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• ABSTRACT 

The Appalachian fold belt system in Newfoundland is divided into 

three tectonic divisions: Western Platform; Centra'l Mobile Belt'; Avalon ,... 
Platfo. Rocks of the Weste~n Platfo~m rClnge in age from Precambrfan 

to Carboniferous. Major karst areas are found there in Ordovician 

and Carboniferous rocks. Karst features of the study area(Goose Arm 

to ,Bonne Bay Big Pond) are in the Ordovician carbonates of the undivided 

St. George and Table Head Forma ti I?ns, coveri ng a few hundred square 

kilometers. Features include karren, sinkholes, sinking streams, and 

ka.rs t spri ngs, caves and other sol uti onal and collapse fea tures . 
, 

In the study area multiple fold and faulting episodes complicate 

the geology. Extensive and probably repeated glaciations have produced 

rugged terrane I'lith U-shaped valleys and as much as 300m rel ief"on the 

carbonates. There is variable ,but thick till cover. A class or 'Cl~~S of 

'-ice-scoured closed depressions with internal drainage are recognize'd, 

Postglacial karst forms are limited to varieties of karren (mainly 

littoral)" small sinkholes, and cave systems that are inaccessively small 

in most instances., Distribution of all karst features is highly 

irregular. 

Hydrologic patterns follow fluvial, fluviokarstic and holokarstic 

drainage, Large number of sinking ponds have seasonal overflow 

channels. The ground water drainage routes are generally short and shallOl~, 

with varied hydraulic gradients. Few instances oT ground water route 

'integration to regional springs,is found. 

The water chemistry of the ar:ea .displays a tight normal distribution 

of hardness, This is attri~ted to the ponding effect, Seasonal trends 

shOl; an overall increase in total hardness and other parameters, with 
4 
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some ponds showi ng 
, ' 

linear incre~es and others cyclic variations. 
\. 

Karst type and distribution is complex and irregular, but' both 

glaciokarstic and karstiglac;ial development is present. The majority of 

karst forms point to karstiglacial development where previous karst forms 
.-J 

have been modified by ice. k'arstification is contr,olled by geology', rock 
. , : ' . . 

,lithology, hydraulic gra~ents" and glacial s~our: and"i'nfill. Karstic 

pro~esses conti nue to ope~te today, modi,fying the SCOU;~d',bas i ns and 
\ ' 

creating new karst forms. ~ ~. 
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CHAPTER I 

INTRODUCTION 

la. Purpose of Study 

The Paleozoic limestones found on-the Ivestern Platfo~f 

Newfoundland pre extensively karstified. Karst landform development 

and drainage has been modified and controlled by rock lithology, structure 

and regional Pleistocene glaciation. 

The study of karst landforms and their development is important 

from a number of vi elvpoi nts. -K~ ~st fea tures divert surface wa ter into 

complex underground systems; the understanding of hydrological processes, 

tile movement of ground I-Iater-, and evaluation of a karstified carbonate 
r 

area as a potential reservoir aquifer therefore, requires an understanding 

of karst forms and their function, and degree of development. 

This study represents the first detailed description of karst 

landforms present on the western platform of Newfoundland, and in-particular 

"-
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the Bay of Islands area, betw~n Goose Arm and Bonne Bay Big Pond 

(Fig. 1). It is a pre1'i'~inary analysis, because only one full summer 

(1977) was available to study the~xistence of karst features and the 

geochemistry of carbonate-waters. It is a unique area for a regional 

karst study, because of the area's complex geologic structure and 

particularly the extensive glacial modification. Newfoundland possesses 

a cool northern. cl imate; according to a"Keoppen-type cl imati·: description 

it is Dfc. (or humid boreal climate). This study describes the pre

Wisconsinan karst development an'a preservation, and the extent and degree 

of development of mo.dern karstification and some of the controlling factors. 

Previous reference to the presence of karst features in Newfoundland 

is fragmentary, and is fuund in only a felv geologic reports Ivhere the 

presence of underground drainage is noted·.(Heitz, 1953; Cumn~ing, 1968; 

Lilly, 1963). The purpose of this study is to: 1) identify and describe 

the existing karst landforms, 2) describe proven and inferred patterns 

of modern karst-ground water drainage, 3) determine the extent to which 

forms and drainage are controlled by rock lithology, structure and 

Pleistocene glaciation, and'4) a preliminary 'analysis' of solvent behaviour 

of the different classes of Ivater present, in comparison Ivith other areas. 

I 
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lb. Selection of Study Area 

. The study area comprises approximately 200 km2 of carbonate rocks 

of Ordovician age, found north of Corner Brook, between Goiise Arm, Old 

Mans Pond, and Bonne Bay Big Pond (Fig. l}. The sedimentary sequence 

within this area is some 1220 m thick, inc.luding the Table Head Formation, 

and the underlying St. George Group (\ihittington & Kindle, 1963; 1968; 

Cummings, 1968; Weitz, 1953; kluyver, 1975; Schuchert and Dunba·r, 1934) . . 
The section of carbonate rock in the Goose Arm and Bonne Bay Big 

Pond area is well suited for the study of karst development {ecause 
x. 

several major controlling factors are present to mOdify karst processes: 

1) presence of considerable thickness of soluble carbonate rock (01220 m), 

i) complex geologic history, where multiple folding episodes, deformation, 

joint and fault development, and variable rock lithology exerts a 

controlling influence on karstification, 3) high topographic relief, 

providing high hydraulic gradients, 4) extensive Pleistocene glaciation 

which has modified the topography by eroding, infilling, and deranging 

drainage. 

3 

A considerable t~ickness of carbonat~ rock is essentfal for extensive 

ground water circulation, and for the development of underground drainage 

routes and explorable caves. Structural geology is important because 

fractures, joints, etc~ are going to provide the possible drainage routes 

for \;ater. Other controll ing influence is exerted by rock lithology, 

where impure limestones, shaly seams, insoluble residues etc. will inhibit 

solution. 

I 
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Ie. Physiography of the study ~rea 

. Newfo~ndland is situated on the,extrem~ east coast of Canada, 

at the northern extremity of the Appalachianrlountain Belt. 

The island may be divided up into three tectonic units; Hestern 

Platform, Central r·lobile Belt, a~d the Avalon Platform, of whi'ch the 

Wester'n Platform may be divided further into three main topographic 

zones: mountains, lowlands and plateaus (Fig. 2). 

The west coast of the island supports a thick forest cover; the 

vegetation ranges from tundra to op'en w.oodland type (Fig. 3). r',ost of 

the land ;s unsuitable for agriculture mainly because of the lack,of . 

thick soil, thick glacial till deposits and'minor amounts of 10\'lands. 

The west coast has a cool northern climate, with high annual preCipitation, 

small number of frost free days and low .. averag'e summer temperatures 

(Fig. 3). 

flountains 

The topography of the .l'lest coast is dominated by the long Range 

Mountai~ Complex, which runs the length of the island from north to south. 

This Mountain system is cut by numerous faults, of which the long Range 

Fault is the longest; it forms a 'prominent scarp margin eas·t':o·f the Cod roy 

lowlands (Fig 4A,G). The long Range r~ountains rise between 335 m - 807 m 

to a flat, glaciated surface, which tn places ii covered with erratics. 

North of Gonne Gay the long Range ~lountain Complex' ri-ses to an elevation 

of 8,06 m at Gros r·lorne. The summit of the mountain is mainly a dissected. 

plateau, with steep sides. Hestern Grook Pond, a little to the north 

exemplifies this, where a spectacular U-shaped valley, now occupied by 

4 
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A. The Long Range Mountain Complex forms a prominent scarp 
margin east of the Cod roy Lowlands. The mountain chain 
forms a di$ected plateau with steep sided U-shaped valleys. 

B. The Long Range Mountain Complex on the Great Northern Peninsula 
at Western Brook Pond. The'lake is bounded by cliffs 610111 
high above water level. This inlet represents one of the 
glacially scoured U-shaped valleys. 
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, a lake, is bounded by cl iffs that rise 610 m above water level (Fig. 4). 

All along the western parts of the island .impressive mountain fronts 
'f-

and deep glaciallj scoured valleys are present. 

The southwestern coastal areas, between Gonne Bay and Cod roy 
-, 

\ . 
River, have s'liveral separate massives 'such as the Cape Anguille r·1ountains.' 

Indian Head Range, Table Mountain, (e\~is Hills, Blow-me-dOlm ~1ountain, 

and North Arm Mountain, all rising to a flat plateau-like surface. 

Some of these mountains are parts of transported klippen, and are composed 

of igneous material (Rogers and Neale; 1963; Poole, 1967; Stevens, 1970). 

The mountain highlands present a rugged topography \~ith steep 

slopes and flat plateau surfaces. Glaciation has cut and eroded extensive 

U-shaped valleys in mountain sides, nOl-l occ'upied by misfit streams. 'nle 

coastal area shows numerous fiord-like indentations, such as the Bay of 

Islands area, flanked by steep-sided plateaus. 

LOI'II ands 

The 10l~lands 'of the Cod roy and St. Ge.orge Bay area consist of a 

rolling hilly topography, developed in MiSSissippian and Pennsylvanian 

sediments. (Knight, 1973; Baird '& Cote, '1964; Baird, 1959: Baird, 1951): 

Narrow stri~s of lowlands are foun~at several places such as the south 

coast of the area between Lewis Hills and Blow-me-down Mountain, Port 

. au Port Peninsula, and the' northwest coastal lowlands (Fig. 2). Lowlands 

with larger areal extent are found at White Bay and the Great Northern 

Peninsula (Fig. 2). 

9 
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Beaches on the coastal section ilre 1 imited to narrow gravel or 

boulder beaches with only small sandy areas. The Western Platform has 

an extensive stream network development, but only a few large rivers 

are present, such as the Humber River, Main River, and the Codroy River. 

Among the larg(:~t standing bodies of 11ater i3re Grand Lake-Sandy Lake, 

Deer Lake, and. Ten Mile Lake. 

Plateaus 

The plateau area of the Hestern Platform stretches from southern 

Port-au-Port Peninsula towards B~nne Bay Big Pond. Elevations in this 

area vary from 180 - 427 m in a mixture of flat-topped hills and steep

sided valleys. 

The study area is situated at the northern end of the plateau 

subdivision (Fig. 2). It is characterised by a rugged hill and valley 

topograpny, "ith numerous lakes and streams. Elevations range from 

sea level to 458 m. On the "est, the fiord-l ike arms of the Gay of 

Islands branches inland into North, ~:iddle and Humber Arms (Fig. 2). 

The Gay of Islands, like Bonne Bay, is a submerged U-shaped valley, which 

has been deepened and its sides steepened by glacial ·erosion. The Arms 

show a 'U-shaped cross profile "ith their upper rims rising about 305 m 

as!. 

The study area is bounded on the "est by the Gay of Islands, 

on the south by 01 d i:ans Pond, and on the north by Gonne Bay 8i g Pond. 

The largest river in the area is Goose Arm, drainin.g a major part of 

the carbonate rocks. Large lakes such as Old Mans Pond, Bonne Bay 8ig 

Pond, North Lake, etc. sho" narro" (.5 - 2.5 meter "ide) cobble to 

boulder beech development l'lith very I ittle or no fine sediments. 

~ 
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Extensive glaciation has produced a rugged topography, with 
~ 

streamlined hills, s\eep sided U-shaped valleys, hanging .alleys, cirques, 

and large scoured-out depressions among other features. The. scoured-out 

bedrock and transported till has 1 eft a deranged dra in?ge with nunlerous 
. 

small lakes and streams, and a hig~ly irreguiar thickness of till cover. 

r~any lakes on the carbonate rocks have no visible outlets and are 'drained 

by subterranean courses. 

Id. Karst: a review 

The word "karst" is German in origin and it comes from the Indo-

European word "kar" meaning a rock or ~ stone, and the Yugoslavian/Slovenian 

word "kras" referring to a Ivaterless place (Herak and St~ingfield, 1972; 

Jennings, 1971; Sweeting, 1973). 

"' The term "karstification" is used to indicate the process of 

development of' caves, sinkholes or other solutional features. The study 

of karst includes the circulation of water in joints, fractures and .. 
cavities, and the solution of carbonate rocks to produce. specific forms 

on the surf~ce as well as deep underground. The process of karstification 

starts when aggressive water (ie; water that is capable of carbonate 

solution) comes in contact with soluble rock. Subsequent circulatjon of 

water in"fissures leads to the development of complex underground. systems. 

Sinkholes, uvalas, blind valleys, poljes and karren forms are all 

II 



11 , 
, 
'. 

characteristic features·of surficial solution (for definition of ternlS 

see l1onroe, 1970). 

The development of karst features depends on two main factors: 

1) the presence of soluble rock· at or near the surface, 2) the~resence 

and availability of water. Solution is further dependent on climate, 

vegetation, and structure and lithology of the soluble rock. For karst 

landform development adequate solution and circulation of water, sufficient 

- rainfall and relief are required (I-Ihite, 1977). 

Ideal conditions for maximum karstification ,are the presence of 

pure and massive limestone with well defined joints, fissures and cracks 

for effective water circulation. The strength of the limestone along 

with texture and porosity are also important qualities for effective karst 

development (Jakucs, 1977)."' Generally dolomites and impure thin bedded 
," 

limestones, along 11ith very 
. ",,

rise to mature karst forms. 

The characteristics 

porous carbonate such as chalk, do not give 

~ 
of surface and subsurface karst forms and 

the concept of karst morphology attracted the attention of researchers 
. 

as far back as the middle of the 19th century. For summary of karst 

morphology investigations through time see the. following for references: 

(Atkinson & Smith, 1975; Jennings, 1971; Sweeting, 1973; Herak and 

Stringfield, 1972; Jennings, 1972 (a); Bogli, 1971; Jennings, 1972 (b); 

LeGrand and Stringfield, 1973; Drake, 1974; Ford 1971 (a); Lowry & 

Jennings, 1974; Palmer & Palmer, 1975; f,iotke, 1974; Sweeting, 1976; 

Pulina,,1974; flonroe, 1966; Roglic, 1974; SI'/eeting & Sweeting, 1970' 

Ma rker, 1976}. 

Karst areas around tile I'/orld are not all 1 ike the claSsical 

12 
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Dinaric karst (Sweeting, 1973; Jennings, 1971 ; Jennings, 1972 a; Herak .. ' 
& Stringfield, 1972) . Many classifications of different karst types have 

been proposed. Some of the earliest ones were based on ~egree of karst 
" 

development, Cvijic (1893 ) for example divided karst forms into 

'J holokarst '(perhctly developed' karst), merokarst (imperfectly developed 

karst); and transit.ional karst (in-between holokarst -and merokarst}. 

Although Grund (1914) has made a simil~r differentiation, Cvijic's 

divisions are in more popular use. Gvozdeckij (1965).distinguished 

different karst forms of the U,S.S.R., and added climatic variations 

to the classification; he distinguishes betlveen a) covered karst, .. b) bare 

"'karst, c) buried karst, d) tropical kar~t] e) permafrost ~arst, f) high . \ 

mountain karst, g) lowland karst, et~. Jenko (1959) stated however, that 

13 

dimate does not form kal'st, but rather it gives it speclfic characteristics. 

SI,eeting (1973) classifies karst on the basis of both process and climate; 

her classification includes a) true karst, b) fluviokarst, c)'glaciokarst, 

(including both arctic and permafrost karst, d) tropical karst, e) arid 

and semi-a'rid karst. 

From st~dying regional characteristics of karst landforms a ...... '. 

morphoclimatic theory of karst development has.evolved (Lehmann 1964; 

1970; Sweeting, 1966" This the?ry indicates that karst processes and 

karstic development are most rapid in the tropi~al hot, wet climates, 

and diminishes as coo1cr climates are approached (Balazs, 1971; 1973; 

SI,eeting & Gerstenha.uer, 1960). Certain karst forms ~re associated only 

with tropical cli~ates such as cockpits, towers, mogotes, and cenotes. 

These features are not found forming in te~pcrate regions today, and if 

found they are interpreted as relict featurcs left.over from past tropical 

_/ 
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• 
cl imates. This prevail ing morpho'cl imatic con~ept has been questioned 

recently by many workers (Ford, 1973; Jenning, 1972 a; Sweeting, 1976; 

Monroe, 1966; Roglic, 1974), and has been strongly disputed by Brooks 

(1976). 

Limestc':1e solution data collected over the wo.rld do not indiCate 

such strong climatic differentiation and Sweet'ing (1976) concludes that , c...-
"l'imestone solution is ma.inl,?' a question of speed and length 'of ,contact 

(of wa,ter) with rock" (Sweeting, 1976; Pitty, ]968; Pulina, 1974; Miotke, 

1974) . 

G~nerall'y karst areas are classed as tropical; temperate, alpine 

or arctiAarst Ivith typical characteristic features. The NCI'lfoundland 

karst does not fit \'Iell into anyone of the above classes. It has a 

complex glacial history in which glacial erosion played an irnportant 

'" , role in.the development of the present karst features; it does not resemble 

alpine karst. There are no deep cave systems, elevations are 1 Olver , 

and there is a lack of glacially scoured and rounded pavements. The 

study area also does not fit the temperate type because the karst • 
, . 

development is sporadic and the sca~ and distribution of closed depressions 

is quite atypical'in characteristics. 

ld-l Karst in qlaciated terran.es 

There is a large amount of published literature discussing karst 
• 



in glaciated areas. However, most reg'ional studies in such terrane~ 

..0 'have been limited to alpine situations (Alps, Caucasus, Roc~ies of Canada 

and the U.S.A.) to benchlands (Yorkshire, England; Burren, Eire) and 
. ./ 

~carpland~ (Bruce Peninsula, Anticosti Island) (Bauer and Zotl, 1972; 

Bauer, 1964; 1964; 1970; Droppa, 1%6; ~lazur. 1962; Ford, 1971,(a), 

Drake, '1.974; COI'lell, 1976). 
• 

The study area is quit~.unlike other temperate or alpine karst 

areas. There appear'to be no previous studies of areas closely resembling 
, , 

the Nel.foundland karst, with its rugged, dissected, intermontane landscape, 

which has received extensive muJtidirectional ice scour (from the east -
" 

ice was spreading from the center of the; island, and from the I.est - ice 

invaded the island to some extent from"the continent, (Laurentian Ice 

Sheet)). 
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Of particular interest to this study are glaciokarst and fluvio

karst. Glaciokarst refers to solutional processes acting on a limestone 

mass I.hich~·either has been or is being glaciated. Fluviokars~s tcr 

forn)s that I.ere formed by the combined action of fluvia'l and karst processes 
4 

and display a mixture of karst and normal fluvial landforms. 

