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Inland degradational trends of coastal dolomite pa vement s (on the 
Am abe1 formation near Tobe rmory Ontario - Map 1) were examined in three 
wave energy settings: passive, intermediate, and act ive shores. 

Six pavement property trends were examined to determine the effect of 
l ow fetch lengths (7- 10 km - Ford 83) and long shallow wave approach (Map 
1) on the break-up of passive coastal pavements (south-west Bear 's Rump 
Island): vegetation cover , grike dimensions, fracturing, pitting, 
shattering and flaking, and soil and rubble depths. 

Detailed analysis of smaU scale s urface solut ion features, "karren", 
was undertaken at five .l m sample gr i ds on the i nte rmediate average fetch 
70-90 km - Grosset 85) Cyprus Lake provincial park pavements . 

Pavement di sint egrati on on t he active northeast coast of Bear 's Rump 
Island (average fetch of 75 - 100 km - Ford 83 - and a steep bathi metric 
profile) was i ndexed by dimensiona l changes in solution corroded joints or 
"gri kes". 

Maste r bedding s urfaces, present and past lake levels, and vegetation 
were found t o be the dominant control s on inland pavement di si ntegrati on 
for active and pass ive coasts . The first two factors were more important 
to pavement break-up on south-west passive Bear's Rump, whi le the latter 
ga ined potency on the wave at t acked north-east shore. The effect of 
vegetation intens ifi ed solution on grike width, a pavement condition inde x, 
was quantified (Appendix II I) and expre ssed in terms of maxi mum added width 
(in meter s ) at gi ven inland di stances. 

Four surface t rends, depende nt on di stance from water, exist on Cyprus 
Lake pave ments ; karren variety, surface morphology, exposure age, and 
vegeta tion cover. Vegetati on effect on grike width (Appendi x III) was 
calculated in the same manner as the active Be ar ' s Rump examples. 
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1.9 OIAPTF...R INTRODUC'J'ION 

The purpose of this thesi s is to analyse the na t ure of coastal 

dolomite pavement and its degradation inland on active, i ntermedi te and 

passive shorelines. Dat a was collected chiefly from Bear's Rump Island 

located in Georgian Bay just off of Tobermory (Map 1.0). 'fhere were two 

additi onal mainland sample sites at Cyprus Lake Provincial Park and Dyers 

Bay. This introduction wil J define terms, descri be l ocal geol ogy and 

modi f.i cations, descr ibe coastal karsts , and outline the sampli ng method 

employed .in the field. 

1.1 RELEVENT DEFINITI~S 

Karst - The main geomorphi c 
\ 

process at work in the study area is the 

di ssoluti on and selective removal of dolomite bedrock. This is known as 

"Karsti fica tion" and i ~:.s effects are observed on the Bruce Peninsula 

outc rops e xamined. There ar~ generally three classificat ions of Karst 

namely holokarst (perfectly developed karst landforms with a subterranean 

hydrologic system;, merokarst (imper fect karst generally soi 1 covered with 

minor underground development), and t ransitional karst (between end members 

showing dee p Karstic forms) [Sweeting 72, Cvi ji c J. Another class 

suggested by Jennings is free karst; which is karst that can drain directly 

into the sea wi thout intervention of different hydrolo0i cal sys t e ms 

[Je nnings 71]. This is the Karst class of Bear's Rump Island whe re there 

is s imple surf ace and ground water drainage to the lake. 

Karre n - The result 0f karst processes on the dolomites are 

d i s ti. nr.ti ve small scale surface corrosi onal patterns known as "karren". 

Five vari eties of karren; kluft karren, pi t karren, rund karren , spitz 
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karren and Kamenitzas, were observed in the fi eld a rea . Solutional 

exploitation, usually along master joint systems (largest, most regular but 

widely spaced joints) [Ford 85 - thesis suggestion] lead to widened 

fissures known as "Kluft Karren" or gri kes. These fissures slice the 

surface into a series of blocks or cli nts thus the term "cli nt and gri ke 

totx>9raphy." 

Karst Pavement - Any process which scours and strips off layers of 

bedrock can produces a flat surface , "pavement", upon which soluti onal 

indentation such as Kluft Karren may occur [Ford 85] . Such morphologies 

are common on carbonate rock, the glacially scoured Amabel dolomites of the 

Bruce Peninsula are no exception. 

Active & Passive Shorelines - A high energy coast occurs where there 

is considerable fetch (obstruction-free water over which waves build) and 

relati vely deep water close to shore which allows waves to expend energy 

directly on the shore. The NW side of Bear's Rump Island is the studied 

example of such an "active" coast. In contrast "passive" coasts have 

shorter fetches and a shallow shelf extending offshore, causing waves to 

break before they reach land. An example is the south shore of Bear's Rump 

Island. The Cyprus Lake Provincial Park shoreline is inte rmediate between 

the t wo end members. 

1.2 STUDY HYPOTHESES 

Pavement degradation is a rather vague phrase. It is in need of 

indexing to permit qualitative and quantitative analysis. This may be 

accompli shed by examining changes in i ndi vi dual properti es of the pavement. 
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Grike dimensions are one of the properties considered. Pavement fades to 

obscurity inland (on BRI) and grike widths and depths also be come less 

clear away from the water. Since the grikes and pavement (as a whole) 

appear to degrade in a similar fashion grike dimensions may be indicative 

of the degradati onal state of the pavement. The more pronounced 

development of grikes near the shoreline could be due to increased 

hydraulic head (water draining to lake level over a shorter distance) [Ford 

85], availability of fresh undersaturated lake water (for renewed 

dissolution), and removal of the saturated boundary layer by wave action 

(exposing fresh carbonate). 

The gri ke dimension index of pavement condition is more powerful 

along active shorelines. This is because of fewer extraneous variables 

such as extens ive vegetation fill, and clint fracturing or flaking. 

Therefore the first research hypothesis wi 11 deal with gri ke widths and 

depths on the active NW shore of BRI wi t h the assumption that those 

dimensions are indicative of the overall pavement condition. It follows 

that independent variables influencing grike measurement also influence 

degradation. Therefore those independent variables are important to the 

understanding of pavement disintegration away from active coas ts. The 

formal hypthesis is as follows: 

HYPOTHESIS #1 

Inland depth and width changes of grikes are due to 

1. wave attack 

2. bedrock properties 

3. Gri ke fi 11 
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(Chapte r 4) 


Table 1.2.1 presents this hypothesis in the form of independent and 


dependent variable analysis. 


Tab le #1.2.l- --·--
poPENOENT VAR~ lt<DEPENDENT \'4 H !ABLES 

~Gr1ke Oimens10ns 2 .Bedrock Properties 3.Grike Foll1Wave Attack 

6 ,hor1zont• I d• t. iBnce B , ,01,, 1 o r1t! n lal 100 a . veve11111onB,•1dth 

. I 
b ,t ubble b.oeoth b,•• •l.COl Ols! law.ti" Jb.goo on '" " 

C.1n1oluole content C.ooil-d111 

The second hypothesis of 

this study (Chapter 2) 

d eals with paveme nt 

changes on passive 

shorelines, Grike 

dimensions alone are insufficient to describe the state of disintegration. 

Vegetation fill become mor e pronounced landward in the more habitable 

subaeri al environment above normal wave attack. Other variables such as 

pitting, fracturing, and flaking also influence pa vement break up. The 

interactions of those variables leads to a pattern of inland degradation 

which is the jist of the second hypothesis. 

HYPOTHESIS #2 

Passive pavement degradation involves a definite progressive change in 

a) vegetation cover 

b) rock fracturing - insitu-m::>ved 

c) pitting 

d) shattering and flaking 

e ) gri ke diTIEnsi oqs 

f) soil , rubble depth 

A more descriptive approach to analysis will be employed. 
Surface karren, an important descriptive aspect of karst pavements, 
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are affected by a degradjng pavement. Consequently an analysis of pavement 

break-up would be incomplete unless detailed inland karren changes or 

trends were examined. Cyprus Lake afforded the greatest variety of karren; 

pits, grikes , ka rnenit zas , and rund karren and consequently used for 

detailed karren analysis (Chapter 3). 

1.3 IOCAL GIDLCX;Y 

Sampling for thi s thesis came from the Amabel Dolomite at t he top of 

the Bruce Peninsul a. The Amabel formation is strat i graphically situated 

between the Guelph Fm above and the Fossi l Hi 11 Fm bel ow. The Amabel is 

comprised of 3 membersr the Lions Head member - blocky, dense, weathered 

dark brown, the Colpoy Bay - Wi rton member - pure , locally thin bedded 

intereefal strata resistant to mechanical erosjon, and the Ermosa member 

thinly bedded intereefal deposits. Only the Wiarton member develops good 

solutional weatheri ng fea t ures with a chemical composition of ca1.2Mg0_8co3 

[Cowell 76]. 

The Amabel and other formations of the upper Bruce Penisula are 

locat ed on the western rim of the Michigan basin, a depression of Cambrian 

age. Older shield rocks were weathered and transported into the basin 

causing slow subsidence. The Silurian climate was wa rm and created 

extensive shallow r eefs with a general NE-SW orientation. Subsequent 

partial basin cut off increase sali nities assisting i n dolomitiation of the 

carbonate reefs . The r esult is the resistant stra t a tha t is seen today. 

Some of the se reefa l structures are f ound in the Silurian aged Amabel 

formation found on the lower half of Bear's Rump I sland and at Cyprus Lake 
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Provincial Park. Reefal bioherms and intereefal mate rial of varying 

relative proportions and strengths form the flat, gently SW dipping (poorly 

developed) beds of the Amabel . Str uctuarally strong bioherms a r e usually 

s ituated between weaker, conformi ng intereefal beds which display intense 

construction joints (oriented 260-70/80-90, 320-30/140-50 on Bear ' s Rump 

Is land) [Goodchild 84] . 

Much of the Amabel has been scoured by glaciers to form pavements 

some of which we r e studied for this report. 

1.4 PAVF...MENT MOOIFICATION - Glaciati on, Karren 

Limestone (or dolomite) pavements result from scouri ng of limestone 

(dolomite) surfaces followed by soluti on [Sweet ing 72 , Jenning71,Chambers , 

ma ny othe r s]. In Canada glaciers have been the dominant scouring agent. 

Willi ams defines pavements as "roughly horizontal exposures of limestone 

(dolomite) bedrock, the surface of which :i. s a ) approxi ma tely parallel to 

bedding b) developed into a geometrical patte rn of blocks formed by the 

in t ersections of widened fi ssures. 11 

Goodchild provides a brief account of glacial effects on t he l ocal 

bedrnc k. The most recent glacial advance was impeded by the Ni agar a 

Escarpment a nd Algunqu i n Arc h. These barriers prompted i ce to move 

parallel to the peni n"'ula. Intense g lacial erosion occurred wes t of Cabot 

Head where the ice was forced to c limb the escarpment. Only very res istant 

a r eas s ur vived t his erosion. Bear's Rump Island i s one such area. 

There are three t ypes of factors affecting karre n development. First, 

passive factors whi ch involve relatively constant paveme nt properties such 

as pet rolog y, porosity, bedding and joi n t ing . Active features are 

http:ssures.11
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temperature, acidity of rai and soil water, and plant growth. Lastly 

there are historical factors, that is changes of controls over time 

(Jenning 71). The following is a list of specific factors which strongly 

influence pavement morphology. 

