oscillations daily, the tides being somewnat |
mixed in heisht (Canadian Tide and Current Tahles: canadg,1975),
The tidal ranse in this area is between 2.25 and 3.4 m
(Irennaile and Rudakas, 1981). The enclosed shape of the
nulf of St. Lawrence shelters the coastline from oceanic ;well
and in most cases eliminates the swell effects altogether.

This is because the short fetch distances 1imit the develop-
ment of whatever locally induced swell waves are generated.
The wave environment ié dominated by storm generated waves,

although their effectiveness is reduced by the short fetch

3istances of R0-170 %m, which are determined by the location
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of thé coastline on the St. Lawrence Estuary and the nearness
of Ant 1cost1 Island. The storm waves are limited in helght
and efficacy because of the varigble W1nd dlrectlon which
does not favour the generatlon of waves over a preferred fetch
direction for lons periods of time. Significant wave heirhts
"reqter than 1. n m with wavelensths of 20 m ocecur only 103

‘oF the tiwe during the summer months. The presence of llttoral
and sea ice, durlnr the w1nter also inhibits que activity.,

Sea ice linmits wave activity by oreventlwg wave ceneration

or lampenin~ existing waves for four rgnths of every year
alonw‘the Gaspé coast, ffoﬁ as early asénld Decenber to as

iate as early ay (Owens, 1974).

ot Shore‘Platfdrm Horﬁhology

The coastline of Saspé runs paréllél to the main
zeolorical étructufes which influence the menesis and forn
of the 600 km of shore platforms located alone the southern
St. Lawrence Estuary, between Québec Citv and Can-des-Rosiers.
he continuilty of these platforms alon? the COastllne is
occasionally disrupted, especlally in embayments, Fhese
nlatforns have elevations wnich are close to that of mid tide,
and are'characterizéd by the following elemgntsz a) the
nlatforn surfaces are auasihorizontal and usually display
wash-board 1ike relief; b) a steeper slopine ramp is located
ot tne cliff-platform junctioi; and ¢) an abrupt terninus
marks the seaward end of the platform (Irenhaile, 1973).

A steeper sloﬁing ramp marks the junction of the

platform surface with the c1if® hase. This Junction is
: P - . E
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close.tosths elevatidn of the hish fide, whish also‘msrks
the upper level of marine planatlon. [ -
| Plat’orm slopes, whlch are generally less than 0. ?5
ére deterﬂwned by the tldal ranze. Surface dralnaﬁe reflects
the derree of pLanatlon af the platform. Those withAsteeper
surface slopes draié rapidly and more completelj\thén plat-
forms which are more horizontal. However, geological surface
conditions exert an important influence upon drainage. The
direction of the rock dip deternines drainage direction;.as
platforns which are better drained have sea&ard dipping strata,
cdup ared to the drainase of platforms with 1andﬁard dipping
strata. Rividre-a-Claude marks the hounlary, between we%l ‘ (’
and poorly drained platforms. The seaward dipping (189)” '
platforms to the west are well drained while the landward .
dippin; (250)'p1atforms to the east are poorly'drained.
Plat forns with steeper dipping beds allow much of tne free
water to collect in depressions, makine then drain slowly.
This is particularly‘evident at iont-Louis and Gros iorne
(frenhaile, 1973}, ' '

“hances in lithology are reflected by changes in v
olat form width and steepness. At Gros ilorne, Grand Itang,
and St, ilaurice, t+he combination of resistant graywsékes and
arzillites give rise to the shoriest and steepest platforms
in Gaspe. At Grand Valleé and Cloridorme, the widest and
most horizontal platforms nave developed in thick shales
interbedded with thinner graywackes and argillites., FPlatform

width varies between 30 and 100 m, with high cliff areas
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‘retreat is alsoc related to.plaifbrm width, as the widest'
platfofms were obser§ed on headlands'(e.g. Cloriddnme.'
vhere cliff recessgion was inactive{_as evfﬁenCed b§ the growth
of vegefationnon.the cliff face (Treﬁhaile,~l9?8).‘ | |
tiany platférms tn Gaspé end in steep, 1iﬁhologically
-and structurally controiled'cliffs or ramps at théir seawafd
marmin,  Althoush this is a characteristic feature of plat-
fofms in microtjdal énd mesotidal environmeﬁts, it is generally
absent in macrotidal regimes. Trenhailél(l9?8) described
 four éategofies of shore platform terminis a) gently slopine
ramps'Where well plaﬁated platforms had developed; b) sten-
like low tide ramps which'are structurally controlled; c) low

tide cliffs which are also structurdlly controlled; and d) 1owf

structurally controlled scarps.
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CHAPTER 3
METHODOLOGY:

3.1 -Introduction

The method-of éﬁu@y used.ihvolﬁes-two.aspect51
laboratory eXperimenta$i6n and field work., The purpose df
the laboratory work was to use the Falient pargmetérs as
defined in the scope of the study in order to simulate
selected environmental conditions: The purpose of the field
work was to compare the correspohding results of the labora-
tory work with the actual conditions which were found to
exigt in Gaspé. This acted as a cuide in the assessment of
the a priori model and the laboratory experiments which were

derived from it. . B

3.2 Laboratory Exper imentat ion

3.2,1 Sample Collection and Preparation

Five rock tyves were used in the laboratofy.experi—
" ments. bhehlimestone_was obtained from along the banks of
the Detroit River. The other four rock types were obtained
from' the iuskoka Lakes region of Ontario. Only samples large
enousch t6 permit many réck cores to be extracfed were selected
for use in the study. This allowehvfor the experimental
effects fo be averaged between the cores for tﬁax particulaf
rock tyvpe.

Before the rock samples could be used in any experi-

ments, initial preparations were made. rhe first procedure

44
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dealt with the extraction.aﬁd.preparation d%»the fock cores.
The cores were extractéé‘from each rqlk sample, using a

. diamond-studded drill bit (2.54% cm diameter). The. top and .
- bottom of“each core were cut ho;izontally using g dfgaond—
sthdded.circular saw, so that the length of the final core
sample was 3.8 em, The top and bottom of each core were |

removed s0 that the effects of p:e-weatherinﬁ would be min-

‘imal, The cores were next vlaced in an oven so that their

dry welght could be determined (according to ASD 1981, Part 19

09747, vpararraphs 4-1 and 4-2)! "Dry the specimens for 24 |

hours in a ventilated_oven,at a températﬁre of 105t 2’5

(221% 3.6°%). Arfter dryine, cool the specimens in the room

for 30 minutes and weish. When the specimens cannot be

weiaﬁei immediately after cooling, ftore them in a dessi-

cator.” The followins hodification to this procedure was

made:  after removal from the oveh, the rock coreé'were placed

vin a.dessicatbr and a110wedlto cool ‘vefore being

wei~hed, * This prevented the cores from beins exposed to any

atmospheric moisture while cooling. After this was accom-

plished, the cores were returned to the dessicator and stored

until needed., ‘
Material from each rock type was then used in tﬁe

identification of the samples. Only a brief mineralogical

description of eachirock type_is ziven because it is not th?

intent of this study to look at the effects of water sorption

upon the mineral composition of the rocks. The limestone

which originated from a nearby quarry, héq a very small
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amount of quartz. When hydrochloric acid was appiied to

thé fock. an immedigte and_méjor reaction occurred, 1ndicating
that calcipe was cﬁntained in the rock. This type of lime-
stone is very porous. The remaining four rock tfpes-weré all
-identified.as having been metamorphcsed, and are similar in
nature. Tnerquartao~feldspathic.gneiss (referred to hereafter
as gneisé-A) was believed to.originally have been a granite.
It had a fine matrix with.afminor'component consistiﬁg of
quartz and feldspar. The next samplé was identified as a
quartzo-feldspathic schist (schist-aA). It was beliaved to
originally have beén a sedimentary rock, which had undergone
metamorphismqgs indicated by the biotite, and also what
appeared to be a band .of darker coloured minerals in the
sample. The next sample'was‘identified as g'quartzo-felds—
pathic gneissligneiss-B); It was believed_toforiginally
have.been a sedimentary rock - perhaps a graywacke which had
undergone metamorphism. The mineral'grains were rather
coarse and éons@sted of quartz, feldspar, micas, and garnet.
Tﬁe last rock sampie was ldentified as a quartzo-felds-
pathic échist (schist-B) It tgo was believed to originally
have been a sedimentar& rock which was metamorphosed. It
-consisted mostly of quartz and feldspar, with minor com-
ponents of blotite and hornblende. None'of the metamorphic '
rocks reacted with hydrochloric acid, so nb calcite was
belieﬁed to be contained in these rocks. Also, tgs porosity
of similar dense and unfractured crystalllne]rocks is

estimated to be quite ldw -=“5% (Freeze and Cherry, 1979).

! .



. 1 47

3.5,2 Preliminary pxpefimsnts

‘Next, the bulk Specific gravity of the cores was
meésuredu This was performed according to ASIii 1981, Part 19,
_CQ?—&?. Phe procedure is summarized as Tollows: betermine
the oven weisht of the specimen. Immerse the specimén
completely in distilled water for 48 hours. Surfacé dry
the specimen and wéiéh it., Return zhe speéimen to the
diétil}ed.water and weigﬁ,the specimen while suspended in-
distilled .water. -Calculate the pulk spécific gravityv as
follows:
Bulk specific gravity = A/(3-0)
where: A = weight of the dried specimen

3
3 = weicht of the soaked and surface dried specimen
in air

al
-

I

weight of the soaked specimen in water
After the bhulk specific qraviéy was determined (Appendix 1)
the rock cores were retuzged to the gueh to be dried in the
manner opreviously described,

The 1next property to bé determined was ‘the amqunt of
water adsorbed by each rock type during a 12 hour périod,
4 12 hour perioed wii selected as the exposure time so that
the results could be compared with those of other expefimenﬁs
to follow. The proceduré was that outlined in ASTM 1981 Part 41
E lQH—SI, using only section 8—Preéautions, which outlined
the conditions'unger which the experiment w§é to be'performed._
he solution used to maintain a constant humidity'ﬁas dis~

" gilled water  (CRC , 1974: see page E 46).



fhe entire apparatus wés set up and distilled.ﬁateriqas placéd
in the coriftalner 12 hours prior to the rock cores heirny placed
Cin thercdntainer._ This was done to allow the distilled water
to saturate the air within Ehe sealed container, -ihe rock
cores wefe next“ﬁlaCed in the container; which was then re-
czoaled.. Jwelve hours later, the racks were weighed and_;ﬁ@n
ovén Aried in the nanner déne previoﬁsly. As well, a tein-
peratura probe anl! hyerrometer were ﬁlaced within the sealed
contalrer, so %hat the relative hunidity of the containe:

could he calculated(Appendix 2 - apparatus set-up).

» . ' '

3.7.3 EZxperimental Desisn

e

A hasic experimental desicn was constructed usines

certain “ay parnméters whicﬁ would allow lor the simulation
6 the degired environmental conditi . Mhene naraneters
includes tidal rance, tidal type, intertidal elevation of
the shore vlatform surface, and salinity level, Qhé first
stage of the experimental desifn required the construction
of =z model tidal duration curve (Fir. 5). The hypothetical
curve represents the frequency with which the tides
oceur at each intertidal elevation, based on very long neriods
of time (years). ‘On the model curve, the x axis indicates
time as a proportion, op the Dcrlod of the tidal cyvcle. :he
v axis indicates the ranse of ﬁntertldal elevatf%%s, w1th
the ends of the curve represenﬁiru extreme low and hirh tide

elevations., This hypotqethal curve is derived from numerous

uctual tidgl durstion curves from each type of leal ranre

and tidal type. As can be seen, the curve is nlmodal
, _ L7 .

-
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TYIDAL DURATION CURVE ( MODEL ')
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High Tide

0.5m below. J o = - . 1T
High Tide .

Mid Tide

INTERTIDAL ELEVATION

0.5m above
Low Tide

*Low Tide

. TIME
Tidal Range = 3w

FIG.