Karst features found ,in arctic and alpine regions generally consist 

of bare carbonate rocks, scoured out by glacial ice and at places producing 

flat pavements. Sol~tion-widened jOints and fr~ctures produce deep crevices. 
, 

Gogli (1964 (a)) divides glaciokarsti 7 surfaces into: Schichtreppenkarst 

(ie. stepped karst) and Rundhocker karst (ie. rounded karst). Glaciokarstic 

surfaces are generally described as bare, with pavements where solution 

ha~ enlarged joints and fissures. Meltwater from the ice and snow may 

produce shafts and potholes along I'lith enlarged bedding planes that form 

near-surface caves. Solution is important in the ~rctic (Woo and Marsh, 1977) 

'--. 
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as well as Alpine areas, since biogenic CO2 and cold temperatures increase 

water aggressivity~ in these areas pavements and microkarren may resu1 t. 

Caves may serve 'as important drilinage routes for meltwater, but lakes 
""1:~.' • 

are generai1y lacking due to underground drainage, as exemplified in the 

French Alps; cave development is usua1~ extensive }nd very deep; 1000 

m systems are common (Avias, 1972). 

Alpine karst,therefore differs markedly from karst i~ tropical 

or temperate regions. In tropical climates surface karst tends to be 

of great relief and density but bare, scoured surfaces are absent. 

Tower karst forms, mogotes, and cockpit depressions are typical from 

China, Cuba and Jamaica. In temperate areas, such as Yugoslavia. doline 

landscapes of 10\'ler rel ief predominate. Poljes are comlnon. 

Karst development in Newfoundland is found in gypsum, marble and 

limestone. The degree of karstification varies from high in gypsum, 

to moderate or 101, in marble and limestone. \,ithin the study areil the 

degree of karstification is modera{e to low, although ~really extensive 

(Karolyi, 1976 a; 1976 b; 1977). 
/ 

·The carbonate rocks between Goose Alom and Gonne Gay Big Pond 

show a rugged topography with high hydraulic gr~dients present. The 

area .has been extensively glaciated, but at present a thick forest cover 

is fO'iJnd, except for mountain tops where a tundra-like vegetation exists. 

Bare rock occurs only on cliff faces, some mountain tops, and a fel, 

small patches around lakes. 

In the study area the glacio-karstic features occur as large 

closed depressions: harbouring permanent lakes that drain underground. 

Karren forms are restricted mainly to lake.margins where bare limestone 

"-
I 
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is present. Pavements are found outside the study area also at Port au 
J 

Port Peninsula, Gallants, and along the Great Northern Peninsula 

(Fig. 5). Blind valleys are not well developed as they ·are in temperate 

karsts, although several streams sink in their courses in low l"iater stage. 
~ 

There are severJl large uvalas or complex coalescent sinkholes; some are 

dry, others with permanent lakes. There are no poljes. There is an op'en 

k3rst window at Canal Pond cave and several collapse features are also , 
found in the area. Explorable cave passages are"few and in the study area 

are 1 imited to Canal Pond cave. Outside the area caves are found .at 

Corner Brook, Link Pond area, Gallants, Port au Port, Taylors Pond area, 

Roddicton and the Great Northern Peninsula (Appendix A). Underground 

drainage l"iithin the study area is extensive but the conduit systems appear 

to be completely full of I~dter and genel"ally too small for exploriltion. 

There are large numbers of springs, of which several are·of substantial 

"-size. 

The area may be described as partly glaciokarstic because it 

has been extensively glaciated; some of the karst ~eatures such as sinks 

and drainage were modified subsequently by glacial erosion. The area 

has not been thoroughly explored yet, and it is not known if there are 

preglacial cave systems. 

There are several small bedding plane caves whiCh are-at the 

surface and are a meter or two above mean lake water level height. These 

near-surface bedding plane caves 'are enlarged by meltl,ater and rainfall. 

and ere explorable only for tl'O to five meters from the entrance. 

Generally all underground drainage in the study area is shall'\:)I"i, and the 

distance from sink point to rising is less than 3 km. This area may 

.~ 
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Fig. 5 

Pavement development, outside the study area. 

A. Extensive joint solution has separated the limestone blocks: 

B. The pavement is found on a sloping surface \;here the overlying 
soil material has been removed. Frost shattering can be 
extensive on the exposed limestone surface. 

C. Interesting karren forms found on incl ined surfaces'. 
(photo courtesy D.C. Ford). 

These pavements are found on the Port au Port Peninsula. 

, 

• 

'"'. , 



L 

19 

• 

• 



L 

also be described as partly fluviokarstic •. since major karst forms 

are due to the sinking of streams and lakes. 
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• CHAPTER II 

/ GEOLOGY. STRI\1IGRAPHY. AND GLACIATION OF THE HEST COAST OF 

NEHFOUNDLAND ' 

lIa. GeoloQY 

Nel,foundland is the northel'n extension of the Appalachiil-n 

Mountilin Belt which consists of Paleo:oic sedimentilry. volcanic. 

metamorphic ilnd plutonic rocks. extending 33()O km illong eilstel'n Nol"th 

America from NedoundlJnd to Alabama (Poole. 1977; I~,ill iams ct ilL. 1'972; 

I~ilson. 1966; Hilliilms. 1964; I-!illiilms. 1971; I·!illiams & York. 1972). 

Thick miogeosYl1cl inal sedimentrJry sequences on the h'est COust 

of NCI,foundlilnd al'e overlilin 'by Call1bl'ian and Ordoviciiln sediments. 

were defornled. inttuded, uplifted and eroded duririg the Appalac!liun 

" These 

Orogeny. Sevcrel "kl ippen" trilnsported fl'om the Cilst nOl1 overl ie youngel' 

sedimentary rocks on the I,estern Platform (Tuke. and Baird. 1967;' , 
Kay. 19G6; Neale etJ:l., 1974). 

The Western Platform is the f6cus of this stud)' because it 

contains the bulk of carbonate deposits. It is part of the St. Laurence 

! 

Platforr.l, h'hich in the Ordovician \,'(}S the si".::e of continuous shelf carbonJ.te 

deposition. Durin~ the early Ordovician. dolomites werc dcposited alon~ . 

the northwest margin, such as the St. George area. On the southeast 

side, which was then oceanward, carbonate brecciJs were developed~ 

probcbly as slo;Jc deposits (Poole. 1967; 19'77; Hubert et al.. 1976). l~-the 
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middle Ordovician, limestones (Table Head Formation) were deposited on 

an uplifted and karstified topography of lower Ordovician age (Kluyver, 

1975; Poole, 1977; Knight, 1976; 1977; Collins, et al ., 1973; 1975) . 

• The paleokarst surface is of considerable current interest to economic 

geologists. 

The Carboniferous rocks of Newfoundland occur in two depositional 

basins: the Codroy-Gay St. George Basin at the southwest, and the Deer 

Lake-\Jhite. Gay Gasin at the nOl'theast (Fig. 6). Karst features are 

found in the 1·liddle and Upper l'lississippian Codl'oy & Deer Lake Groups. 
----~ 

For further discussion of the deposition. structure and stratigrJphy of 

the rocks found in these basins see r:cArthul' & Knight. 1974; Gail'd & Cote. 

1964; Fang .• 1974; Knight, 1973; FonG " Douglas, 1975; Knight. 1975; 

Fong. 1976 (a) " 1976 (b); Knight, 1976. This study only deals l'lith 

karst landforms found in the Ordovician cal'bonates. 

Limestone deposits in ;:e~·,rfoundlJnd are also found in the easter'n 

and central pal~ts of the island~ but it is on the \·:cstel~n parts of the 

island that the largest~ most extensive, and commct~ciall'y attractive 

depos its occur, 

lib, Stratiaraphv 

Of the tViO series of carbonate rocks'on the \·!estern Platform, 

the"'r.iost ~tcnsi~\'e ar€_ the Cambrian and Ordovician carbonates, of \· .. hich 

the Table Head Fort::ation and ~he St. Gco14 ge Group cO:-:1;Jrisc the thickest 

section, The :·:iddle Ordcv~cian Table Head Formation and the LC\·:cr 
~ 

-I 
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Ordovician St. George Group have been recognised for a long time 

(Table 1); Schuchert_ and Dunbar (1934) were among the earliest workors 

to provide a detailed description of these rocks_ The Middle and Lower 

Ordovician carbonates have been described from 2 locations, the Port au 

Port Peninsula and Great Northern Peninsula_ The'units have been sub-

divided several times but there is no present consensus as to the s'ub-

Civision (Table 1). 

The Ordovician carbonates in the Bay of Islands area are 1220 m 

thick, including the Table Head FOI-mation and the St. George Group. 

The Table Head Formati~n consists of grey limestones and.black s~ales, 

whiie the St. Geol'go Group is marked by 1 ight and grey dolomites and 

limestones with chert beds at the lower contact with the Canlbrian (Wcit:~· 

1954 ) . 
, 

The Ordovician carbonJtes \·:ithin the study al~ea JI~e l""eferTcd to 

\. as the "undivided Table Head and St. Geol-go FOI-mations" (Fio. 7) because 

there has been no 'detailed stratigraphic study of thN,1. 

lib - l. Table Head Formation 

The Table HCJd Formation hiJ.s i~s type section at Table ?oint 

on the Great ~orthcrn Pcninsu2.1 (FiS. S). The top of the forr.1Jtion 

consists of about 92 m of black cal-bonaceous shale, un,eriain ~y 72 "' 

of dark grey fossiliferous li~cstone with ~inor shale be~s. 7he lower 

part of the fOrJ:'lat~cn co:-::;;riscs abcL!!.. 723 m of i~assi\'e rossil ifcro~s 

li~cstone an~ ~olo:;;itic li~:cstonc (~cit:, 195~; l:hittingtcn and I:indle. 

-------------------------
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1963}. The Table Head Formation is generally' characterized by its 
~ \ 1:-

rubbly weathering. Whittington and "-indle (1963) divided it· into 

Upper, ~1i cldl e a nd Lower; blocks and fragmen ts from the ~1i ddl e and 

Lower. Table Head Formation are found in the Cow Head conglomerate; this 

is attributed to contemporaneous. deformation uf the ~1iddle and LOI'Ier 

parts o.f the Table Head Formation. . . ,-

CJ \ \ 
IIb. - 2'. -St. ~e Group 

.The St. George Group on the Great Northern Peninsual has been 

subdivided by K1uyver (1975) and Knight (1977). FollOl'ling Knigh"t's 

subdivisions, there are 4":formations and one diagenetic unit (Table 1). 

The lower part, compr.isirig· the Unfortunate Cove and Hatts Bight 
.. ' 

Formations, ar,e mo?tly dolostones and 'dolomitic 1 imestones, \,ith abundant 

stromatolites .. The Unfortunate Cove Formation also contains,black 

'shales and chert. Above these, the Catoche Formation is rubb1y weathering 

micritic 1 imestone rich in fossils. The-top diagenetic carbonate unit 

consists of massive dolostones overlain by very vuggy dolo stones rich 

in-sparry dolomite (Knight, 1977). 

Kluyver (1975), Cumming (1968), and Collins et al. 

have associated the diagenes4s of the upper carbonate unit 
. 

(1973,1975), 

of Kn$t 
(1977) with contemporaneous karstification. This idea and the presence 

of the disconformity between the Table Head Formation and the St. George 

.' Group, has not been accepted by Knight (197}). For a more detailed 

description of the lithology of th~ Table Head Formation and the 

,. 
........ 
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St. George Group, on the Great Northern ~eninsual or Port au Port Peninsula, 

see: (Schuchert and Elunbar, 1934;· Whittington and Kindle, 1963; 1968~ 

Kluyver, ·1975; Knight, 1977; ~lcArthur & Knight, 1974; Besa\" 1973; 
• 

Rodgers, 1965; Fahraeus, ~973; Riley, 1962; Copeland & Bolton, 1977). 

IIb-3 Study Area 

The stratigraphy of the study area has not been studied in detail. 

and the Table Head - St. George Formation is undivided. The rock units 

were only noted in Telation to karst development. 

The ·southern 1 imit of the study area from Old ~',ans Pond tOl,ards 

Canal Pond comprises non-cirbonate rocks bf the Cambrian Labrador Group 

(Baird, 1958). North of this contact lhick units of limestones and dolomites 
..-' 

are found interbedded \xith v.aryin9 thickness of shaly. beds: I1here the 

shaley beds are extensive and the carbonates are·thin, no karst features 

are found . 

. Towards the northern boundary a round Fox Pond, Long Pond and 

Round Pond are thick vuggy dolomitic beds and uniform, alternating beds 

of limestones, siltstones and shales a·re found. These are overlain by 

a thick section of limestone breccias. At the contact of the breccias 

and. the underlying beds, strong deformation is evident (Fig. 9). In this 

area all streams flow on the surface and no karst features are found. 

Above the breccias are thick shale units marking the northern boundary of 

the study a rea. 

-I 
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A. Within the brecciated unit ar.e·sections of the underlying 
beds which are strongly deformed. 

B. Just below tht breccia unit the alternating layer of 
limestone, shales and s.iltstones ShOl, evidence of deformation. 

c. Karst features' on the brecci.a material are 1 imited to occasional 
rough channels on sloping surfaces. 

• 
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In the North Lake and Bonne Bay Big Pond area the rocks are shallo\~ 

" 
water intertidal deposits. The 10\~er dolomitic beds' have extensive chert 

nodule deposits, \~hich serve as a marker zone in the area. ,North of 

North Lake limestone breccias similar to those at .Fox Lak:e and Long' Pond-

Round Pond area are found, and again there i< no karst development. 

From these observations it is tentativel~ suggested that the 

northern third of the study area is equivalent of the Table Head Formation 

and the lower t\Vo thirds, of the old St. George Formation. 

IIc. Gluciution 

Genera 1 

Ne\Vfoundland \1as extensively gT'aciated during .the \-!isconsinan 

glacial period. There is no record of pre-Wisconsinan glacial activity, 

but from \~ork 121 se\-Ihere in North America it can be assumed \~i til confidence 

that the island \-Ias glaciated on several occasions before 100,000 years 

B.P. Such previous glaciation'is probably important in the karst genesis 

and it is possible that only from the karst records \Vill it be deciphered, 
;;:~~.:: 

i!, only to a 1 inil;tc~d extent. 

The last of the Wisconsinan ice disappeared from the island 

bet\1een 12000 to l~OOOyrs. G.P. (Grooks, 1970; Oyck and Fyles, 1963). 

Because the topography of the \1est coast of the island is'complex, ice 

flow directions become difficult to interpret. 

" ' 
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Work on the g)aciation of Newfoundland has focused on tl~O main 

topics: 1) postglacial isosta~ic warping and 2) whether or not the island 

supported its own ice cap or if it was overridden by the Laurentide ice 

,sheet. Early inv,estigators such as Chamberlain (1805), Bell (1884). 

Fairchild (1918l.. Daly (1921), and Coleman (,1921) all came to the conclushn 

that the island supported its own ice cap, although they considered only 

some of the raised shoreline features and ice flow directions in their 

assessments. Others (Flint, 1940,; nacClintock and TI'lenhofel, 1940; Grant. 

1969) expressed the view that jce from Labrador has invaded Newfoundland 

at l'east on the west coast, but probably the I'lhole ,island. The island's 

Ol~n ice cap existed only after the main ice sheet started to melt (Fl into 

1940; ~~acCl intock and TI'ienhofel, 1940; Grant, 1969; Jenness. 1960; 

Ludgqvist, 1965), Brooks',(1969; 1970; 1973; 1975; 1976 a.b) has shown 

that there are indications that ice from Labrador did not invade Newfoundland. 

but that ice flowed from the western mountains of the island into the Gulf 

of St. Lal~rence (Fig. 10). 

From raised marine features and their dates an isostatic uplift 

curve may'be constructed, but on the west coast of the island numerous 

C14 dates are still needed to construct a relJ.oble curve. r'\arine limits 

vari€d as deglaciation proceeded. Field e~nce in'dicates that at a 

deglaciation date of 13700 yrs. B.P. around St. George Bay th~ marine 

limit was at 42.7 m - 44.2 m; around the Bay of Islands at the head of 

the fiords, deglaciation is dated at 12500 yrs. B.P., and the marine limit 

is at 48.S m; at Trout River (Bonne Bay) the limit is at 70.2 m but no 

dates are av~ilable; near East Arm, Bonne Bay, the limit is at 35.1 ~ -

42.7 m; dated at 10500 yrs. B.P. (Brooks, 1973). Figure fl 01' 

....... 
I 



l-

~. 

\ , 

/ 

ESQUIr:'AN 

CHANNEL ?"l 

.. 

-, 

\ St. G::;URG::;. /.:::,. ./ 

...... ,. BAY~'-"-
\ 135 7') 

./ . ~ 

. I 

SIUdY/ 
-....:..~l'J'11rrrn;'l r c .:J 

N 

km 

,/ 13,r, 7' ~ 
,/ .- ~";\ 14 3 

/\/~ ... 13.5 C date in yrs x 10 
/ ./ B.P. 

/'.'" /.. 
" / 

if 
I 

-,,_ .. -

_._'-

----
,. 

14.5 

13·5 

12.7 

11. 7 

Ice frontal ·surge" 

X 103 yrs B .P. 

X 103 yrs B.P. 
X 103 yrs B .P. 

X 103 yrs B .P. 

Nunataks at 12~7 - 13.0 
X 10) yrs B.? 

34 

FIG, 10. SPECULATIVE ICE r.;ARGI'\.~L POSITIUt;S DURH;G DEGLACIATIOr; 

OF SOUT;-\'SESTER" i\E',';FOUl\DLAt\D (After Brooks, 19..73 ). 
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directions and speculative.ice margin positions during deglaciation of 

southIVestern NeIVfoundland. Brooks (1973) concluded from marine 1 imits 

and dates. that deglaciation of the IVest coast took about 13000 years. 

Con~lusions draIVn from ice flolV directions, erratic boulders. friction 

cracks, small rock drumlins indicate that ic" flo\;ed mainly from the 

western mountains of the island and the island supported its own ice 

.cap (Brooks. 1970; 1973; 1975; 1976): 

IIc - 1 Study Al'ea 

Within the study area many features point to extenstve and 
I 

multidirectional' glaciation. Among the most conspicuous aloe the mountain 

tops and the vel'tical to steep-sided U shaped valleys. Goose Arm Srook 

is one of the largest stl'Qilms dl'aining the area and at places \,ater flow 

is slow. widening to form ponds and lakes. Drainage has been deranged 
/ by glaciation. and nhlny lakes and streams are hapha:ardly connected 

f0n11ing extensive s\;ampy areas at places before outlets are found. 