1) Lithology [Jenning 71, Cowell 76, Pluhar 66, Sweeting 72] 

2) Vegetation [Jenning 71, Cowell 76, Sweeting72] 

3) Climate - present and past [Jenning 71, Sweeting 72, Cowell 76] 

4) Geologic structure [Jenning 71, Cowell 76, Pluhar 66, Sweeting 72] 

Lithology is an encompassing term. It covers a wide range of 

properties cha racterized by bed properties, chemical and mineral 

properties, and porosity and permeability. Bed properties include bed 

thickne ss [Jenning 71)~ closely spaced beds a re detre me ntal to karren 

development due to insoluble material concentrating along the bedding 

planes [Ritter 78]. T2xture [S weeting 72]; fine grained carbonates 

restrict water penetration and therefore karren development to upper layers 

[Pluhar 66]. Chemical properti es such as Silica concentrat i on were 

investigated by Pluhar. She concluded that impurities, especially Si 

concentrations, hinder karren development due to interference in the 

solution process. 

The mai n ef fe ' t of vegetation is accelerated karsti fi cati on 

[Sweet ing 72]. Vegetati on i n the Bruce Peninsula occurs directly on 

e xposed carbonate rocks or with a meter or so of overburden [Cowell 76] 

which acts as an acidic sponge [Jennings 71]. Partial vege tation due to 

incomplete soi 1 removal or creation often genera t es solution pans 

(kameni tzas) [Jenning 71]. Total vegetation cover is effective i n gri ke 
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expansion and rundkar r en deve lopment. Direct lichen and moss growth on 

pavement can inti ate small hol l ows [Watham, Cowell 76]. 

Weaker pavement rocks are more susceptible to frost action and 

flaking, consequently they are frequently grass covered [Waltham]. 

Vegetation thus aids in the sol ution of small surface karren. It is also 

possible that some of thes e karre n can preserve ancient soils. Such is 

commonly the case with soil f i lled grikes (D. P. Drew 83]. 

Bedrock structure is ve ry important to karren deve lopme nt. In the 

Tobermory area joints are the most influential structural feature. Joints 

seem to localise and route percolation of water flow [Pluhar 66]. They are 

us ua lly due to r e l e ase of s tr: a j n (t e ns ion joints) [Jenning 71], but may 

a lso be shear or g:r avi. ty s l u mp j oints [Pluhar 66]. The size and 

orienta tion of the joints of a given area of equal stress are influenced by 

lithology and topography (Pluhar~6) Pavement is best produced when bedding 

planes and t opography are nea horizontal . Inclined pavement results when 

the dip of beds coincide t o hil l slopes [Sweetinq 72). 

Sweeting (72) provi des a descr i ption of surface karren features 

which is closely followed by Cowell (76) in his description of the surface 

karren of the Br uce Peninsula. Split karren, karmeni tzas , rundkarren, and 

cl. int a nd gr i kes are t he mos t c ommon karren featrure, on the Amabel 

formation ~owel 76). Of the e, cli nt and gri ke , pit karren, and 

kamenitzas were observed in the study area. 

Clint ard Grike - solution along planes of weakness (joints), also known as 

kluft karren [Swee ting 72). The grikes are the widened 

join t s whi le t he block between are called c li nts . Pit 
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karren 

- General ly small and moss occupied pit karren are frequent 

on the clint block surfaces [Cowell 76). 

Rund karren - These form under vegetation and they represent poorly 

devel oped nmnels 2-3cm wide, 1-2 cm deep with r ounded 

sides and crests (Cowell 76, Sweeting 72J. 

Split karren - Si mi lar to qri kes hut dcv loped along cracks and fissures 

ot her than joints (e .g. glacial striations). On the 

Bruce Peninsula they tend to run parllel to the major 

grike orientation [Cowell 76, Sweeting 72). 

Karnenitzas - These are flat bottomed solution pans that form from 

sitting stagnant water dissolution. They are other 

covered w:i th a thin layer of mineral residue [Sweeting 

72, Cowell 76]. 

1.5 COASTAL KARST 

The Amabel pavement of the study area is related to coastal 

processes (e xcept Dyer's Bay data). Cowell decribes the shore zone 

environment pit kar.ren which are p r ominent in these locations. They are 

found in high densities and assoc i a ted with other karren forms (cli nts). 

Generally these pits decre· se away from the shore and are structurally 
' 

contro l led of ten following joints, glacial striae or other planes of 

weakness. In intensely pitted areas the thin Amabel beds may be peeled off 

as the downward dissolution of the pits spreads horizontally along the 

bedding planes. This results in bedding lapies (Pluhar 66). Littoral 
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pitting of the shoreline is associated with complete or partial lichen 

coating of the rock [Cowell 76]. 

The coastal karst of BRI is discussed specifically by Ford and 

Goodchild in a report to the Georgian Bay Island National Parks. The 

importance of wave action is emphasized. "Mass transfer through the 

boundary layer, mixing of saturated ground water, saturated lake water 

(Mi schug-korrosi on), and mechanical abrasion" are all properties of wave 

action which may aid in soluti on of local dolomite [Goodchild 84]. Fetch 

and prevailing wind directions influence the power of the incoming waves. 

Those two factors ornbi ne to p roduce the greatest wave ene rgy on the NE 

shoreline of BRI. 

Shoreline chan9es a l ong the active and passive coasts of BRI produce 

five and three different zones respecti vely [Ford 84). The zones are listed 

below with a more detailed descri pti on found in the Par ks reports. 

