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" ABSTRACT S

The Appalachian fo]d belt s;stem in Newfoundland is divided into

threé tecfonic divisions: Western Platform; CéntraiAMobi]e Belt; Avalon
: T e

P]atfd‘l‘ Rocks of the Western PTatfo;m range in age from Precambr%an
to Carboniferous. Major karst areas are found there in Ordovfcién
and Carboniferous rocks. Karsf fé;tures of the study area{Goose Arm
to Bohne Bay Big Pona } are in the Ordovician carbonates of the undivided
St. George and Table Head Formations, covering a few hundred square.
kilometers. Features‘inciude karren, sinkho1és, sinking streams, and
karst spr1ngs, caves and other so1ut1on€"and collapse features.

In the study area multiple fold and fau1t1ng episodes c0mp]1cate
the geology. Extensive and probab]y repecated glaciations have produced
rugged terrane with U-shaped valleys and as much as 300m re]ief*on the
carbonates. There s variable but thick till cover. A class or clas es of
ice~-scoured closed deﬁressions ;ith internal dra%nage are recégnizéd.\*\

) Postﬁ]acia] karst forms are limited to varieties of karren (maip]y
Tittoral), 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 shallow,
with varied hydraulic gradients. Few instances of ground water route
integration to regional springs.is found.

The water qhemis?ry of the anea;di§p1ay$ a tight normal di§tribution
of hardness. This is attrﬁggted to the ponding effect. Seasonal trends

show an overall increase in total hardness and other parameters, with
. &

i

R



. H
\
) . , |
' |
. _

some ponds showing linear incréﬁses and others cyclic variations.
Karst type and disfribution is Eomp]ex and irregular, but both

glaciokarstic and karstiglacial development is present. The majority of N

karst forms point to karstig]acia]-devefopment where previous karst forms
have been modified by ice. Karstification is controlled by geology, rock . *
. Tithology, hydraulic gra!Tnts and glacial scour and infill. Karstic
processes continue to operate today, modifying the scoureB\Qgsins and
creating new karst forms. 5 T
"
AN
™
\ -
\ \
\ ~

E




e
L

ACKNOWLEDGEMENTS

Many special thanks are extended to Dr. Derek C. qud, my supervisor,
for his advice, suggestions and encouragements throughouf this study.

I owé many thanks to DriVDavid kob1uk.who in Dr. D.C. Ford's-;bsence
for a year, has provided encouragements and help in section;'of the thesi;;
and who provided geo1ogic advice during the field season-pf 1977.

. Appreciation ana.thanks are also extended to Gery Sweet in helping
with the 1976 field work, and Noreen Bourque was helpful and persevered
the fie1a season of 1977 with Tong hikes andlteadious watEr'samp1ing
proceedures.

Thanks are due to Tom Miller who developed the MiLCHEM proé?am, and
let me use it for the Newfoundland data. Assistance and cooperation

- is acknowladged and appreciated from BOWATER of Corner Brook, Who-
‘a11owed access to their 1andland the use of their air-photographs.

Special thanks are‘due_to my husband,Doug, who gave constant

encougagement throughout‘thig stud&, and for. the endurance of the long

periods of time I spent away from home-in preparation of this thesis.

Without his help this work would not have béen possible.




- ‘ »
N
. \
TN
TABLE OF CONTENTS
" ACKNOWLEDGEMENT ~rmmmmmmmmmmmmm oo mmmme l---------—------f---ir--- i
_TABLE OF CONTENTS--—-------—--------v-—--—:i---—-----;----f -------- .t
LIST OF FIGURES —----mcmmmmmmmnlcme et mmmmmmm—mmme e R il
LEST OF TABLES -=--=-mmmmmmmmmmmen s Vi
ABSTRACT =--nnn R S Vii
CHAPTER I.  INTRODUCTION -==-o---meoomommm o cmmmmcmccmem momme e 1
Ia -- Purpose of study —--———-—--———--—-—:—-—-----—---; ——————— It
Ib -- Selection of étudy Argd —=----meesoeeememmeecemmmem————- 3
Ic.——-Physiography pf'the study area —----: ------------------- 4
. Id -- Karst: a review oo mmmm e 11
‘\{d-l- Karst in g]aFiated terranes ~--------m-—meommme e eeeee- 14