Several lakes are found within large scoured-out closed depressions. 

dra i ni ng by underground routes. Sma 11 ci rques ha ve been trans formed 

into closed depresiions and the ponds occupying them drain underground 

to springs found several hundred meters below in the valleys. Evidence 

of glacial scouring is seen in striated and polished outcrop surfaces 

and in abu(ldant stOs.s - and - lee forms. As the ice melted, scattered 

deposits of deltaic sediments 'were emplaced. 
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Karst development within the study area as well as other ilreas 

has been affected by glacial erosion and deposition. No conclusive 

evidence was found pointing to pre-Ilisconsinan karst development. Eventhough 

more than 1000 m of soluble carbonate rocks I.ith high· hydraulic gradients 

are found in the Goose Arm and Bonne Bay Big Pond area. ·Several 1 arge 

closed depressions are found that have been scoured by ice; this is . 

indicated by striae, till deposits, non-carbonate erratics, (eg. Bottomless 

Pond). Undergl'ound drainage out of closed' depressions containing lakes 

is slow, and is probably due to till materials and other washed-in fines 

clogging the underground routes. Thise observations imply that kilrst 

drainage of the depressions may predate Wisconsiniln glaciation. 

place. 

because 

Several areas are found where near-surface collapse has tilken 

The areal extent of reli1t1J.nts of cave passa 9\ is not knOl·.'I1 

exploration of these is impossible I,ithout the n2moval of blocks 

weighing several tons. Due to ice loading near surface collapse featul'es 

may not necessarily be associated I.ith cave collapse (D.C. Ford, pel'. con011. 

1978). HOI'/evel', it is a possibility, I.hich would indicate glacial disruption 

orearlier karst development. 

Most underground drainage is shallow and short, indicating 

probably post-Wisconsinan development. It is possible that older routes 

may have been partly eroded and completely biocked; due to glacial 

scouring and drainage rerouting, these older routes are now not utilized. 

Post-glacial geomorphic featul'es include extensive physical 

and chemical weathering, mass wasting, stream and river erosion and 

. deposition; most o.f these processes have not progress~d very far in 



thei r development. The amount of mechani ca 1 sedimenta tion has been 

small but bog development in shallow basins is extensive (Bruckner; 

-1969). 
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·CHAPTER III 

MODERN KARST DEVELOP~lEln IN ORDOVICIAN CARBONATES 

, 

IlIa In~roduction 

Most karst features in the study area are at the early or 

youthful stage of development; evidence pointing to karst pevclopl1lent 

prior to the<)'-/isconsinan glaciation is inconclusive. The area suppor~s 

an extensive surface drainag~ network of the glacially deranged type. 

although numerous streal11S drain undcrgrOtlnd for ShOI"t distances. , 
The karst fc~tul-es can be assigned to thl-ee nlain groups: 1) small scale 

solution features 0" karren forr"s. 2) sinkholes or closed depressions. 

~) ..., caves. 

Karren or lapies are s~all ~cale solution features on 'i~cstone. 

These fOt";ns can be fOUlld on either bare or covered (ie: thin s~~l oz-

vegetated) surfaces. Karren on bare rock generally !lave sharp outlines, 

whereas covered forms show s~ootl1 and rounded outlines. 

K~ forms ar~ affected by 1 itholoSY, texture and structure 

of the rock, the slope of the surface, precipitation and by chcnlical 

reactions (ie: ar.1ount and cvailabil it.!' of ~·;ater, presence of organit 

debriS and qUJn~it.Y of CO 2 gas). Of fU:1da~1C:r.tal ir:;'portance arc 

precipitation ~ 1 i~lestone texture and cO;:iposition. ihe type of 1 imestont2 

I 

------------- - .--_. -
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whether a micrite, biomicrite, sparry 1 imestone, dolomite etc., will 

determine to some extent the de9ree of developmen't and predominant 

karren forms found (Sweeting, 1973; Hi11iams, 1970; Bogli, 1975; 1961; 
• 

1951). Surfaces that have fractures; cracks or j6ints infilled with 

preci pi ta tes I~il<f not"accomoda te ka,·ren. forms. Dol omi tes (Cafl~ (C03) 2) 

with high magnesium content are generally held to restrict karren'forms., ., 
because magnesium in large quartities has an inhibiting effect on 

.~ 

solution (Plummer and flacKen:ie, 1974; Rauch and \,hite, 1970; Priesnitz, 

1972; Sjoberg, 1976); although Pluhar & Ford (1970), COI~e11 (1976) have 

ShOrin that extcnsivejtssemblelges can occur on dolomite, such a,s found on 

the Niagara esca~pment. 

Generall~ flelt surfaces Celn have solution pans or kamenit:as. . . 

pits and ho1101':s developed. I·:he,'oas sloping surfaces I,ill commonly have 

various riJls and runnels. Extensive limestone pavements, the result 

of glaci'al erosion and subsequent solution can form complex kan'en 

assemblages. Cl ints and grikes are the comnon names given to the residual 

blocks and fissures respectively, comprising the pavements. Each block 

and fissure surface may in·turn have its own collection of small stale 

karren forms. 

Sinkholes and dolines a~losed depressions of small to large 
. , 

dimensions, with generally bowl, funnel. or well-shapes (Cvijic, 1893; 

Cramer, 1941; SI,eeting, 1973; Jennings, 1971). These forms are found 

from arctic/alpine to tropical environments and upon a variety of 

limestone and gypsum surfaces. Genetic classification of these features 
, , 

is difficult becuuse_of the corr.plcx trans~ition that exists beth'ecn'end 

members that are of the I,holly solutional and wholly collapse type. 

39 

~ost authors hold closed depressions to be the most diagno~tic karst F~ature . 
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Caves. have alv:ays been one of the most intensiyely studies karst 

features, partly because of the challenge they present to the explorer, 
. J' . ". 

and because they represent underground drainage· systems, and therefore 

~ - ~heir formation and function is an important aspec~ of all large surface 

-. "". 

karst developm~"t. Shapes and.form.of passages and the presence of cave 

deposits record episodes and conditions of cave formation, past climates, 

?nd surface conditions (Herak and Stringfield, 1972; Sweeting, 1973). 

Ilia. Small Scale ~ Forms 

Small scale karst forms are found \'Iherever exposed 1 imestone 

surfaces undergo solution. Karren in the study area have a variety of 

sizes and shapes, and may be grouped into 3 classes: 1) pits and hollows 

(size range of a millimeter to over ten centimeters in diameter), 

2) solution widened joints (size rangeof,millimeters to decimeters), , 

3) runnels and rills (size range of millimeters to meters in length). 

Few forms in these classes can be attributed to immediate glacial 

scour effect (ie. are solutional adaptions of ice scour forms). There 

are some instances of "trittkarren" described below. Karstic adaptation 

of glaciol striae, widely reported el sevlhere (COI,e 11 , 1976 ) \,ere not 

observed. Striae are rare on bare .,ock exposures, implying tha t they 

have been removed by 
-~-~ .-

general post-glacial solutional 1 OI'leri ng. 
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(1) Pits and hollows 

Pits and hollows are circular to elong~te depressions found 

on carbonate rock surfaCes. They are generally smoothly concave in 

cross section, but in some examples there is a sharp undercutting at 

... 

the surface boundary (Fig. 11). These depre5sions may coalesce to form 

larger, irregular depressions. ~ 

Their formation is the result of either purely solutional 

processes, purely.erosional processes or the combination of these two. 

Some 1 iHoral pits that are circular and smooth-sided in 'cross section 

are generally the result of mechanical erosion, with only limited solution. 

The sma 11 stone fra gmt;.n ts tha tare found ins i de the pHs a re moved a round 

by wave attion, and thi.s gives them their smooth pol ished appeara!1ce. 

Other smooth-sided pits are wholly solutional ih origin. Depressions that 

are undercut just below the surface ar.e due mai.nly to ·solution. \later 
, 

in the hollow becomes isolated from normal circulatio~, °orid then becomes 

straiified with respect to saturation; the top layer will have the highest 

aggressivity. This stand-still of ·\·:ater in hollOl'IS has been observed at 

several places in the study area, although actual layer by layer saturation 
\ 
measurements were not made. Similar types of saturation layering have 

been demonstrated in laboratory experiments, and have been associated with 

bevels found in caves (~Io\"lat, 1962; Lange, 1968a; 1968b; 1968c; Goodman, 

1965) . 

At the bottom of pits and hollows organic debris (plant fragments, 

roots etc.) may be found which were either blOlvn in or brought in by \Vater . 

Solution is enhanced by these organic materials because they provide 
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FIG. 11. Circular depressions with sharp undercutting 

at the surface boundary ar~ common alon~ lakes 

and streams, on carbonate rock surfaces. 
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biogenic CO2 to aid· solution. 11easurements taken (in tDe field) in ". . . 
large hollows that had organic d~bris showed much higher values in SPC; 

. and CA+2, than those that did not ha.ve organic materials. . . . 
. ' . 

Pits that are in the o";',l1imeter size range generaliy 'develop 

where minute, mure readil~ soluble parts a~e found in the carbonate rock. 
" l 

Overall surface solution 1",11 readily pick out variations of,solubil iCy, 

r~suhing in a rough, etched surface. I,ater may accumulate in the small 

irregularities and pinhole sized ·pits form, which mayor may not be enlarged. , 
l 

A developmentary sequence of these pits may be seen on some bare " '. 

rock surfaces around lakes. At Pond 4 over a distance extending 3 meters 
. . . 

from the I~ater's edge a comp'lete c(eveloping section is se~n, from a . -
merely' etched surface to large hollows and troughs at I,ater level. The 

etched surface is inclined. General solution has picked out the more 

readily soluble areas. These small irregular pits increase in size towards 

the lake, I,idening to form distinct hollOl':s about 5 to 3 cm 'in'diameter ... 
and 3 to 5 cm in depth. T~e hollows then enla'rge .and coalesce by first 

forming. ill1nel s betl::een them. As these are unroofed lines of coalescent. 

hollows form linear troughs . 

Idea'l sites for pit development are found ge.nerally along jOint 

planes or cracks. In this case the pit is not circular but elongate in 

the direction of the joint (Fig. 120). Hater tends to drain down along 

the jOint plane. Generally these pits do not shol, any sharp undercu;.ting 

as described above, .although it may occur if water is allowed to stand 

when drainage is blocked' or very slol'. As solution progresses several 

pits may coalesce forming a pinch-and-swell structure (Fig. 120). 

As the joint wide~ the. small embayments formed by the coalescent 

.... 
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Fi g. 12 

A. Ideal sites for pit development are found along joints 
and cracks around Pond 4. 

.' . 
B. ,Inclined surfaces will drain water along the joints, 

opening, widening these surfaces 'into elongate hollol.s .• 
(Pond 4)7 . 

C. Coalescent pits form along hairline joints around Browns Pond. 

C. Joints may uniformly I.id.en· and' open up on incl ined rock 
surface0'lithout distinct pit development: (Pond 4). 
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• 
pits may be utilised by water and modified into. rough rills and channels 

to drain water down the join~. 

Pits and hol'lows ranging in size from a millimeter to several 

centimeters .are numerous in the study area, and are fofJnd mainly around 

lakes and stream channel sides, and·on barren limestone surfaces (Fig. 13). 

Pits and hollows are not found under thick till or soil cover. This is 

46 

due to the high carbonate content of the-till deposits, and I)efore the bedrock 

is reached the I'later becomes saturated. On the Niagara Escarpment dolomites, 

from 0.6 m to 1.6 m thick ti-ll cover is sufficient to prohibit karren 

development (Pluhar and Ford, 1'970). A comparable estimate is not available 

for the study area. 

The development of pits ~nd hollows in coastal areas are generally 

in the form of smooth circular or elongate shall 01'1 'depressions, forming 

coalescent features in case~ (Fig. l~~ 

ill Solutionally \'iidened Joints 

Joints .\;ill be among the first features to be widened by sol'ution. ,. 
They ~re found in open environments or ~nder thin soil cover, and are not 

restricted to horizontal surfaces, as illustrated by solutionally-enlarged 

joints in steeply inclined rock faces (Fig. 12 A,B,C). Joints and 

fractures are important ~n the solution of carbonate rocks because these 
'~. 

may serve as routes for underground water circulat'ion, eventually \;idening 

to explorable conduit syste~s. 

At the intersection of joints deep funnels may develop, and 

where the surface has an incomplete soil cover considerable amountf of 
; 

solution may take place, as percolating \"at~rs pick up biogenic CO 2 from 
\ 

the nearby soil and vegetation. 
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Fi g. 13 

Pits and h0110ws of varying sizes are numerous in the'study 
area, generally found around lakes and stream channels. 

A. Smooth pits develop around lakes such as Brown's Pond. 

B. Rough solution hollows are found at Indian Dock Pond. 

C. Karren" forms along Goose Arm Brook, exposed in 101"/ water 
stages. 

D. Large and partly destroyed solutiona1 hollol"is found along 
Goose Arm Brook l"ihere sl-li r1 i ng I~aters produce smooth si ded 
pits . 

, 
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Fiq. 14 

Coastal karren developm~nt. Smooth, shallow depressions are 
common. 

Port au Choi x, Ne\~foundl and. 
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Solution, widened joints within the area generally exhibit 

smooth sides with no additional small karren forms present. In coastal 

areas however, (such as the Port au Choix area of the Great Northern 

Peninsula) constant wave action and water circulation produce wide and 

deep joints, wi~h numerous small pits and hollows covering not just the 

surface of the rock bet\~een the joints, but the side's of the j'oints as 

• 
"211. These smull pits are i,n the size range of millimeters to a few 

centimeters in diameter, and are'thought to be due to constant wuter . 

spray. 

11) Runnels and Rills 

Runnels and rills of different types are classified also as 

karren fo.rms. and are the result of solution on sloping sUI'faces. The 

types of rills found in the study area include rillenkarren, trittkal'ren, 

and deckenkarren. Outside toe study area, incl ined pavements are al so 

found, as on Port au Port Peninsula and along the Great Northern 

Peni nsul a. } 
Rillenkarren forms in the Goose Arm and Bonne Bay Big Pond 

area are usually a few millimeters wide ana deep, and several centimeters 

long., These are ftnely chiselled runnels with rounded troughS and dominant 

shal'p edges.' They are found on open exposed sl opi ng surface\; and form 

as a result of rain water runoff. They were Observed at several different 

51 
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locations, such as 'mountain to'ps, lake ShOI"eS, etc. These rills usually 

show a deeper trough close to their origin at'the top of the slope, and 

diminish downwards.~n eXPQsed mountain tops these small rills are 

quickly destroyed. 

Trittkarren forms are step-like features, crescentic in shape with 

52 

a steep back wall I-Ihich may vary in hei.llht from a cm. to several decimeters. 

These features are found on hot izontal sllghtly, sloping surfaces (Fig. 16,~), 

Trittkil~ren are txpical of glacially scoured surfaces (Gogl i, 1960). 

Within the study area these features appear to be chattermarks or other 

glacial scours mod~fied by solution. 

lrregular solution basins, with rounded smooth sides, gener;ally 

with peat soils filling the depressions, are found 3t a few localities. 

Within these pans the CO2 given off lowers the pH and enhances the solubility 

of water, so more CaC03 can be taken into solution (Sweeting. 1966; 

Williams, 1979). These basins are irregular and covered to the to~ with 

soil, givi~g an overall patchy appearance to the exposed limestone 

surface in between . 

. DeckenkalTen are among tfle most com110n kar~n fOI"mS found in 

the study area. These are drainage features developed partly under soil 

and vegetation. They resemble large rillenkarren forms, but are variable 

in \,idth and depth, and sometimes have a dendriti'c fom. They \,ere seen 

• 
only on sloping surfaces where water co~ld be channelled from a soil 

cover to a near~y lake. The runnels begin a short distance under the 

soil cover. and form deepening surrOl's dm':nslope. Depth may decrease as 

they reach the lake and a more level surface (Fig. l6G). Similar forms 

have been found in the Alps, where the name karrenfussnapfe \,as ilpplied 
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Fi g. 16 

Karren Forms 

A. Step-like trittkarren found on a slightly sloping surface, 
near Brown's POnd) 

B .. Deckenkarren - drainage features found around lakes, \~here 
water is channeTIed from the soil cover to the nearby lake. 
These features originate under soil and vegetation cover 
close to. the top of the photograph. Found around Frog Pond. 
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to them (Bauer, 1961; Haserodt, 1965). These were the result of 

solution by water issuing f~om under ice and peaty soil cover. In,the 

study area water issues from under soil and vegetal cover, !"Ihere'its 

aggressivity evidently is increased by biogenic CO2 and as a result 

rills are deepestclose to the soil cover. 

Rinnenkarren forms are larger solution channels that display 

ndwork'integration. At plac,es in the study area a type of rinnenkarren 
.' . 

is found \~hich is fairly regular in width, depth, and in its spacing, 

and has lengths in order of 2 to 3 meters, andmaJ' cover several square 

~eters (Fig. 17). At a first impression they look like "drape f01ds" . ' 

because the surface exhibits a distinct c.onvex shape, and .the grooves 

show a certain amount of undercutting, or lateral deepenin9, This is 

,the result of increased solution.in 'the grooves due to the presence, of 

peat soils, 

... 

Summary 

The range of karren forms ~lXind in the study area is very 1 imited 

when ,compared with other areas such as the Niagara Peninsula or the 

glaciated benchlands of Yorkshire, England; or Burren, Eire, but is 

comparable to alpine areas such as the Canae!'ian alpine karst of Castleguard 

(Ford, 1971 a). 

Areally, karren forms that are observed on bare .rock surfaces 

are restricted to lake margins, Development of karren forms under till 

cover appears to be almost non-existent because the high carbonate, 

content of the till has prohibited solutiona~'attack on underlying tock 

. __ ._-' -' ---=='=:'=':--===---'--~--=----
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Fi g. 17 

Rinnenkarren or "drape folds" are common in some areas in the 
stu'ds area. These features are found 9n sloping surfaces. 
LOFality Pond R2: 

-
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during post glaCial time. Bec~use of this the Goose Arm - Bonne .. Bay 

Big pon~ .karst might be called an "armoured k~rs~". 

r- Rock lithology is also a major controlljng factor inkarren 

development. In the areas l'lhere 1 imestone conglomerates and shaly 

limestones ar~ found, karren ~re absent. Dolomites and dolomjtic 
>. 

limes.tones generany show solutionally enlarged joints and pitted surfaces. 

The best developedJkarren forms are found on micritic 1 imestl':1es l'lith 

very little insoluble residue. 