Active Coast 

COASTAL KARST ZONES 
~~~~~~~~~~~~~~~~~~~--"Fv~~=c:?K.!.!:E-~zone 1 - Stratigraphic top of 

5 
~ 0?<7: ~ii"'('. 

I) 'l 
~ 

" ll 
~ 
~ 5 

SHORE 

250 0 

N 3 

t 

. ;!' 

BEAR'S RUMP IS. 

ACT!VE 

Wiarton member descending 

gently below water 

Zone 2 - Stratigraphic top of 

Wiarton 1-2 rn above the water 

Zone 3 - bedding plane undercut 

and collapsing pavement in 

Wi arton Member 

Zone 4 - diappearance of 

pavement with cliffs of Amabel 
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Zone 5 - Cliffs of Amabel and Guelph Fm with sea caves at formation 

interface. 

Passive Coasts 

Zone 1 - recent littoral solution pitting offshore for several 10's meters 

to depths of about lm . The joints present show little 

enlargement . 

Zone 2 - l-2m above water and extending several 100's m inland where grike 

development is more pronounced along wi th povened flaki ng and 

breakup which has not been removed by waves. 

Zone 3 - Grass filled gri kes with a shattered su r face of degraded karst. 

The littoral pitting has been destroyed. 

Ford suggests that a progressive degradation of the dolomite littoral karst 

can be seen in thi s area. 

1.7 DA.TA l\CQUISITICJ.il 

Field examination of the Amabel formation took place at three 

locations in late August 1984. On the mainland, outcrops were sampled at 

Cypr us Lake Provincial Park and Dyer ' s Bay. The majority of this thesis, 

however will be derived from data collection on Bear's Rump Island. 

Because of the i naccessibi li ty of Bear 1 s Rump during inclement weather only 

1-1/2 d:lys was spent on the island. Consequently, conclusions wi 11 be made 

on a data base that i s smaller than desi red. 

The sampling method on active shorelines was to map a Sm wide strip 

from water to treeli ne acr oss the pavement. Grike orientations and 

dimensi ons were recorded within tt>i s area along with notable properties 

such as karren. Grike width depth and fill (rubble, dirt-soil, vegetation, 

http:l\CQUISITICJ.il
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water or a combination} were recorded at one meter intervals along the 

grikes. In order to graphically determine point heights above water 

profiles were constructed along the sample s trip borders. (Appendix II) 

Time permitted only one sample line on the passive coas t of BRI. 

This involved sampling the pavement from the wate r to treeline at 3~m 

intervals. Each station consisted of an imaginary circle 4m in diameter. 

l\ ~>k Ptch w a~> made noting pP.rr.entage vegP.tati on, fra et ur i nq (moved 

(transpor ted) or i nsi tu (statl onary) fracturing), pitting, shattering or 

flaking, grike orientation and dimensions, and soil and rubble depths. If 

a station randomly occurred where no rock out cropped the neares t exposed 

surface was sampled. This occurred at stations Ll-5, Ll-8, and Ll-9. 

The Cyprus Lake Park sho:reli ne is an inte rmediate coast with both 

active and passive proper ties. Consequently the active shore sample strip 

method was employed along with l meter square detailed karre n analysis 

grids at 5 sites of varying heights and distances from the water. 

The Dyers Bay sample site was located approximately lkm inland. A 

small section was mapped, in a manner similar to that of active shorelines 

(Appendi x VT I ) • 

This thesis is a study in coastal pavement degradation on the Amabel 

f orma t ion outcropping nea r the tip of the Bruce Peninsula . Passive , 

intermediate, and act ive shor e lines influence dolomite break-up to 

different extents. Chapt er's 2 through 4 examine these controls. 
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OJ.APTER 2.9 PASSIVE SHORELINE PAVF11ENT DH;RADATION 

The passive SE shoreline of Bear's Rump Island was sampled on a 30m 

interval from shoreline to treeline. Vegetati on and grike conditions, 

pitting, fracturing (flaking and shatter) , and soil and rubble depths were 

observed and subsequently ranked at each sample station. These rankings 

are given for each property in Table 2.0.1. Trends of pavement change are 

analysed under the four criteria mentioned above. 
PASJ>IVE_PAVEMENT PROPERTY RANKS TAe.\..t. i.o.\ 

GRIKE SOIL & RUBBLEVEG% PITTING SHATTERSTATION ptST TO WATER FLAKING 
CONOITION ...sc_DEPT~(m) 

L1-0 0 6 

Ll-1 4 230 9 5:~ ~ I ~ 

U - 2 60 9 6  3 6 

l-~~--L1--3-~r----90--+--~-S10~ ~ WI SH Ll~IT 
3 4 

3: 4 2 2i ~::: :: : I : 5 5 6 3 

180 42 2 4 

Ll- 7 210 4 103 2 6 

Ll- B 240 3 5 6 11 

ll -9 270 2 9 6 B 

~ Ll - 10 293 1 B - - - 5 9 
~...._____,____ _ _.____ ____j__ __~__,______.______.______.__ __~ 

1 SLtl•4"' wf'l 1c; "- s.No \\15 t:J~"\ J e veol op1t\ef"'lt ..:.- t p r._.p,erty2 . 1 V.l'XiE'l'ATIOO CDVER Ml) GRIKE CXJNDITIOO "l'RF'X>S 11 $ \.a.t•o,.. wn."h s"-o.ws , .. .,,c-4."\ k ve l...'PN e •1 ! c t y~errl 

Perhaps one of the most obvious trends is that of vegetation change. 

In an absolute sense the vegetation (percentage) cover inc reased 

progressively from the shoreline (Ll-1) to the tree line (Ll-10). Stations 

Ll-3 and Ll-4 situated just beyond the storm wash limit record nearly 

identical values of 45% and 40% respectively. This inc rease in pavement 

cu l tivation mimicks overall pavement degradation inland. Bioge nic acids 

produced from plantlife create more aggressive surface waters which 

per colate to and chemically attack the pavement. Intensified solution 
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results. The water may drain to the lake, evaporate, become used 

biologically, or get stored in the joints and fissures of the bedrock 

(subcutaneous aquifer [L. R. Beard et al 83]). 

Three sub-properties of vegetation important to overall pavement 

condition are growth locati onr {association to gri kes), elevation (high 

spots vs. gullies), and type (grass , shrubs, bushes, or trees). 

Grikes are the dominant nucleus of growth, regardless of plant type 

or ground elevation. The expanded crack of the grike whether free from 

rubble (Ll-0) or not serves to trap small bi ts of debris moved around by 

wave action or left by decaying plants . Thus a type of soi 1 and moisture 

t rap develops. Conditions are favourable for growth and the different 

varieties of plants are able to take root. In the storm (Ll-0 to Ll-2) 

wash zone the grikes are susceptible to wash out by incoming waves. This 

effectively cleans out the soi 1 trap therefore keeping vegetation 

percentages low. This wash out effect is supported by the clean well 

defined grikes of Ll-0 and Ll-1 as compared to the diffuse vegetation and 

rubble choked gri kes of Ll-3 - Ll -5, Ll-6, Ll-7. Beyond the storm limit 

(Ll-3 - Ll-10) wash out is minimal and vegetation can play a more decisive 

role in pavement degradation (ve0etation %ages increase dramati cally Ll

2=17%, Ll-3=45% ). Grike exploitat ion by vegetation is demonstrated by the 

declining condition of the grikes beyond the storm wash limit. 

At greater di stances from the water gri ke nucleation of growth is 

sti 11 apparent as plants expand vi a crawler roots out of gri kes over the 

c lint surfaces. The densest growth sti 11 occurs along the gri ke. 

The eleva ti on of the pavement is important to the moisture 
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requirements of the plantlife. Wispy grasses, the hardest pavement plant, 

thrive in low ponded areas as wel 1 as on higher dry areas. They are less 

abundant at the dry locations due to competition of shrubs, bushes and 

small trees which required mor e dry soils respectively. Since the Amabel 

Pm on Bear's Rump is nearly horizontal i n dip the minor inland elevation 

increases of the bedrock surface is due to younger beds outcropping. The 

biologi ca lly significant high (d r y) spots are the result of underlying 

vegetation build-up not mi nor changes in pavement thickness. Therefore 

elevation (high spots vs gu l i e s) is a function of botanical build up 

centred on the grike soi l traps. Consequently plant type may reflect 

pavement condition. Mo re exp l oited grikes further away from the shore 

should build up to higher elevat ions and host a greater quantity of dry

land shrubs, bushes , and t rees. 

Wispy grasses dominate the pavement vege tation shoreward at the 

storm wash limit where vegetal bui ld-up is prevented by wave washout of 

gr i ke soil. An occasional low shrub rooted in a grike can be found. 

Immediately beyond the storm li mit a slight increase in shrub frequency on 

high well vegeta ted grikes was noted. At Ll-3 a few s mall trees were 

observed on high spots. An important change was the introduc tion of moss 

along with grass s as the dominant form of vegetation. These mosses were 

not abundant in areas s usceptibl e t o storm wash. Ninety mete rs to 150 m 

from shore (11-3 to Ll-5) veg0 tation cover remains around 50% i:ons i s ting of 

mainly moss and grass wi t h minor amounts of shrubs , bushes and trees found 

onl y on dry built up gri kes. This is a transition zone leading to a second 

major vegetation change between 150 t o 180 m inland (Ll-5 Ll-6). This 
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second sbift of vegetation coverage jumps from 50% grass and moss largely 

confined to grikes, to 80% plus, grasses, shrubs, bushes spralling out over 

c l i nt surface s, Ll - 6 {180m a way) t hrough Ll- 10 (293m away a t treeline) 

vegetati on data is summari zed i n table 2.1.1. 

Table 2. 1. 1 

STATION 
DIST. 
ro 

WATER 

"' 
OVERALL VEG" GRASS " I SHRUB" BUSH" TREE" 

U-ti 1110 80% 6 0% •O" - -

L>-7 

L>-8 

L>-8 

21 0 

,.., 

270 

I 80" 

vo" 

90" 

l 
1 

~0% 

~M•: 

15"

l 
I 
l 

•0% 

&°" 

10% 

20" 

10 " 

'"" 

-

-

-

l 1-\0 2 • 3 100" - - - '""' 

'I'he third "pretreeli ne" pavement zone is charcteri zed by extensive 

veget a l cove r of an increasi ngly more stable (shrubs and bushes over 

g r a s ses ) variety. Greater areas of dry "bui 1 t up" plant debris combined 

wi th a s trat igraphic upst epping are the reason for more shrubs and bushes. 

Build up is presently occuri ng in the transiti on zone Ll-3 Ll- 5. 

The following are the impor t ant conclusions of vegetation and grike 

changes i nJ and from a ~ assi ve shoreli ne . 

1) gri kes act a s soi 1-moi s t ure t r aps and as such are centres for 

vege t ation growth 

2) Shoreward of t he storm wash l i mit grike soil may be washed out. 

There f ore grasses have a t r ans ient life often being r emoved by 

waves. Vegetation does not have a chance to pi l e up ''bui l d up" 
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and form a dry base from more substantial plant types. 

3) Beyond storm wash limit there is a "transi ti on zone" over which 

grass and moss dominate. Vegetation ''builds up" and begins to 

sprawl onto clint surfaces. Stations Ll-3 Ll-5 (90 150m 

inland) - approximately 50% vegetation cover. 

4) Moss and grass important in forming grike centred "build up" 

base for advanced vegetation found in "pre-treeli ne" or "build

~" zone 

5) Ll-6 and Inl and (>180m) to Ll-10 represents the "build-up zone" 

of high vegetati on cover (>80%) and quality (less grasses, more 

shrubs and bushes - see table 2.1.1 

2.2 PITTIK; TRm>S 

Pitkarren are circular surface solution features which occur in 

strings (linear pi ts), groups (multiple pi ts) or individually (normal and 

micropits) (fig. 2.2.la) Cowell [76] suggest that the karren are initiated 

in biologically intensified solution points centred on individual lichen 

growths. Linear strings of pits follow lines of weakness in the the 

bedrock such as microfissures or joints. Multiple pits are groups of 5-7 

superimposed singl e pi s. The distinction between micro and normal pits 

mainly a function of size. Micropits range from l -3mm in diameter with an 

average depth of Smrn. Normal single pi ts show considerable variance in 

s i ze. It was possible to distinguish three categories; small, medium, and 

large pits, on the passive sample line of Bear's Rump Island (f 1~'l·l·\-.). 
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Figure 2.2.la 
Variety and extent of pitting 

was the criterion used for 

0teme 1erfmn\I 

ranking the passive stations in 