Modified from Carr and Graff (1982)
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'he peaks of the curve are located at the mean neap higch
‘tidal levels. \ ' _ L

With respect to this study}xthe tidal_range was chosen-

as 3.0 m. Ihisg represen%s a fidallfémﬁe which is in the
middle of the mesotidal classification. lmost shore platfbrms
in-Australasia, which have been the subject of reseafch hy
weatherinmg theorists into heorizontal shore platform develop-
sent, are located within ateas havine small tidal ranses
(appfoximately‘Br-mesotidal) (‘renhaile, personal communica-
tion). ﬂherefbre, results of this stﬁdy could be applied to
that resion, Also, the tidal rante of Gaspé is between 2.28 =

and 3.4 m (irennaile and Rudakas, 1981}, allowiig Tor =

ey

comparison hetween the lah work and the Gaspés an
A sémi—diurhal t-idal type (12 hours) ﬁas selected, as &aSpé
experiences tidal cyelaes of this ing,

Peturning to the tidal duration curve, it.is 0w
nossible to deternine how lon a shOre{platform micht he

subnersed or exposed, ~iven a particular intertidal elevation,

Since 3artrun U916]Sakithat the level of permanent .saturation

15 just -below the hidp tide level, such a vlatform elevation
was chosern for this study, one with an-elevation 0.5 m below
that of high tide. ©DThis platform elevation is used to illus-

trate nhow the tidal duration curve functions.  ‘he first step

is as follows:

let the y axis lensth between hirh tide and low
t1lde elevations be L ‘

let the y axis lensth between hish tide and
D5 m below Nirh tide elevations be 1 :
. -

.
*

—
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Wow, the position of 1 on the y axis is a propoftional
distance beiow the hich tide elevation, i.e., O}E:BQO = 1:L. |
In this manner, the appropriate position on the y axis of a
shore platform 0.5 m helow hich tide elevation has heen |
Aetermined,

“he second step is as follows: .

Cdvaw a Derpewdi£u7ar line from the y axis at
0.5 m below hish tide elevatlon TO 1wter ect
the curve (call this line 1)
tet the entire area heneath the curve be A

led the area heneath the curve which is above

line 1 Ye a
) ow, ardA = x112 hours, where x represents the period

‘of time durirye- which the shore platform located at 0.5 n
helow hicrh tide elevation is‘covefed_by water., ‘he remaiﬁi-v
time b? a 12 hour nériad (1”2 hours - 3) represents the period

timé durirne wnich the same shore ﬁlatform is exprosed, ire.,
not cbvered with water.

Me above'wéthod can he used to determine the suh-

merrence aznd exposure periods for a shore platferm at any
dlevation within the intertidal area. v

‘"he correlative to the subnergence/exposure neriods‘

y -

is the rate of rise and fall of the tides, Althoush, using
the ahove method, it was theoretically determinerd that a shore
platform 0.5 m below high tide elevation is water covered for
- » i -~ - . ‘ Lo . T 2o 1 - '
36 minutes of a 12 hour tidal cycle, the time 1t taxes fron
first, covering the platform surface to reach its rreatest

heirnht above the platform surface (i.e., at hish tide eleva-

.

tion) is a nroblem of far ereater complexity. rhis is
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1mportant wlth regards to the water qorptlon by the submerged

rock, It 1s belleved that the greatest amount of Nater sorbed

by the rock wlll he assoclated with the reatest nreqsur

exerted upon the rock by the tidal head;kvrhis may be becausé

the most water will be taken up hy the rock undgr the greatest

o *orce actine upon it when the pressure assoclated with.the
+idal head is sreatest, Ihat the rreatest pressuré is

ssoc11tei with the hichest tidal head is easily demonstrated

4 .
asins the equation, P = po + pfhn
where P = total pressure . .
po = atmospheric presswe

(1.013 x 10° 1/m)

i

p = fluid density (seawater =
(1.025 x 107 ka/m°)
. .2
~ = epavity (9.80 n/s”)
h = depth of water in meters.
Since all terms are constant excent ‘or h, it is seen that
~a h inereascs, [ increases as well (Ziarcoli, 1936, Since
the vressire assoclated with the tidal heald forces water
the rocws, the srestol tThe nresgure the rreatey the force
apon Bhe rock, and S0 the more water will be taken

'phe rocx, Since the «reatest waler untake will oeccur

iods of sreatest pressure, the duration of the

'3
D
"
—

.

period of rreatest pressure is important in determining the
amount 0f water taken up Dy Uis rock., Lhe rate of rise and
£a1l of the tides to and Iron tne sreatest heignt ahove tre

shore platforn surface, coupled togethner wifh the duration

period of the tides at the maxinum heisht, directly influences
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the amount of pressure exerted uponr the rock. Ihis in turn

influences the water uptake by the rock. However, it can he

&
gseen Trom a craph showine the rate of the rise and Tall of

the tides, and verifiled from field obhservation, that the

=

tides rise and Tall rapidly to and from the vieinity of the

3 o tide elevas

Stora,  Onne newr these extremes, the tides ~hante very

o

“or hours at,a time, It

STawlon, wessinine near these levels
woul ? he extrenely complex and hevond the level of this study
to atternt to incorvorvate this phenomenon inte the oresent

work, Jherefore, a siihple compronise was chosen. It was

o

iecided that because of the nature of this problem, a linear

relationshiec for the rate of rise and fall of the tides would

be used in conjunction with submersence veriod (as deter-
. ¢

. ’ . . e \ . e
mined Wy the model tidal duration curve) when simulatine

_environmental conditions.

The next stase in deterrinins tﬁe.ﬁeﬁreé of satura-
tion of intertidal rock inmvblved anothef preliminary experi-
ment, Since coastal rock undergoes éyclic weltine and dryine,
it had to be determined just how many-cfcles were required
hefore the rock attained its intertidal derree of saturation
and maintained it; i.e;, how many cycles are required hefore
the desree of saturation is in equilibrium withn its varticular
intertidal elevation? In order to determine this,-a tidal
simulator was used. Selected rock cores were placed on an
eleﬁated screen in one tu» of the simulator. Artificial sea

water with a salinity of 3.57%, prepared using Kalle's data
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(see Riley and Skirrow, 1975), then flooded the tub, submerging
the cores for 6 hours. Six hours later, the water-filled tub
drained,lleaving the cores above any water andﬁexposed‘for

the next 5 hours. the cycles were therefore séﬁi—diurnal in
nature, . The eriterlon selected for determinins when the T
deﬁfee af saturaticn equilibrium was attained was paragraph

“e? 0f ASI Standard T 442-75, modified to fit this experi-

ment. It reads "Immerse the specimen, after “inal drvines,

coolinﬁ, and weisning, in water at approximately 7097 (21°0)...
until two successive wei;hihgs of the surface-dried sampie...
show an increase in weicht of 1esé than 0,57 of the heavier
wairht," Fararraph 5 of the same Sltandard outlines the pro-
cedure of maxin- the calculations. "3y using the welirhts
- a

determined in accordance with the procedgres described in
Sectidn v, make the follow{ng.calculétions:

Absorotion after immersion, 7 =‘[(3-A) /A] x 100,
where A = rrams‘oF oven dried sample in air,

'3 = srams of surface-dry sample in air after immersion.

e exveriment was conducted over BO.Cycles,vwith
measurements tacen every I cycles. Ehe_resulté 0Déb1e 1,
2i~, 4) indicated that- the derree of saturation equilibriumt
nad heen reached after 15 cycles., On this basis, it was

decided that the hirh tide saturation exveriment would be

conducted for 15 cycles,

3,2,% High Tide Experiments
It was decided to experimentally deternine the deyree

of saturation of coastal rock jnst helow high tide elevation.
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TABLE 1
SATURATION CYCLE TEST

ROCK TYPE % WEIGHT CHANGE FROM OVEN DRY WEIGHT
AT END OF CYCLE #
_' 5 10 1520 ©25 30
LINMESTONE 5:31  5.74 5.89 5.99  6.10 6.20
GNEISS-A  0.21 0.20 0.21 0.9  0.21 0,20
SCHIS?-A  0.21 0,19 0.20 0.21  0.21 0,20
GNEISS-B 0.27 0.22. 0.24 0.23 ' 0.25 0.24
' DEGREES OF SATURATLON S
'LIMESTONE = 69.5 75.0  77.1 78.4  .79.8 81.3
GNELSS-A 9607 92,3 95.8  88.6 94,9 ° 91.3
. SCHIST-A 88.8 84.2 . 86.5 - 85.9  88.6. 89.2
GNEISS-B ' 100  91.3 ‘§7.7 95.3 100 99.4

N. B. Because of temporal restraints, the remaining
experiments were not performed under the same ]
conditions. 1f they had been, then higher degrees
of saturation than were actually attained, would
have been expected.
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'ths would allow for' evaluatlon of Bartrum s Clalm that the
level of permanent saturation of coastal rock lS sllghtly
below high tide elevatlon (hlphmwater level). AS orev1ously'
stated the heéight selected was O 5 m below the high tide
_ elevation. - Using the model tldal duration curve, the sub=
~mergence period was calculated as 36 minutes; a previously
assumed linear rate of the rise and fall of the tides was =a2lso
‘employed. rheloven—dried cores were placed in a sufficiently
deep plastic container, upon an elevated screen,: so that ‘vhen
the water was drained’ ?ron the contalner the cores would not
be standlnﬁ in water. The artificial sea water was introduced
into the container and allowed to rise'over the cores Eo é
depth of 0.5 m over .a period of 18 minutes. The water was .
then drained-from the container, requiring another~18.minutes
before the cores we?e exposed to the atmosphere, he cores
remained exposed for the remalnder of the 12 nour oyoie. The
experiment was conducted for a total of 15 cycles. Immedi-
ately after beln; exposed to the atmosphere after submergence
in the 1 5th oycle, the cores were squace dried with a damp
cloth and weight measurenents were taken. -When this experl-.
ment was completed, the cores were then oven}dried in the
preeious manner. :
v . . R

3.2.5 lid and Low Tide Experiments |

The experimental design used in the hirh tide ex-
periment was not used for fhe current experiments:_although

theoretlcally it was possible, Simulation of the actual
tidal head of O 5 m was achieved in-the high tide experiment,
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since this was nat an insurm&untable obstacle. ‘However,
‘simulafing a tidal head of 1.5 m (mid tide elevation), 2.5 n
(jusﬁ above low tide elevation), dr 3.0 m (at low tide
.glevationj would have been difficult tdhachieve._ The pro-
tlems involved‘weren 'finding a suitable container of the
desired héight wﬁich would withstand the generated pressures;
ensurine fhat‘the‘qontainer could be adequately drained so
;hat the céres Qould not bhe standihg in water; fillinq the
confainer with the artificial éea water; and storing the.
increased volume of sea water needed when not in the tidal
head simulation container.

Instead, the pressﬁre exerted By'the tidal head at
each of these levels was'calculated,:uéing the equaWiQQ/kor
 bressure on'b.SE . fhey‘a;E'éé folléws;_ .

1. 5m = b.108 atm. .

-

2,51 = C,248 atm,

3.0m = 0,297 atm. _
These pressures were. then converted into kilopascals (kPa)
usins 1 atm =-101,325 ¥Pa, so that the cores could he vlacod'
in a pressdre vessel and subjected to the same pressure as -
induced by the height of eaﬁh tidal head. The qonverfed'
pressure values ares

1.5m = 15,0 kPa .
’ 2.5m = 25.1 kPa

' 3.0m = 30.1 ¥Fa

These values represent the pressure generated by the tidal

head only, i.e., whth respect to these tidal head values,

atmospheric pressure = 0,

!
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Phe next step involved determining “just how long the .

cores should be pressurized under water. These pressures

represent the maximum,pressu}e exerted hy the tidal head at

each respective intertidal elevation at the time of hizh tide.

_Since hiFh tide remains near the high tide elevation for hours

at a time, periods of*l and 2 hours were selected as the

immersion periods. The experiment was conducted as "followst

fhe .oven-dried cores were placed on an elevated screen in a
cohtainer and immersed in artificial segwater for the same
lenrth of time which they would be irmersed in the pressurized

veasel., After the immersion period elapsed, the water was
drained and the cores were allowed to sit in the atmosphere

o

for approximately 4 hours. ihis was performed for a total

of & cveles. The reason Tor doire this was to allow the

cores to achieve their derree of saturation enquilibrium before
heing placed in the pressure vessel. - .