1 
I 

IIIb Classification and Morphology' of Closed Depressions 

Dolines or sinkholes are the simplest kind of closed depression; 

they may be cylinder, cone-or-bol'll-shaped, with circular, elliptical or 

irregular plan view, and with vegetated or rocky sides. Diameters may 

vary from a meter to several hundrel meters, and depths from a meter to 

over 100 meters. 

Doline·formation can be complex but most can be placed into one 

of the follO\~ing genetic groups: 1) solutional dol in2, 2) collapse dol ine, 

3).subsidence doline- (alluvial doline),. 4) subjacent karst doline 

(covered karst), 5) streamsink doline in all~arst. (Jennings, 1975; 
...., 

Sweetihg, 1973). 
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II Ib 1 Post-glacial Collapse Dolines in TiTl ana Bedrock 

Within the study area, dolines of solutional or collapse, origin 

are predominant. Col'lapse or subsideDce dol ines ar~ generally small, 

(from 1 m to 3.5 m in diameter and 0.5 m to 3 m in depth). Their shape 

is typically funnel-like, with soil and vegetation'~overed sides .. Type 

locality for these is "karst-valley" at the north enG of Nameless Pond, 

~Ihere doline expression is, entirely in till and their freque~cy is about 

5 per 10m2. 

The development o~ these dolines is probably.in response.to small 

roof collapses in the underlying, proven and presumed shallow, karst 

conduit system that transpo.rts water from the sink of Nameless Pond to 

a spring location at Bonne Bay Big Pond. T-he conduit system is assumed 

to be shallow because of the presence of these small suffosion collapse 

dolines. A collapse sink which takes lake drainage at the northern end 

of Nameless Pond is the largest of them, with collapsed blocks of bedroc~ 

being exposed (Fig. 18). 

-59 

Several valleys.adjacent to karst valley are similar .in structure, 
I • 

form and dimension but they are \~ithout dol ines, such as the valleys 

northeast of karst valley. These are drained underground at their southern -
ends, opposite to the case at Nameless Pond. Absence of dolines is 

attributed to lack of local karst. drainage, and possibly to thicker till 

cover. The high carbonate content of the till has an inhi~iting effect 

on solution and therefore, on the indication of karst drainage systems 

beneath, as \~ith. karren fonns. Critical depths of till cover inhibiting 

post-glacial karstification are difficult to estimate, as shown by the 

above examples. 
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A. Collapse"sink of Nameless P~nd (see arrow) found within 

the closed depression of Nameless Pond about 10 m away 
from the-lake lever. (photo 'courtesy of D.C. Ford)." 

B. Close up of the collapse sink. This sink was covered by 
water in the 1977 field season. (photo courtesy of D.C. Ford). 

C,. Spring location of Nameless Pond, at Bonne Bay .Big Pond. 
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Several other small collapse sinks· were: discovered in the 

vicini~y Qf Goose Plateau and Seal Pond. But ,frequency and distribution 

of this class cannot be estimated. 
I 

Because of 'their small size they 
I . 

are hard to find in the forest and are rarely distinguished upon air 

photos. 

IIIb 2· Simple Solutiona1 Do1ines In Bedrock 

Within the map area c1fFigure 19 there is a total of 37 medium 

to large sinkholes that are in bedrock and are thought to be of' compal'ative1y 

simple origin (Fig. 20).' These sinks are generally'circu1ar in plan and 

~xhibit a Simple funnel or bowl-shape, comparab1e,to do1ines in Wes~ 

Virginia, Kentucky, and other extrag1acia1 karst areas. These sinks may be 

post-glacial in age because they are very different from the complex, l~rge 

and scoured depressions such as Bottomless Pond and others considered in 

the next sections. These do1ines also 'may be \',holly karstic in origin; 

there are no morphological features to suggest glacial effects. However, 

1~tt1e or no bedrock is exposed in them to confirm the absence of glacial 

scour (Fig. 20), and above all; many of them appear to be sig~ificant1y 

larger than the class' of po~t-g1acia1 bedrock dol ines found e1 sewhere 
~ 

in'Canada (Ford, 1971 a,b; Cowell, 1976). 

Round sink #1, on Goose Plateau is a typical example of such 

a do1ine (Fig. 19). It is circular in plan ~iew, about 140 m in diameter 

and about 20 m in depth, with steep, funnel-shaped and vegetated sides . 

" 
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A siT1all pond periodically occupies its ce~; water s'inks underground 

just outside of it (~ig. 20): The sinkhole is close to:the edge of 

Goose Plateau, where a high hydraulic gradient (0.169) is provided. 

This has enhanced enlargement of this sink, when compared to others 
,. 

further within the plateau, where the lower'hydraul ic gradients tend to 
0, 

favour shallower and bowl-shaped.dolines. 

Pond Sl, southwest of S~al Pond, is a good example of a shall 0;-1 

bowl-shaped doline. It is circular in plan, about 180 m in diameter and 

less than 15 m in depth. Underground drainage from the pond appears to 

be very slow, although the hydraulic gradient is quite high (0.122 to a 

stream nearby or 0.095 to a lake). 

This class of dolines have diameters that are at least twice as 

great as 'post-glacial dolines found elsewh~re in Canada (Derek Ford, 

pers. comm.), although their depth is comparable. These features may 

be post-glacial, but it is possible that they represent a new class of 

dolines that are older than-the last gl~c{ation but have escap~d notable 

glacial modificatio;"'of their circularity. Examples of this class are 

widely distributed in the study area, and therefore there is no suggestion 

that they occur only where ice scour might be limited. The nature and 

origin of this class remains inadequately knol,n. 

Illb 3 - Elonqate. Probably Ice Scoured Dolines 

Within this class a comparatively simple morphology exists. 

The dolines are glaci~lscour holes adapted to karstic drainage in 

prevailing post-glacial hydrologic conditions. 

1 
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. Snafu Sink is amongst th;?rge~t examples. 

Arm Pond and ·about 30 m above the Pond level.· 

It lies north of 

The sink is oriented 

east-west; 450 m long and about 200 m wide. There are steep sides to a 

depth of 20 meters, where a permanent lake covers the floor. This is 

drained somewhe,e through the bed to an outlet in Goose Arm Pond. The 

sink may be a feature of glacial overdeepening subsequently adapted to 

k~rstic drainage, but nO'scour forms can be observed because the sides 

are mantled with soil and forest. 

!lIb 4 - Complex Glaciokarstic Forms 
• 

Complex depressions believed to be glaciokarstic in origin, are 

characteristically large in size and sho\'1 great irregulal"lty of plan fonn 

and rim elevation. Such depressions are Bottomless Pond, Nameless Pond, 

and Canal Pond within the study area and several others just outside of 

it (Fig. 19). 

Bottomless Pond is in a 45 meter deep, highly irregularly shaped, 

closed depression with varying inside-rim elevations (Fig. 21). The 

depression is elo~gated in several directions as a result of small streams' 

'flo'·ling in to it. The sinkhole is partly bounded on its northern side 

by a 1ineation, a possible fracture. Its southeast side is part of a fold 

1 imb, and the shape of the entire sink is al so partly controll ed, by. ~ 
/ . 

fold, similar to that Wllich orientates Nameless Pond and s~djacent 
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lakes. The irregularity of the inside rim is clearly a result of differential 

glacial scour of these structural guides, and there are scoured surfaces 

within the depression. The central area of the depression is occupied by 

a filling of till, deltaic and lacustrine deposits in which Bottomless Pond 
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itself rests. Its depth is unknown but unlikely to:be great and the 

Prind bed is alm6st certainly cl~stic fill. 
. ")" . 

67 

Nameless Pond is a simp'ler form but also glacially scoured (Flg. 21 L. 
At present it is not possible to ~eterl!1ine whether these two' 'sinks drained 

karstically befJre the last glaciation. Modern drainage 

both of them, indicating small and young conduit systems 

is s.}j\~O'ut of 

or clogged pre-

\'!isconsi n, systems. The spring outlet of Bottomless· Pond has not b(!en 

found. Wa rs of Nameless ,Pond sink just outside the lake in the'collapse 

sink noted, 

Bay Bi'g Pond. 

spring .locationis found close to Bonne 

Cana 1 "karst margin" feature, 'extending act·oss the contact 
.. 

of carbonate and non-carbonate rocks ,(Fig. 19).-"'his most irregular closed 

depression appears to be a scoured and drowned karst margin blind valley' 
. 

system (Fig. 22). The valley head is jn resistant metamorphic rocks.·: 

The carbonate half of the depression is substantially solutional in origin, 

with several smaller daughter dolines within it. The i~regular outline of 

the sink is due elongation of streams which feed Canal Pond. This irregul~ity 

is much more pronounced on the carbonates because of higher solubility: 

This sinkhole drains'und,erground at its northeastern end into a cave, The 

spring location is half\~ay d9wn a dry valley leading to Indian Dock Pond 

(Fig. 22). 

'-. 
IIlb 5 - Sumnary & Discussion 

Within the study area there are a variety of sinkholes ranging 

from small suffusion or collapse features to small - large, ~pp~entlY 

) 
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~ .... 
solubonal, dolines, and large complex • 

sc~ured~ressions of pre-

In the case of the-modern sinks t~ape and depth are controlled 

Wisconsinan age. 

by numerous factors. For a. shallo\~ sinkht:'le to originate there-·must be 

an under:.ground ((lute present to.drain it by conduit f1.0\~. If this route 

is constricted and c?nnot enlarge at a' rate comparable to others (due to 

rock lithology and or insuffkient rydraulic gradient etc.) the sink remains 

shallo\~ and ~enerally bowl-shaped, \dth a possible surface overflow channel. 

If the underground route can enlarge because of high hydraulic gradients 

"and favourable lithologic conditions etc., the sink \~ill tend to deepen 

and d-evelop a steep funnel shape. This in tUl'n may provide a high local 

hydraul ic gl"adient locally favorable for the development of _"daughter" • 
sinks. This stage is not we-ll developeu in the study area, and areas 

furthest away from zones of high groundwater gradient tend to retain 

normal surface drainage \~ithout dol ines .. 

The large, complex depre~sions present problems in determining 

the quantity of ice scour received during the last glaciation, and ... 

in determinhlg if these \1ere previously karst sinks (ie. are the features 

entirely products qf glac-ial Dverdeepening or are they glacially modified 

karst precursors (Fig. 23)? Their large and compiex form suggests a karst 

precursor history but no conclusive evidence in the form of infilled 

paleo-caves or conduit was found! despite careful search. 

The spring out1et of Bottomless Pond (the largest crf the sinks) 

has not been established despite several traverses around the sink 

to\,ards Gear Lake, Island Pond and Gonne Gay Gig Pond. r';odern discharge 
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of the/;ink is very slow .. This would indicate that the condltsystem 

is new and small, and the spring l~cation is small (or under lake level). 

It is possib"e that: an '''old conduit system" (used before the last ice 

scour) is comp.letely filled, and not util;-sed any more,'and that .the 

:old,spring" may be covered under extensive talus deposits. 
. -: \, , 

A model may be derived from the various exa'mples in the a rea, 

wherein dol ine developm'ent 
'-

2l" ice ~cour (Fig. 23). 

is controlled by 2: main factors: 1) solution, , 
'In the model, 3 main types of dO'lines exist over time.: a) modern 

dolines, where the only'processes controHing development ar'e solution, 

• collapse etc. b) glatiokarstic dolines, which origin,ted in pre-Wisconsinan 

time due'to, solution, then receive~glaci,!l scour, 'and continued to function 

as: karstic: sinks, c) karstiqlacia0olines, Ivhere a closed depression is 

produced entirely liy glacial 'sco~, In postglaclal ti.~e· it starts to 

drain underground producing a kar~Ydrol~'gic form of scour origin. 

~ ~ 

T 
II Ic' Caves 

. ) 

---. 
III c 1 - StudY Area 

In the study area, with jts rugged topography and diversity of 

type and scale of groundwater sinkhOle features, three types of caves 

were soucht: .) rei ict (or fossil) syste;.:s Ot' frasments of systems drained '.. - , 

.. - -."' ~ .,.......... -: ~ - -. - - _. 
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Rel ict systems are very fragmentary. Generally they are found 
" 

in exposed cliffs as very small, inact5ve, open conduits close to present· 

day mountain tops. None were big enough to enter. Other infilled fossil 

forms are found outside the study area. 

Permanellt stream or pond sink caves fall into two categories, the 

inacce.ssible and the explorable. Inaccessible conduits are chaRnels that 

72 

<i,e too small or debris-fille.d or both, suggesting youth or glacial i.Qfill ing 

and rerouting. The only accessible stream cave is Canal Pond Cave, about 

one km loOng, draining Canal Pond Sink. The cave is air filled in 1011 11ater 

stages an~cessible through an "open vlindol'I" or roof collapse, 50 m 

ea~t of the modern sink point. This cave could not be explored in the 

summer of 1977 because of high l'later conditions. There are no reports of 
I . 

its nature. "Iater from the cave resurges upvlards into a channel halfl'lay 

,down a dry valley leading to Indian Dock Pond (Fig. 22; 29 ). There is 

a floodwater exit·at the head of the valfey; implying an older upper cave . ~ . . . 
route. The modern, 1011 stage, route may be postglacial.or older. 

Type· "c" caves are generally "bedding plane caves", explorable 

for short distances. Several are found in Brol1Qs Pond area, at Seal Pond 

etc. These caves follow the dip of the bedding and water drains along 

the solutionally widened planes until they become too constricted to 

fo 11 ow (Fi g. 24) . 

• 
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,. Fig. 24 

Bedding plane cave at Brown's Pond. In cross-section the cave 

~
Ol1 the bedding of the rock, but becomes too small to explore. 
a r drains along the bedding plane. 
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II Ic 2 - Summary 

\;ithin the study area relict caves have not.been found (infilled 

or reopened) to indicate extensive karstification previous to the 

Wisconsinan glacial period. But this conclusion ,is only tentative because 

,the area has not been M1oroughly ex~ored yet,~ a'np there,is inconclusive 

evidence to suggest a long history of cavern genesis and disruption by 

ice action. Relict features, such as infilled cave~~s highe~ th, present 

water levels can well be hidden by the extensive till and talfdeposits 

and/or fores t ,~overgrowth. ' / 
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IV 1 - Introduc~ion 

CHAP.TER 'IV 

KARST HYDROLOGY 

• 

Surface drainage of the study area is through three river basins, 

GO"aining to Bonne Bay Big Pon,d in the north, Deer Lake in the south and 
, . \:. 

Goose Arm in the west (Fig. 19).- All three basins are above 76 m (m.s.l.) 

and ther~for'e no marine limit effect is present in the karst drainage. 

The study area represents a mixed fluvial and fluviokarstic drainage; 

of the total area of 208 km2 41% is drained partly underground, 13~ js 
...-

arained wholly underground, and 46~ is drained wholly on tHe surfaCe. 

Groundwater drainage may be divided into three distinct zones, 

I 
northern, eastern, and southern. These differ to some extent from the 

• surface drainage divides (Fig. 19). The extens i ve nOl"thern and s8uthern , 

, 

zones are separated by a \,ide belt of permar.ent fluvial drai~e containing 

only scattered, small karst features (Fig. 19). This central belt -t.cts 

as a "base collector" of \,ater from the southern zone and partly from 
• 

the northern zone, and drains to Goo!;.e Arm. The bel t has a 10\'1 reI ief, 

and heavy till and alluvial de.posits. Goose' Arm Brook is the principal 

stream. It flows in a meandering channel that 0idens at places into' p6nds . . 
and swampy areas due to the 101, gradient.' 

Several small karst basins are found in this central bel t where 

isolated hill~ provide sufficient local hydraulic gradient. An examp!e .. 

is Snafu Sin.' .,here ice scour possibly helped in deepening the feature. 

The northern zone the are~ nor:h of Goose , .... r:-:: Sr.o6k ~ 

76 
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from Wi gwam La ke to Bonne Bay Bi g Pond, TIi's complex region drains 

to two major outl ets. Bonne Bay Big Pond.to the north and G60se Arm 

to the west. It is a mixture of f.luvial, yo ng fluviokarstic, and 

holokarstic drainage basins. The karstic 

one another, and generally short and shal 

sink points and spring locations. 

not integrated with 

ons are found between 

The eastern zone drain~ to Deer Lake. ·ncluded in it are Bro"lns 

Ponds, North Lake and several sma,ll trib~tary lakes. It is mainly a 

,fluvial basin \~ith only' minor local karstic features such as the subsurface 

. I 
77 

drainage of Browns Pond #1 and #2, a few post~glacial sinkholes south of ~. 

NorthLake, and a fe\~ short bedding-plane 'caves found at BrOl;ns Pond #1. 

It is possible that some of the tributary lakes northeast of North Lake 

also drain unde{-ground, but with wet period overflo\'/s. In 1977 high \~dter 
level conditions 'did not allow for their distioction. 

The large southern zone is .a more complex area that drains to 

Goose Arm. It is a mixture of fluvial, young fluviokarstic and holo-

ka rs ti('--bas i ns. On t'loose Plateau, \~here a holokarstic system is developing, 
, . '. 

the first stages of an integrated karst' system.are found. From dye tracing 

results at.least two p,onds (Sophies' Pond and Lost Pond) drain underground 

to the same resurgence point, Noose Spring (Fig. 19). Such elementary 

integration may also exist in'places in the northern lone, b~no dye 
-

tracing !esults are available to confirm this. 

Basic hydrologic data such as location of sink points, springs, 

delineation of overflowchannels etc., were collected in a preliminary 

fashion in the summer of 1976 (July-Aug.) and in more detail in 1977 

/ 
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(t1ay~July). In 1976 one gaugi~g station ~Ias installed at Moose Spring 

but the record ~Ias fragmentary and withoet ~roper' rainfall data. In 

1977, two station,s ':Iere set up, one at Goose Spring and one at Nameless 
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~ Pond Spring. Due to 'tec~al difficul ties the gauges I~ere not operati'~g 

a~d only ~ne I~eek of record is available for Na'meles,s Pond Spring (Fig'. 24). 