CHAPTE@\}I. .GEOLOGY, STRATIGRAPHY, AMD GLACIATION OF THE WEST COAST

"\OF NEMFOUNDLAND =-n-=<mmmmmmmmmmmmomommm oo oo dec oo 21
Ila -- Géb]ogy ---------------------- ?—T—----—-----—; ---------- 21
1Ib -- Straifgraphy 1:------------------;----------—-----j:gf-- 22
11b-1- Table Héad‘Formation e e L L T PP L PSP 24
IIb-2- St. George\Formation ——————————————————————————————————— 28 .
I1b-3- Study area -;:lfc------;----------------4 --------------- 35
Ilc -- Glaciation -----;E--------; ---------------- Smomsmmsmeees - 32
Ilc-1- Study area —----------; --------------------------------- 35

CHAPTER III. MODERN KARST DEMELOPMENT IN ORDOVICIAN CARBONATES ---- 38

117" -~ Introduction -—--eemcmmcccmmcae- mmmmmemmsomom oo (----;-_ 38 -
II1Ta -- Small scale karren fOrms =---—==e---dem—mmcamm—eoo_ooo 38
IITa-1- SUMmMary ==-—--c-cmm e mme e - 55

ITIb -- Classification and morphology of closed depressions ---- 58

ITIb-1- Post-glacial collapse dolines in till and bedrock ------ 59
v RN
— __\—\_ - - “

—l



111b-2- $ing1e solutional dolines in bedrock --------cn=-coe-ooe- 62 . .
I1Ib-3- Elongate, probable ice scoufed doTines.--------~7-:--L--: 63
111b-4- Complex g1a§iokarstic forms ------ S —— sommme- 65
IITb-5- Summary and discussion --—---=v-==ec-caaa—- memmemem—e————— 67
I1Ic -- Caves ~-—=-=e-emmmmm e me e mm el e e e 71
I1Ic-1- Study area -------—---~-——-c--commmtc e e - 71
I11c-2- SUMMAYTY =-—m=e—mm e e e e e oo e m e 75
CHAPTER IV. KARST HYDROLOGY R et etedy Mttt ittt 76
IV-1- -INtrOQUCEION === =-mmmmmmmmmmmommmscdmmmmm o mmcmc e mans 76
1V-2- Regional, developmeat of karst hydrologic systems -------- 78
IV-3- Groundwater regimes =—--=-mecmmmememmmee e mee e 93
Iv-a- Ana1ysis- ------------------------------------------ ;-;--— 98
IV-5- CONETUSIONS ——-m==mmmmmmm e e mmmemmmmm e oo e 107
~—
CCHAPTER V. WATER CHEMISTRY =-mmsomsmoommoomommos oo 109
V-1~ Introduction ------=------- B L L T T P L P 109
ﬁ-Z— The sampling proqramme:Desién and methods =----c-----u oo 112
V-3- Chemical characteristics - Results and discﬁssion‘ ------- llé
V-3-1 Chemical water characteristics of the 1977 data set ----- 114
V-3-2 Behaviour ofywater over time ----==---w-- Semmmemmemeoee- 118
Vl4-l The problem of Moose Spring -—--e--me-cmcmccm e ncceeane 135
V-5- Mddeling the seasonal hydrochemistry of Goose Arm Brook-- 139
V-6- Comparisan witﬁ other studies of Candiaﬁ karst wéters --- i43
Summary of chemical data for Newfoundland =e==-=ceeeaaoan 145
CHAPTER VI. DISCUSSION AND CONCLUSIONS =-=---emcmeccmoc e cecceeeaoa 155
VI-2- Suggestion for further research =--—-=---=c-meocmomocoaoac 158 -
APPENDIX A. A SUMMARY-OF KNOWM KARST AREAS IN NEWFCUMNDLAND =----==--- 159 -
REFERENCES ~=-=mmmmmmmmmmmmmm oo oo m e mmmmc o mmm oo mmm e me e 151

"