Table 2.0.1 Ll-0 at the waters 

edge exhibits e xtensiv e 
oePthEmv-- - - - -~--- - ___ _,_~!§ - _ _,i..~--- -

developm e nt of a ll four 

varieti es of pits, and consequently was r anked first. A trend in pitting 

may be recognized when c ompared t o t he vegetation zones di scus sed i n 

section 2.1. 

In general pitting decr eases in variety and e xtent through each 

vegetation zone. This trend is most pronounced i n the storm wash zone (pit 

rank 1-6) and least i n the t r ansition zone (pit 7-8). Shelf location, 

master beddi ng planes, wave attack, and paleo-lake levels are important to 

the development of th i s tr e nd. Cowe ll has suggested tha t pitting depth 

i ncreases wi th increas i ng water depth. Field observations by Bob Bell on 

BRI indicate that the "she lf locati on" may be important to the development 

of s ub-au eous pits. Bell obs e r ved pit concentrations near the brink of 

pavement shelves decr easing away from the edge (fig 2.2.2) 

(j) !lhell back 
0 sr1ci1 f ront 
~shet f l ip 

Because of qui cker dr op of fs 

this observa ti on was mor e 

appar e nt on th e activ e 

shoreline. Howe ve r it does 

much t o expl ain the pitting 

t rends observed on the passive 
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coast. 

A geornorphologi st and geologist may be at odds as to the relative 

importance of different bedding planes. A package of layered rocks may 

consist of strata observed on 3 levels. At the smallest scale, lamellae 

represent minor changes in the dep:>sitional enviornment. Silt content may 

increase slightly re lati ve to the sediment below. The dolomi ti zed rock 

will show fine (mm sized) dark and light banding. Bedding planes represent 

more ab rupt changes in the depositional environment and as such form 

distinc t breaks in the rock record . A major bedding surface (MBS) is 

produced by a majo r change in deposition, such as a period of non

deposition. 

A geologist would regard lamellae and bedding plane changes i n equal 

esteem as MBS's. 'l'o a geomorphol ogi st , howe ver, MBS are more i mportant. 

This is due to their strong control in the breakdown of bedrock. On t he 

active coasts of BRT gri kes develop vertically downwards to MBS and then 

they can work hori zont.ally. These MBS, being major planes of weakness, are 

l ikely the surfaces which initiate the shelves disccused above. The rapid 

r ise of the pavement over s hort distances on active coasts (fig 2.2.3) 

causes MBS or shelves to outcrop in close proximatey to ach other. 

However , on the low gradient passi ve coast these MBS wi 11 outcrop further 

apart. (fig. 2.2.3) Thus it seems likely that the c hange from the 

nea rsho re zone to transition zone to build - up zon e is in fact a 

stratigraphic upstepping fro m one MBS to the next. The pitting on these 

zones is greatest near the shelf edge (Ll - 0, Ll-3, Ll-6) and decreases 

inland to the next zone. Shatterr flaking and more aggressive soil waters 
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~ 2.2.3 	 are likely responsible for this 

change. Another important 

factor are the paleo lake 

levels which have, varied over 

Geologic Time (Fig. 2.2.4). 

Higher stages 	 (Ni pissing stage 
~

4000 YBP (Goodchild 84] may have""' Fig 2.2.4 •H.O.~"'~-~~· ~VSJ.s•c...4<1<1J .., 
LaU•v:r<>-- 51 ... pushed the water shore contact

•
i 	 further inland to the prese nt 

transition, build up or treelineI 
I 	 zones. 'fhi s would e xplain the 
I 

i m ti ati on of pitting on these she lves. 

The nearshore breaking waves would aid in pit trend development in 3 

ways. First breaking waves may disrupt the saturated boundary layer next 

to the submerged pavement [Ford8it) This would allow fresh aggressive water 

to begin pitting on point and linear weakness at the shelf edge. Secondly, 

storm wash would prevent nearshore vegetation build up thereby leaving the 

pavement relatively open and susceptible to pit karren develpment. Lastly, 

lake water swept farther inland during large storms would aid in periodic 

freeze than shelter and lamellae flaking of more distant pavement sections. 

Figure 2.2.5 

The following conclusions may be 

drawn from the pit karren trend 

observed on the passive shore. 
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1) Pit karren variety and extent of development is related to present and 

former lake levels, master bedding surfaces, and shelf location. 

2) Breaking wave location, c ontrolled by past and present lake levels 

exploits linear and point weaknesses in the bedrock to develop 

pitkarren. Saturated boundary layer removal and bedding plane 

penetration may be important. 

3) Master bedding surfaces define quasi-base levels which solution and 

shatter work vertically towards. Once attained lateral bedding plane 

soluti on may aid in f l aking and shat ter removal of bedrock. 

4) Pit karre n are best deve l oped and preserved near the edge o f present 

and past master bedding pl ane she lves. Early shatter and flaking below 

the shelf edge initiated destruc t i on of the shelf bottom pavement. 

Why would freeze thaw shatter and flaking occur only below the 

paleo-shelf edge and not also on ths pi t preserved lip? Fi g 2.2.6 presents 

The passive shor e s a mpl e line consis t s of 11 stations. Sampl e 

circles, 4m in di a mete r were mapped into four pavement morphol ogy 

characteristics; (Fi g. 2.3.1) bare rock, bare rock pitted , bare rock broken 

f ine and coarse. The last two cat egories were further subdivided into 
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moved (transportd) and insi tu (stationary) break up (plates A.VI.l & A.VI.2 

appendix VI). Bare rock and bare rock pitted were only obse rved at the 

waterline (station Ll-0) whe re pavement was free of debris due to continual 

wave wash. Away from the immediate shoreline coarse and fine fragmented 

rock dorni nates. It i s the transported or stationary nature of fracturing 

t hat i s helpful in analysis . 
PAS SIYE SHORE MORPHOLOG Y fi '2. ·'l·\ 

L1·0 Ll-1 U-2 

Om 30m 60m 


ii 
!!I 

m ~ LEGEND 

m 0bare rock-p11ted~~ bare rock 

L1 -3 L1 -4 L1 - 5 

9Qffi e1 ~15Qffi i ~20ffi ~=~:,~~:: ;rj:Sn- CQil rS0I 

m ' "' ~ o boulder 
m ii , 1nsitu-statiooaryfractu 

e m moll€ d- t rans rled " 

L1 -6 L1-7 U -8 U - 9 U-10 

BUI LD-UP 
]()<; £69@®®

no ske tch made 

In the storm wash zone there is 

exclusively transported break

up. This is e xpe c t ed becaus e 

of breaking waves re-arranging 

frost shattered material. The 

transi tion zone progresses from 

dominantly transported 

fracturing to dominantly 

stationary breakup. Again thi s is because of wave energy dissipation. The 

build up, pre-treeline, zone shows almost exclusive insitu breakup. Waves 

have not r eached thi s far inland since the higher lake levels of the 

Nipissing stage. The insitu break-up represents fracturing that has occur 

s ubsequent to ea rli er high l ake levels. The tendency of stationary and 

t ransported break-up to change at the same boundaries a s vege tation and 

pitting changes suppor t s the idea of paleo-lake levels and MBS shelf 

control of inland pavement degradation. 

Previous discussion on pitting and vegetation implied that pavement 

break-up should be greatest below MBS shelf edges where abundant moisture 
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and remnant pits would have allowed significant freeze thaw prying and 

shatter of the pavement. If this is the case one would expect to see 

fracture (shatter and flaking) increasing up to the shelf bottom , then 

dropping drastically as the new MBS shelf is encountered (Figs . 2.2 . 5 , 

2.2.6) . This simple cyclic trend is not apparent for at least two reasons; 

competition between shatter and flaking , and vegetation. 

Shatter and flaking are two different forms of rock fracturing (as 

used in this thesis). Shatter:i ng, the direct result of freeze thaw rock 

breakup, produces sharp angular fragments split through several lamellae or 

beds. Flaking, however, is due to water penetration along lamellae bedding 

p l anes. As a result thin pieces of shatter vs flaked plate-like 

fragments are pee led or flaked off (Plates A.VI.1 & A.VI.3 appe ndix VI) . 

Those two processes s eem to be in competition inland from the passive 

shoreline. Shattering is non- qx i s tent in the storm wash zone , whereas 

flak i ng does occur slightly at sta tion Ll-1. Shattering is responsible for 

more of the rock fracture through the transition zone and 60m into the 

build up zone. Beyond thi s flaking s eems to demi nate. The two forms of 

fracturing tend to confuse a cyc lic trend which would be consistent with 

pitting and MBS shelves. Although there is some overlap of the transition 

and build up zone borders shattering and flaking do appear to increase (in 

a staggered fashion) inland. Therefore MBS shelves are not negated by the 

shatter-flaking pattern. 

Vegetation may obscure cyclic patterns of fracturing. As mentioned 

previously vegetation increases continuously from shoreline treeline. 

There are jumps in the % of ve getation c over but the overall rooting and 
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growth of the various plants wi 11 aid in the break up or fracture of the 

pave ment. Thus a continually increasing vegetation cover will tend to 

erase cyclic inland fracture patterns by increased root breakup in the more 

intact shelf front areas. This will help produce the observed quasi-linear 

inland fracturei ng pattern. 

Three conclusions may be reached with regards to pavement fracturing 

on sample lire 1. 

1) 	 Fracturing does not occur in a cyclic pattern due to competition 

between shattering and flaking, and s tablizing vegetation 

control. 

2) 	 A "quasi - linear" increase in pavement fracture exists. 

3) 	 The dominance of moved or i nsi tu breakup is loosely re lated to 

the storm wash , transi t i on, and build up zones discussed in 

s ection 2.1. 

Storm was zone - transported fracture 

tr nsition zone - ranges from transported dominated to 

stationary dominated 

build up - Stationary domianted to totally stationary (pre

treeli ne) 

2.4 SOIL AND RUBBLE DEPlliS TR.m.DS 

Soi 1 and r ubble depth measurements were recorded at 4 circumference 

points and the centre of each sample station. Averages were ca lculated. 

Ranking these values from deepest (1) to shallowest (10) suggests two weak 

tre nds which support MBS shelf and pale o-lake level control of pavement 

degradation. These trends are inverse peak relationships, and out of phase 
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increases (and decreases) in soi 1 and rubble depths (fig. 2.4.1) 

Fig. 2.4.1 a emphasizes the general inverse relationship between soil and 

rubble depth , best expressed at peak rankings (black arrows). Rubble 

depths ranking higher than adjacent stations ( e.g. point 

Fig. 2. 4 .1 Fi 2.4.2 

Relatively high rubble depths (Ll-1 pt A) 

A) have soil depths which are 

lower than adjacent stations 

(po int B). this suggests 

that one paramete r develops 

at the expense of the other. 

are produced by storm wash aided 

flaking and shattering and any soil present is washed away. A drop in the 

lake level allows rubble breakdown to be stabalized (fir st in soil trap 

grikes) . The present waterline is a drop from higher Nippissing levels 

therefore transition and build up zone soi ls were stabilized during past 

water level drops. The sequence of rubble breakdown to soil is expressed 

as the horizontally alternating rubble and soi 1 depth peaks of Fig. 2.4.1. 

Deep rubble and shallow soil, characteristic of nearshore wave wash zone, 

occurs at the beginning of each storm wash, transition and build up zone. 

The second trend is more obscure and involves rubble and depth 

changes being out of phase. That is rubble (soil) depths changes seems to 

lag behind soi 1 (rubble) depth changes (fig 2.4.2). The lagging property 

changes in the different passive shore zones. Rubble depth inc reases, in 

the storm wash zone, lags behi nd the soil depth increases. Incoming waves 