Hydrologic conditions during the summers of 1975, 1976 and 1977' 

vdried a great deal. In 1975 and 1976 the water levels were comparatively 

101~. 'High winter sn,OI~fall and' at times' heavy' spring rainf'hll provided 

significant but variable ground-water circulation 5n spring mel{ fT06ds. , 
The 1977 Spring conditions .I~ere of rapid snOl'1 melt, ·produ€in.g torre'ntial 

streams, very high lake levels and exceptional flooding. Summe;"I~ater 

regimes of 1977 contfnued high, arid lake levels did not drop significantly 

before conclusion of the field season in 'early August, At the end of' 

July surface overflol' channel s I,ere still acti:ely uti; 1Ze~, in several 
, 

karstic basins that had been dr'ained entirely underground during the, 

previous tl'IO summers. The 1977 high I'later levels did not.allol': some of 

the .potential karstic si~ks to be distinguished from n~n-karstic ~nes. , . 
TITis high ground I,ater level fluctuiltion in the study area may be indicative . . . 

of the youthful or cleranged karstic devel·opment. 
'-' 

IV 2 -·Regional Development of the K~rst Hydroloqic Systems 

Groundwater drainage orientation and distribution-i~ mainly 
4." , 

determined by I"OC!: structure"-!-joints. fractures. die of beds. etc,: • 
.I 
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rock lithology (pure soluble limestones, shales, dolomites, etc.), 

hydr~ulic gradients, and effects of Quaternary deposits such as till 

materials inhibiting sol~tional attack on the bedrock. 

'. ( Joints and fractures are the 

l.)underground drainage in the region. 

commonly utilized structures for 

In nume,ous areas water may sink 

at several p~ints into solutionally widened fractures and resurge at 

one or more smal~ spring locat'ons, indicating the youthful stage of 

karstification. . , 

The karst hydrologic systems vary in complexity from one zone 

\ 

to the next: The north region presents a complex sinkhole pattern, I,here 

1 some of the sinkholes are post~glacial in develppment and others ure 
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glacially scoured basins (Fig. 23); but from the characteristic short anl,'. . 

shan.1'1W underground drainage paths only a karstic groundl,ater circulatio 
"" . -.~,! • . . 

of ~tcglacial age is indicated. /'" 
": ' , 

~ J' T~e L~ng Pond. - Round Pond area is a good examp'te I,here both 

hydraul1ic gradients and structure exert control o.nsubsurface drainage 

route development (Ff~. 26). 

within it's ove~flow channel 

Long Pond is an elongate lake; water sinks 
~ 

through several fractures, and resurges 

as three small springs at Round Pond, 500 m distant. This pond in turn 

sinks into a, single conduit (0.5 111 in diameter), and resurges in the 

valley at Goose Arm Brook North (Fig. 25) Pond ~2' south of these ponds, 

drains through fructures and jo~nts, and resurges as numerous springs 

in the vaney to the south (Fig. 26). The i?edding at t~e pond and in 

the area dips to north but the hydraulic gradient (0.3) creat~d by the 

steep valley side, fu~ours this 'southern orientation (rig. 26) . 
. -

Sinkholes (Pond 1.2,3,4, Frog Pond etc.) found in the oreo 

... 

\ 
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Fi g. 25 

Sink point of Round Pond. \4ater sinks into a circular conduit 
which is exposed onJ.y in low wClter stages: Surplus water can 
overflow into a channel leading to Goo~e Arm Brook North . 
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between Fold Lake and ~a~ Bar Pond are large, irregular holokarstic .,.., 
,sinks, with permanent lakes. 

.. 
There are no surface overflow channels' , ' 

and in .. spring, f1eects.·the wa'ter level rise is considerable ( 
.' ", 

2m-.2.5m 

at Pend 4). Sinkpeints are within the ponds, and no spring poi~ts were 
/"" '" '1 

feund. The structural geelagy and lithalegy o.f.this .. area is camplex and 

spring lecatians may be either tOl~ar9s Bear Lake' ar tawards' Sand Bar Pend. 

These large sinks ceul,d have received ice scour in the l~st qlaciatian. 

Sceu!,:.marks, if presen't, are cevered by sail and vegetatian, fer the' 

sma 11 expesed pa tchesefbedreck surface ha ve been extens i ve 1 y med i fi ed 

by ka rren fa rma t ian', . 

'In the eastern zane the graundl~ater drainage, pattern is mare cempiex 

due te'a number ef facters: a; presence af passible pre-glacial ar 

glaciakarstic sinkheles, b) co.nJplex structural geology; c) an9·a varied 
, . 

topegra~hy that provides alternative routes of adequate hydra~lic ~radient 

for subterranea~ drainage. 

The Troy Pend and 'r,ameless Pond groundl'later path's fDllOl, the 'dip 

'of the rocks to. the north, I~here spring lecatiens are at Bonne Bay Big 

Pond (Fig 278). Trey Pond ;'s a large, elen~ate fake ,;i'th a' I;ide overflel; 

~hannel about 250 m le~that.is.utilized in Spring_fl~ds(Fi9. 27A). 

In 101; "later stages the lake I;ater sinks about 75 m ouciide the lake in 

the everflow channel. Water 'level fluctuation observed at Troy Pond was 
~ 

ubout 0.75 m~ T~e spri~g position of"the pond is unkncH';~ bu~ i·~ is':l~ik~ 
. , 

in Senn~ Say ~ig Pond close to the water's ed~e 
. . ' , 

r :: ~ \' . s: . 

hydraul ic srad.ier,t is 0.21. . .' 

'. . 

'J 

, 
'. •• 
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Fig. 27A 

A. The overflO\~ channel of Troy. Pond. Hater sinks in the fore
ground of the picture near (A). 

B. Overvi ew of 8'onne Bay Bi g Pond from Troy Pond. l~a ter from 
the a'bove pond resurges somel'lhere in Bonne Bay Bi g Pond, 
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Nameless Pond is a. large, irr,egular, ice-scoured basin with 

a permanent lake. It is a holokarstic system 11ith no overflol1 channels. 

Wate'j- sinks into a collapse doline in till that is a few meters al1ay from 

th'e lake edge (Fig. 18). The dol ine base is below the 10~Jest observed 

lake level but was dry in 1976. In 1977 it was fully innundated. Karst 

Valley, between Nameles'sPond and its rising at Bonne Bay Big Pon9' is 

und~rdrained '(Fig: 21 ).' The iength of the flow line is 2.7 km with a 

hydraul ic gradient of 0.011. Dye tracing results I'Jere positive,conn.ecting 

the sink and resurgence points (Table 2). 

Browns Pond #1, only 200 m east of' Nameless Pond and parallel to 

it, drains in preCisely the opposite direction, to the south into North 

Lake. Browns Pond #2 drains underground to Brol'lIls Pond fl over a distance, 
, . 

of 50 m. A valley trending north from the BrOl'ms ponds is very simila,' 

indeed in structural setting 'and topog,'aphy to Karst Valley, although 

somel1hat shallOl·Jer (Fig. 21). B1.Jt its drainage is entirely surficial. 

There. are 'no sinkholes. Brol111s Pond #1 has an overflow channel I'Jhich 

is actively utilized in flood conditions. The sinkpoint is a~out 50 m 

outside the lake in the overflow channel where joints and fractures 

provide the underground route, which is very sharf (Fig. 19). The adopted 

hydraulic gradient to North Lake is 0.09, while the alternative to Bonne 

Bay Big Pond is 0.017. 

Bottomless Pond is the largest and most irregular of the ice 

scoured dolines. It ha s a permanent 1 ake and severa 1 small streams 

dra into it during heavy rainfall (Fig. 28) . There are no overfl O~J 

channels and 11ater levels can ri se 2 meters or more in spring floods and 

remain high during the summer as in 1977. The sink point is I,ithin 

flG 
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Fi g. 28 

A. Bottomless Pond, looking east. 

Bottomless Pond, in early spring (June) when Iyater levels 
started to rise . 
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the lake bottom. Despite careful search, the spring position has 

not been found and dye tracing results were negative to all local 

springs and streams. This suggests resurgence \~ithin one of the 10\'ler 

adjoining lakes. Possible spring locations are in Bonne Bay Big Pond, 

or Island Pond, or Bear Lake with hYdr~iC gradients of 0.067,0.021, 

and 0,015 respectively. 

Small karstic systems in the central fluvial belt exist upon 

isolated hills. The karst features inc)ude small sinkholes, very short 

underground drainage paths and karren forms. The largest sinkho\e, 

Snafu Sink, has a perm~nent lake. There are no overflow channels. 

I'later sinks within the lake and resurges at Goose Arm Pond. 

In the southern zone the karst hydrologic pattern is also complex. 

Karst sinks extend from l'loose Plateau in the nOI'th\~est to Indian Dock 

Pond in the east. Because of ~he high hydraulic gradient provided 

by the scarp face of t:1oose P'lateau, and the very steep dip of the strata, 

several large sinkholes close to the scarp edge are integrat~d into a 

holokarstic drainag'e system. Sophies' Pond is a large lake of irregular 

shape, sinking in a shor;:, blind, outlet channel at it's northeastern 

edge to res urge at t:1oose Spring to the northwest (Fig. 29A). Lost Pond 

is ano.ther large lake 'that resurges at floose Spring. It is elongate in 

shape, belonging to the class of dolines lacking evidence of glacial scour. 

Dye tracing results for both were positive. Round Pond 1, close by, also 

sinks. Its resurgence point was not established but is believed to be 

~Ioose Spring. There are no overflOl'i channels at these sinks. Further 

inland on the plateau the doljnes ar~ smaller and generally have surface 

overflOl'1 channels'which drain their flood water to the scarp edge sinks. 
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Fi g. 29 

A. 2nd active spring location of Canal Pond (photo COUI"tesy 
D.C. Ford). 

B. Moose Spring - Draining Moose Plateau. 
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Moose Spring is the largest spring in the study area, with measured 

discharges ranging 0.42 cumec -1 to 0.56 cumec -1 (Fig. 29A). The water 

resurges amongst boulder deblOis at the foot of the escarpment and ·previously 

at ~he level of the valley infill, which is of alluvium upon till. There 

is ~.vidence· of overflow discharge through boulders 2m above the spring 

point, but this has not been observed in active operation. Spring water is 

drained in a regular channel of 4 m by 0.8 m in dimensions. The channel 
.-' 
floor has large numbers of fresh water clam 'colonies. 

f:loose Spring is "mature" in that it resurges at the valley floor 

rather than "hanging" above it as is common in glacially deranged karsts 

(D.C. Ford, person. comm.). The.actual bedrock spring opening is masked 

by colluvium. It is suspected that it may be buried at depth belo\;the 

surface of valley infilling, and that the I-Iater·discharges upwal'ds. This 

impl ies that the modern hidraul ic gra1!>1ent is 10\'ler than when the spring 

~ was first established. 

Canal Pond on the easter~ side of this zone is a large, irregular 

sinkhole with a permanent lake and several smaller dolines within it, 

close to it's northern end. There are no overflow channels and the -
fluctuations of water level are unknO\;.n. ,iater sinks at the extreme 

northeastern end via a shaft channel into a cave leading·to Indian Dock 

Pond\Valley (Fig. 19) .. This connection has been confirmed by dye tracing. 

The hydraulic gradient between sink point and resurgence is 0.06. 

,'-- Jhis is a very simple and direct connection between an arm of a 

sinking lake and a valley possessing the same al ignment·. '&ot the resurgence • 
situation. is complex. The 1 imestone 'bedrock extends to the bottom of 

• 
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Indian Dock Pond, offering a 10~Jest po~sible resurgence there. But the 

main spring is at least 25-30 m higher and "50-200 m nearer to the $oink. 

It is a "hanging" spring position. The main spring is phreatic, and 

resurges in a smali pool close to the left bank of a steep boulder-bed 

I: channel (Fig. L:JB). Above the spring the channel is normally dry except 

in spring floods. Upstream from the spring the dry valley terminates 

~~ruptly in a major boulder pile at the foot of a steep, bachlall. 

93 

Draughts of cold air were blowing from the boulders when visited, indicating 

/ 

a cave conduit behind them. 

The spring of Canal Pond is in sharp contrast to ~~ose Spring. 

The Canal Pond spring is young and hanging; the main spring position 

has migrated from the head of the valley (now the overflow point) downstream 

to an outlet \~hich is stil1 about 25-30, m above the ul timate' potential 

resurgence (Fig. 30). This spring is one of the two largest springs of 

the region, draining large glaciokarstic features. This may suggest 

the poss'ibility that glacial derangement has induced a radical shift in 

the pOSition of the Canal Pond spring. 

~ 3 - Ground\~ater Regimes 

The response of spring discharge to melt water floods and heavy 

rainfall can give an accurate idea of the state of underground conduit 

systems. ". 
Two stage recorders 'were set up in the summer of 1977, at 

Nameless Pond Spring, and at Goose Spring. Due to technical difficultie,s 

.-
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·the recorders were not working and repairs could not be effected in 

Newfoundland. Only one week of data is available for Nameless Pond 

Spring (Fig.30fl). ,-

The interpretation of such a short record is difficult. Because 

of flood conditions, the lake level was at least 2 m higher than the 

previ ous summer. Sma 11 ra in pul ses duri ng record ing peri od become 

difficult to· interpret and on the trace, very small.if any, 2ttributable 

response \~as reco~d'ed. 

Dye tracing was carried out at four localities: 

Nameless Pond to its rising. 

Lost Pond to Moose Spring. 

Cana 1 Pond to its ri sing. 

Bottomless Pond to ? (Table 2) 

'In 1976 dye tracing on ~loose Plateau connected Sophies' Pond to 

Moose Spring. All dye tracing .conne(tions in 1977 were positive except 

for Bottomless Pond. 

In 1977 the discharge of Nameless Pond spring visibly was not 
~ 

very much higher than during 1976. The 2 to 4 days aye travel time ~rom 

sink to resurgence indicates a young, possibly incompletely connected 

conduit or a .very clogged up older system. Calculated maximum ground 

water velocities of 0.015 m/sec indicate a flow rate of 1296.0 m/day. 

Similar results are indicated at Lost Pond, Canal Pond and Sophies' 

Pond (Table 2). 
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Loca ti on 

,', ) 

:Iameless Pond 

to sod ng 

Lost Pond to 

lioose Spri n'l 

Cana 1 Pond to 

Spring 

ottonless Pond 

to' spring 

Sophies Pond 

to :~oose gpri ng 

, . 

'j 

JilBH? OU TRAOJ.l('Ul£.~I,JJ.IS 19.LLJ9lL.. 

'I ~ 

Input date Dye first' t 

of . detec ted at 

dye spring .. 

1977 .June 1977. June 

23. 11:30am 25. 9:30 am 
. 

1977. July 

3.2:15p01 

1977. July 

7.10:30 am 

1977. June 

2. 7 :'3~a01 

1976. July 

31.11:00'101 

f. • 

'---'. 

1977. July 

6. IQ:45am 
. --_._-_ .. 

1977. July 

3.2:30 pm 

--

----------

1976.Auqust 

3. II: O~ilm 
.. 

----r---
~!ean !·1aximum 

;10. days dye ground \'Ia ter Ground \'Ia ter 

'o'Ias no ted 
velocity travel. m/day 

m/sec --\--- w ______ 

2-~ days 0.015 1296.0 
. 

3-~ days 0.003 2g9.2 

, .. -.. ~---- -
1-2 days 0.012 1036.fl 

- .. 

-------- ------- ----------

: 

3-4 days 0.003 259.2 ... 
. 

{I' 

'. 
'\ 

"', I . 

. 
Length of flow 

lines (1'1) 

.. . 

2720 

750 

1101) 

--------

. 

550 I 
~ 

<' 
<.0 

" 
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IV 4 Analysis 

The development of the regional hydrologic features are controlled' 

by several factors such as presence of soluble rock, frequency and 

orientation of· fractures and, jOints, bedding planes etc. for water 

movement, and complex topography providing varfed hydraulic gradients. 

Additional modifying factors are introduced by glaciation l'ihere ice scour 
. '. 

and infill has modified existing sinkholes, creat~d.new ones, deranging 

surface and probably subsurface drainage as a result (Fig. 23). 

The present groundl'iater systems tend to indicate post-glacial 

devel.opment because short and ''Shallol'l flol'i paths are predominant. But 

the presence of , complex ahd large scoured basins also indicates the 

probability of karstification and therefore the existence' of groundwater 

systems in p~e-Wisconinan interglacial periods. If these older sy~tems 

exist~._.y~~"our and infill processes have completely blocked and 
. r , ' . 

deranged the drainage and the renewed process of karstification had to 

find new subsurface drainage routes . 

. Considel'ing the topography, and the distribution and chal'acter 

of the karstic areas a model may be developed, I'lhere the development of 

the kars~ic systems are the result of hydraulic gradients. In this model 

'it is assumed that lithology and structure would permit karstification. 

In a simple form of the model (N·o. 1', Fig . .,..3J:) a flat plateau 

-- ' and cl iff combination is ·used. In the Hoose Plateau area, the large and 

holokarstic sinks are found close to the edge ot'the Plateau, l'lhich 

provide high hydraulic gradients. Further in from the cliff, doline 

development becomes shallow and utilization of overflow channels becomes 

more frequent until a point is reached inland where due to very 101'1 
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c 
hydraulic gradients only surface flow is present. 

In ~lodeLNo. 1 

a hOlo~stiC state at 

. . 
a fluviokarstic system;w;ves thl'ough time to-

the cliff's edge, wherlYie highest hydraulic 

gradients are pres~nt (1-3 of Fig. 31). Complexities in this case are 

only introduced by 1 ithology and/or structural variations bet"een points 

y and x (Fig. 31). This kind of model has been appl ied to the Niogaro 

Escarpment (Co"ell, 1976). In Ne"foundlond such a simple model cannot 

be used effectively, mainly because of the rugged topogrophy of the· area. 

Therefore a more complex ~'odel (No.2) is developed "here the ·topograph·y 

and, therefore, the locol hydraul ic gradients con be taken into account 

(Fig. 32). 

Within the study area hydraulic gl"adients vary a great deal 

(Iable 3). Using the Moose Plateau area again, the shallower and smaller 

dolies, developed behind the holokarstic sinkholes, periodically, utilize 

overflol'l channels. In some cases some of these' sinks are present only 

because of local hydroul ic gradients .. These dol ies are \'I~ll portrayed 

in I·iodel 2 (Fig. 3:,). 

The fluvial stage, pre~ent where hydraulic gradients low and 

the quantity of water supplied is large. This stoge is generolly reached 

far away from the effects of regional gradients, and where local gradients 

are not sufficient, or other factors such as lithology or structure are 

not conducive for sinkhole development (Fig. 32, and 19). 

Model 2 may further be modified by changing the regional hydraulic 

gradient (F,ig. 32). This may happen through scour or· infill. By 

changing the regionol gradient, the established underground drainage 

routes may be modified Or completely changed. This aspect of the model 

may be used to explain the development of Canol Pond Cove where two 

...... 
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TABLE 3 HYDRAULIC 'GRADIENTS. 
;, 

tYDRAULl~ filL LENGTH OF 
NAME :.. RADIENT FLOH-LlNE (m) j} tlK POINT 

Nameless Pond to the spring 0.011 2720 m C 
..-?" 