The cores were next placed in the pressure vessel and
h.

covered with artificisl seawater. The vessel was then vres- .

1

surized so that the total pressure upon the cores was 15.0 ¥F&.

A

this pressure was malntained for 1 hour, after which the

pressure was released and the rock cores weighed., 'Then the

ores were returned to the pressure vessel, covered with water

0

and nressurized so that the total pressure upon the'gores was
55,1 kPa. This pressure was maintained for 1 hour, aTter
vhich the pressufe was released and the rock cores weligned,
Then thé_éores were‘returned to the pressure vessel, covered

with water and pressurized so that the total pressure upon

\

&3
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the coreé was 30.1 kPa. ‘his pféssu?é was maintained for 1
hour, after which the pressure wasAreleased‘and the rock,co;és
weiﬁheA. After all the cores had been exposed to the selected
pressufe levels vhile immersed Tor 1 hour, they were oven-dried.
.TheAabove procedure was repeated for an immersion period of

> hours. After this series of experiments were condutted,

~the cores were oven-dried.

3.72.6 Vacuum‘Saturatioﬁ Ixperiments
) In order to determine the‘desréesrof saturation for
the nrecéding experiments, the total effective porosity of

: , . .

- the rock cores {with respect to water content) had to be
Qetermined. the mnethod used was vacuum'saﬁurat{on. the
améunt 0¢ water absorbed by this téchni@ue was assuined to
he an accurate measure of the total amount o water which
coul 3 OCanY tho‘internonnected néres 0% the raoni cores.

Lﬁn aver-Jried cores were vplaced in a vacuun des-
sicator and the alr was evacuéted‘for 5 minutes, to a pressurc
readins of '—99.5-kPa. nis représénts 96,47 of a complete
vacuum.' while the vacuum was maintaired, oxymen-free (5oi1ed)
seaﬁater was introduced into the vessel, coverins the cores
to a depth of =£5 cm, " Once the cores were water covered,
the wvaclhum in the chamber was released. “Then, using Palm-li-

surn éoﬁtainersr eacn core was removed {ron the‘vaquum des-

sicator and transierred 1inlo the pressure vessel, which con-

tained artificial seawater, At no time since the cores became

submersed during the experiment were they expcsed to the at-
mosphere. Once all the cores were in the pressure vessel

-

/
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and covered with artificial ssawater, the vessel was presstrized

so that the total induced pressare opon the rock cores was

103.4 XPa; This pressure was maintained for 12 hours. At

the end of the vacuum saturation period, the vessel was de-
pressurized and the rock cores weished. he-amount of water

absorhed hy tﬁe rock cores using the vacuum saturation tech-

]
-

nique represents the absolute saturation of the cores.

. s o ' X
3.3 field Vork "

+

A “lield trip 'to aspe was taken when the coastline
wad icefree so that samples could be collected frowm the shore

nlat form surfiace. A mid tidal horirzontal platformn .at

Lont-Loutisd, which had been previously surveyed by :renhaile

fl@?ﬂ), was selecfed as the‘first study site. A reconnais-
sance ol the platfopm was made vefore samples were taken.
ihe nlatform was submersed to a depth of 0.76 ﬁ ddfing nisher
hirh tide. ‘When the platform surfacé hecame exposed after
the hirher hirh tide, pool'samﬁlés and platform surface samples
were colleated. A.total of 20 pool sanmples and 12 platform
surface samples representiry- 10 rock-types were collected
(ifable 2).

As each‘sample was collected; it was immediately
weirhed, Pool samples wefe selected because althoush on the
platform itself, they might have been Kept Contihugliy sub-

mersed 1f not exposed through Jdralnage or evaporation of the

.pool, This allows a comparison between samples continually

under water ®#d those regularly exposed, at the same inter-
tidal elevation, Thereafter, wet and dry bulbh temperatupe

¥

Mt e cwAas e e e

——fe - —
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readings were periodically taken using‘a sling psthrometer,
‘50 that the relative humidity could bé calculated; at the
same time weicht measu}éments.were taken throughout the.
remainder of theltidal cycle, so that the rate of water.loss
(or alternatively, fhé amount of Qater retenfion) of the rodk
Eould bg deterﬁineﬁ. Weiﬁht measurenents wére taken at thé
?olloﬁihn timeg after the initial platfbrm exposures 0,2,4,7

an! 10,5 hours. Favchrometer rgadinhs=were taken.al the Tol-

’

-

lowins times after the initial platforn exposurer 0.5, .75,
h.&, 4,25, 7,75, 9,75, and 11,5 hours,

-

+ As well, < samples representin- 3 rock types. fron the
2L ifT Tace at the rear of the plat form were cqllecéed (see
Table 2), . At the time of collection psychrometer'feadinns
were also taxen., rhese savples were also weirhed in the fleld.
When all the measurehents vére recorded, the éamples were
nlaced in'plastic bazs and'stored unt il needed, '

A second mid tidzl horizontal wnlatform was aiso

selected for study, at T adeleine-Centre. Again, a reconnais- .

- sance of the platf¢rm was made before samples were collected.

. ~

Y
'at the platform was submerred $to a depth

It was determined t
of 0,76 a durins hirher hiesnh tide. ‘When the platform surface
Q@ care exposed after nigher high tidg, samples from the plat-
form sgrfacegitself were collected, A total of 12 samples
repreéentin; 5 rock tfpes were collected. As each sample

waé gollected, it was immediately weighed. <Lhereafter, psych-
rometer readings and weight méasurements werc taken periodically

throughout the remainder .of the tidal cycle, so that the rate



of watep loss (er alternatively,.the-amouﬁf_bf water retention)

of the rock codld_be_detefmine&. Weight meaéurements were

taken.at the folldwing times after the initial platfofm

éxposure: - 0,2,4,7.5,- and 10.3 hogrs. Psychrometer readines

wére taken at the following times.after the initial platform
N ‘

exposure: 0, 1.5, 4.0, 7.5, 9.3, and 11.0 houwrs,

As-well, & samples representirng 2 rock tynes Trqm
the cliff face ét the rear of the'plafform were collected -
(seé fahie »), TFsychrometer readinss were also taken at the
time o samle collection, [hese éamjles were-aiso we ighed

in the field., wWhen all the md%surements were recorded, the

samples were placed in plastic hagss and stored until needed.

L]

“her the Tield work was completed; the sambples were
transported back.to the laboratory ‘to undergso further testinﬁ:.
7irst, the rocks were oven-dried. Then they were suﬁjected.
to vacuum saturation (as previously outlined) in order to
neasure the total effective porosity of the rocks (with respect
to water content). towever, because of the siée and shape
of the rocks, they were not removed from the vacuur dessicator
as béfore. Instead, they remained in the vacuum chanber,
submérged in a2 Freé—water satdration.siﬁuatiOH (nq-induced*
nreséuré) for 12 hours. At the end of the saturation period,
the vacuum was'released and the rocks weighed. The amount
of water ahsorhed by the rocks Qsinn the vacuum saturation
tecnnique is assumed to be an accurate measure of the total
amount of water which could occupy the irterconnected pores

of the rocks ( 1007 saturation).
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3.4 Statistidal_?é;hniques

Ehe.objective_of this study was to measure é roci
nroperty-desree of saturation., This is the amount of water
actually containéd'within-a rock at ény given time corpared
with the maximum amount of water which-the-same rocx could
nold. If is therefore a relat{ve, hot absolute value..as
the derrea of saturation can vary. T wa different tyves of
rock may each he_SOT water saturated, hut rock A mirht'c%r# '
'ta{n 40 ml of watef &hile rock B mirht contain orilly 10 rml of
water.,. his is becausé a.vcry pofous and permeéble roék cén
cortain a rreater actual amount of water-fhan a nonporous,and

: L L
s, €.5., 50 water saturated.

b

impermeable voc:, when egch
ience, the data values of all the experiments were gxpressed
as a prOpbrtion of the vacuum saturation values,

& one-tailed t-test for correlated data (repéated
measurgments aporn the same individuals) was used to test the
.subhypothesis that.ﬁhe degree of saturation varies accordiné to
the intertidal immersion perilod. The‘data.ﬁsédffor‘th{s test
were the 1 hn and 2 hr. values for the followine intertidal
elevations: mid tide (i.D.), 0.5 m above low tide (+L.7.)
and at low tide (L.I.), for each rock type. lefore the t-testl
was performed, the data were tested for normal ity using a
one sample. Holmogorov-Smirnov test (Table 3)7.

A oneway analysis of variance:test was used to eval-
uate the.subhypothesis. that the intertidal degfeg'of saturation
varies accordihg to the tidal head., IThe data used Qere froﬂ

the hieh, mid and low tide experiments for each rock type.
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'The.high.tide‘values.(o.j-m below high tide =-H,7.), along
with the mid‘tide, just above low tide, and at low tide
values for 1 hr.rimmer3103 were treateﬁ és one daﬁa set. -
“nen, the same higﬁ‘tide values along with the'mid tide, Just
ahove 1ow.tiﬂe, and at 19& tide valdes for the "2 hr. immgr-
sion were treated as another data set. Iirst, hbwever, all
the data were fested fdr normal ity usiic a one sample
Yolmororov-Snirnev test (ZFable 3). Ehé data wefe ﬁext'testcd
for‘homoﬁeneity'of variance‘usinf Jartlett's test (rfavle ).
Only the 8chist-A 1 hr and schist-3 1 hr. data sets had to

he los transﬁdrmed in order ﬁq meet the nomogeneity of

10 fae
variance assumption., These.transformed data sets were” also

retested for normality (lable 3). The oneway analysis of
variance was used to test for a difference beitween the -

aglacted tidal hezad values. Fased anthe results of the

tegts were run on the data sets, to

=

T-test, a vosterior

[

. e % . s -y .
determine which particular tidal heads were siynificantly
qifferent from the others.  rhe Scheffe method was selected

wecause it is one\B’ the more risorous methods, i.e., it

reduces the probabilihy‘of maring a Iype 1 errorl(DOWnie

and Featn, 127C).

A oneway analysis of variance wns alse ased o test

she subhypothesié thal the intertiﬂai:degree of saturation varies
aﬁcording to rock type (sppendix 3). ‘the data used were the ’
low tide values of esach roa¥ tyre, as this intertidal 2leva-
tion wonld losically have the sreatest degree of satufatign,

since 1t is immerserd for the lonsest period, First, the
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data were tested for normality using a one sample XKolmogorov-

Smirnov test (Table 3)., The data were next teated for homo-

~eneity. 6f variance (Table ).  In order to meet thié-require—.

~ent of the anatysis of variance, the data were transformed

w14/~ . The transformed data were then retested for norm-
‘alitﬂ (ranle 5). the analysis of variance toested for a Aif-

. ~

“erence in the derree of saturation between rocx types. lased

on the results of the T-test, a posteriori tests were rim on

ffered gimrni~fonntly

=

e taban to deteenmine wiiich rock fypes d
"o the achars, Acain, the 3chiefle method was used,

A one smample b-teét éor correlated data was used‘to
test the nyrothesls that there is no intertidal nor supra-
£idal permanent saturation level, <“he low tide data for each
"o fﬁpe were uszad, with its respective vaéugm sat&ration
data, to determine if a sienificant diffepence”existed between
thelfreatesf intertidal desree of saturat{on'and saturated
rock. TIhe results from the absorption-experiﬁent wefe used
to evaluate Qhether or-not a2 suﬁratidal permanent saturation
lavel exists. ?irétu however, all the data were tested for
normal ity using a one sample Kolmogorov-Smirnov test (Table 3).
It_was necessary to 10a10 transqum the.liméstone aﬁsorﬁtipn
and vacuum saturation data in order to achieve valid-.t-test
results. +“hese transformed data were then retested ‘for norﬁ—
ality (Table 3). | .

The statistical tests were performed usins comouter

prosrams from 3.F7,3.S5., (¥ie et al., 1975).