can easily sweep loose rubble further inland whereas soil trapped in grikes 

is hard to dislodge. Therefore rubble increases quickly at and beyond the 
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storm wash limit but soil depth increases before t his due to g rike and 

vegetation trapping. The transition zone shows declining soil and rubble 

depths again with a slower r ubble depth response. 

Beyond the transition zone soil depth increases lags behind rubble 

depth increases. Externally derived rubble and soil is not introduced to 

this zone. Soi 1 therefore is developed from stat ionary rubble breakdown 

and vegetation decay. Consequently, more soi 1 is produced from pavement 

debri s which has been exposed to the elements for long periods of time. 

Past lake levels have t otally submerged the island, thus pavement exposure 

ti me (si nee submergence) increases with elevati on. This means that the 

passive pavement further i nland h -- s been exposed longer. The r e fore soil 

development (i.e. soi 1 densi ty) , which requires longer exposure ti me than 

rubble deve lopment, lags behind rubble development (depth) a t any one 

location. This trend was reversed in t h l ower zones by recent wave action 

which penetrated and disrupted soi 1 and rubble di stri buti ons. 

Three conclusions may be drawn from the above discussion. 

1) Observed trends were weak and unclear due to wave wash and vegetation 

interference. 

2) Soil and Rubble depths show an inverse relationship of peak and trough 

depths. This is due to an out of phase depth change relationship 

discussed in conclusion #3. 

3) Rubble and soil depth changes are out of phase. Wave ac tion disrupts 

the pattern in the storm wash and transition zone causing rubble depth 

changes to lag inland from soi 1 depth changes. In the build up zone 

the lag is reversed. 
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rnAPrER 3 .. r.J INTERMmIATE SHOfil'!LINE PAVHiENI' DFX;RADATION 

3 .. 1 DETAILED KARRm ANALYSIS - CYPRUS LAKE 

Cyprus Lake Provincial Park represents an intermediate energy coast 

between the high energy active NW side of BRI and passive, low energy SE 

end of the island. Also, sharper and steeper cliffs are found at Cyprus 

Lake: Plates A.VI.4 - A.VI.8 (appendix VI) and Table A.VI.l presents the 

data recorded at 5 1 x lm pavement grids in the vacinity of Cyprus Lake 

sample strips #1 & 2. Detailed observations at variable di stances above 

and away from the water (Kl - KS) suggest four trends in the pavement 

degradation. Karren variety, surface morphology, age, and vegetation all 

show progressive changes away from the water. Cyprus Lake has a steep, 

jointed, irregular coastline. Thus certain sections will be more wave 

protected than others. Conseqently, the absolute heights and di stances of 

sample grids from the water are not as important as the general trends that 

may be extrapolated from them. A range of wave energies impact on the 

different sample grid locations. 

As the frequency of impacting waves decreases (increas ing di stance 

from water) the variety of surface karren seems to increase. Zone K-1 (at 

the water l ine) other than minor pan developrrent has no distinct surface 

solution features (Plate A.V I .4) K-2 (0. 5m above , 0.5m away from the 

water) is also limited in the types of karren present {Plate A.VI.5). 

There is a straight grike, a nd sharp edged pan developme nt. Grikes are 

poorly developed at Cyprus lake but jointing is common from the shoreline 

to the treeline. Thus the freqency is not as important as their form. The 
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grike in K-2 is straight and slightly expanded with sharp lips. Pitting is 

i ntroduced in zone K-3 (1. 5m above, 1. 75m away) , some mi cropi ts, strong 

single pi ts and worn down or "destroyed" pitting can be seen (plate 

A.VI.6). K-4 shows areas of dense pitting as well as more diffuse 

destroyed pi ts (Plate A.VI.7). The densely pitted area consists of 

micropits (diameter l-3mm, depth l-2mm) and single pits (1.7 diameter x .5 

cm depth) which appear to line a large, previously formed pan. The 

gr eatest variety of karren was observed in K-5 (2m above , 10m away from the 

water, plate A.VI.8). Several vege tated grikes, rounded pits and pans, 

abundant destroyed pitting, and occasional (root i ni ti ated karren) were 

present. 

This trend of increasing surface soluti on f orms away from t he water 

is consistent with the notion of inland pavement degradation. As more 

varieties of karren form, or older: ones are destroyed (K-4 dense pitting 

superimpos ing on previ ous pan development) the overall sta te of the 

pavement declines. 

The complexi ty o f the surface morphology as examined on a meter: 

scale seems to decrease with distance from the water. Kl at the water line 

has a confused surface of rough bottom pans, flat sloping areas and ledge 

and step zones. Some flaking due to water penetration along mi c ro cracks 

of exposed joint faces may occur. Wave induced flaking along corroded 

planes of weakness, and the availability of fresh aggressive water may be 

responsible for the irregular surface. K-2 has a more simplified surface 

expression. Flaking has seemingly flattened off half of the grid while 

surface solution features are developing on the other half. Thus we have 
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changed from a fairly complex morphology with several surface categories to 

a flat grid which shows the beginnings of increased karren development. 

This simplification continues through K-3, K-4, and K-5. In K3 a flat 

morphology with superimposed pitting exists (be it micro, single, or 

destroyed pitting). K4 is a more unimodal surface dominated by destroyed 

pitting. Ultimately KS, which shows the greatest karren variety, has the 

simplest overall flat morphology. The greater variety and quantity of 

karren serve to flatten and simplify the overall morphology of the 

pavement. As dolomite is exposed to the elements karst solution may 

occur. It is therefore reas onable to assume that surface karren wi 11 be 

better developed after long bedrock exposure periods. Thus the relative 

age of the surface rock should generally increase away from the water as 

does the variety of surface karren forms. 

Exposure age difference between a wate r line and treeli ne sample 

would be far less thant the resolution of isotopic dating methods. This 

impractability along with high laboratory expenses made such dating 

proceedures infeasible. 

There are, however, certain observati ans which allow for relati ve 

dating between adjacent sec ti on of the outcrop. Pitting, kar ren 

supersi ti on, and lichen cover all provide clues to the relative time the 

crack has been sub j ect to wind, wave and weather. K-1 at the waterline 

shows 100% fresh surfaces. 'l'he minimal karren development (Rough bottom 

pans), lack of pitting and total absence of lichen suggest that the surface 

is continually being worked off by mechanical and chemical weathering. The 

near constant action of breaking waves supplies the necessary power to pry 
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up and flake off pieces of the bedrock along solution attached plains of 

weakness thereby exposing new bedrock. A second function of waves may be 

to disrupt the protective boundary layer of Cac03 saturated water 

immediately next to the dolomite. Once broken aggressive lake water could 

gain direct access to the dolomite resulting in dissolution. This is 

similar to threshold format i on of scallops on cave walls for critical 

conduit flow with Reynolds nu mbers exceeding 22000 [Ford 83). The idea of 

a protective thin boundary layer being disrupted by breaking waves may be 

important to isolated pit formation near the waterl ine on Bear's Rump 

Island. 

K-2 continues to show young surfaces with no lichen growth and 

limited karren expressed as small developing pans . No pitting was also 

suggests a relative ly short exposure ti me. K3 is a tr ansitional grid in 

t erms of surface age. In relative terms there exists a young, 

i ntermediate, and old exposure age zones (Table A.VI.l, plate A.VI.6, 

Appendix VI). The youngest exposure zone shows conside rable flak ing of 

upper lamellae, dark r ock with little lichen cover and only one ' si ngle

pi t'. The i nterrnedi ate exposure zone (K 3-1), however, shows destroyed 

(remnant) pitting, some small superimposed micro pits, and the whole zone 

appeat s to be on one beddi ng surface. K-3-2 the oldes t exposures zone is 

the most extensively and deeply pitted of the three. These pits are often 

devel oped into and through destroyed pi ts and mi cropi tti ng may be found 

i nsi de them. Where K- 3-2 borders on the intermediate exposure K3-l zone 

several step-like levels may be found as a transition form, the higher 

o l de r exposure (K-3-2) bedding plane to the younger exposure (K-3-2 
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i ntermediate) bedding l evel. Thus, the intermediate exposure zone has had 

lamellae flaked off to a lower level thereby exposing fresh (young exposure 

ti me) surfaces. 

Continuing away from the water the pavement continues to show signs 

of longer exposure time. K4 has considerable destroyed pitting, pitting 

and micropi ts superi mposed on earli er pan development. K-5 shows destroyed 

pitting, remnant pans, vegetation-filled grikes and extensive l ichen cover. 

All of these proper t i e s support the gene r a l trend, of increasi ng surface 

exposure duration away from the water. 

The quanti y of liche n, and vegeta t i on f i ll in gri kes def i nitely 

inc r eases with di stance f r om the water. This vegetation tr e nd is d ue to 

the biologically more stable co~ditions encountered beyond the di rect wave 

attac k zone. As ment i oned above it is useful as a criteri on of surface 

exposure age. 

3.2 HAND SPECIMEN ANALYSIS 

The dolomites at 'Cycrus ' Lake are low porosity, f ine grained 

mi cri tes of hi gh purity. Colour, homogeneity, poros i ty and the presence of 

dark s tringers change slightly with 1.ocati on. At one extreme the dolomite 

i very light g rey-white with darker inhomogeneous blotches and fairly 

abundant minute air vesicles, and no stringe rs. Dark overall homogeneous 

grey, low to non-porous and thin grey wavey stringers characterize the 

other end member. Samples from the 5 grid areas as well as the both grike 

sampl e strips on Cyprus Lake show these properties. Both extr emes may be 

seen in the same sample but they are generally segregated into dark and 

l ight zones. In such zoned samples porosity seems to be g reater i n the 
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light areas. The small pores are a by-product of the dolomitization of the 

orignally deposited carbonate. During diagenesis calcite is converted to 

a more compact dolomite (Mg ion 

introduced) structure [Blatt et 

al 80] . The resu 1 tant loss of 

volume is preserved as tiny 

ves icles or voids in the 
---rwn.. rnU -, d .. c..r lr'o ")1ng 111 ~•l luhl1t- •1, r.u1.. 

d~~o~l-o-m~1te. Poss1b y t ese pore spaces provide traps for insolubles and thus 

the observed hi gher insoluble content. Some sec nda ry porosity, si ltlined 

cracks, were also observed. Fig. 3.2.1 shows where the different samples 

fit with respect to the two end members . 

3. 3 	 CON:UJSIONS 

The de tailed ka r ren analysis at Cyprus Lake suggests 4 pavement 

trends away form the shoreline. These generalized trends are not directly 

transferable to mu because of different wave and shore conditions. 

1) Increasing vari ety of karren due to longer exposure time of the 

bedrock. This allows for greater surface solutional activity. 

2) A simplification of general surface morphology due to solutional 

leveling on the longer exposed bedrock. 

3) 	 Exposure time of the bedrock increases away from the water du 

to the decreasing abil i ty of waves to flake off a nd di ssol ve 

older (longer exposed) dolomite surfaces. 

4) 	 Lichen and gri ke vegetation increases away from 

the water due to waves losing power and ability to 