Browns Pond #2 to #1 0.036 250 m A 

Browns Pond #1 to North L. 0.09 ,. 500 r.1 D '. ' 

" to Bonne Ba, 

Big Pond ----------------- 0.017 2830 m A 

Bottomless Pond to Sear L. ,'.I 0.015 1000 m A 

" to Bonne Bay Big 

Pond---------------- 0.067 2080 m A 

" to Island Pond 0.021 1500 m A 

Pond Troy to Bonne Bay Bi 

Pond ------------ 0.21 300 m 0 

Fol d Lake to Snake Pond 0.026 1300 m A 

" to Bottoml ess P 0.092 , 1000 m A 

Pond4 to Sandhalo Pond 0.053 550 m A 

Pond 2 to Pond 4 0.05 250 m A 

Pond 3 to Sandbar Pond 0.048 250 m A 

Pond S2 to Spring north of 

Bear Lake 0.20 300 m A 

Mud Pond to Spring 0.44 900 m A 

Long Pond to Round Pond 0.142 350 m 0 

Round Pond to Spring 0.100 300 m B 

Pond R1 to R2 0.20 250 m A 

Pond R2 to Spri ng 0.30 300 m B 

Bear Pal" Lake to L1 0.061 300 m A 

Fox Pond to Gri nds tone 0 .. 14 ·5DO m A 

Gri nds tone P. to Bonne Bay 

Big Pond 0.05 400 m A 

Jack Sink to Kea ts P2 0.14 350 m A 

Snafu Sink to Goose Arm P. 0.143 350 m B 

Pond B to Spring' 0.053 340 m A 

Sea 1 P. to Goose Arm Brook 0.040 2200 m D 
/ .. ~ 

-~ 
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HVDRAULIC H/L LENGTH OF J 
1-...,./:..... _",NA..::.~:.!:lE _____ -t-'G::.:cR::..:A~DI,-,=E,,-,N-,-T __ -!.-,F:....:L:..::O..::.l~-,L:..:I.:.:N=.:ES,,-,(c.::m+-,S=INK POIt~T 

ond N to Goose Arm Brook 
anal Pond to Spring 

Tub to Sea 1 Pond 

" to South Pond 
ond Sl to a NW stream 

" to a south 1 ake 
aw Sink to lake 

ake 1 to Lost Pond 
ost Pond to .~Joose Spring 
ophi es Pond to t100se S. .. 
ound Pond to tloose S. 

" to Lost P. 
rout Pond to Alder Steady 
m to Lake 1 

Ml to an eastern stream 
Ghost Sink area to Goose 

Arm B. 

0.153 

0.06 

0.079 

0.092 

0.122 

0.095 

0.130 

0.073 

0.134 

0.305 

0.169 

0.14 

0.056 

0.22 

0.06 

0.1808 
.'$ .... ~., ...... 

I 

Sink point location symbols A 

B 

C 

0 

unknO\~n 

at edge 
outside 
outside 

900 m 

llOO m 

500 m 
200 m 

450 m 

800 m 

350 m 
750 m 
750 m 
550 m 

900 m 

500 m 

1800 m 

300 m 

250 m 

1400 m 

of pond 
pond ina 
pond in a 

A 

D 

A 

A 

A 

A 

A 

A 

D 

D 

B 

B 

A. 

A 

A 

A 

sinkhole 
stream channel 

~. 
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exits are present (Fig.30 J. This cave has not been explor.ed and 
-

verification of the model's applicability is not possible. 

The higher (or first) cave exit of Fig. 30 could have developed 

before the last glaciation. In the post-glacial period. the original 

sinkpoint has been infilled, and at a new elevation another sinkpoint 

developed and a new route (2) has been found. It is possible that early 

in thewevelopment of route #2, part of the old route #1 may have been 

used. 

At present the "old upper route" or higher exit is only used 
... 

in· flood conditions. The lm,er exit point is in a sump and is always ... ' 

a·ctive, indicating phreatic conditions. The "hanging" nature of exit 

2 is difficult to explain, unless shaley zones in the limestone between 

the sbring and the lake level· of Indian Dock Pond forces water to ~xit-

at this high point. 

Hydraulic gradients in the area vary from a low of 0.011 • 

(Nameless Pond to its spring) to a high of 0/0.44 (~ud Pond to its spring). 

The distribution of hydraulic g~adient values tend to cluster ~n the low 
~ 

values bet!,een 0.0 to 0.20 (Fig. 33,~·). Generally, .:ith high gradient 

values short flm, path length are associJted (Fig. 338) indicating , . 
young and shallow ground water routes. Figure 34'strongly indicates short 

subsurface routes. 

Comparison bf mean ground water velocities of the Newfoundland 

examples with other areas (Table 4). indicates a comparison !,ith r·:issouri, 

U.S.A., and the Kentucky Sinkhole Plain where velocities of 13-21 m/hr 

and 40-30cl/hr are found. "T.nese resul ts are interesting because the 

development of both of the above karst areas in the U.S.A. is more mature 

than tile r,ewfoundl and sys tems. 

.I 
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TABLE 4 GROUIID ,lATER VELOCITIES 

Location 

Theoretical pre

cave flow ,gradient 

is 11, 

Yorkshire, England 

Vaucl use, France 

Languedoc,France 

1:3kimu Cave, Canada 

Karst rel ief 

10\'1 

I'ledi urn 

-1·ledi urn 

r':edi um 

High 

Cana 1 Pond, 'lie'o'Ifoundl and Iledi urn 

:':oose Spl'i ng, :;el'/foundland Hi gh 

Ilame 1 ess Pond Spri n9 

ilel'lfoundl and LDI'I 

Sophies Pond High 

I 
IHnimum distance betvleen Ground ~Iater velocity Reference 
sinks and springs . m/I' ' __ lr_s II 

. {; ,. 
'1 .- ........._f 

0,03 Ford D.C., pers. 

comm. . (' 

1.5 to 2.3 YJ11 7.0 -8.0 S~leeting,1973. 

22 YJ11 26.0 Avi as, 1972. 

Avi as, ~'1972. 
I' ,It' 

~.' 5- 20 rJ11- 14 - 500 

1.8 YJ11 3000 Ford, Unpub. 

1.1 Km 43.2 this repor~ 

O.75':m- 10.8 thi s report 

thi s report 

"'-thi s report 

2.72 YJ11 54.0 

0.55 YJ11 10,8 

,,-.', .... _. ., 
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IV Conclusions 
" 

, The study area between Goose Arm and Bonne Bay Big Pond is 
"-

an inmature karst reg,ion, where not all the discharge from the basins 

is concentrated at carbonate springs. Subsurface drainage is generally 

for short dist~nccs at shallow depths. The groundl~ater connections are 

unintegrated, and some of the flow-through times for dye tracings were 

2- 4 days in distances of less than 2 km. 

Drainage within the entire study area can be separa,ted into 

wholly surface flol1 (normal fluvial flow), 'partial undergro~nd c~ptul'e 

of the surface flow (young fluviokarst), and compl~te,capture of surface 

flow (holokarst). Surface drainagA is extensive (46: of total area); and 

there are thl"ee main ba'sin collectors: Bonne Bay Big Pond on the north. 

Deer Lake on southeast, and Goose Arm on the I'lest. Fel'i stl"eams fl 01'1 

directly on bedl"Ock because of the alluvial cover present in most valleys, 

This is a reason 11hy only a small number of stl"eams sink undergl"ound. 

The water becomes saturated as it moves through the carbonate-rich cover . 

. Most of the underground drainage is inmhlture and surface overflow channels 

are utilised in heavy rain or snOl~ melt . 
• 

The karst groundl1ater systems are not \,,'ell integr~ted and their 

development is largely the result of post-glacial activity. There is 

inconclusive hydrologic evidence to support pre-glacial development, 

ie. large. scoured closed depressions such as Bottomless Pond dr~in 

through,infill in their bases, despite low hydraulic gradients to spring 

positions. 

The study area, therefore, provides substantial difficulties 

to evaluation of the de'vclop:nent of a young karst hydrology, complex 

topography and high relief, complex structurJI geology and varied rock 



... '. 

lithology are present. Glaciation has provided carbonate-rich till 

deposits very variable depth del"anged draindge; and scoured basins. 

The complex topography pr\?vides 1·lide variation in hydraulic 

gradients, and a simple "cliff-plateau" model (No. i) is not applicable. 

A more complex model (.'2) is needed. , The main features are the interplay 

of regional and local hydraulic gradients. Regional gradients are 

,provided by extensive lowlands such as the "base collector" 70ne,.and 

mountain complexes. High regional gradients product holokarstic 'zones 

generalTy close to the edge of ,the mountains 'and plateaus. Smaller sinks 

with periodic overflOlv Channels' are present furt~er inland in response to 

the lower regional gradient .. Bu~ high local 9radients ~ere may produce 

local holokarstic are.as such as at Pond S (Fig. 19). These aloe not 

integrated to the regional springs. Fluvial zones Ixist where neither 

local nor re~ional ·gradients are favor.atile for underground drain'age' 

or till mantles etc. are too great. 

.. 
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CHAPTER 5. 

KARST WATER ·CHEMISTRY 

V-l Introduction - Solution of Limestone 

" The dissolution o·f carbonate rocks by \~ate-r is fundamental to . ~ 

the karst g~omarphology .. Solution rates, and the effect of lithology 

upon th~se solution rates, are important to the understanding of karst 

landforms and to the development of underground cave systems. 

The ability of water to dissolve calcium carbonate is called the 

aggressiveness of. water to\'lards CaCO·3 . ··There are t\~O principal systems 

that are of interest to karst geomorphologists: open and closed systems 

(Garrels and Christ, 1965). In an open, or three phase system the water, 

rock and gas.phases are all considered. In a closed, or t00 phase system 

only the water and rock phases need be considered. There are no unnatural 

. 109 

restrictions placed on the pH, PC02,.,or on the quanti'ty of dissolved carbonate 

species. ' 

The chemistry of solution of calciUl~ tal'bonate 

by the follO\~ing equations: 

Clo'sed 
System 

Open 
System 

, 1 ) 

2) 

3) 

4) 

'5 ) 

6) 

H ° -===\===, H+ + OH 2 v 

C CO -====:::::' Ca 2+ ~ a 3 ._ 

CaC03 + It -
+ 'CO 2-

3 

+. HC0
3 

H20 + CO 2 ~ H2COc :::::",===-" 
HC03 -:::;_;::.==::" H+ + C03

2-

CaC03 + H+ ::;,,::::::==' Ca
2
+ + 

maY.be~ 
.' . 

. , 



-

In the simplest closed system solution of calcium carbonate in \~ater may be . . .... ~ .~ 

."'" represented by: 

8) CaC0
3 

+ H+ ~ Ca2+ + HC0
3

- , 

The !i'ytlrogen ions (H+) produced as H20 dissociates will combine with C03
2-

ion, 'f~~m CaC03 dissociation (equ. 3). 

is going to be strongly pH depen~ent. 

Because of this, the solution process . . 

In an open system ~Iater is in contact \~ith carbon dioxide gas and 

reacts to produce: 

9) H20 + CO 2 ~ H
2

C0
3 
~ H+ + HC0

3 

The reaction of,water, carbon dioxid~, and the carbonate.minerals is-

represented by: 

10) + 

(Garrels and Christ, 1965; Drake', 1,974; Rauch·and,White, 1977).' 

Reacti'ons 1 to 6 \~il1 continue until equl ibrium concentration of all 

species is reachecJo, that is no further solution of Ca 2+ will take plac~ until 
• 

the PC02 is increased: Because of this, the availability of CO2 is an important 

control on the open system process described above. In general the greater the - " 
PC02 the greater the amount of carbonate rock solution. 

l.J0 
" 

General'ly karst waters are found to have high concentrations'O'f dissolved 

CaC03' indicating that the PC02 is raised much higher then the global atmospheric 

mean value of .03%. This excess of PC02 comes from the soil and from decaying 

matter, where organic activity provides high conce,ntrations of carbon dioxide 

to the percolating waters. 

Different quantities of carbon dioxide found in soils at different 



\ 
- ~ . 

. ~ 
! 

latitudes are mainly the function of seasonality. In cold regions biologica·l 

. activity producing CO2 is restricted. for the summer montlls, Ivhereas in tropical 
,. 

areas it operat~s all thr~ugh the year at high production rates (Miotke, 1974; 

Cocile,' 1971 ). 
r 

Solution rdtes, and there'fore the attainment of saturation or 

:supersatu~ation, ar~ dependent on a number of factors such as tenlperature, 

.pres,;ul-e conditions and rock lithology. Decreased carbon dioxide pressures 

or increased temperatures. can force I'later to precipitate calcium carbonate. 

To increase solution a decrease in' temperature and/or an , increase in PC02 

are needed, or there may be mixing of two saturated but quantitatively distinc~ 

11aters (Bogli, 1964b).· According to Gogli (1960) 90: ofsatu'ration is achieved 

in the first 60 seconds that water is in ~ontact with the carbonate rocks, 

The chemical characteristics of kal-st waters may be expl-essed as 

a saturation index or in terms of the concentration of the different ions 

present in solution. To determine the saturation states of water from measured 
v' 

variables, calculations following Langmuir's methods" (1971) or others (Drake 

and Harmon, 1973; .Ford, 1971c) are used to' arrive at saturation indexes for 

calcium or dolomite (SIc or SId). The values of SIc or SId are the logarithoms 
'-" 

of IAP/K, Ivhere the lAP is ·the ion activity product of calcite or d'ollmite 

III 

and K is the theoretical activity product of calcite or ,dOlomite. (Drake, 
it' .. .:. 

1974 ; 

Langmuir, 1971; l,igley, 1971; Garrels and Christ, 1965; Picknet, 1964') .. 

The presence of magnesium in carbonate rock~ may have a tendency to lo"er 

~ calcite solubrl ity rates, although small quantities may cnhaDce solution 

(Plummer; 19)2; Picknet, 1972). 

1 

....... 
i. 
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V-2' - The' Sampl ing Programme: Desiqn and t~ethods 

The principal sampl ing programme for the study area was operated from 

)Hay 1977 to July 1977. During this tim" 300 water samples I~ere' collected· 

( from designated lakes, streams, springs; and rivers. Emphasis in the sampling 

programme Vias placed upon repeated pond sampling because of the·uniqn~s of 

---the study area "a karst of sinking and overflOl,ing ponds" not found elsel,here 

in Canada (D.C. Ford pers. comm). 

Included l'lithin the sampling programme I'iere two "contr,PJ-" wate'rs: 

Goose Arm Brook North and Corner ·\!lrook. Goose Arm ,Brook North fl OI'IS 'on 

non-karstic rocks partly within the study area, through forested hi,l.1s and 

valleys. Corner Brook flows mostly on non-carbonates except fo~ a few miles 
J 

before 3 Nile Dam, I~here tllel'e is a small artificial lake. Sampl ing took place 

at the lake outfall. This site o'ffers a very simple pond situation that may 

be compared and contrasted I·lith the var;ety of natural ponds in the study an'!a. 

The selection of ponds within the area was aimed at a represclltative 

sampling of the range of pond types, l'lith refel'ence to varying size, morphology 

and hydr~logy. All ka'~st springs 'that I~e;.re accessible I,ere sampled. 
. "'':1--', ". . 

I t vIas 
. 

hoped that some of ,the springs I,ould give insight into the composition of 
-'.' . 

sub soil kal'st l'laters etc. which could riot be sampled directly. 

GOGse Arl]1 'Brook is the major b~~e collector in the study area, and 

it I~as sampledc~t its mouth. Its behaviou-r I~ould give insight into the 

hydrochemical behaviour at the basin scale .. 

Water samples Vlere cQllcc.ted at frequent intervals between Hay 25,1977 

and July 29, 1977, a period covering the end of snOl·I·melt to high sunllller of 

that year. In addition, a pilot programme Vias. operated in· July-August of 1976, 

'" 

.' 



. 

. ' 
• • .. 

when a few water samples \~ere collected. Some salllpl in9 sites of 1976, such 

a·s Al"der -Steady, could not be collected in 1977 because of the-prevail ing 

higher water stages. 

Water samples \~ere taken in capped, 500 ml. polyethylene bottles 

and at the same time temperature, pH and conductivity \~ere measured. Before 
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each pH measuremen~, the meter was cal ibrated \-lith buffers at pH 7.0 and 10.0. " 

All \,ater samples were analysed at a field laborutory vlithir. 24 hours of 

collection. Laboratory analyses \~ere for alkalinity (HC03-) by potenUometric 

titration vlith HC1, and for CA++ and '-1g- by colorimetric titl"ations. The 

- ++ ++ 
variables: temperature, pH. HCO. , (a , Mg were then used to calculate 

~ 

saturation stutes with respect to calcite (SIc) and dolomite (SId). and 

equilibrium pal'tial Pl';=ssures of CO 2 (PC02 ). The calculation methods follol,ed 

those of Drake and Harmon (1973), Langmuir (1971) and Ford (1971c). The 

compu ter progriJmme used l~a s ,-j il chem. 

When computations were complete, samples with greater than 15~ ion 

balance error were rejected. The remaining Sumples were grouped into: karst 

springs, karst ponds, sinkhole lakes, smull ponds, surface streams, and large 

rivers and graphed to see if specific chemical trends miJY be used to separute 

the waters into distinct classes-. 

V-3 - Chemical Cilaracteristics - Results and Discussions 



V-3-1 - Chemical ,later Characteristics of the 1977 Data Set 

Figure 34 demonstrates that waters in the study area are of the 

simple bicarbonate type. The strong correl.ation (r+.977) indicates thut 

-2 there are no significant effects of non-carbonute ions such uS S04 

collected fro~ terr~ins with little carbonate present (Corner Brook, Goose 

Arm Brook North) plot significantly 10l;er and are distinct from the main 

group. Variation in this tightly correlated data is introduced only by 

lH 

Goose Arm Brook. This is the base collector of the majority of the waters. and 

other unsampled \'Iater types may entel' it fl'om mal'shy sectors ,,:here there is a 

little greater ionic comple-xity (rig. 34) . 
. +2 . - -

The plot of Ca vs. HC03 (Fig. 35) shOl-ls a \-:ider scatter than 

Figure 34, with an r value of .892. The scat.tel· indicJtes the pl'csence of 

- h h C +2 catlons at er t an a . It is presumed that these 'are ~~g2; Corner Gl'ook 

and Goose Arm Brook North again separat~ out and plot low on the graph (rig. 35). 

There is a wider scatter in the carbonate waters, but without the syn~ols. 

sepal'ation 

increasing 

time. 

~ 

- .:r-
of karst ponds, streams, etc. \-iQuld not be- possible. "The genel'al 

trend reflects the increase in certain Ca+2 and HCO. values over 
.) 