. BRIy e

70

1 s

uoTleAsTe TBPTI
uojseAsT® [BPTI A40T Ul
_u0oT}EASTS TEDTY MOT 23Ul
uoTyeADTS TEDPT} UFTY 93Ul

MOT @Yy 3¥ = L1
sa0QE . WG'Q = L T+
aasoq® WG .= LN
moTeq wg*Q = “LCH-,

QFIAGINISIC ATTVAMON H¥V VIVQ EHL. TTV

g0G°0 8¥L'0 - 286°0 L68°0 LyL*0  GLL'0 9v¥E°0 :d QETIVE @ 2¢=u
€280 .¥<6°0 - G9¥°0 .YLG'O- LGL7} 9611 ' G¢6°0 :Z. S-X d-L.8THOS
696°0 TLG'O  666°0 mpm“o 696°0 ¥06°0 98£°0 id TETIVL ¢ 2e=u
¢gL'0- 28L°'0 19¢'0 ¥8¥'0 26¥'0 89570 mOm 0 :Z S-X g-5STEND
¥g6°0 1L0G'0  6GL°0 LLL®O 99L°0  1£8°0 569°0 id TATIVI 2 ov=u
657°0 L28*0 1L9°0 L69'0 -L99°0  ¥29°'0 OLL'O :Z S-i V=L STHOS
9L6°0 186°0 GL6°0 ¥26°0 7vLL'O  6£¥°0 02270 id QETIVL ¢ ye=u
gLV'0 .26¥°0 18V°0 8Y¥5°0 869°0 898°0 060°L :Z S-H
. . v -SSITND

666°0 $66°0 2L9°0 0£6°0 298°0 299°0 ¢8L°0 id qITIVE 2 ge=u
99¢*0 0¢P'0 £2L*0 2¥5'0 2090 0LLT0 LG9°0 2 S-X

: . : TNOL SENITT
iygz ‘av g ‘ay g  C4g L I b TIu ol

I+ - LW LT T+ LR L THS

VIVA SINIWINZIXZ AMOIVHOIVT YO

STNTYA ALITVNMON ¢ HTAVE

/




71
"TABLE 4.
. RESULTS OF BARTLETT'S TEST FOR HOMOGENEITY OF .. .
. VARIANCE * o RN
PIDAL HEAD TEST DATA: o '
. _ « 2 -
. L * obs .
LIMESTONE 1 hr. 2.733 "
' GNEISS=A " 1.319
SCHIST-A " 3.193
GNEISS-B " -+ 6.775
SCHFST-B " 1.489
LIMESTONE 2. hr. 1.387
GNEISS-A . " &  2.550.
SCHIST=A- , " 0.333 |
GNEISS-B " 5.025 .
SCHIST-B" .- " . 5.771 df= g-1, where ge # groups
] 2l . _‘ - :
X pit @ +05 = 7.815, df= 3

. ALL THE DATA SETS HAVE HOMOGENEITY OF VARIANCE

ROCK TYPE TEST DATA:

x2 P

E)

obs = 6.547

X

erit @ .05 = 9,49, df= 4
df= g-1, where g= # groups” ‘

THE DATA HAVE HOMOGENEITY OF VARIANCE

R

4
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TABLE 5

&

| Normality Tféﬁsfofmationé were performed on the
) ~following data: )
| 1 hr. 1 hr. 1 hr.
N . - -'Ho Tc M-To +IIQ'T- IloTo
SCHIST-A o
K-8 Z: 0,582 0.628 '0.601 0.632 log,q
2 TAILED P: 0.888 0.825 = 0.863 0.819 . oo . o
. SCHIST-B " o ' |
K-S 2:- 0.810, 1.091 11025 0.475 log,,
?-TAILED P: - 0.528 0.185 0244 0.978 ' transfored
R : ADSORPTION.
LIMESTONE ' .
_%mfglLED P: 0.257 transformed B
| . K-S 2: -2 TAILED P:
'LIMESTONE L.7T. 2.hr. 0.433  .0.992
GNEISS-A L.T. 1 hr. 0.656 0.783 . lﬁJ' formad
L SCHIST-A  L.T. 1 hr, 0.659  0.778 renstorme
GNEISS-B L.T. 1 hr., 0.596 0.870
SCHIST?-B L.T. 1 hr.  0.416. 0.995

ke .

-

" ALL THE TRANSFORMEﬁ DATA 'ARE NORMALLY DISTRIBUTED

”



CHAPTER &4
'DATA ANALYSIS

b,1 ExperimentaltReaults

The resulta of all the laboratory experiments are
reported in summary form as a proportion (%) of their vacuum
gaturation valués Tt is e\ ident that the limestone gquickly
'a‘ttainea’ its maximum sa‘turation value (= 60%) at the high
tidal 1eve1 and did not wvary ‘from this at lower tidal
_ ievels., However, the matamorphic rocks generally achieved
low initigl saturation values (= 25%) at the High tidal
level, but most attained much higher saturations > 80%)

pressures for longer

_when they were submerged under greges
periods of time at lower elevations: This can be explained
by the fact that the limestone is a coarse grained porous

4
and permeable rock whereas the metamorphics are mostly fine

grained nonporous and impermeable:' Coarse gfained rocks
with large capillaries, such.as the limestone, usually are
theffirst to absord 1arge‘amounts of water, but the rocks
with fine grains and fine pore structures, such'as the
metamorphics, reach critical saturﬁtion faster than rocks

| with coarse pore strpcthres (Fagerlund, -1975; Ver beck and
 Landgren, 1960). This suggests that frost shattering, when
it is efficacious, would weather‘gneiss aﬁd echist rocks

rather than limestone.
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LABORATORY EXPERIMENTS:

' ROCK TYPE

TABLE 6

M.T. +L.T. IL.T.

DEGREES OF SATURATION

-H. T. ADSORP TTON*

LIMESTONE  61.6 57.4 58.1 58.7 . 0.9
GNEISS-A  27.4 83.0  <83.5 88.8 24.2
SCHIST-A  27.1 75.1 2.0 92.8. 26.8
GNEISS-B 25.3 '~ 66.2 - 95.1 97.4 20.7
SCHIST-B . 25.6 84.1 90,1 96.8 - 31.4

1 HOUR IMMERSION
LIMESTONE 57.4  59.4 59.8
GNEISS-4A '88.73 83.7 86.7
SCHIST-A 81.5 79.6 76,1
GNEISS<B 81.0 74.9 82.2

94,1  83.8 89.2

SCHIST-B

r

2 HOUR IMMERSION

* pAdsorption for 12 nours @ 94% relative humidity

N.B. These degrees of saturation values are expreased

as a percentage of the absolute (vacuum) saturation

for each rock type.

-H.T. = 0.5m below high tidal elevation
. M.T. = 1.5m below high tidal’ elevation

+L.T.'= 0.5m above low tidal etevation
L.T. = at the low tidal elevation

*

B
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An examination of the saturation values.géfaals sev-
‘eral anoma%iés. which are élao.immedipxely efidenﬁ from the
tidal saturation curves for each rock type (_l?ig; 7a7-11b). |
The only é.nomély with the limestones ié'that the highest '
degree of satufﬁtion occurs at thé.highjtidal élevation where
the tidal head presaure ls lowest and submergence tﬁe briéfest,
but the number .of experimental éycles‘is the greaxest. when
the limestone values are compared, it is noted that all of
the expefihental results are very close to each other (.~
(Table 6). This suggests that the_limés%ong quickly attains -
its maximum saturation value, with incrééées in either tidal
head or submergence time not increasing the degree of satur-
ation. Since all the experimental values are within a range
of 4.2% (57.4-61.6), it is believed that some type of measure-
ment error has been recorded. It -is quite possible that
water on the surface of the cores was not entirely removed
before weighing, thus giving slightly inaccurate resultis. _f
Since the high tidal values are so close to the remainder
of the experimental values, it 1s likely that the range of
the high tidal data values are greater than the range of
allbwable error. ‘. ' ' :

With the remainder of the rock types, anomalies be- -
.tweeh certain sets of data #aiﬁés consistently occur.
Although with the 1 hour éubmergence valuesg no anomalies

occur (see Fiés. 7a-1la), anomalies are found within the 2

hour submergence values. for all gneiss and schist rocks (see
Figs. 7b-11b). Again, where these anomalles do occur for the
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: 2

2 hour subﬁergencefvaluaa.;the-greatest range is 10.3% for
schist-B (83.8-94.1). Measurement errors related to the |
wetneés of the core surface befbre it was weighed are believed
to be réaponaible for these anoﬁaliee. It may be impoasible
to engure that the surfaces of all the rock cores are dried
to the same degree pefore they are weighed. Also, the lowest®
satu;ation value‘af'which any of the 2 hour submergence ranges
began was 74.9% for gnelss-B. This‘itself represeﬁté a
high degree of saturation fdr those rock cores,_with all
other experimental saturatioh_values_higher still. Tt gppe ars
then, that within the context 6f the experimental design,
mgﬁimum degree of saturation values are being r;ached in
moset cases, and any Variabhiity in these values at these |
percentages exceeds what must be the allowable error for
the same percentages.

when the gnelss and schist data values are viewed -
_from a different perspective, different anomalies occur.
¥hen the 1 hour and 2 hour submergence values between each
jindividual rock type are examined, it is noted that the 2
hour values afe greater than the 1 hour values at the mid
tidal elevation, as expected. But at the 0.5 m:above low
tidal elevation (+L.T.) and slso with the at low tidal
elevation (L.T.), the 1 hour submergence valués are_greater
- than the 2 hour submergence values for all gneiss gnd schist
rocks, Measurement error or a flaw in the procedure of the '

experimental design might account for .these anomalles.
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k.2 Intertidal Ele\rations .
In order to statietically evaluate the subhypothesis

that the degree of saturationavaries with the elevation of

~

coastal rock within the intertidal zone, a series of one-tailed

 t-tests between the 1 hour and'z Hour submergence periods was

performed, for each applicable intertidal elevation and for .
each rock type. ' It was hypothesized that less water would
be absorbed for an immersion period of 1 hour than for an

immersion perlod of 2 hours, whatever the intertidal elevar

- tion. The results indicate that coastal rock at the miad tldal

level only, for the gneiss and sgbist rocks, absordb more water

the’ longer they are submerged (Table 7). There is no signi-
ficant difference between submergence periods for either the

+L T. or L.T. elevations. This pattern occurred only with

 the metamorphic rocks; limestones displayed contrary results.

Longer submergence periods do result in greater water dbsorp-

tion, but only at the +L.T. and‘L.T. elevations for 1imestone.

No éignifiéant difference in water absorption, between the

one and two hour submergence periods, was found at the mid
tidal eleVation,(M T, ) | o "“'“ﬂﬁ S

Following this. a series of oneway analysis of vari-
ance tests between all the imtertidal e;evations was performed,
though these were done separately for the 1 hour and 2 hoG&
submergence periods. The results indicate that there is a
significant difference in saturation between the intertidal
elevations (Tebles 8-17). This is evidenced by the high,

and in some cases extremely high F values, for all rock types.
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TABLE 7

RESULTS OF T-TEST ON IMMERSION PERIODS(1 & 2 HOURS)
FOR INTERTIDAL ELEVATIONS

LY

ROCK TYPE

LIMESTONE

o .

GNEISS-4

SCHIST-a

GNEISS-B

SCHIST-B

df =

n-1, where n= number of pairs.

. INTER-‘

TIDAL

ELEVATION
M.T. -

+L.T.
L.T.

f. .
+L, T.
L. T.

M. Tl
'fL.T.
bL.T.

. MC Tl
+L.T.
.L' T.

M. Tl
+L.T.
L.T.

af

31
37

23

23

39
39
39

31
31
31

31
31
31

37 .

r'r‘|obs*

-0.14

-—7103*

TR

6. 16*

-2, 44%
"0517
1.87

2.05
12.43

_6l95*
16.76
12,42

-7.06%
4.58
5.87

T

cerit

1.697
1.697

1.697 -

1.714
1,714
1.714

1.697
- 1,697

1.697

1.697
1.697
1.697

1.697

1.697
1.697

* indicates a significant difference @ <

M-\T-
L. T.