remove the botanical build up. 
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4.9 1\CTIVE SHORELINE PAVE11ml' OEX;RADATION 

Grike widths and depths decrease inland, as the overall condition of 

the pavement degrades. As such, grike dimensions are assumed to be 

indicative of the pavement state on active shores. The degradation away 

from the water has been indexed by width and depth measurement on three 

locations of the wave attacked NW coast of BRI. The formal hypothesis to 

be tested i s "Inland depth and width changes of gri kes are due to wave 

attack, bedrock properties, and grike fi 11." Tabl e 1.2.1 in the 

introduction presents the depe ndent and i ndependent variables of this 

analysis. 

This table outlines the analytical approach to the active shore analysis. 

(see page 4) 

4.1 DEPl'DJENI' VARIABLF.S: GRIKE WID'ffi AMJ DEPI'H 

Width, depth and fill measurement were recorded at lm i ntervals for 

each grike in the sample strips. Seemingly a simple procedure three 

problems were commonly encountered; grike irregularities, channelled 

gri kes, and fi 11 depth ambiguities (fig # 4.1.1) 

Fi gure 4 .1.1 

MEASUREMENT PROB.'S Irregularities in grike form 

A B C 
we re ta en as part of the 

~~ 
irregular ctianneloo ambiguous measured grike and wer e not 
gr ike grike depth 

actively avoided. Therefore if 

a measurement st tion fell by chance on a particularly wide sec tion it was 

still measured. Channeled grikes as depi c ted in Figure 4.1.l were fairly 

common. Several width and depth measurements were oft n recorded at the 
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different terrace-like steps. However, for analytical purposes only the 

l owest gri kes dimensions were used. Depth ambi gui ti es were most prevalent 

i n rubble filled grikes where depth measurements could vary by em's 

depending on how deep the scale slid between pebbles. To resolve this 

problem depth was measured to a plane of equal elevation to the "general 

fi 11" level. This was estimated by eye. 

4.2 INDEPENDENT VARIABLES - Wave Attack, Grike fill, Bedrock properties 

4.2 (i) Wave Attack 

The purpose of calculating the distances inland of individual grike 

measurements is to form an index on potential wave attack. Hi gher , more 

distal pavement locations wi ll be buffered from incoming waves, thus 

receivi ng less of an attack than spots nearer the waterline. 

Fi g 4.2.1 is a plan view and cross-section of BR SS #1. The remai ning plan 

views and cross-secti ons are provided in Appendix II. Grike to shoreline 

distances were calculated in two ways; graphically and numerically, 

j Appendi x II). 
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square equation (line) which have very high R2 values (Table A.1) and may 

be compared statistically between sites (Appendix #1). The r esults of 

those comparisons are discussed under the heading of Grike Fill. 

4.2 (ii) GRIKE FILL 

Grike fill ranged from nothing to rubble, dirt, vegetation, or a 

combination thereof. The different fi 11 could affect gri ke dimensions in 

di fferent ways. 

Vegetation was usually combined with dirt. Aci dic by-products of 

plant life can aid in dolomite solution thus increasing dimensional limits. 

Rubble, however might armour or protect the grike walls from further 

solution. Pebble fjll was commonly observed c l ose to the waterli ne often 

in submerged gri kes. The pebbles were rounded to angular dolomite 

fragments ranging in size from mm~ s t o 10 cm in greatest diameter . These 
RUBBL[ AR MOUR ING 

obstructions form a barrier to 

I I incoming water, absorbing t he impac t i n~ i+.'2. .:;. 

to breaking waves. Consequently the 

I saturated boundary layer on 

I 
i submerged grike walls could remain 
I 

intact denying new aggressive water 
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contact with the dolomite. (Fig. 4.2.3) It therefore seems reasonable that 

rubble armouring of grikes will effectively freeze the grike width and 

depth until dirt and vegetation are able to infiltrate. 

All sample sites showed greater maxi mum gri ke widths for filled 

(vegetation) grikes than empty grikes (Appendix IV). It was possible to 

quantify the effect of vegetation in terms of increased width as a function 

of di stance from shore. First, however, an explanation of filled and empty 

grike dimension limits is necessary. Fig 4.2.4a-f outlines the procedure 

of data refinement for grike widths. Fig 4.2.4 a represents all widths vs 

di stance to water measurements for Bear's Rump sample strip # 1. This data 

may be subdivided into empty gri ke widths (fig 4.2.4 b) and filled gri ke 

widths (fig 4.2.4c). Further refinement is possible by isolating limiting 

values (Fig 4.2.4d) {empty) 1 Fig 4.2.4 e {filled)) and performing linear 

regression to determine equations and lines of maximal grike widths {empty

dashed line fig 4.2.4d, f i lled-solid line fig 4.2. 4 e) with di stance from 

shore. Fig 4.2.4 f summarizes the data refinement into fill e d and empty 

grike width limits. The difference between the solid and d a shed line 

represents the incr eased width due to grike fill. Presumably vegetation is 

largely responsible as it increases water acidity thereby intensifying 

solution of the dolomite. 

Only empty grike limi t s are calculated for grike depth diagrams 

because of fill irrluced inaccuracies of measurement. Cyprus Lake did have 

well defined depths limits, consequently grike depth vs. distance to water 

summary diagrams were not de ve loped. 

Table A.IV.l (appendix IV) lists the corresponding regre s s ion line 
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equations for figs. 4.2.4, A.IV. l - A.IV.4) B1 and standard error values 

obtained during regression allow for statisitical comparison between slopes 

of the dimension limiting lines. Appendix IIIA explains the procedure 

employed to test the null hypothesis that there is no si gni fi cant 

difference in rate of change of inland maximal grike dimensions (slope of 

regression line or B1 valve) between sample sites. The null hypothesis was 

rejected for all width B1, values except the E!tlpty grike widths of Cyprus 

Lake #1 and #2 and the filled gri ke li mi ting slopes of Bear's Rump #2 and 

#3. With these exceptions, the rate of change of gri ke dimensi on inland 

does not show statistically signifi cant simi lari ty between sample sites. 

This is reasonable for three reasons. First, hydraulic head varies between 

sample strips at Bear's Rump and at Cyprus lake. There is a progressive 

i ncrease in the height of pavement above the water corresponding to 

stratigraphi cally younger and higher outcropping of the Wiarton member of 

the Amabel formation. Consequently water draining off the pavement into 

the lake experiences a greater drop over a shorter horizontal distance. 

This is ref lected in potentially greater erosive and corrosive power. More 

aggre ssive fresh water passes through the bedrock to water level. The 

pavement surface is more removed from wave attack which may allow greater 

vegetation of the less frequently washed out grikes. The last cause of 

variation is interaction with different ma jor bedding surfaces. Sample 

strip #3 on Bear's Rump is stratigraphically the highest and consequently 

may encounter the most major bed.ding surfaces. These three factors (fig 

4.2.5) cause variance in the way maximal grike width's change away from the 

shoreline. 
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HYDRAULIC HEAD MllS COHIAOl ON ORIKE WtD IH 

Comparison of grike depth
BR-3 

limiting slopes was not 

possible at Cyprus Lake as no 

apparent limits were perceived. 

All three strips on Bear's Rump 

appear to be comparable as the 

null hypothesis of no difference was not rejected (Appendix III). Why does 

depth change inland at a similar rate when width did not? The answer is 

that inland grike depths are controlled by one domi nanat f actor: jointing. 

Quantifying the effect of vegetation is possible by taking the di f ference 

between filled and empt y width limits (Appendix III). Table A.III.2 

(Appendix III) presents vegetation effect (ve) equations. Ve is a function 

of the distance to water and is expressed in terms of increased grike width 

in meters. The values produced are maxi mum vegetati on effects which wi 11 

not always be attained. Sub-maximal noise values occur for both vegetation 

effects and straight grike dimensions. Such data points (non-limiting data 

on figs. 4.2.4, A.IV.l - A.IV.8) occur for a number of reasons. Variable, 

exposure time, fill, location in the water shead all may keep the width or 

vegetation effect from attaining there limiting values. Exposure time of 

the grike is the overiding control on noise vs. limiting values. Older 

gr i kes have had sufficient time to reach maximum dimensions and show the 

greatest vegetation effect. 

4.2 (iii) BFDROCK PROPFRl'IES 

Joint orientations control the development and orientation of grikes. More 

important than the actual compass lineation is the angle the grike makes 
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with the shoreline. Gri kes were c lassified as s ubpara llel (small case "g") 

or sub- perpendicular (capital case "G") in the field (fig 4.2.1). Sub

perpendicular grikes would allow direct propagation of water waves whereas 

"g" would receive wave wat e r that had spilled over cli nt surface (Fig. 

4.2 . 6). 

This, too could protect a 

GA IKE OR IE NTAT ION saturated boundary laye r next 

to the gri ke wa ll as "g" gri kes 

would not rece ive water in as 

inte nse a fashion as G gri kes. 

11GHowever, Regression of " and "gn widths and depths against di stance from 

the water line pr oduce d equally i. nsi gni fi cant R2 va l ues. There f ore one 

mus t conclude that the relative orientation of the gri ke to the shoreline 

does not signifi cantly affect gri ke dimensions (pavement degradation) away 

from the wa ter. I t is pos s i ble tha t or i e ntation parameter e ffects are 

overshadowed by other independent var iables. 

Maste r bedding sur f aces are important to both ac tive and passive 

shoreline pavements . They form major planes of weakness and may represent 

"quasi-base levels" of geomor phi c work. The MBS represent a l evel at whi ch 

downw ard percolating water becomes free to corrode horizontally. As a 

res ult grikes may work down to an MBS and then ground out as solution 

conti nues hori zontally i n t he di rection of least resistance. The MBS sets 

a natura l l i mit t o gri ke depth. 

The insolubl e % age by wei ght of the various samples is given in table 

A.V. L I nspecti on of Bear's Rump samples indicate a range of 8.7 to 12.3 % 
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insolubility content. This is a rather small variance (3.6%) and could 

easily be due to local minor irregularities. Sample strips 1 and 2 do show 

increasing insolubility content away from the water based on two samples. 

A more detailed sampling would be necessary to statistically test this 

trend. 

The internal description of Bear's Rump dolomites is very similar to 

those of Cyprus Lake. (Detailed Karren Analysis). At one extreme the 

dolomite is light grey, blotchy, slightly porous and does not contain any 

silt stringers. The opposite end has dark grey micritic dolomite without 

blotches abundant wavey silt stringer (see Fig. 3.2.1, p. 32). The 

majority of the samples taken on BR are toward the silt stringer end of the 

spectrum. Only sample 2B take 15m inland of sample s trip #2 showed a light 

zone with noticeable porosity. 

An interesting note is that the dark grey stringer infested 

dolomites at Cyprus Lake t ended to have low insoluble percentages relative 

to the porous li ght grey samples. On BR, however, all the samples from the 

active and passive shore have higher insoluble percentages ranging from 7.4 

to 12.3%. 

4.3 COCLOSIONS 

Active pavement analysis has led to the following conclusions: 

1) Vegetation fill in grikes increases width and depth dimensions 

by increasing the acidity of percolating waters. The resultant 