Figure 36 again illustrates the simple composition of these \-Iaters. 

\ 

Saturation with respect to dolomite occurs, suggesting the presence of significant-

quantities of dolomitic beds throughout the regional stratigraphic section . 
• 

However, there is no incongruent solution of dolomite, such as Cowell (1976) 

reports from the Bruce Peninsula, which is composed wholly of dolomites. 

With a correlatiotl coefficient of .973. Ca+ 2jMg+2 ratio will Ilot be a significa!lt 

discriminating variable. These results are quite comparable to other karst areas 

\;here there is a mixture of 1 imestone'and dolon'ite ego Langmuir (1971) in 

<-., 

I 
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central Pennsyl vuniu. 

Figur~37 und 38 illustrute the overall chemical evolution of the 
• 

waters. There are tlvO evolutionary paths. that of the contl'ol Ivaters (Col'ner 

Brook and Goose Arm Brook NOI'th). and that of the main carbonate group of Iv·uters. 
/' 

The control waters show u simple, linear path in both graphs, Its trend,is 

tOl'lurds saturation at a pH of 8,5-8,7, which may be taken to indicate thut 

these waters are equilibruting only with a standard utmospheric ~oncentrution 

of CO 2 , The path of the main carbonate group of samples is also simple and 

linear (Fig: 37), ,A majority are ~ndersaturated with respe~t to calcite und 

only a very felv spring and pond sumples are super-saturated to the extent 

that 'pl'ecipitation 'might OCCUI', Saturation is attained at about pH=7,S. 

indicating a modest enl'ichmCllt 0(C0 2 above standard atmosphcl'ic levels, The 

ranges displayed by the main cal'bonate group on both graphs reflect a seasonal. 

shift fronl softer, more acidic waters at the start of the collecting pet"iad to 
-

hardel', more alkaline, Ivatel'S in July"--,, 
\.. 

V-3-2 - Bahaviour Of Waters Over Time 

The convontional geochemical display graphs presented in figures 34-38 

suggest t~at the carbonate \·:aters of the study area are unusually simple and 

cannot be separated for detailed analysis by standard methods, such as Stepwise 

Linear Discri~inan't Function Analysis (Drake & Hurman, 1973). This point is 

emphasized by Figure 39, a histogram of the tota,l hardness of all fully 

analyzed waters collected in 1977, The carbonate I':aters compose a normal 

l 
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leptokurtic distribution of 9uite unusual symmetry, The control waters are 

completely distinct, 

By graphing sepa,'ate chemical par<lmete.rs aguinst t' , separation 

within the carbonate group of \,aters is possible, The eMviou,' of ponds 

and streams varied over time \,ith respect to tem 'ature, total ha,'dness and 

SIc, 1 ,jme graphs of these variables (Fig, 40, 41 and 42) u11 the san'plc vulues 

are used, becuuse the major fuctor p,'oducin 15::, and greater io., bulance 

errors is most likely to be inaccu,'ucy in pH reudings; tempe,'atu,'c o"d total , 
hardness a,'e not affected, Certain SIc values in figu,'e 42 are iIi C'TO", but 

insufficicn~ly to affect trends displayed there. 

\~Jter level conditions in the study LlreJ in 1975 und 1976 \\'CI"e lo~.' 

comp~red to 1977. h'hcn lJ~e le\'els h'cn:: much highelo. r~t NJ.n~eless Jnd.L~ottom'ess 

Ponds the \~'J.tcr· levels \\'erc at lCJst::: rn higher. and in son,c-ot the sri'J.l1ct' 

enclosed ponds pl'obJ,bly ove," J meter. RJinfall events in 1977· dl"C no~cd on 
-. 

Figure 40. Tht2sC \·:erc mostly siiiJ11. and 0111,1' the ,July 5-7 ',"ainstol'i:l of 

The tcr:lpCl".1tLwc dat.:: of fisurc ~1 indicate an oyC""al1 incn2J.se frOl~l 

of July (not including t~c sprins;s). TCI:lpCt"Jtul~e fluctuJtions l1rc p!~esent .. 
in almost l111 \~\ltcr bodies~ (they are l1iainly due to the rapid response of 

surface waters to daily fluctuJ.ticns irl soll1r radiation. The July 5-7 rl1in 

pulse cepn:ssed tel~'iJeratul'es for ::;ost ponds and lakes~ or at lC9st dal;:~cned 

the rate of h'Jn~:ins JS in the Cl1se of Sottcr::lcss rand. 

of lakes arld ;:;ond5 is l:la~n1y thro'J~h abSCI"pticn of heat , 

fro~ sola:" radi~tian. The l1~50rp:ion Jnd raciation.of heJt fro~ botto~ scci~:cnts 

i.:) \o;atcrs. All h"Jtcr sa.-::;:,1c5 in the stucy"JrCJ h'c·rc collected in 1css thL1n 
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.,... 
1 m of water. These shallow areas tend to respond to daily temperature 

variations much faster than the deeper zones'. Because of t~s factor: 

te.mperatures may show high short-period ,fluctuations .• as in ~cases of 

Brol-Ills Pond. Nameless Pond. etc. In shallOl, \,ate'rs tempel-iltureichanges from .' , 
- . 

early r.lorning to early af~ernoon lIIily also vary \·Jithin a fe\'/ de9'rees in sOllie ~ 

cas€s; t~erefore variat~an of the hour of sample co"-ection may also add to 

the fl~ctuations seen on the graph_ 

An interesting feature of the pond and stream t"mperature behaviour 

-is a contrast b'etween a majority of sites displaying short period fluctuations 

as they warm up over the season. and sites s~ch as Pond 4 (a small water body) 

" and Troy PODd (of intermediate size) \,hich shOl'/ a "rather steady gain., This 

cannot be entirely an artifact of the lon~er ~ampling interval at the two> 
. . ~- : 

1 ater sites. Pond 4 ha s no surfilce outfl 01, and no obse;ved i nputs .~s ;,a ter 

drains slO1"ly through t.he base. In thel-mal terms it appears to !Jive Iieen 

fluctuating like il simple evaporating pan. although its \'Iaters are not __ 
. . 

T~ose of Troy Pon'd are particularly cool. It lacks 

surface channel inp~ts. but has an overflO\'1 outlet channel tha.J;,,,as active 

,in 1977. Its lo~ temperature is taken to indicate a signific~nt input from 

unknOl,n spri ngs. 

fn terms of thermal behaviour. the springs may be divided into t\'IO 

classes. the expected,and the unexpected. Alder Steady. Canal Pond springs 

and Nameless Pond spring are the examples of the expected. although they drain 

very d-i,ffercnt phys;'cal systems; a granular aquifer. a karst conduit with a 

/knO\./Il and large input passage. and a 

./ karst draim. respectively .. With the , 

primitive. probably wholly. phreatic 

exception of an anomalous measur~ment 

at Canal Pond on July 11th, they display a slight but steadY,gain of temperature 

, 
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to about the mean annual air temperature of the region, SoC. This is the 

expected behaviour of ground",ater springs in tempera ~e reg'ions of Canada" 

where Spring flood mel t waters depress the output tempel'atul'es for a short 
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while ,and then thel'e. is a slow recovery to the ambient temperature of the rock.' 

Differences betl'leen input and spring telllperatures can be analysed 

at the Nameless Pond system. Input temperatures vary hom 7.SoC to 19.0oC 

,and output temperatures from 4.20
(, to S.O~C in 1977, indicating a significant 

cooling effect (Table 5). This is perha~s misleading because the lake lever 

I~as about 1.5m-2 I" highel' than in the previous years. The collapse sink 

where previously l'later l'las observed to sink frolll the lake l'las cOl1lpletely 

subl1lerged. Nallleless Pond appears to be a deep lake, therefol'c cold 'boLto,,, 

water's \."ill dominate its composition. The \';ater that drJ.;ns undel~gl~OUtrd 11TJ.Y 

do so by one or both ,of two nleans: 1 I through the lake bed or 2) by overflow 

into the collapse sink (Fig. 43). During the high water levels of 1977 the 

sink point was I'le11 under l'later, therefol'e cold bottom or cool interlllediate 

11aters I'lere sinking through both routes, not the lIIuch I~armer surface 1·latel'S. 

Water sampling was at the pond's southern end where there is a shallow shelf, " . • 
not,'at the nortl~n- end l'lhere the l'laters sink and a similar "shelf" effect' 

\ 

is not found. In sum-,-U is expected that much of the lIIeasured contrast 
~ . . 

betl-Ieen lakes and spring l'later temperatures here is d~e to the' inabil ity to 

measure the lake waters actually sin~fng .. 

Round Pond Spring and Moose Spring show unexpected behaviour because 

their temperatures are very sil1lilar to those of the ponds and streams (ie. 

climb qujckly 'to 15°C or greater). They perhaps display a lesser short term 

fluctuation. The Moose Spring record of August 1976 plots in the same range 

~ 
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TABLE 5. NAi'lELESS POND AND ITS SPRItIG TE~lPERATURES 

DATE SItIK POINT TOC. SPRING TOC. DIFFERENCE TOC. 

\. 

----------------.-

6/03 10.5 4.2 5.8 

6/12 17.0 6.8 10.2 .. 
6/21 17.9 6.8 11.1 

: 
6/25 18.5 7.2 11.3 

/ 7/05 15.0 7.2 7.8 

7/11 18.0 7.5 10.5 

7/20 20.0 8.0 12.0 , 
7/25 19.5 8.0 11.5. 

- --------

-/ 



as that of June-July 197J, suggesting that the 1977 results are not the 

a-typical product of a particularly wet year. 

The Long Pond-Round Pond system is sholoJn in .figure 44. The ground

water flolvputh is only 500 m in length 'and the gradient is shallow. It is 

suggested that the expianation of the anomalous maintenance of Ivarmth in the 

Ivaters is that the .flOlvpath is very shallOlv, a few meters deep at most,· 

a nd the i npu tis of Iva rm surface -1 aye r pond l'la tc r a bs trac ted by a sho rt 

overflol'l channel. Ciry (1959) has described such shall 01'1 karst" groLlndwater 

systems in France and interpreted them as develop';Jents in a seasonally 

active layer, ie. perciled upon a permafrost body. He called SUCil a system 
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"karst sous-cutanec ll
• HO~oJever in the Goose t~rm study areu there is no evidence 

of a stt'ong' pel"i91acial phase. 

In chapters 3 and 4 evidence was produced to suggest that Nameless 

. Pond system I,as shallo'8. Gut its then1Jal behaviout' indicates that it is a 

" deeper more "norl~tJl" karst system than tile subcutaneous type t'epl'esented ' 

by Long Pdhd-Round. Pond. 

It appears at first sight t!lat tile Moose S~ring system cannot be 

shallow, because there is a headfall of at least 270 m between input and spring. 

and from the successful dye test, the groundl'later flol' rate is ,101'1. This 

problem is taken up in a s~parate sectiori below. 

Total hardness values ·and SIc values plotted over time ShOl'1 trends .... :1. 

that are sil"ilar··to each other, although the population of l'later charactel'istics 

may be better defined in the total hardness graph. In figure 41 it is seen 

that the control h'dter.s are dist .. inct througho.ut the period. A feature of their 

behaviour is that there is cor;;parati-..ely l.ittle absolute guin in their hardness 

(to maxilllunl,values some 60 mg/l less than the carbonate I,aters at the end 

of the collecting season), but as a proportion of their early season hardness 



urfaco flow 
~O" G '0'" ''\X''-' """" , n .,.. ""0<. "'W ""'<0 "'W .-~' ~. - --.......;.0 ..,-........ U ., ~ ROUND P_O/:!D +-.. \ .......... - DRAINAGE .,.. .. __ .. _. 

- SOOm 

~ 
fi '''' 

~ J~ 90 gt c 

I 

~
" .~ 30-. .' < 2 

u 
U ? 
S ~ IO-

u 0 

u u 
_ L 
- • _ 2 

~ o· 

__ __ .,..--_ /_ .,-0, 

~.".,. .............. /~ ..... /,,' 
'. 

(ponds not to scolo) 

. __ 0-..-----::::;::. 'l- -. __ :::::::.::' - -. - - ROUND POND 
LONG pOND 

..-.LONG POliO 
c; __ -., ~==.... ____ ---::-=-=·--.".nOUNO POt,lD 

• 

~ ~ 
3-

~ ~ ~ 1 

u -• 0 ~ 

25 30 , 
.MAY. , 

3 5 13 15 21 23 25 27 
~ 

3 5 7 9 11 13 16 18 20 22 23 
.J.Jll.Y.. 

TIME _ 

9 

FIG. 44. Ground water flow path and chemical characteri~tics of long Pond Round Pcind system. -"" 

r 

, 

~J 



L 

the gain compares to that of most of the karst watel'S, 

A majority of karst pond, stream and spring waters plot in a body' 

and display comparable behaviour in 1976 and 1977. Three are distinct: 

1) the Alder Steady Spring functions as an ideal diffuse flow spring in 

carbonate terrains. It has consistently the greatest hardness, which may 
.. ' 
be matched v:ith the steady thermal behaviour. It is concluded that it is a 

true granular aquifer spring draining carbonate-rich valley fill. Its high 

hardness 'reflects soil .C02 enrichment in the region more completely than do 

any of the other \,atel's. 2) Pond 4 displays high gain rates ovel' time. This 

132 

is emphasized bn the Sic graph. where it appears as a steadily supersaturating 

water. (Figure 42). As with its thermal behaviour these evidences indicate 

that it is functioning as a simple evaporilting pan. concentl'ating solu,tes. 

Although not as distinct on figure 41, Snake Pond behaves in a similar mil·nner. 

\,ith rather steady gain of hardness and SI value ovel' the season. It is 

known to drain to a karst spring, but it appeilrs that the drain is suffiCiently 

obstru~ted to permit significant concentration of solutes. From their Sic 

trends up to late July of'the 1977 season, it appears that these' two ponds belong 

to the class where seasonal depOSition of marl may occur~,3) Goose Arm Brook, 

the regional river that takes the discharge of the majority of ponds and 

streams, .displays a remarkable pattern of gain across the main body of carboni!te 

results in Figure 41, such that it is amongst the least hard waters at the 

beginning of the collecting season and conv~ging upon the Alder Steady hardness 

values by the end of the season. Its gain appears to be a mixture of steps 

and linear increases, with dilution following the rains of July 5-7, 1977. 

/ 
" 
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This behuviour is considered separately in Section V-5. 

ilmongst the remuining cal'bonate waters of Figul"(~ 41 it is possible 

to make a division into those thut show notabl~ gain of hardness and those 

that fluctuate over time with little net gain after mid June. Because the 

range of hardness involved is i=omparatively small and the sample is restricted 

to parts of t\~O seasons, it is not certain that such division is significant 

and it'is not developed fUl'ther here. Certain ponds display individual cycles 

of higher- and lo\,er hal'dness. They diffe,' fl'om Qne another in si:e, depth, 

morphometl'y, \,ater input and output characteristics. Overturn of \,atel's, 

addition from unknown underwater springs, and differing biological activity 

in the waters, may each or all contribute to the variation measured at tile 

sampling points. For example. Bottomless Pond records the greatest dilution 

of hardness follOl-;in9 the rains of July 5-7th. It is fed by more S1101't. fast 

respondillg. streams than the other ponds. 

It is inlportanf·to note that the kal-st springs· (~s opposed to Aldel

Steady, a granular aquifer spring) do not d.iffel' significantly in hardness 

from the main body of ponds. T!lis enlphasises tllat they are disc!'~l·ging the 

observed pond waters with little net gain from other sources in nlost instances. 

Canal Pond Spring is amongst tile least hard waters of the group. This is 

belie~ed to reflect the fact that the Pond has a large non-carbonate Sector 

in its perimeter. Except at the very start of the season the spring of 

Nameless Pond was ,always 10-40 1119/1 harder than the sample \,ater taken on the 

same day in its source pond. This may indica~e that the spring \-;as cOlnposcd~ 

of colder bottom waters as explained, or there may be a Significant net 

addition of sub-soil \\'aters from karst valley in this particular instance'. 

-
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The radical reduction of h~rdness that occured at r-loose Sprin9 after July 23 

1976 is bel ieved to be a response to heavy rains on the pluteuu feeding th", 

spring. Lesser dilution effects I,ere noted at Gottomless Pond and NJmeless 

. "'", 

Pond ~uring the same period. ulthough not at Nameless Pond Spring. 

"-The SIc grdph (Fig. 42) discriminates the control watcrs,and.POlld·4 

und Snake Pond I,ith their st"Qng guin behaviour. As a ~lass, the remainin~ 

watc~s may be said to have attained the saturat2d stute or close to it, by 

the fi"st I,eek of June" and thereafter to cluster about it. Thel'(~ I-las 

gre-ate,' fluct~ation durin,~ :t+it<earl ier half of tile collecting season. Goose 

Arm G"ook is the most distinctive. It app,'oached the satu,'atioll 1 inc IlIQ"C 

slowly and did not fully saturate before July 13th. 

To cOl1clude~ JI1J.lysis of the thenll;)1 and chcil1ic~11 behJ.vicul~ of t.ht.? 

wuters ove,' time has disti~guishcd a class of pond~ a" closed dep,'essions 

thut rUl1ction like evaporatirlg pans. It is possible tll.:!t ~OI'C ~etaileJ study 

\·,'ould perlil;t diffe,'enti.1tion of the rClilJining ponds ie. into those that 9Jin 

notJt"11y in hJrdncss and those the-t diSPla.Y~ter-ten:i eyel ic behJvio~Jl·. 

A ~ajority of k~rst springs Ilave expected temperJiure behaviour. one ap~eJ.rs 

to be a good instance of subutaneous karst, and noose Spring is therr~lall'y 

anamJ.lous. The e~aiilple of J. regional effluent drJin: Goose .. ~nil Grook, is 

found to be distinttive in its hydroche;nicJ.l bellJviour. 

It is emphasised thilt this I'las a pionee,' sal"pl'ing program;;'e, There 

are no previous studies of pond-dolninate~ karsts to guide the design. It is 

sU9sested that, despi~e the comparatively narrow range of solute concentrJtions 

r.1casured in the area, r,lore than enough interesting features hJ'.:e been 

discovered to \\'cnTan~ a detailed study 1 irnitcd to the hydrocheli~istry, alone. 

, 
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V-4-1 - The Problem of Noose ~pri nq 

The purpose of tnis 'section is to amplify the problem that is posed 

by the high water temperatures .recorded both. in '1976 and 1977 at ~loose Spring. 