= 1.5m above low tidal elevation
+L.T.-.= 0.5m above low tidal elevation
= at the low tidal elevation .

o%

.05
.05
.05

.05
.05
.05

.05
e
.05

.05

.05
.05

.05
.05
.05

af

- used

30
30
30,

C 23

23
23

30
30
30

30
30
30

30
30

30
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TABLE 8 : ANALYSIS OF VARLANCE
ONEWAY ON TIDAL HEAD FOR LIMESTONE 1hr

: Source of df Shm of ‘Mean - F ratio
Variation Squares - Squares

| Between A ' . ' . ’ -

.~ Groups '3 387.0205 129,0068 42,377

' Within .
Groups  .148 450.5529 33,0443
Total * 151 837.5732 ‘ Terit @ -05=
) ' 3,23

A POSTERIORI .SCHEFFE TEST:

-K.T. M.T. . +L. T, L.T.
-H.T. ‘ '

Foomer. Ts7.416%
+L.T. 57.468%  3.129

L, T. 38.,932#% 9.677 1.799
-Fcrit @ .05= 9,69 .
* indicates a significant differ¥nce between groups

2
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TABLE 9 : ANALYSIS OF VARLANCE

Fl

ONEWAY ON TIDAL HEAD FOR LIMESTONE 2hr

.SOurce of df - éum_of' Mean F ratio
Variation - Sgquares Squares )

Between - .

Groups 3 331.1614 110.3871  31.674°

- Within . - ’

Groups 148 515.7970 3.4851

Total 151 846,9583 Fcrit @ .O?=

. 3.23

A POSTERIORI SCHEFFZ TEST:

-H.T. M. T, . +L.T. L.T.
-H.T. ' '

MN.T. 94.264%

+L.7.  25.951% 21.296% -
L.T. 18.134*%  29,708% 0.698
Fo.ip @ .05= 9.69 .

¥ indicates a significant difference between.groups




-----

L Vol . . e

[ - N . - e el

| N . .TABLE. 10 : ANALYSIS OF VARLANCE .
) ONEWAY ON TIDAL HEAD FOR GNRISS-A 1hr

Source of df Sum of Mean . F ratio
-Variation "~ Squares Squares :
© ' Between ' .
\ Groups 3 60567.1599  20189.0508  208.447
“Within 5 , '
Groups 92 8910.6416 96,8548
Total 95 59477.7590 Fcrit @ .05=
3.34
,

| | A POSTERIORT SCHEFFE TEST:

I T -H.T. M. T. +L.T. L.T.
. -'HoT.‘ ‘ .

M.T.  384,04%
’ +L.T.  390.62% 0,028
| L.T.  468.29%  4.173 3.5%8

Fopyr @ -05= 10.02

! * indicates a significant difference betweén’groups'
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TABLE 11 : ANALYSIS OF VARLANCE

ONEWAY ON TIDAL HEAD FOR GNEISS-A 2hr

Source of -df Sum of " Mean F ratio

Variation . ' Squares - Squares ‘

Between .

Groups . 3 62672,1462 20890,7148 465.784

Within ' . :

Groups 92  4126.2539 44,8506

Total 95 _66798.3750 ' Fc:it @ .05é
3.34

* A POSTERIORI SCHEFFE TEST:

-H.T. M. T. “+L. T, _ L.T.
-H.T. | S '
| M.T.  993,38%
+L.T.  850.56*  5.539

L.T. 942.16% 0..597 2,341

Fc;it @ .05= 10,02

“* indicates a significant’differénce between groups




PABLE 12: ANALYSIS OF VARIANCE

- 93

" ONEWAY ON TIDAL HEAD FOR SCHIST—A 1hr

Source of df, Sum of Mean " F ratio
Varifation Squares . . Squares

Between ' .

Groups 3 7.3277 2.4426 1999.021
Within ' : '
Groups 156 0.1906 0.0012 .
Total 159 7.5183 Fcrit @‘.05=.

A POSTERIORI SCHEFFE ?EST:

~H. T, M.T. = +L.T. L. T.
-H.T. - ;

M. T. 3281.66%

+L. T, 3873.33* 25.0* \

L.T. 4830,0% 148,33 ‘53, 35%

F @ .05= 9.69

crit
* indicates a significant difference between groups
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TABLE 13 : ANALYSIS OF VARLANCE

ONEWAY ON TIDAL HEAD FOR SCHIST-a 2hr

.
Source of df Sum of ﬁean F ratio’
“Variation Squares Squares
Between . S ' ]
Groups 3 B81473.8095 27157.9336 2893.130
Within : ) ' '
Groups 156 ' 1464,3784 - 9.3870
Total 159 82938.1875 - Forig @ -05=
3,23
A POSTERIORI SCHEFPS TEST:
~H.T. M. T. +L.T. L. T,
l-I-I‘. T-
M.T.  6250,78*
+LoT. 5904.89%  4.922 _
L.T.  5110.34% 57.384% 28.693%
Fopit @ -05= 9.69 -

* indicates a significant difference between groups

.

e —a
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ONEWAY ON PIDAL HbAD FOR GNEISS-B 1hr

TABLE 14 : ANALYSIS oF VARlANCE

Source of  df Sum of Mean F ratio
i Variation Squares Squares '
| Between - : o '
| Groups 3 108591.5194 36197.1719 500,361
© Within , T
. Groups 124 ~ 83870.4275 72,3421 .
. Total 127  117561.9375 Popyy @ £05=
A POSTERIORI SCHEFFE TEST:
i “H. T M. T 4L E.T
-H.T. S
M. T. 370,93*%
C+L.T. 1079.29%  184,76%
L.T.  1150.9%% 215,07  1.15
Fopit @ +05= 9.69 .

* indicates a significant difference between groups
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TABLE, 15 : ANALYSIS OF VARIANCE

ONEWAY ON TIDAL HEAD FOR GNEISS-B 2hr

-

o Source of df Sum of - Mean i3 ratio
; Variation Squares Squares :
. Between . } . |
-Groups 3 71209.0038  23736.3320 947,565
. Within '
“Groups 124 3106.1777 25.0498 .
Total 127 74315.1250 Fcrit.@ 'O§=
: ) o 3.23

’ A POSTERIORI SCHEFFE TEST:

“H.T. - M. 4L, L.T.
H , |
-Ho T-

M.y - 1981.44%
+L.T. 1574.16%  23,403%
L.T.  2071.37*  0.998 34.067*

F @ .05= 9.69

crit
¥. indicates a significant difference between groups
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TABLE 16

: ANALYSIS OF VA

a- - .

RIANCE

ONEWAY ON TIDAL HEAD

|. Source of drf

FOR SCHIST-B 1hr-

\
~

* indicates a significant

Sum of Mean F ratio-—
o Variation Squares. - Squares oo
j Between . ¥
| Groups 3 7.2886 2.,4295° . 1118.349
! Within | o S
- Groups 124 0.2694 | 0.0022
'~ Total 127 7.5580 Fopiy @ -05=
i .3,23
|
A PQSTERIORI SCHEFFE TEST:
-H.T. M.T. +L.T. L.T—
) -Ho To
M. T. 2685.0*
+L.T.  3005.0% 9.0 o
L.T. 3365.0% 38,0% 10.,0% ‘
Fcrit @ ,05= 9.69

difference between ggoups
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TABLE 17: ANALYSIS OF VARLANCE
' ONEWAY ON TIDAL HEAD FOR SCHIST-B 2hr .

RN
Source of df Sum of Mean F ratio
Variation ~  Squares Squares ki
Bétween :
Groups . 3 97944.5726 - '32648.1875 840,081
Within . - ‘ ' '
Groups 124 . 4819.0317 38.8632
Total 127 102763.5625 - Fopit @ -05=
3.23
A POSTERIORI SCHEFFE TEST: -
© o -H.T, M.T. +L.T. L.T.

-H.T.
M.T.  1918,03*

+L.T.  1394.49%  41.634%

L.T.  1665.27* 8,925 12,005%

Forit @ .05= 9.69

. * indicates a significant difference between groups
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This is a result of the_various tidal pressures exerted upon

. the coastal rock within the intertidal zone. The a pdsteridri

* Scheffe tests indipaﬁe the particular intertidal elevations
whigh have significantly different saturation values from
other elevations (Tables 8-17). | ' |

Next, the subhypothesis\that the inteftidal degrée'
of saturation varies according‘to rock type was investigated,
by using a oneway analysis of variance test. The data for
this test were the greatest L.T. saturation values for each
‘rock type. It was logiéally eipebted. and experimentation
confirmed, thét the degree of saturation of cdastal‘r;ck is
greatest at tﬂe low tidal elevation because intertidal rock
here is under the greatest water pressure for the longest -
time. The results of the F test indicate a highly signi-
ficant difference in>EPturation values betwéen the rock types
_studied (Table 18)?ﬁ It is not surprising that the resultes -
of the Scheffe tesﬁ reveal limestone to‘have a significantly
different saturatiqn valued at the low tidal elevation from

the gneiss and schigt rocks, because it is a porous and

permeable sedimentary rocky whereas the ot@ers have gl1 been
met amorphosed, resulting in,nopporous and impermeable roéks
(cf.'limestone L.T. 1 hour with gneiss and schist L.T. 2

- hour values, Table 6; for explanation see Fagerlund, and

Ver beck and Landgren, p.20 ). It ia also poasible to ex-
plain why the saturation levels of gneisé-A are not sign}fi—
cantly different from schist-A, but are significamtly different

from- gheiss B and schist-B. Mineralogical identification
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TABLE 18 : ANALYSIS OF VARIANCE
“ONEWAY ON ROCK TYPES |

Source of df Sum of Mean F ratio
.yvariation Squares Squares .
Between . . | .
Groups 4~ 0,0003 : 0.0001 394,064
Within o ‘ .
Groups 161  0.0000 0.0000
" Total 165 .0.0003 . Forit @ -05=

A POSTERIORI SCHEFFE TEST:

*

MULTIFLE FANGE TEST

SCHEFFF, FROCEDURE

RANGES FOF THE 00050 LLYEL
A DENOTFS PalRS UF GROEE STun Lo fmn LT
UTEE ERENT AL THE D L AL '
' 656 GG 6 GRPO1 = LIMESTONE
R R R RR
A A GRPO2 = GNEISS-A
00 00 0 GRPC3 = SCHIST-A
ME A GROUP 4 %5 3 2 1 GRPO4 = GNEISS-B
.0052 GRPO4 \ GRPOS5 = SCHIST-B
L0052 GRPOS
.0054 GRPO3
.0057 GRPO2Z X £
.0084 GRPO1 % Kk & X .
10NEWAY . .




o

101

- revenled that all have been'metamorphosed| the difference is

. that gneiss-A was believed to originally havs been an, igneous

rock (granite)," whereas the others were sedlmentary in origin,
Although both the sedimentary and igneous rocks had been
met amorphosed, only gneiss-A and schist A had undergone ‘high
grade metamorphlsm whereas gneiss-B and schist-B had not.Usually,
when rocks undergs high grade metamorphism, smaller minerals
gre formed\ and the matrix'is-much finer. This means that the
rocks would tend to be more impermeable'than the lower grade
metsmor?hosed rocks., The resultant saturation values for
gneiss -A snd schist A tended to be similar. and at the same
time different from gneiss-B and schist-B (see Table 6, 1 hour
L.T. values). '

It is now possible to evaluate hypothesis T completely.
The hypothesis that the intertidal degree of saturation varies
according to elevation within the intertidasl zone and according
to rock type must be accepted. The degree of saturation of
coastal rock within the iﬁtertidsl zone varies accordimg to
the length of the submergence peridd-aﬁd the tidal'hsad

.pressurss which act on the rock.

k.3 Intertidé; gnd Suprgtidal Sgturation
In order to statistically evaluate the subhypothesis

that there is no level of permanent saturation of coastal
rock within the intertidal zone, a series of one sample t-tests
were performed using the following L.T. elevation data valuess

limestone 2 hour submergence. and gneiss and schist 1 hour
submdrgérce periods. The mean which these samples were tesgted

(
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against was that of ﬁbéolﬂte_or vacuum Baturaiioh,_ The t-tests
wgre'directional because it was'hypothesized that thé L.T.
elévaﬁion gaturation values would be less than the.abéolute.
saturation, for each rock type. The results reveal that
there is a statistic'ally gignificant difference between the
degree of saﬁurg%ion at‘tﬁé‘L.T. elevation and that of.abso-y
lute saturation{}for each rock tyﬁe (Table 19}, The pérticﬁ-
larly high topg Value for limestone indicates the magnitude
of the différence, énd this is readily seen by comparing the
L.T. elevation saturation values with that of absoclutbe.sat-
~uration (100%)(see Tﬁble 6). Thérefbre. this subhypothesis
was acéepted. This is because of the fact that in order fér
an intertidal level of permanent saturation to exist, the

not found to be the cgBe. Although extremely high intertidal

coastal rock within.i;zx zone must-be saturafed. This was
degrees of saturation exist, the coastal rock is not saturated
within the intertidal goné. Althoug@atﬁis distinction may
see£ trite, it neverthéless must be stated because it is pre-
cisely upon this intertidal level of saturation which the
weathering school of thought bases its various theories of
shore platform development.