increased dolomite di ssolut ion expands the grikes. 

2) Vegetation effect in terms of added grike width is quantifi able 
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by comparison of fi l led and non filled grike width vs distance 

to water regressions. (Table A.III.2) 

3) Rubble fi 11 protects the· saturated laminar boundary layer from 

wave disruption. Consequently the pebbles freeze grik e 

dimensions. 

4) Rate of change of inland grike widths (B1 slope coefficient on 

regressi on analysis) varies between sites due to differences in 

hydrauli c head, gr ike vegeta tion and available master bedding 

surfaces . 
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OIAPTER 5.0 Sl"'1\R'l NI) CDCLDSIOOS 

This report has analyzed pavement degradation on passive, intermediate 

and act ive coastlines. Specific conclusions have been made throughout the 

t e xt, consequently this summary will ser ve to re-emphasize and integrate 

findings from the three environments. Detailed conclusions may be found on 

pages 16, 20-21, 24 and 41. 

The passive south-w.st shore of Bear's Rump Island (SRI) revealed 4 

pavement zones (s torm wash zone, transi t ion zone, pre-treeline (build-up) 

zone, and inland forest) based on analysis of several pavement properties: 

vegetation cover and gri ke condition, pitting, fracture-flaking and shatter, 

and soil, rubble depths. 

Three controls are r esponsible for such pavement zonation: master 

bedding surfaces (MSB), present and past lake levels, and vegetation. 

Master bedding surfaces are quasi - base l evels that solution wor ks vertically 

towards . Once ~ttained f geor c work will continue in a horizontal 

fashion along bedding planes. T s lithology determines a natura l zonation 

tendency, 0ecause inl and elevation increases encounter new MBS. Present and 

past lake levels are important due to the destructive nature of waves. 

Shoreline saturated boundary layers are broken allowing r enewed dissolution 

and increased shatter and flaking potentia l . Vegetat 1on cove r destroys 

pavement by mechanical root action and acidification of percolating ground 

waters. Vegetation obliterates well defi ned bou daries between zones 

thereby producing a more progress ive inland degradation pattern. The 

intermediate cyprus Lake Coas t was controlled largely by susceptability to 

wave attack. Karren variety, exposure age and vegetation cover increased 

http:south-w.st
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inland levelling the pavement and producing a simplified surface morphology. 

Pavement on the active north-east BRI was hypothesized to degrade 

(using grike di mensions as a degradational index) inland due to wave attack, 

bedrock prope rti es, and grike fill. The importance of wave attack wa s 

c onfirmed by maximal grike dimension limits (Appendix II). Insoluble 

percentage and joint ori entation were not found to be overly significant, 

howe ver, MBS a nd hyd r aulic head (dependent on height above water) a r e 

considered important to pavement disintegration. Finally, veget a tion grike 

f il l aids pavement breakup to occu r in a quantifiable way (Appendix II I , 

Tabl e AIII .2), while rubble fill does not. 

Based on these concl us i ons t h ree overriding controls an coast al 

pavement degradati on exist: 1) present and past shoreline location 
2) lithological control 
3) vegetation influence 

Past and present shore lines are more important to gentle relief passive 

coasts where a small waterlevel rise inundates and effects a large r section 

of pavement than steep active coasts. 

Li t h • l ogi cal MBS controls are important in thi s study area , and become 

more emr .1a s i zed on the gentle relief coasts. Ana ysi s of ot he r coas t al 

pavements should search for similar geologica l inf luence. 

The effect of vegetation was best de fined on a c tive coasts usi ng 

quanti f ied vegetation effect equations (Table AIII.2). On passive pavement 

vegetation serves t o mask and obl i terate li thologi cally defined zones. 

This thesis has demonstrated that inland degradation of coastal Amabel 

pavements near Tobermory s trongly reflect lake level, li thogic and 

vegetation control s . 
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APPENDIX I 

OM1ISTRY OF CARBONATE ROC'.K DISSOLOTION 

The rocks of the Amabel formation studied near Tobermory are medium 

to thin bedded reefal and inte reefal dolomite [Goodchild 84, Cowell 76]. 

Calcite and Dol omi te are the most common carbonate minerals [Sweeting 72] 

with calc ite being the more soluble of the two.Dolomite contains Magnesium 

i ons whi ch may inhibi t s o l u t ion rende ring dolomi t e l es s so luble than 

ca lcite. l\ rock i s considered a dol mi e if 50% o f the <:u rlxrn,iU ' mine r a l s 

are dolomite (M g . CaCOJ) (RitteY 78) . The dol omite of t he Am a bel i s 

calcium ri ch with an average composition c~, . '2.M'J o ~ e (co,\~(.G,oo«Ac\-\•\J.'l't1. 

The dissoluti on of dolomite and calcite has r e ei ved considerable 

attenti on in the lite r a ture and the following is a summary of the basic 

princi ples. The main di ffe r ence between dolomite and ca lcite is the 

presence or ba sense fo a +Mg ' l ons . Therefore to simplify, calcite will be 

used to e xplain the dissolution mechanism. 

During its path throu gh t he a t mosphere rain wa ter abs orbs co2 

forming a weak H2co3 carboni c acid (Ri tter 78]. This quick l y dissociates 

to its ionic state of H+ + Hco3:

At this point the dis s oci a ted H2co 3 comes into contact with the 

Ca lei t e . Solution p r oceeds i n one of two ways; an open or closed sys tem. 

A closed system [Drake , For d, Gascoyne] i s the result of a cut off from a 



c0 2 supply once solution has began. Equli bri urn or open system solution 

[Drake et al] is possible whe!1 activated water is continually in contact 

with air during Cac03 dissolution [Sweeting 72]. The later case is 

capable of much more solution due to larger concentrati ons o f rlissolved 

The more c02 dissolved t he more c.ci di c the rain water, resulting in 

greate r dissolution. 'rhe equi l ibrium dissolved c02 concentration increases 

with the p a rtial press ure of c0 2 (PC0 2) in the air [Je nning 71 ]. Thus, 

for increased dissolution of calcite a high PCO~ is des irable. In c losed 
L. 

systems water is only subjected to atmospheri c c02 after whi ch it is cut 

off from anair supply. The normal maxi mum di s solution potential for co2 

devoid water wi thou.t co2 is only 14 ppm (Sweeti ng 72). 

In an open system the air supply is not cut off fr om the water once 

diss olution has begun. Exposure to soil air (which concentrates dissolved 

ce2 thereby creating hi<Jhe r P0) 2 resulting in wate r more staturated with 

c 02• This combined with 11biogenic c02 
11 produced by microbiological 

decomposition of vegetated matter greatly i ntensi fies dissolution of the 

carbonate bedrock [Ritter 78). The equati on 1.2.2 is pushed to the right 

and more H+ ions become avai labl2. 

2Calcite dissociates ir.to ca+2 and c0 3- ions (equat ion A.I.3 

[Sweeting 72] • 

equation Al.3 Caco 3 = Ca+::_ + co3- 2 

The co 3- 2 ions instantly combines with the H+ i n the wa ter to produce 

bicarbon ions (equation 2.1.4) 

equation Al. 4 co3- 2 + H+ HC03
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The result of this reaction is to leave a higherconcentration of ca+2 ions. 

To equilibrate, more limestone is dissolved and more co3- 2 ions are 

produced. In effect the dissolution process is perpetuated as long as 

there are available H+ to remove the c0 3 -
2 from solution [Jenning]. The 

result is a much larger capacity of calci te dissolution in open systems. 

The overa11 reaction is: 
+ 

equation Al. 5 Caco3 (solid) - H2o + co2 (dissolved) ~ CA2 + 
u 
C02 (air) 
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APP.EJ>IDIX II GRIKE MEASUREMF.NT STATION LCD\TION 


a) Graphical Method 

Verti cal and horizontal di stance of gri ke measurement stations from 

the water could be determined by measuruing plan and cross-sections of the 

various sample strips (Fig. A11.l a+ b). 

~Al!. la Fig. All.la demonstrates graphical station 
PU'.lN VIEW OF 

SAMPLE STRIP 2 estimation using the waterline as a 
BERRtS RUMP ISLRND

18.u ,.....,................,,,...,................, 


11.0 


lG.o 


15 .o 

14 .o 

13 .o I 
~ lZ.O 

"""' ll.O 

0::w 10.0 
t-
CI '.o 
)S 

8.o 
0 
t- c -
w s.ou z &.oa 
t
(j') 4,0 

H c 1.0 

r.o 

l.O 

- ·-·-· 

I 
01·2 

r e ference. Shoreline sub-parallel gri ke 

g2 (heavy black line) was measured at 1 

me ter inte rvals (circles mark stations). 

A line was constructed and measured, at 

scale (dashed AB), to determi n horizontal 

distance to the water. 

By f o llo wing line BC (dot-dash) to the y 

axis scale and then trans fe r ring to the x 

axis of fig. Aij.lb ele vati o n above wate r 

was determined. 

There are two source s of error 

to this me thod, First, 

inaccuracies of f ield mapping 
.o ......_,._"'--'-'-.._.__""-1...1......_.....i 


.o i.o z.o J,o •.o &.o 6.o 1.0 F_in•.A. ll.1b d d

WATER ~ are compoun e by scale 

ffi3.0r-r-.--,.......,r-r-r'T"'"l.........."'"""'...........-.................-.........~-~1 ~1~·........1~..................~.-1........,~,.........~1~·-.1 

~.b CROSS-SECTION OF SS 2BRI. reduction and inconsi stent map 
w i251.0 me asurements . Because of the m 
<onJ--~---==-========:;:=:2====z===<~::::::z::=:::::;;~:::zJ ~ 
I
I large s i ze d i ff e r e nc e between 
0 
w 

I I I I ' I I I I .I I ' I 1I 
..0 10 2.0 ~ 40 5 0 60 7.0 BD 9.0 10.0 11D 120 130 ~.J 150 16.0 170 180 

DISTA!>CE T O WAT ER 

http:MEASUREMF.NT


48 


reality and figs. AU a + b oversimiplification is unavoidable. 

Consequently, estimation accuracy is compromised at the original mapping 

stage and during graphical measurement. Secondly, an irregular coastline 

such as BRI strip #3 ( P:~ 'An..: L\ ) makes it difficult to decide upon a 

proper reference line. This was overcome by estimating a general shoreline 

t rend, disregarding small indentations and protrusions. The sample strip 

boarderlines were constructed perpendicular to the general reference trend. 

Thus graphical measurements were made parallel to these boundaries. 

b) Numeri cal method 

Numeri cal calculation of station location afforded more accurate 

results for two reasons. In graphical estimation field data was plotted 

and then measured. Numercial calculation used field data directly avoiding 

any secondary sources of error. Secondly, numerical maniipulation allows 

estimation to a t enth of a meter. Graphical methods were not this prec. ·,$~. 

Consequently the numercial technique (below) wa• the main method of station 

location. 

equation AII.l H.D. = [sin (angle A - angle B) x D] + K 

H.D. - horizontal distance to water 

angle A - angle of general shore orientation 

angle B - angle of grike orientation 

D 	 - distance (meters) along grike from starting 

point at which measurements were first made 

K - constant - starting distance of grike away from the 

shoreline (parallel to sample border strips). 
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APPIH>IX III 

A STATISTICAL COMPARISON OF GRIKE DIMENSION CHANGE BETWEEN SAMPLE SITES 

Grike widths (depths) decrease i nl and from the shoreline. Graphical 

and numerical expressions of dime nsion regression analysis dipi ct maxim 

dimension limits as a function of distance to waterline. (fig]Il-1 and 

equationsJII-1, I-2) 

Fiqure.IIr -1 Eqn l;'g-1 W = .463 .0377 Dist 
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Bear's Rump Island and hrn at Cyprus Lake. Sample strips Bear ' s Rump #1 

and #2 wi 11 be used as an example to explain the proc e <lure. 

1. 0 	 Problem Definition 

a) 	 Research arrl Null Hypothesis 

B1 (1) * B1 (2) Rate of change inland maximal grike width isH1 

B1 (2) ~ B1 (1) not the sarre between BRSS #1 and BRSS#2 

H
0 

B1 (1) =B1 (2) There is no significant difference in rate of 

: B1 (2)= B1 (1) change of inland maximal grike width 

between BRSS#l and BRSS#2 

b) Level of significance 

= 0.05 

a non-di rectional t wo-tailed t est. 