1n the months of June, July and August the temperatures of the spring ranged 

between lsoe and 200 e on different occasions, where other ;prings ranged 

at bel\,een 6.oe to gOe. Physiographica"y. ~loose Spring is the 1Il0st lIlatun:o. 

of the k"own karst springs a,~ fee~s a large ~tablc channel. Discharge is 

greate,' tilan the others, and may displiiy less variation, 1\,0 of the \,ater 

sources are kno),n by dye trace and thei,' mean fl O\,-th,'ough time is slO\ ... ~ 
• 

la, s m/hr. 

From the previous discussion (neglect:;ing the minol~ complications 

introduce'd by flUShing effects, over"tunl or high \oJJ.tC'l~ effects J5 at r\J.fileless 

Pond) it appears that the tht?,rmJl behuviour': of tIle kJ.l~stic·pond h'aters 1i1J'y 

be modelled simply, as in Figure 45. A mJjoi~it.Y of ponds dl~a'in thn~ugh thcil~ 

bases (like Gottoll11ess ~9nd) where the water is cold~ and ,the spl·ing is cold. 

Some ponds are drilined by il short overflo\·, chilnnel to a sink point. 1n such 

systems the h'ar:" $ul·face \,'ater is 

it is routed at shallow depth and 

preferent~' extrilcted. 

emerges as a warm spring. 

In Fig.ure 45G, 

The Long Pond-

Round Pend system is the region.:;.1 example. In Figure 45C, the \ .... arm overflo .... , 

water is routed d~ep into the rock and cooled to regional ambien~ temperature 

to produce a cold spring. This happens ilt ea~l Pond. 

Figure 46 .illustrate~ the known behaviour of the water at Noose Spring. 

betl'.'een the nearest sink point, Sophies ' Pond, and the spring. \~arm over'flov.' 
~ 

waters are removed from the pond through a sm.:;.ll IZ'hannel on its southeastern 
j 

side and directed underground towards the sprins to the west. The water may 
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FIG:· 46. Inferred dr:lin::l[,e routcs from Sophies Pond and 

Lo=t ?o~d~~A) The inferred un~~r~rou~c dr~i~a~c from 

the pond m::lY ~. dccp indicatinG::l cold sprinr; BUT 
it is :1.ctually W::lr:::. Lost Pond (3) :::ay have a sh:J.llow 
drain3.t,:e ar.d 3. • ... ·arT:'! sp:::-inr: is po~;::::;iblc. 
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be supposed to be routed deep in the rock aDd' it is presumed to ri se from 
-

depth to the spring point becaus~ the spring is' of the Phrea-ti~tyP~ 

sited precisely at the junction \'Iith the clastic infilling in the valley. 

Both Sophies' Pond and Lost Pond feed water from the plateau to 

Moose Spring, and both these lakes are close' to the edg~ of the plateau. 

S6phies' Pond drains at its S.E. end and Lost Pond at it southern end close 

to the plateaus edge. It .is possibJe that both_subsurface drair'lges, and. 

especially Lost pond"have shall0\1 subsurface routes similar to the sub-. 
. I 

cutaneous drainage discussed earlier, which i10uld all 0\1 the i1ater to be close 

in temperature to the \1arm surface lake \,aters even after the maximum of 2 

days travel indicated by the dye tracing. This is illustrated in Figure 46B. 

Pond tempel'atures in general are higher than that sho\,n for ~'oose Spring, and 
. 

it is assume~ that Sophies' Pond andyst p~nd \,ould corr:spond \'Iith o.ther 

lake temperatures, ln \,hich case tt7'iS a minor cooling effect- before the 

spring efflux and its presumed shallow subsurface drainage would account 

for a much smaller cool ing effect (from \,arm input \,atel"s) than found at 

Nameless Pond \,here cooler \,ater sink. 

There is no reason to suppose that these \,aters alone in the region 

are \,armed by geothermal effect. The geology of the site is inappropriate 

while the \1ater chemistry suggests nothing except simple bicarbonate waters" 

The explanatory model of 46B;' if correct, is a .model of an unusual karst 

system. There is nothing kno\'m in the 1 itcl"ature to the writer that can be 

compared \,ith it, yet there can be no question of the val idity of the 

temperature measurements. The problem of I';oose Spring definitely \,arrants 

a special investigation . 

• 
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V-5 - r~odell in9 The Seasonal Hyjrochem~~.!"..I' of Goose Arri1 [Jrook 

Goose Arm Brook is the large~t river in the study area. collecting 

water from parts of the northern, \~estern and southern. z~nes. The catchment 

comprises uplands drained underground through sink~ole's and lake,s, and 
. , 

lowlands and valleys drained by streams and springs representing seepage 
, 

wa ters. Therefor.e Goose Arm. Brook' represents 6 "base call ector" from a 

wid8 variety of a1'eas. The .sampli,1g locality \~as at its mouth, 
.. ...... 

The river's chemical characteristics differ from other carbonate 

\'Iaters of the main group, because over the collecting s~ason its·total 

hardness gains in a stepl'lise manner across the other carbonate' groups, from 
~ -

very 10\~'ialuesin t·lay to high, values approachi·ng Alder Steady spring. in 

July-August .. Alder Steady is a good' example at a ca1-bonate-rich, granular. 

quifer of the Goose Arm' 8asin. 

\,ater dralning to Goose. A1-m Brook comes from numerous karst ponds 

. and lakes. These ponds have the distinctchara~teristics of slow underground . . 
d~ainage with periodic overflow channel ·use. The ponds feedihg Goose Arm 

Brook can be regarded as large water s~orage tanks, as'modelled in Figure 47. 

All these storage tunks \~il1 contribute differing amounts. of discharge over 

the season, from heavj' snolimelt at the start to SlOI'1 underground drainage 

later on. Another il!2Portant contributor is''l'later seepage through the till 

cover of Go'ose Arlll valley, contributing as springs (1 ike Alde'r Steady Spring) 

wi th hi gh To tat· Ha'rdness V91 ues, therefore he 1 pi ng to boos t the cherni ca 1 
. '. 

trend of Goose Arm Srcrol< over other karst pond I;aters. . _. - ...... 
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The seasonal hydrochemistry of Goose Arm Brook may. be llIodell.ed 
.~ -~ 

then by the combined chemical effects of the "holding tanks" and seepage 

spring ~Iaters (Fig. ·47}. This partial contributing a'rea model has three 

dominant components: 1) sno\~ melt, 2) ponds, and 3) spring (seepage water in 
}. ~ , .. 

the truck valley)... " 

The regional melt source becomes dominant.ear~~·in· the. sea~o~ .. - . 

until about mid June. I\:fter ~his, the ponds or hOldi...Ii\tl··.~anks ~L.n:ote ~it0~ 
. their combination of 

..... 

overflO\~ and subsurfoce flo~1 l.mtil late part of 

July, \~hen seepage \~ater and springs in the valley predominate, helping the 
." ~, -

chemical iQcreose ~oted on th~ graphs (Fig. 48). ,. 

. / 

The total hardness of Goose Arm BrooR at th! ~nd of the season approaches 

the T.H. value.of Aldel' Steady Spring \'hich repres!"nts one of bhe probably 
/ 

. , 
many valley sprin'gs~ representing on important chemicol booster for tl1e river. 
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values are the result of ::;prin[:!:; found in the c2rbop,·ate 

rich till of the inner valley. 

L--. 

I 

- . 



.. 
~.' 

.' 

. 

, 

., 

-
. 

por:id , .soi L/till 
sno ..... melt storaec tanks seepap:c ~pri r.G~~ . 

l. . 2. . 3· 

dor . inont 
, 

do linant. do :1inant 
to 

mid-. unc 

FIG. 48. 

. ~ 

. 
from aftc 

mid- 'une to -' mid- 'uly 
. mid- .uly 

"1 , 
. 

. . Go"O s e Arm Brook . 
...I\. A. 
-V effluent '\r 

TO 
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Flowcha::-t o.f the water mqvcITlent fro:;) the 

basin, holding~tankst etc., to Goose Arm. 
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The study a rea is a temperate fores ted area I'i th 1 arge number of 

ponds and lakes. It is comparable to other temperate reg;'ns of Ca'nada 

in vegetation. temperatures and l~mestone charcteristics but distinct in 

its ponded karst 'nature.Studied karst areas such as the Bruce ,Peninsula 

in 'Ontario (CO\,ell.1976). the Alpine tundra of I,estern Canada (ForD 1971c). 

and arctic areas (Woo and Marsh .1977)are distinct from I'estern Newfoundland, 

The rugged topography and the ponded kal'st al'e characteristics that are ! 

uniqe to the study area. 

Total hardness histograms frJ,M-':!-I.J these areas indicate sevel'al 

obvio;;s'differences (Fig. 39). T e Rocky :-lountain sampling sites varied 

from glaCier margins or snOl-1 fields, tundras into forest zones. at elevations 

rangi n9 : "001 1010 01 m (Ford 1971c) ,Waters included surface and 

subsur{ace samples. The Newfoundland area is vegetation'c~~ered;, ponded 

site I'ith elevations I,ell belm-I the Rocky i-lountain sampling. 

This obvious sampling and site difference is strongly reflected 

in the histograms, where the Newfoundland examples are tightll clustered 

ana the Rocky 110untain samples are over a much I-lider spread I-lith peaks 

characierising ~ertain areas,and ~onditions. 

The Brucd Peninsula samples (Cowell. 1976) shol' a stronger grouping 

than the ~ocky Mountain samples but,it is still a wider spread than the . 
N'el,foundl"nd examples. The Bruce Peninsula data indicates harder I-Iaters 

mainly· because the collection of the bulk of the samples I,ere from sl-Iamps,' 

" .. 

'-. 
I 

( 
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. 
. conduit und diffuse' springs \~hich are not comparable to the study area. 

The lower values in the Bruce Peninsula data are from inland lakes, 

and Lake H~ron and Georgan ~y. Di ffuse and condui t spri ngs' wi 11 have a 

much higher total hardness vulue than lakes and. ponds i~ general where 

surface \vaters are the input sources. 

The arctic samples ( Hoo and ~'arsh,1977) form a compact group with 

high total hardness values re.f1ecting the vegetated and cold environment 

of the sampling. The environment again, like the Rocky Mouniain. is not 

com~arable to the study area. High total hard~ess values reflect the 

organic or bjogenic CO 2 present and the muc~ ~older temperatures. 

therefore enhanci n9 ~Ia ter aggres s i vi ty and i ncreas i ng so 1 uti on. 

In a general comparison the most striking feature is that the 

·Ne\,foundland \,aters plot 10l,el~ than all other samples except the tundra 

and glacier \'Iaters of· the Rocky ~'ountains . .The lo\,er values found in 

the study area emphasise the strono equilibrating effect of the ponds 

(tank storage) which area tile dOlllinant feature of the \,aters collected • 

• 
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CHAPTER VI 

VI-l Discussion and Conclusion~ ..:....:..--'----"'-'-='= 

Principal karst landfol'ms Ivithin the study area are the closed 

depressions. These fall into tnree distinct classes: 1) small collapse 

features in drift, 2) large depressions of simple circula~ or subcircular ~ 

oms, in)edrock, 3) V,erY'large and irregUlar) ice-scolo'ed depl'essions. 

't.,I'2!I2.Jollapse features are post-glacial in 'age ,and their t,ype 

.'lif is found in Kal'st Valley. These features probably nurrr jn 

I no, ods but their distribution is not knOlvn because of dense forest 

cover their sm~ll size: ,The simple circula,' dep,'es;iolls dre la"ge 

and, found in bedrock l'lith varying degrees of till and vegetational cover. 

~:any of these depressions contain lakes and dl'ain undel'groun-cl. Glacial 

scour is not evident in their form, but the~r scale is greater than that 

reported from carbonate bedrock-dolines of post-glacial age elsewhere 

in Canada. The v~ry large sinkholes of irregular shape a,'e obvious 

ice-scour forms and in most cases such as nameless Pond, BrOl;n's. Pond, 

Bottomless Pond, erratics and scour marks .are found. t,ll of the class 3 

closed depl'essions contain ponds and drain.underground either through 

their bases, or through a short blind outlet channel, or via young sj"nks 

in an overflOl'1 channel that is seasonally active. 

Distriblltion of the depressiors is conV,oiled by several factors~ 
,I 

as Ka rs t Va 11 ey for the pos t-1) presence of underdrair,age routes (such 

glacial collapse sinks), 2) presence of suitable rock lithology and 
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structure, 3) ~dequate hydr~ul ic gr~die~Tts, 4) presence or absence of 

extensive and thick t~l~ deposits. 

The l~rge irregular dolines are partly the result of gl~ci~l 

~courin9 and p~rtly of karst processes. If much of the overdeepening 

is ~ttribvted to karst processes then' the kal'st'ificati'on 11as aimed ihto 

developing groundl,:atel; channel systems of substantial dimensions to 

achieve these large sizes. [n Chapter Four it 11as srol·;n th,,': .tho -.' 

pr'esent active gl'oundl'later systems appear to be ShOl·t in length and 

shallow in depth. The range of known hydraulic g~adients is considerable 
'-

but the .ra"f proven grouncl.l1atel' velocities i's 

that 110rkable hydrologic ~lodel such as r.'lodel No.' 

sma 11. '[ t I'la s foun'd -., 
2" in Chaptcl- ~, nlust 

take into consideration local topographic effects and is inconlplete 

because, 1) possibil ity of surface discharge (ie. the p,eriodic util ization 

of surface overflow channels) cannot be disregarded at any time, 2) the 

local geology, rock lithology, structure, etc. is very import~nt in 

subsurface drainage. 

The hydrochemical investigations strongly differentiated bicarbonate 

11aters that 11ere very uniform in their general chemical composition, 

15G 

although interesting variations of regimes are sugg~sted within the detailed 

an~lysis of the l'esults. Among, the most significant findings are the ponds 

that function like evaporating pans even in·the humid climate of Newfoundland. -Pond 4 is an ideal example, where typic~l dol ine input hydrodyn~mics are 

present (no channelled flow is present because of lack of sufficient 

catchment area), yet is has not att~ined the scale of output that will 

drain it and deepen it effectively. 

• -J 
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To ,;"';",J, ...... " ,,",1 : hfd"'h'~i "'Y .;; th' ",1. of 

,larger ·basinal. units"a "tank storage) mo£icl I'laS found to b,e the most: 

" 157 

, " 
appl ic_able, Thi~ was emphasized by the gen'el'al ,1ac1<, of chemica,l contrast 

betl~een input pond and output spring waters, 

The "tank storage" model characterise's the style of this karst 

better than individual explCinatiofls of pond and stream behaviour, The 
. '9 

kJrst arJinuge is a ghcially der:or.sed one, deranSe!lle~t her:e taki~g" the 

form of infi11 irig largely or entirel), obstructing the pre-glacial Karst, 

inputs, and of the deposition of blankets of carbonate-rich till which 

has tended to pnltect the 'underlying bedrock 'fl'Ot:' solutional attack 

'throu~the Holocene, The presence of suitable ,soluble rock, high .. - ) 
rel ief and hydraul ic gradients, along I'lith abundant pr:ecipitation has 

pel'l1li tted the developrnent of only sIila11, young systems 'amongst some of 

these large and cOIIlplexclosed depressions dUI'ing the Holocene, 

The study area represents a unique karst terrain, not easily 

comparable to any other areas found in the literature, Because of its 

geographical location, the area received net glacial deposition .frolII the 

surrounding higher noncarbonate areas, It has u very rugged topography 

with large numbers of ponds and lakes draining. underground, The many, 

varied alpine karst ~reas are all more closely similar to one another 

than to the study area because they generally suffered derangement by 

net glacial erosion, The extensive carbonate lowlands of Hudson Bay 

also have net deposition of carbonate glac.ial material ,similar til the 

study al-ca, but thay la~,the ruggedness of Nel'lfoundland, 
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V I 2 Suqgcs t ions for Further Resea rch 

This study represents the first detailed IVork on karst landform 

_development in the Goose Arm area of Nel,founctland, All 'results are nel-I, 

and cover only a short period of ob-servation, but these resul ts point 

out intel'esting and uniquc features of the area and indicate neIV avenues 

of study such ~s: 1) the strong structural control on karst development 

158 

2) IVorking out the cGmpletc karst' hydrology of the area, IVhich I,ould give 

more detailed insight into the extent of glacial derangement and litholo~ic 

cont>:ols, 3) detailed water chemistry of ponds and streams I,here 'imnological 

effects are taken into account, This IVould be a unique approach to the 

~xpla~tion 

4) detailed 

of hydrochemi ca I results not. attempted e I sCI-,hel'e in Cilnada, 

study of springs along Goose Arm Valley and the study 01' the 

effect of glacial till deposits, on spring positions, 5) a more detailed 

study of the sinkholes and their morphology in rel~n to the \,isconsinan 

glaciation and the presence of active or inactive paleokarst systems, 
• 

- '-
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APPENDIX 1\ 

KARST I\REAS OF [,[STERN NEHFOUNDLAND 

.. 
1) Karst development in gypsum: a) Codl'oy-t-Ioodville area 

extensille and l~ell develo[ied sinkho10s mark the extent of the gypsum 

deposi ts 

sinkhol~ vary' in size from less than a meter to several hundred 

meters, and from solutional to active collapse type . 

• 

b) Ship Cove area 

numerous large funnel-shaped and active sinkholes are found 

along the coastal area 

~~an'ideal "daughter-parent" sinkhole relati.onship is present. 

c) Berry Hill and Gos\~arlos area 

the sinkholes in gypsum repreduce a tropical cockpit type of 

development 

- kar~en and pavelllent development is extensive. 

2) Karst development in marble: a) Sops Arm area 

~ a small, active cave at the north end of taylors Pond is 

bein0 entrenched 'along joints 

- the cave has 200 m of,its passage map~ed 

- several small caves are found along the cliff face,and 

numerous small sinkholes on the top (ref. Karolyi, 1976;1977a). 
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3) Karst dl:velopment in 1 imestol1.c/dol omi te: a) Port au PortPeni nsul a 

- karst features found at several places on the peninsul'a includes: 

sinking streams, sinkholes, karren forms, and caves in river . 
valleys which generally follow fault lines. 

b) Gallants area 

. - sinking rivers, collapse features, caves, and karren forms. 

c) Corner Brook area 

- cave and inki'ng streams, collapse features' 

. d) Goose Arm area ----this study 

ei East Arm- Lomond area 

- sinking streams and caves 

f) Bonne Gay Big Pond - \,iltondale area. 

- sinking streams ·and caves 
, 

g) Daniels Harbour area 

- caves 

h) Ro<;ldicton area 

- cave at least 400ft. 

(ref. Karolyi, 1977b) . 

• 
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