Next, a series of one sample t-fests were performed

Using the adsorption data values, so that the subhypothesis

tion/saturation values would be 1ess_than'that of absolute
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. jsaturation the t-tests were directional. The reSults néveal
that there is a statistically significant difference in tha |
' saturation values between adserption and absolute saturation
(Table 20). When the means of the e_xperimerrtal data are
consider'ed (Table 1), this becomes’- apparent, especially for
the limestone, and is so indicated by the extremely high t oba
value (Table 20). | -

» Summing up what has been revealed by the data. it is
now known that there is neither an intertidal nor 'a suprai:id?al
level of permanent saturation within coastal rdck. The hypo-
thesgis which stated this can be accepted. However, there
are very high, and in some caées.extremely high‘degre'es of
saturation wi’lc‘hi.n the intér't:idal zone, but not the supra- -
tidal -'zone. The results imply that there cannot be a distinct
breé.k in the efficacy of chemical weathering processes oper- .
at ive o_h coastal rock above or beloiv the elevation of a

~

gsgturation zone. |
However, with regards to the role of frost action
within tile“ intertidal zone, the attainment of critical sa:tur-
ation is very important. It has prev_ibusly be;en noted that
~ damaging i’rost induced pressure can only be exerted if a
'rock is Eritically gaturated. The critical saturation level,
however, ~varies with each rock type, but values are generally
‘high enough to suggest Itha't. frogt shattering may be. operative
within the intertidal zone. This would occur at the low |

tidal elevation for schist-A &B and gneiss-B, but not for
gneiss-A nor limestone. The results of this study have
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TABLE 19

T-TEST RESULTS ON INTERTIDAL PERMANENT SATURATION

ROCK TYPE

. LIMESTONE
GNEISS-A
SCHIST-A
GNEISS-B
SCHIST-B

- daf

3T

23
39
31

31

Tobs Terit
-151.07*  1.697
6.25% 1,714
-5.20%  1.697
~2.19%  1.697

_2.06% 1.697

df = n-1, where n= number of pairs

LEVEL
= df-uaed
05 30
.05 23
.05 30
.05 30
.05 30

» indicates a significant difference @ <

-

TABLE 20

. P-TEST RESULTS ON SUPRATIDAL PERMANENT SATURATION

ROCK _TYPE
LIMESTONE
GNEISS-A

' SCHIST-a
GNEISS-B
SCHIST-A

dar
37
23
39
31

31

Tobs ?gzli_

~173.75% 1,697
-73.25% 1,714
-38.82%  1.697
-57.89%  1.697
-39.15% 1,697

df = n-1, where n= number of pairs

LEVEL

o< df uéed |
.05 30
.05 7 23

.05 30
.05 30

.05 . 30

* indicates ‘a significant difference @ <
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revealed-that the degree of saturation aear the high tidal
level 'ig not even remotely cloee to the necessary eritical
eaturation levels in any of the rock types for frost ehattering
to occur. Yet paradoxically, frost shattering may occur at
the high tidal level or within the gupratidal zone. Pools
of standing water or meltwater from the icefoot on, the plat-
form surface night tend to provide isolated spots of critic-
ally eaturated rock. When the tide flows out to sea uncovering
‘the platform, immediate freezing (if the temperature is low
enough), might therefore result in a limlted amount of sur-
ficial damage to the-platform by frost shattering. Similarly
in the supratldal zone, groundwater flowing out from the
cliff face, or meltwater from the icefoot, or from snow and
ice on top of the cliff trickling down the cliff face might
saturate the extarior of the cliff face. In this situation,
when the temperature frequently fluctuates about the freezing
point, gome frost damage may occur on the cliff face. The '
magnitude of this event requires further study before it can
be incorporated into the overall picture of "frost shattering
within the imtertidal or gupratidal zone. .

b L4 - Field Work

! Although the ‘data from the field work werelanalyzed,
they were not'eubjected to any statistical testing procedures
because of insufficient samples. _Indeed. it was not‘the
intent to go out into the fielc} and gather data whi}ch could
be statistically 't:esi;ed, but 9‘ather field data which represemnt
the environmental conditions, so that they could be compared
with the .results Of‘the laboratory work.
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The\results'of tﬁe_rield data were classified according
to rock type, location (Mont Louis/Madeleine-Centre), and B
_site (platform pools/platform surface/cliff face)(Table 21).
When‘alllthe_poql samples are compared as a group to éillthe
pla rm samples as a group, the pool racks imme@iately ﬁoi-
{:;T:ZZexposure have a satufation_value of '96% and the;
platform gurface rocks have a saturatiqn value of 92%.
Therefore, the saturation vélues'are'similar) with the pool
rocks having slightly higher degrees of saturation than the
platform surface rocks, at‘the time when the shore platform
first became‘exﬁosed. This is because the pobl rocks may
have beén submergéd from.tens to hundreds of houfs, rather
than désorbing during tidal ebb. Rocks on the platform
surface, on the other hand, undergo cyclic wetting and dry-
ing, and are suﬁherged for only about half the tidal cycle._
The submergence pefiod clearly- then influences the satur-
ation values attained by the rock for its particular site
on the shore platform.

When a general anélysis‘of saturation at first ::>
exposure by rock group_is conducted, the pool rocks have‘
higher saturation valués than the'platform surface rocks.
The igneous rocks are generally saturated if they are-found
in pools but the metamorphic and sediﬁentary rocks in pools
also have‘extremely high saturation ﬁalues. The platform
surface rocks which are metamorphic attained only mo@erately
high degrees of saturation as a whole, whereas the sedimen-
tary rocks attained extrem high saturation values,

slightly higher than those found in the pools (2% higher).
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TABLE 21
GASPESIAN SHORE PLATFORMS: DEGREES OF SATURAT

ROCK TYPE o # WEIGHED AFTER _EXPOSURE* AT INTERVAL #
T SAMPLES 1. 2 . 3 4 5
SHALE: A - Y, 6 98 91 82 T4 71
:B 5 97 © 84 . 81 80 81’
| :C 4 99 93 94 88 91
CHERT: A 1 100 100 96 91 . 83
GREYWACKE: A > 100 92 86 81 71
B 2 100 - 100 93 . 100 100
SANDSTONE: A 2 82 89 78 78 75
:B 2 100 82 . 80 79 78
R :C 3 90 81 77 7 72
SILTSTONE:C 2 96 19 86 75 75
SLATE: A 1 100 84 | 68 68 63
MARBLE: A 2 97 91 84 79 64
GNEISS: A 1 83 67 " . 50 50 33
:C .2 91 64 N 59 . 64
FAULT BRECCIA:B 2 100 68 . - 60 72 60
:C 1 57 35 35 30 27
' ANORTHASITE: A 1 100 100 .18 67 ‘ 67
QUARTZ 1 100 100 100 100 © 100
SYENITE: A Temperature range:
A = Mont Louis shore platform pools 10 - 17 C
B = Mont Louls shore platform surface 10 - 16 c
C = Madeleine Centre shore platform surface 11 - 14°C
#1 = as the shore platform was exposed
#2 = 2 hours after exposure
#3 = 4 hours after exposure
#4 = 7.0 hours after exposure for A,B; 7.5 hours for C
#5 = 10,5 hours after exposure

CLIFF SAMPLES: DEGREE OF SATURATION @ RELATIVE HUMIDITY

{# SAMPLES)
: Ment Louis Madeleine Centre
SHALE 100@ 100(1) 79@ 88(3)
GREYWACKE 18@ 100(2)
SANDSTONE . ‘ : 7@ 88(1)
SLATE 69@ 100(2)

\.,"‘
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-.The desorption'curves'reveal somérinterestinglpatterns -
' when'studiéd by rock grouping'(FigB. 124223. One of the im-
ﬁdrmeable and. nornporous igneous pool rocks remﬁined saturated

3 fhroughbut the entire desprption period while the other desorbed:
water only after being exposed for a‘coﬁple_of hours. These
rocks do Qotrinitially desorb easily whéiever water they con-
taihf Tﬁe sédimentary focks uéually have extremely high sat-*
uration values at exposure, and thereafter desorb water at a
moderate rate, Qﬁéreas the metamorphic rocké, which have
attained very_high saturation values, haw.re‘markec_ily rapid ‘
desorption rates;'followed by stabiliggstion. The platform
surface rocks, on the other hand, digplay°differen; desorption
patterns. The sedimentary rocks start from Hiigh to extremely
high degrees of saturation,hand initially desorb at a slow

to moderate rate and then stabilize. The degorption rates

of the metamorphic rocks follow one of two patterns. They
rapidly desorﬁ frommoderate éaturation values to become more
stéble or start at very high degrees of saturation and desorb,
then adsorb, and then desord again, in regponse to the
changing relative humidity.

It should be noted that these desorption rates have
occurred Qnder the environmental cenditions encountered during
a typical late spring period in.the study area. Different
weather conditions would undoubtedly influence the desorption

rates.
Certain anomalies were noticed when the data from

the field samples were analyzed. Particular samples were

A
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found to be losing welght in their dry gtate, influencing _
the measurement results. " Thege- mregularities are the result
of natural procegses continuing to operate in the laboratory,"
as well as natural field conditions which were not discovered
until laboratory work had begun.: These involve such things
as .ﬂakiog of the shales because of salt crystallizetion and/
or vvetting and drying. One shale sample 1in particular was
discovered to have completely shattered along cleavage planee
si‘ter only a few procedures were performed (#12). Other

samples were surrounded by small pieces of rock after they | )

" were taken from the oven and left on a table overnight.

Some of this disaggregation may have been the result of hand-

ling, but the rocks must have been considerably weakened
beforehand. One greywacke semple was observed to flake on
its bottom side after oven drying; closer inspection revealed
that it was algae covered (not noticed in the field) and that
the algae dried up and flaked off after being placed in the
oven. Such a. gample would naturally have a greater weight
shen measured in the field than when measured in the labora-
tory. Also, tiny mollusks were observed to be attached to
the rocks as tzley were sampled from the shore platif‘orm, and
it is possible that those not removed in the field were de-
tached later in the laboratory. Although the field samples
were surface dried with a towol befere fileld measurements
were taken, algal coverings and inacoes%égle surface irregu-

larities may have prevented all the water and foreign material

from being removed. Such conditions might conceivably make



it very difficult to obtain accurate field measurements
quickly, since many platform samples had to be collected .in
as brief a time pfriod as is reasonably possible after the

'shdre'platfbrm_bqqgme_exposed.

Comparison of the field data with ‘the 1abaratory data’

is difficult. The only real comparison between similar rock
types which could be made was between ghsiéa from Gaspe with
.'the gneiss-A&B used in the laboratory experiments. The com-
parison however, had to be made between platforms located
near the high tidal elevation, uéing the 1aboratory”results.
" with platforms located near the mid tidal elevation, ueing
the field results. The experimental data may be considered
to represent Australasian high tidal platforms, which may
then be compared with Gasﬁésian mid tidal platforms. The
laboratory results indicate that high'tic;al platforms in
‘gneigs-A and gneiss-B rocks in microtidal regimes achieved
27% and‘25% gaturation respectively (Table 6). However, the
mid tidal platform in gneiss rock from Gaspé had achieved 91%
‘gaturation on fhe platform surface at Madeleine-Centre and
B3% saturation in platfprm pools at Mont-Loui§ after being
uncovered by the tide (Table 21). - It appearsy therefore,
that the laboratory results, confirmed by the field results,
indicate that coastal rock within the intertidal zone is
not saturated at the mid tidal elevation or above.