II Test selection 

a) scale of measurement 	 grike wi dth is measured at recorded distanCESfrom 

the water. The waterline is a refe rence base 

level. Therefore measurement is on a ratio 

scale . 

b) Sanple size 

'l'he sample size varies between strips. It cor r esponds to 

the ~' of gr i i<e <Ji mensi onal measurements used to esti mate the 

limit. 

Width's Empty grike Filled Grike 

BR SSl N = 11 N = 9 

BR SS2 N = 5 N = 6 
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BR SS3 N = 5 N = 7 

DEPTHS Empty grike 

BR SSl N = 5 

BR SS2 N = 3 

BR SS3 N = 6 

c) 	 Test selection 

Signifi c ance tests of B1 uses the standard errors of the r e gression 

coefficients and grike width. Those are calculated from the standard 

deviation of data points about the regression line. The standard 

deviation equals the root of unexplained variance, the variance of grike 

meaus rements about the regression line [Norcliff}. 

Student t is calculated by eqn I-3 

Eqn (Al-3 ) t* = Bl(l) - K 

Sbl 

K = slope coefficient from the limiting regression equation of the 

comparison sample trap 

Sb1 = standard error for B1 (slope coefficient) 

II CRITICAL t 

Degrees of freedom are determined by eqn (I-4) 

eqn (I-4) 

Therefore the cri t i c2 l t for a two tailed to test at a si gni fi cance 

level of 0.05 is 

t (Nl + N2 - 4), 0. 05
-2

Ho 	 is reject if t * > t (N1 + N2 -4 ) 
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IV Computation 

Regression Equations 


Ho: B1 (BRl) = B1 (BR2) BRl w = 463 - 1037 (Di st) N=l l 

Bl (BR2) = Bl (BRl) BR2 W = .0959 - .012X (Dist) N=5 

t * BRI = .§.i(BRl) - Bf (BR2) 
Sb1 (BR ) 

= (.0377) - (- . 012) 

.003512 


= 7.32 

t * BR2 = Bl (BR2) - Bl (BRl} 
Sb1 (BR2) 

(- . 012) - (-.0377) 

. 00118 5 


21. 69 

t 12 I 0.05 = 2.179 
2 

*T BRl} and *T (BR2) > t Therefore Ho rate of change of maximal 
inland grike width is not significantly the same beween BRSS#l and BRSS#2. 

TABLE AIII.l a & b lists the conclusions for the other sample strip 
canparisons . 
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TABLE AI I I . lA GRI KE WIDTH'S 

Locals Dimens ions 

BR Width 
SS #1 
& 
BR 
SSS #2 

BR #1 Width 

BR #3 

BR #2 Wi dth 

BR #3 

CYP 1 Width 

CYP 2 

J3R #1 Width 

BR #2 

BR #1 Wi dth 

BR #3 

BR #2 Wi dth 

BR #3 

CYP 1 Wi dth 

CYP 2 

t * T criti ca l 

7. 32 2.179 

21.69 

4.76 

5.59 

2.179 

7.60 

3.02 

0.866 

0. 055 

7.66 

17.43 

7.81 

37 .53 

0 .32 

0.69 

4 . 09 

3.985 

2.447 

2 .365 

2.201 

2.179 

2.262 

2.306 

Conclusion 

Reject Ho 

Reject Ho 

Reject Ho 

Reject Ho 

Reject Ho 

Reject Ho 

Do not Re j ect Ho 

Do not Reject Ho 

Do not Reject Ho 

Do not Re j ect Ho 

Do not Reject Ho 

Do not Re ject Ho 

Do not Re ject Ho 

Do not Reject Ho 

Reject Ho 

Reject Ho 

Gri ke ~11 h}'.'.P. 

empty B1(B (2) ) 

B1 (B(2)) 

empty Bl (B (l» 

= B1 (BR2) 

=Bl (BR1) 

:: Bl (BR3) 

empty 8 1 (8R (2 ) ) 

empty 

Bl (8R (3) ) 

IB1 (Cy (2 )) 

I8 1 (cy (2) ) 

Filled IB1(8R (l)) 

IFi 1lc-0 


Filled 


ri lled 


I8 1 (B (3) ) ::; B1 (BR1) 

= B1 (BR3) 

=Bl (BR2) 

= 8 1 <cy2 ) 

= B1 (CY1) 

:: Bl (BR2) 

: Bl {BR1) 

=Bl (BR3) 

= B1 (BR1) 

= Bl (BR3) 

::: B1 (BR2 ) 

::: 8 1 {cy2) 

=Bl (CY1) 

8 1 (BR (2) ) 

8 1 (~ fl) )
\ . 

3 1 (BR f3 \ ) 
' ' 

Bl (8R (2 )) 

B:i_ (~ (3 ) ) 

B 1 (Cy n , ) 
- ..... J 

8 1 (CY (2) ) 
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TABLE AIII.lB Grike Depths 

Locals Dimensi ons Grike Null hyp t * T critical Conclusion 

Do not Reject HoBRSS #1 Depth Empty Bl (8R (1)) =Bl (BR2) 1.57 2.262 

Do not Reject HoBRSS #2 1.48Bl (8R (2)) : Bl (BR1) 

BRSS #1 Depth Empty Do not Reject Ho1. 78 2.179 

BRSS #3 

Bl (BR (1)) ;: B1 (BR3) 

Do not Reject Ho 

BRSS #2 

0.69B1(8 R(3)) ;: B1 (BR1) 

Depth Empty Do not Reject Ho1.34 2.571 8 1 (8i~ (2)) ;: Bl (BR3) 

Do not Reject Ho0.55BRSS #3 8 1 (BR (3)) =B1(BR2) 

B/ Regression equations defi ne limits of maximal inland grike widths for 

filled and non-filled grikes on Bear's Rump Island. The difference between 

them r epresents the effective width due to fill. Acidifying vegetation is 

likely the cause of larger filled grike widths. Sample strip #1 equations 

(AilI5,Aill6) demons trate this method of quantifying the effect of vegetation 

ongrike width if a given distance from shore. 

eqn (AilIS) filled grike width limit w = • 731 = .047 Di st 

Eqn(AUI6) anpty grike width limit w = .463 • 0377 Di st 

Eqn of vegetation effect ve = • 268 = • 01 Di stfAlIL7) 

The effect of vegetation in terms of increased width of grike in meters at 

various distances away from the waterline for Bear's Rump Island is: 

ve = .268 - .01 Dist 
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Table I 2 presents similar equations for Bear's Rump Sample Strips 2 and 3. 

Table AIII.2 Vegetation Effect 

Location 

BRSS#l 

BRSS #2 

BRSS #3 

CYP #1 

CYP #2 

w- width 
o- depth 

Limiting Regression Equation 

filled grike non fi lled gri ke Vegetatjon ef f ec t 

w = .731 - .047 0 w = .463 - .0377 0 Ve = . 268 - .01 0 

w = .253 - .006590 w = .102 - .0131 0 e = .151 - .00651 0 

w = .187 - .005830 w = .142 - .0163 0 Ve = .045 - .01047 0 

w = .104 - .009630 w = . 0194 - .00162 0 Ve = .0846 - .00801 0 

w = .429 - .002150 /w = .0545 - .00326 o ve = .3745 - .018240 

RB~ ' -no:uvE 'T ION CENTRE 

RES€ R H l'Nl i rOn "'t<8AN STUDIES 


McMASrCR UNIVERSITV 

HAMILTON, ONTARIO 
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APPENDI X IV GRIKE DIHENSI(XIJ VS . DISTAtCE TO WA'l'ER 

Fig. AIV.l through AIV. 5 and AIV.6 - AIV. 8 respectively are summary 

d iagram s of wi dth and depth di me nsi ans against di stance to water. 

Dedvati on is explained in t he text (IX.JS. 36 - ~ "l ) • The hashed regions in 

figs. AIV.l - AIV. 5 represen t the added grike width due to vegetation 

eff ect (see Appendix IIIB for discussion of vegetation effect). 
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APPENDIX V O~INI~ INSOLIJBLE PKICENTAGE 

Several sections in the text (pgs .31-32,41 ) refer to i nsoluble 

content. This property was determined by dissolution of various dolomite 

samples collected at Bear's Rump, Cyrus Lake and Dyer's Bay. The procedure 

is outli ned below and Table AV.l surnnarizes the results. 

Method 

1) 	 Samples were cut such that all weathered surfaces were removed. 

2) 	 Samples were oven dried fro 24 hours and then set in the lab unti 1 a 

reference fragment's weight stabalized with the atmospheric moisture 

(Fig. AV.1). 

3) Samples of interest were weighed and subme rged in 9 MHCl until 

dissolved (2 days). Insoli.:;ble residue remained. 

4 ) Solvent and residue wree filtered using 40 and 42 graae f i 1ter paper. 

Beakers were filtered and contents filtered three times with 3M HCl to 

ensure that all insolubles ended up on the filter paper. 

5) Filter paper was oven dried for 24 hours and weighed after a reference 

filter equilibrated with laboratory air moisture (fig. AV.2). 

6) Th.e differ nee between residue weight a nd initial sample weight was 

calculated as an insoluble percentage (Table AV.l). 
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FIG. AV.1 
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TABLE AV.l 

SAMPLE LOCATION INITIALWT FILTER P. FiP&RESIDUE RESI DU E % INSOL 
(g) WT. wr. 

BRlA Waterline 5. 1810 1. 0751 1. 5517 0.4766 9.2 

BRlB 15 m back 5.6250 1. 0689 1. 7617 0.6928 12.3 

BR2A Waterline 7. 0956 1. 0659 1. 6850 0.6191 8. 7 

BR2B 15 m back 3.6780 1.0660 1.4560 0.3900 10 . 6 

BR3A Waterline 3.5370 l.0891 1. 4735 0.3844 10.9 

BR3B 15 m back 4.4556 1.0533 1.5307 0.4774 10. 7 

Ll-5 150 m back 7. 9320 0.9705 1.657 0.6661 8.40 

Ll-6 180 m back 6 .1835 0.9195 1.643 0. 7031 11. 37 

Ll -7 210 m back 3. 7195 0.9162 1.375 0. 4384 11. 79 

Ll -8 240 m back 3.9976 0. 9444 1.372 0. 4072 10 .19 

Ll-Bb 240 m back 8.2640 0.9781 1.609 0.6105 7.39 



68 


APPEll>IX VI PLATF.S FRCM TEX'!' 

Plates AVI.l through AVI.9 are photographs referred to throughout the 

text. A brief description along with the corresponding text pages is found 

beneath each plate. 

Plate AVI.1 

-coarse moved (transported) break-up 
fracture, BRI passive caast 

-shattered rock, reference page 22 
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Plate AVI. 2 
-shattered 1ns1tu (stationary) break

up fracture, BRI passive caast 
-reference page 22 
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Plate AVI.3 

-flaked rock fragments,BRI passive coast 

-reference page 23 
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Pl_~.te.._! VI ._i 
- d 1=: t a lle d rcJ. r re n s 1 te K1 , Cyprus Lake 

- 0 m a wa y from wate r 

- 0 m a bove wa te r' 

-reference 27-31 

J? J.a t e AVI. r:;,------·--·---
~detailed karren site K2, Cyprus Lake 

0.5 rn away from water 
-0 . 5 m a bove water 

- r eferenc e pa ge s 27-31 
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J'la te AVI. 6 

-detai l ed karren site K3-1 ,K3- 2 ,K3-3 
K3- 1 - intermediate e xposure age 

K3 - 2 - old exposure age 
K3-3 - yo1m g expo ., ure age 

-1 .7 5 m away, 1 .5 rn a bove water 
-reference page s 27-31 
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... ., r
l' .... ~f:i 

rrAv .. 7 
- detailed karren site K4 , Cyprus Lake 
-1 .5 m away, 2.0 m a bove wa ter 

-reference pages 27-31 

:pla_te AVI. 8 

-detailed karren site K5 , Cyprus Lake 

-10.0 m away, i.O rn above wa t er 

-reference page s 27-31 
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APP£N OIX•Vll INLAND ~AV™Em 

The Dyers Bay sam pl e s i te was a small, well deve loped, r oadside 

secti on of Amabel kluft karren pavement (plate AVl!.l) located 

approximately 3/4 of a mile inland it is doubtfull tha t the area was 

submerged even during the high Nippising Lake level stage. Many troughs 

(rundkarre n) drain into three main fissures. Both the gri kes and 

rundkarren had well rounded lips indicative of soil covered solution. 

Di rt, vegetation and pe bbles filled the gri kes to varying extents. 

Partially intact centre pieces existed in 2 locations of grike "G3" (Plate 

AVI \ ·2.). 


The clints revealed single pi t s often found in the bottom of rounded 


rurrlkarren channels (Plate AVil. 3) .. 


Grike dimensi ons were taken at 1 meter int ervals revealing average 

widths of 15.9, 7. 7, and 10.8 c m and average depth of 26.0, 30.6, and 42.6 

cm for Gl, G2 and G3 respectfully. 

Samples taken from Gl grike and the clint su r face we re white 

interlocking mi cro crysta li ne dolomi te with insoluble percentages of 4.5% 

and 6.4% respectively. 

It was not possible to measure accurate shoreline to grike distances 

as a t ~yprus Lake and Bear's Rump Island. Consequently statistical 

analysis of Dyer' s bay grike and rundkarren dimensions was not conducted. 

Gene ral observational differences exi s between such inland pavements and 

coastal pavements. Greater excavati on of grikes is apparent. The rounded 

nature of the pa vement suggest biogenic acidic effects in the solution 

process. Pits are less abundant, possibly formed by a different mechanism 
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than the spray wash littoral pits at Bear's Rump and Cyprus Lake. Fig 

5.0.l is the plan view of Dyer's bay sample site. Immediate emphasis must 

be placed on the secondary solution "rundkarren" channels which drain into 

the gri kes. These were not seen at any of the coastal locations, 

indicating that vegetation intensified solution has been active for longer 

periods inland resulting in well developed secondary karren features. 

The striking difference between 

inland and coastal pavement is 

due to burial of the bedrock, 

bi logically increased solution, 

and subsequent exposure
DYERS BAY PAVEMENT 

INLAND ( NON-COASTAL )followin overburden removal. .o 

s.o 
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Plate AVll.1 
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• 


Plate VI 1,2 
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Plate Vll3 
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LIST OF ABBREVIATIC»IS 

Abbreviation 

BRI Bear's Rump Island 
MBS Master Bedding Surface 
SS Sample Strip 

vii 
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