*

LIST OF FIGURES

M
Figure . ' ’ \J'\ ...... .. L
- Number Subject - ‘ \/c = Page
1 .« . . Location Map of the West Coast of Newfoundland ... {(in pocket)
2 . . . . Topographic Zones of the Western Platform ........ 5
3 . ."The Climate of Newfoundland ............... PR L6
4 . - . - Long Range Mountain Complex ..... feereieeeaeaeeaan 8
5 . Pavement Outside the Study Area ............. ..., 19
6 . Newfoundland Carboniferous Basin ................. 23
'7 . ... Undivided Cambridh and Ordovician ROCKS .......... ' 26
8 + . . . Stratigraphic Subdivision of Cambrian and —_
Ordovician Carbonates of the Great Northern -
Peninsula ....ooimiiiiaenln. freeaaeeeeanaa e 27
9 . . . . Limestone Breccia Units and the Underlying
Carbonates .. ittt it i et et 3
10 . « . . Speculative Ice Marginal POSitioné'During :
Deglaciation of Southwestern Newfoundland . 34
11 .« . . Circular Depressions with Undercut Surfaces .l\i., 42 .
12 . . . . Pit Development Along Joints and Inclined- - -
Surfaces ... i e .45
13 . . . . Pits and Hollows Around Lakes and Streams ........ 48
14 .. . . Coastal Karren Development ..,........: ........... 50
16 + « - . Karren Forms: Trittkarren and Deckenkarren ....... 54
17 © . . . . Rinhenkarren or “drape folds" .................... 56
. 3 S



Figure _ ,
Number Subject ‘ : Lo : Page
18 . ... Collapse Sink of Nameless Pond and The Spring o7

Location of the.Pond ... ... .. ..o ialt. Tl 61
19 . . .. Mapof the Study Ar€a .eeeeeeeeeeennnennnns oveve-.. (in pocket)
20 . . . . -An Example of a Funnel Shaped Sink Such as

Round Sink #1 ciiieei ittt i e i it et aaaaan 64
21 . . .. Map and Cross-Section of Bott0m1ess POnd W\-

Nameless Pond and Brown's Pond ......l........... 66
22 ... .. ‘Canal Pond Area and the Underground Connection .... 68
23 . . . . Modification of the Karst Procéss By Glacial /’

, Scour: AModel ...l 70

24 . .. . Bedding-Plane Cave at Brown's Pond .:.............. 74
25° .. . . Sink point of Round PONG ..euernnueerueenneennn.n 81
26 . . . . Sink point and spring Location of Long Pond and

Round Pond System, and the Spr1ng Location and

Strdicture of Pond R2....vveeiiiii e 82
27 . . . . Overflow Channel and Sink point of Troy Pond and

an Overview of Bonne Bay Big Pond ............... © 85
28 . 4. . Bottomless Pond ....... [ s e g7
29 ... . Canal Pond and Moose Springs .....ceeiviieeann. l... 92 .
30 .. .. Cross Section of the Canal Pond Cave System ....... 95
30A . . . . Stage Record Data df'NameTess Pond Spring .:, ...... a7
31 . ... Model T it il 100
32 .. oo Model 2 e . 103
33 . . . . Histogram of Hydrau11c Gradients and Flow Path
' =] o T o 105

~
ix . : . /



“ Figure

41

Number Subject . _
e The Graph of HCO, and Ionic Strength.....
...... The Graph of Cy " and HCO3™ i.vevvevnvnrennnnnnn.
..:... The Graph of and et etreereritiireaaan,
... The Graph of Ca and SIC «ovvvr veeeerernaneennnnnennns
...... The Graph 0f PH and SIC «uevveue™eennneeaneneaaneenn.
...... Total Hardness Histograms from Several Distinct
_ Environments in Camada...... ...l
...... . Graph of Temperature against THME . e e i
-
TN Graph of Tota] Hardness against Time.....:coveueeninn.
...... ~ Graph of SIC against T1me.............................
v v... Flood Water Effect at Nameless Pond, and Sample site
withrespect to the co11apse SNk Ll
...... Groundwater Flow Path and Chem1ca1-£haracter1st1cs
of Long Pond and Round Pond Systems...................
...... Possible Drainage Routes and Spring Temperatures......
vv.... Inferred Drainage Routes from Sophies Pond and Lost
) e 1 A
S - ,
"Holding Tanks" ModeT .......................... P
...... Flowchart of uhe Water Movement from the Basin and the
HOTdiNg Tanks oottt iie il et iee e eeeeeiaaaeaaeananns




LIST OF TABLES
Table 1 .... Sfratigraphic Subdivision, Great Northern
Peninsula .............. S eeetteeiacetaeae e 25
Table 2 .... Dye Tracing Results .........co.iiimuinnennns ... a8
Jgble 3 .... Table of Hydraulic Gradients ..................... 102
Table 4 .... Groundwater veloCity ............coinieiiinannn. 106
Table 5 .... Nameless Pond and its Spring Temperatures ........ 129 ~
0' '
‘ :_,_\ _—‘j':'.
\‘J