It is pogsible to make comparisons between the
laboratory and field resﬁlts for the different rock types
found at the same intertidal elevation. Generally the

w oo
wr
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Gaspésian pool samples at the mid tidal elevation had extremely
high gsaturation values, most 5eing eatureted or nearl& 80.

Only the sandstone and yhe_gneiee had low vaiuee; and these
were in‘the low B0's. Platform.ehrfaee samples at Mont-Louis
and Madeleine-CenEFe neariy alllwere 90% saturated or greater,

_ the only exception being the fault breccia on the Madelelne—"-
rCentre plaxform ‘which had only achieved 57% eaturation after -
' exposure. ‘Somewhat lower saturation valuee were ‘obtained ‘with-
the laboratory samples which were eubmerged for the longest
time (2 hours) at the mid tidal. elevatien. The limestone

- had a rather low value of 57. 4%; the schigt-A had achieved

81. 5% saturation, which is more in line with‘fhe lower
Gaspésian values; and schist-B had obtained 94,1% saturation
which is quite similar to the majority of the Gaspésian
values; gneiss-A was B88% saturated and gnelss-B 81% saturated,
both being somewhat lower than in the field. There may be

tﬁo reasons for the higher gaturation values in the field:
first, 'unlike the laboratory rocks, the fleld rocks were
weathered and probably in equillbrlum w1th the processes
acting upon them, so that the maxlmum saturation p0331b1e
under those corditions was achieved. The laboratory rocks,-
with their lower saturation values, may not have been in
equilibrium with the test conditions although they were
gubjected to 5 'tidal® cycles before meaedrements were taken.
Probably of more significance is the fact that the platforms
were Qater covered for approximately 7 hours of @ semidiurnal

tidal cycle, compared with only 1-2 hours in the lagboratory.



Pérhapsréuch a submergence period is necessary in order to
achiefe_critical aaturafioﬁ of the intertidal ;6cks. )
 Samples of coastal rock from theaélif: face above the
high tidal elq&ation_wére collected‘so that a compariaon could
be made wifﬁ the results of the adsorption experiment in the
laforatofy. Whéh the dsata are compared, the vast differences
in the degree of sathration are readily noticéd‘(cf. fable'é

with Table 21). All the laboratory rocks had fairly low.

. saturation levels., The metamorphic rocks were exposed at a

PR

relative humidity of 94% for 12 hours. Thg.gnéiss rocks hﬁa.“
values in the low and mid 20's, whereas the schists had sat-
uration values in the mid 20's to low 30's. In the fieid{
met amorphic wlate in_Gaspé achie@ed 69% saturation, at a _
time when the relative humidity was 100%. Although it is
not:knowh how long this state of satureted alr existed, it
probably did not exist for the'12 hours prior to sample col-
lection. In the laboratory, coarse‘graihed, porous, ahd
permeable limestone atfained only 0.9% saturation, with a
relative humidity of 94% for 12 hours. The Gaspéslan sedi-
mentary rocks achie\;ed 7% saturation at 88% relative hiimidity
(sandstone) &nd 18% saturation at 100% relative humidity
(greywacke)., However, the finer grained, less porous, andh
less permeable shale wag gaturated at a relative humi@ity

of 100%, and attained 79% saturation at 88% relative ham-
idity. These results reflect differences in rock type re

adsorption. Saturation of some argillaceous rocks, especially

gshale, is possible under high humidity. Since adsorbed water
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is virtually unfreezable, however, breakdown is by temperature
‘dependent wefting and drying, and possibly chemical action.
The relatlonship between desorption in thé field, and
relative humidity is graphically represented according to
location and site. for each rock type.(Figs. 12-29). The

s
rates of desorption seem to follow certain patterns. The

P

" gnorthasite’ (Fig. 19) and fault breccia (Fig. 29) show rapid
initial desorption followed by a continued, though much more
gradual desorption. The slate (Pig. 16), shale (Fig. 21),
and sandstone (Fig. 23) exhibited rapid initial desorption,
but thié wﬁsrfoiiowéd b&-a levelling off of the desorption
rate. Consistently moderate rates of desorptioﬂ cﬁafacferized
the sha{f (Fig. 12), greywacke (Fig. 14%), and marble (Fig. 17).
Rocks which desorbed, for the most part; at a gradually steady
rate throughouﬁ the centre exposure pefiod were chert (Fig.ljj,
ghale (Fig. 25), and sandstoﬁe (Fig. 26). The gneiss (Fig.18)
displayed rapid initiél desorption, then levelled off, and
then once again desorbed rapidly. All these curves followed
the general pattern of desorbing water during exposure. How-
ever, some‘anomalies existed in which this general pattern
was not followed. The quartz syenite (Fig. 20) did not de-
gorb arﬁ,r water at all, but remained saturated throughout the
ermtire exposure period. This norporous and impermeable rock
was the only pool sample to do so. The impermeabil ity of
this kind of rock does not allow water to be lost easilys

this may account for the water retention, It alsoc absorbs

water very slowly, however, and could only attain gaturation
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Ny
,in deep rock pools which do not completely drain during the
low tidal period. The greywacke (Pig. 22) showed'a similar -
result, except that if;desprbed‘water a few hours sfter being
exposed, and was‘a platform surfabe samﬁle. At its low poimt
on the curve, the relative humidiéy is high (90%) and it ap-
pears that the clay matrix of this rock may have begun Qo‘
adaorb water under such conditions, explaining the return to
a saturated state. This same phenomenon may be operatlve"
with the sandstone as well (Fig. 15). Uﬁon expesure, the
rock was approximately 80% saturated, but the air was also
. saturated with moisture. Again, adsorption by the clay min-
‘erals in the rock seem to account for the‘increase in the
' degfee'ofésefuratiOn. up'tO'the'point'where'the'two-curves
almost intersect. Thereafter the sandstone desorbed water
as the relative humidity decreased. The siltstone (Fig. 27)
and gneiss (Fig.'28) were from the same 1oca$10n and site,
and experienced the same general desorption pattern. These
rocks initially rapidly desorbed, as the moderate relative
N humidity increased. Thereafter, they adsorbed water as the
. relative humidl&y decreased, desorbed as the relative hum-
idity fluctuated, and then %eeeed to absorb water slightly
(gneiss) or stabilize (siltstone)._ The response of these
rocks may have lagged the changing relative humidities, but
this is difficult to determine from a discrete, rather than
continmuous measurement of rock weight and relative humidity,.
Comnt inuous measurements of the variables might reveal a

somewhat different desorption pattern. The fault breccia
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(Figy'gﬁ).pgvgaled a‘similar pattern of desorption._aﬂs&rptioﬁ.
then desorption, but was measufed'uﬁder different conditions
than the gneiss or giltstone.  Instead of:oécillatiﬁg relative
humidities, ihe fault breccia was subjected to increasing :
relative humidity to a high of 90%, then a cont inued moderate
décreage. However, ﬁerhaps a lag in the rock's response to
its environment.may account for this desorption pattern.

~ No comparison can be made-between 1aborafory and
Gaspésian field desorption results, as dgsorﬁt.‘n.was not
studied in the laboratory. However, a compardson between
. the Caspésian results and the. guthor's previé study can be
made (1980), since desorpfion in the 1aborétory‘was sfudiéd‘
then, Those results reveal a consistent pattern Yor all the
' fééké.sfﬁdiéd; 'ah'éxtfemélerapid initial ‘desorption which
is continued, but at a slower réte, followed by a moderate
desorption and ending with an extremely répid desorption,
However, these laboratory samples were.not subjected to varying
températures or relative humidities, but to a constant tem-
pefature‘and moderate humidity during the deéorptioﬁ-period.
The fans within the environmental chamber which circulated
the air to maintain the constant temperature unquestionably
" contributed to the rapid desorption of the rocks. Such tur-
bulernt conditions did not always exist in the field, hence

the lower in‘situ desorption rates which were experiencéd by

the Caspesian rocks.
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CHAPTER 5

CONCLUSION .

5.1 .Model evaluation

The a prioril model (Fig. 2) includes both the'sorp—

. tion and desorption aspects of the saturation of coastal
‘rock, although Jnly the sorption aspect was considered in
the laboratory experiments._Those results suggest that. the
saturation of coastal rock variles between rock types, and
according to the intertidal elevation of the rock,. Gener-
ally, there is a greater differenoe between sedimentary
rock and metamorphics, than within the metamorphios alone.
The limestone had attained only moderate saturation values
immediately following immersion, the metamorphic rocks,
however, had usually attained very high saturation values,
and in ceftain situations, they prodbably approached a
saturated state. The gneiss-B and schist-B.rocks, following
immersion, approximated the saturated state morego than
the goeiss-A and schist-A rocks, under the same conditions.
Generally, a pattern emerges which is consistent hetween
all the rock types, when the intertidal saturation values
of each rock type are considered. The saturation of coastal
rock does indeed vary within the intertidal zone, with the
least amount of saturation occurring at the high tidal
elevation and the greatest saturation oocurring at the low
tidal elevation (approaching a saturated state following

immersion, particularly for the gneiss-B and schist-B

134
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'rockéj. Howevef, the pefﬁanent‘saturafion level of coastél :
rock was not.founq‘to exist inteftidallyt The Iabopa£ory
results also revealed that coasfal rock in the supratidal .
zone is generally far from being saturated; és all satur-
ation valugs/wéfé low (under 2< 30%), with the limestoﬁe
being almost dry (0.9% saturation). |

The f%e1d fesults_genera11y confirmAthe_finﬁings of
the laboratory éxperiments, Howevgr, th saturation
vaIues'for the field éite were génerally higher. This
indicates that‘although the salient parameters o®the

“environmental setting simulated in the 1aboratory were

largély accurate, there_is;Bt}Il ‘some Vafiétion‘which the
a priéfi modélhhés not been able to account for. It seems
then, that alfhough the model closely represents the
environmental settiﬁg, there is still room for improvement,
it ﬁas recently been demonatféted that horizontal
shore platforms can develop in areas where chemical
weathering down to the saturation level can be'eXCluded
(Prenhaile, 1978). This occurs in cool environments such .
as eastern Canada. Even in warmer climates sucﬁ'ag
Australasia, horizontai platforms occur where there is ﬂo_
marked level of permanent saturation of inpertidal rock,
éeparating unweathered rock below from weathered rock
above.'In such situations, there is a gradual transition
in the degree of saturation from the high tidal level,
which is very unsaturated, to _the low tidal level, which

is nearly saturated. Mercan (1980) found that the saturation
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“.of rock within the intertidal zone fluctuates withffﬁ‘*’
‘submergence period, rock type, and seasons. The chemical.
proceeeee at work within the entire intertidal,zone
weather all rock to some degree, so that there is-no
unweathered rock within this zone, This study goes fﬁrther-
to suggest thet‘the role oflchemieal weathering, even in _
warm, wet climates, is ineffective in developing heriﬁoﬁféi;“
shore plapforms, cther than weakening cliff et}ﬁepuree.
80O preparing them for wave. erosion, which may otherwise be
. too .weak in some areas to accomplish sufficlent cliff
recession,

| This‘sfudy has revealed that the saturation level
of coastal rock is located below the'low tidal elevation,
.and opposes Bartrum's assertion (1916) . that the satur-
ation level is between the mid and high tidal elevatione.
As weathering is believed to operate down to the saturation
level, revisions to these theories of platform depeIOpment
are required at the very leasf.

The data from this study support other evidence
(Trenhiile, 1980, in preparation-b) that horizontal shore
platforms just below the @iéh tidal elevation cannot be
the result of weathering. Yhis is because: a) the permanent
saturation level of coastal rock does not exist intertidally;
and b) the amount of water saturation in coastal rock
variee with the tides, and with rock type. The saturation
level below low tide (Fairbridge, 1952) must exiet,hbut

most horizontal shore platforms are located above this
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level (Qrénhaile, 1980) . Fros{;action cannot planate
intégtidﬁl shore_plétforms because: a) the aafuration of
”éééstal rockg atrthe moment they first.beéome‘eiposed is
. not sufficiently high for frost action to operafe a#.the
high tidal‘eleQation, b) there is no abrupt change from
.saturated £B ﬁnsaturated rock within the intertidal zone,
and ¢) high initial saturations occur in somé rock types
at all elgvations within the intertidal zone: although
. this tendency increases towards the low tidal level. Many
rock types may be subjebt to frost action in the intertidal
zone, 5ut it is proﬁably host active, most often, and on
the greatest variety of rock types, neaf low tide. Plat-
forms could only be-planated by frost at this low eleva-
tion, but the elevations of platforms in the cool mid and
high latitudes actually range from the mid to the high'
tidal levels. It would appear therefore, that they have
been planated by processes other than frost.

Unlike frost, the rate of desorption of intertidal
rocks upon exposurélis of crucial importance to an eval-
uation of the weathering theory of platform formation.
There is no fixed saturation 1evei in the-intertidal zone.
Rocks which absorb water quickly and are saturated upon
exposure to subaerial weathering, are also those which
lodseuwater quickly. There can be no.ma;ked break between
weathered and unweathered rock in the intertidal zone,
and sub-~horizontal platforms in the warm températe and
tropical areas of the world must therefore have been

L

planated by other processes.
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‘Physical and chemical weathering processes probably

play an important role in -the retreat of coastal cliffs

- in cool and warm environments, but there is no .evidence

“to suggest that they are able to operate only down to a
specific datum, thereby planating the residual surface.

This,‘and other evidenee which indicates that wave action

'ie_vertically concentrated within tiddl ranges (e.g.,

Trenhaile, 1978; Irenhaile and Layzell, 1980, 1981),

provide further support for the wave erosional school
(Bartrum, 1924, 1935, 1938; Jutson, 1931, 1939; Johnson,
1953, 1938; Edwards, 1941, 1951; Irenhaile, 1978, 1980,

in press-a&b, in preparation;b; Irenhaile and Layzell,

.-1980, .1481}).

5.2 Limitations of the gtudy '
' The major limitation of the etudy was that the distri-
bution of water in the rock was not known. One part of the
rock may have been.saturated (e.g., the outer shell)
whereas, overall, the rock was unsatﬁrated. Second, for
rock samples to be reeresentative'of intertidal rock, they
must be in the same condition as the rock in situ; there-
fore they sheuld be weathered to the same extent which
intertidal rock is weathered. Finally, a curve which
represents the rise and fall of the tides should be used
so that an accurate submergence period for a particular
intertidal elevation is obtained.

5.3 Recommendations for future research

The most important recommendation is that experimental
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' coastal inveétigatioﬁs should be designed which will use.
~realistic saturation levels, rather than-assuming‘that-the' '
" rock is .saturated. Also;‘rockfsahpléa‘fof:fhe iabofatOry- |
expérimentat;on should come from rqck located. within the

. Iintertidal zone o}-coastal areas. Thé desorption phenbmeﬁén
of wetted rocks should be studied alongside absdrption,'in
order to echieve a mére complete understanding orf the
saturation ofAcoastal rock. through a tidal cycle, partic-
ularly with regard to the role of chemical weathering.

Tﬁis might necessitaté concentration upon a single rock
type, but in greater depth and possibly also with a larger
sample size than was used in this stqﬁy. Perhaps it would

be more prudent to only study the saturation of intertidal
rock just above the low tidal elevation initially, because
"if any intertidal elevation will be found to be saturated,

it surely will at least occur at this intertidal elevation.
Another consideration which might be taken into account is
the type of tide in the study afea.‘Diurnal tides occur

once a day, but for longer periods-of time, whereas semi~
diurnal tides occur twice a day but for briefer time periqu.
Mixed tides occur twice a day, but the tidal head of each |
cycle varies. This variability of the tides will have
important consequences with respeét to a comparison between.
1aboratory,and field resﬁlts. These recommendations are
aimed at achieving a more accurate iaboratory gimulation

of the environmental conditions,.
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APPENDIX 1

. . Bulk Specific Gravity Results

Sample - BSG Sample . BSG . Sam l/“
Limestone Gneiss-A - - Schist=a
189 2,01 . 227 :2.28 251 2.41
190 2,01 228 2,27 T 254 2.39
191 2.02. . 229 2.30 255 2.40
192 1,98 230 2.28 258 2.40
193 - 2.02 231 2.30 261 1 2.40
194 1.99. 232 2.29 266 2.40
195 2.00 233 2,27 . 269 2.40
196 .- 2,01 . 234 2.28 271 2.39
197 5.00 ° 235 . 2bpg - 272 . 2.41
198 2,01 236 2.28 279 2.37 -
199 - 2.00 237 2.29 281 2.39 .
-~ 200 . 2,00 238 2.29 283 2.39
201 1,97 239 2,28 284 2,41
. 202 . 2.02 240 2,28 290 2,40
203 2,00 - 241 - 2.27 291 2.40
204 2.04 242 2,28 297 - - 2.37
205 2.04 243 2.28 299 2.39
206 - 2.02 244 2.29 301 2.41
207 2,02 245 2.29 - 303 C2.41
208 . 2,02 246 2.27 306 . 2.40
209 1.98 247 2.29 307 2,41
210 1.96 248 2.27 308 - 2,39
211 2.01- 249 . 2.29 312 2.41
212 2.02 250 - 2,30 212 g.i:
213 1099 . - .
214 2.01 - X= 2.28 316 . 2.39
215 2,00 C 321 2,41
. 216 1.99 _— 322 2.40
217 2.01 _ 323 2.39
218 2,01 o 329 2.40
219 2,05 ‘ - 331 2.41
220 2.02 : 333 2.41
221 2.04 . 334 2.4
222 2,03 . 336 2.39
223 2,00 . , 337 2,42
224 1.99 339 2.40
225 - 1.99 o 346 2,34
226 2.01 : : 242 g.gg
. 4 - N
X= 2.0 . 351 2.39
° 2= 204’0
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_ APPENDIX1 (cont'd).
Sample  BSG Sample  BSG

. Gnelss-B : 'Schist-B
252 2.31 257 . 2,33
253 2.31 259 2.32
256 2,30 264 2.31
260 2.30 267 2.34
262 2.31 276 2.34-
‘263 2.30 271 2.35
265 2.31 278 2.33
268 2,28 285 2.36
270 2.31 289 2.39
273 2.31 294 2.34
274 2.30 295 - 2.34
275 2.31 302 2.34
280 2.31 304 - 2.3%
282 2,31 305 2.34
286 2.33 309 2.34
287 2.31 310 2.34
. 288 2.18 311 2.35
292 2.33 315 2.34
293 2.32 318 2.34
296 2.31 325 2.34
298 2.31 327 2.34
200 2.31 328 2.34
317 2.30 330 2,34
319 2.30 335 2.33
320 2.30 540 2.35
324 2.31 341 2.%4
326 2.31 342 2.33
332 2.31 344 \\ 2.34
338 2.31 345 2.34
- 343 2.31 349 2.34
350 2.31 352 2,31
353 2.31 354 2.%4
= 2.30 X= 2.34
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APPENDIX 2

" Adsorption Experiment Apparafus Set;up

8. Precautions

8.1_The-folldwing precautions should be observed in
the use ‘'of any bf'tpe three'Methods A, B, or C for
obtaining cpnstant'felative humidity.

8.1.1 Container - Although an airtight container is
called for by both Methods A and B, it may be desir-
able to have a vent under certain conditions of test -
.or with some kinds of contalners. . . . The container
should be small in order that the temperature through-
dut the container will differ little from that of the
solution. The volume of the air space per unit area
of surface of solution should be low, Ten'cubié inches
or less pér.square inch is advisable unless a larger
volume is necessary because of the size of the deﬁice
tn be conditioned. Creepage distance over the surface
between the solution and the material being condition-
ed should be long enough to prevent the solution i
creeping to the material'being conditioned. Creeping
is more likely to occur with some of the salts than °
with either glycerin or sulfuric-acid solutions.

"Source: ASTM (1981), Part 41: E104-51
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APPINDIX 4
DEFINTT TONS

Absorbed Water: water retained mechanically within a soil

v

mass and havine properties similar to those of ordinary .

-

.water at the same tempefaﬁure and pressu}e.

Adsorbed waters Qatef neld by adsorption, =as contrasted
with absorption‘anﬁ chemical combination., Its physical
pronerties are substantially ﬁiffefent from those of
ahsorbed water or chemically combineé.water at the same
temperature and ovressure. Adsorbed water in solil
[rocﬁ] is-ﬁéld s0 stronely that it is resistant to the
pull of =ravity and to naﬁillafy action,

Sanillary frinre (capnillarv rise): immediately above.the
water tadble (Y =0), there is a zone that is saturated
with water, or nearl&-so, hecause 2 certain suctioen
must be reached before any substantial reduction in
water content can he_produced.' fhen, above this zone,
there ié a marxed drop in the water‘conte%t with a
relatively small rise in the capillary pressure. 'rhié
zOone cor{ains most of fhe”water present in thé zone of

_é nearly saturated zone above the

, wnen it occurs, is the capillary

frinee, Within the capillary fringe, there is usually
a cradugl decrease in moisture content with height above

the water tahle. Just above the water table, the . pores

14 4
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are nracticallyfsaturated. Toving hicher only thé_smaller-
connected pores eontaiﬁ water. Still hirher, ordy'the
smallest connected ﬁores are still fillen with Qatefr
Hence, the upper limit of the capillary fringe has an
irrecul ar shave, In the. capillary Frinyg, the pressure

a.less than atmospheric (W’(\O), and veryical as well

-

P

. . " ] '
as horizontal flow of water may take nlace.

Material Zarillary Rise (cn)
. . "3‘0‘:1?8&‘: '.’S—E."ld 2 -3
sand 12 - 353
Tine sand 35 - 70
sils 70 - 150 ;
. el ay 200 - L00

Groundwater: all waters “gund Yeneath the rround surface.
Permeabilitys an averare (or macroscopic) medium property

-

that measures the ability of the vorous medium to
. transmit fluid throush it (rate of flow).
. Fhreatic surface = water table

Forcsitys the ratic of the volume of the total void space

to the bulk {total) volume of a porous_me% um

effective porosity: the‘ratio pf the ifnterconnected
pore volume to the total voiume of the fedium (with
at least seberal gont inuous paths from jone siae of
the medium to the other).

- primary_porosityl- porosity due to the mediun matrix
- secondary porositys porosity due to solution or

fracturing.
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Saturated, Saturatién: Corex (%977) made a distinction between

thé use of the wbrds séturated‘and saturation., In a two
-phase system {1igquid and raé} within a'rgﬁk; the volume
fraction of the total pore volume that- is occupied by
the 1liguid is termed saturation, which should not be
confused with the term saturated, which means that only
a-liquid phase exists, The;liquid‘phase of the two phase

4 . | .
svstem is referred to as dezree of saturation, therehy

N

implyine that the roek is not water saturated, hut

*

containg some tranned ras.

Saturation Zones all the interconnected interstices (pores)

of the rock formation ahove some impervious stratum are
completely filled with water. It is bounded above by
L
a water table, or phreatic surface.. This is a surface
1

on which the pressure 1ls atmospheric.

Vadose zone: extends from the lower edre of the soil water

Void

zone to the upper limit of the capilléry zone, Non-

mov ing (péliicular) water in the vadose zone is held in
place by hyrroscoplc and capillary forces. Té"morarily,
watef moves dowrward throush this zone as cravitational
water,

space (pore space, pores, interstices): that portion

of the rock not occupied hy solid matter or that space

_within the porous medium that is not part of the solid

matrix.
- void ratios the ratio between the volume of volds

and the volume of solids,
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Water tabler the surface at which the fluid pressure (p) in
the pores of the porous medium is eiactly?equal to
atmosﬁheric pre§éure; i.eﬂ,‘f =0,

~Zone of aerations Bégrlies thglzone of éaturation.- The pores
contéin hoth sases (mainly aif and water vapour) and
‘water, ' Tt extends from the water-table to the ground -
surface, It usually consists of three subzones: the

=01l water zone, the intermediate zone (vadose water

zone), and the capillary fringe.

Source; American Ceological Institute, 1972

Bear, 1972; “orey, 1977; Freeze and Cherry, 1979.
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