CHAPTER 1

INTRODUCTION

la. Purposé of Study

The Paleozoic limestones found on-the western Platform of
Newfoundland are extensively karstified. Karst Tandform development
and drainage has been modiffed and. controlled by rock lithology, structure
and regional Pleistocene glaciation. | '

The study of karst landforms and their deveTopment is important
from a number of viewpoints. -Kaﬁst features divert surface water into
complex undergreound systems; the understaqding o% hydroloéical.procésées,
the movemehf of dround water, and evaluation of a kafstified c%rbonate
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 descripticn of karst

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

]



the Bay pf Islands area, betwBen Goose Arm and Bonne Bay Big Pond

-

(Fig. 1). It is a preliminary analysis, because only one full summer

(1977) was available to study the -existence 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. WNewfoundland possesses

a cool northern_c]imate; according to a~Keoppen-type climati: description

it is Dfc. (or humid boreal Qyimate). This study describes therpre-
Wisconsinan karst development and preservation, and the extent and degree
of development of quern karstification and some of the cdntro]]ing factors.
Previous reference to the presence of karst features in Newfoundland
is fragmentary, and is fbund in only a few geologic reports‘where the
presence of underground drainage is noted*(Weitz, 1953; Cumming, 1968
Lilly, 1963). The purpose of this study is to: 1} identify and describe
the existing karst landforms, 2) aescribe proven and inferred patterns
of modern karst‘éround water drainage, 3) determine the extent to which
forms and drainage are controlled by rock Tithology, structure and
Pleistocene glaciation, and'4) a preliminary analysis of solvent behaviour

of the different classes of water present, in comparison with other areas.



Ib. Selection of Study Area

The'study area comprises approximately 200 km2 of carbonate rocks
of Ordovician age, found horth of Corner Brook, between Goose Arm, 01d
" Mans Pond, and Bonne Bay Big Pond (Fig. 1}. The sedimentary sequence
within this area is some 122d m thick; including the Table Head Formation,.
and the underlying St. George Group (Whittington & Kindle, 1963;.1968;'
Cumm{ngs, 1968; Weitz, 1953- Kluyver, 1975; Schuchert and Dunbar, 1934).
The section of carbonate rock in the Goose Arm and Bonne Bay Big
Pond area is well suited for the study of karst deve]opment éecause
several major controlling factors are present to modify karst processes:
1) presence of considerable thickness of soluble carbonate rock (31220 m),
f) complex geologic history, where multiple foiding epispdes, deformation,
joint and fault development, and variable rock lithology exerts a
'contro11ing influence on karstification, 3) high topographic relief,
providing high hydraulic gradients, i) extensive Pieistocene glaciation
;hich has modified the topography by eroding, infilling, and deranging
drainage. -
A considerable thickness of carbonaté rock is essential 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 draiﬁage.routes
for water. Other controlling in%]uence is exerted by rock litholiogy,
where impure 1imestones, shaly seams, insoluble residues etc. wiill inhibit

solution.

1
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Ic. Physiography of the sfudy area

‘Newfoundiand is situated on the extreme east coast of Canada,
at the northern extremity of the Appalachian Mountain Belt.

The island may be divided‘up into three tectonic units; Western
P1atf6rm, Central Mobile Belt, aﬁd the dva1on Platform, of which the
westérh P]atforh may be diviaed further into three main topographic
zohéé: mountains, lowlands and plateaus (Fig. 2).

The west coast ¢f the island supports‘a thick forest cover; the
vegetation ranges from tundra to oﬁén woodland type (Fig. 3). Most of
“the land js.unsditab1e for agricu]turé mainly because of the 1ack-of
thick soil, thick glacial till deposits and-minor amounts of lowlands.

The west coast has a cool northern climate, with high annual precipitation,
small number of frost free days and 1ownqveragé summer temperatures
(Fig. 3). ' -

‘ountains o

The t?pégraphxigf the west coast is dominated by the Long Range
Mountain Complex, wﬁich runs the length of the island from horth to §outh.
This Mountain system is cut by numerous faults, of whicp the Long Range
Fault is the Tongest; it forms a hrOminent scarp margin ea§é¢0¥ the Codroy
Lowlands (Fig 4A,8). The Long Range Mountains rise between 335 m - 807 m
to a flat, glaciated surface, which‘?n places is covered with erratics.

. .
North of Bonne Bay the Long Range Nountain CompTéx'r$ses to an elevation
of 806 m at Gros Morne. The summit of the mountain is mainly & dissected.

plateau, with steep sides. MWestern Brook Pond, a Tittle to the north

exemplifies this, where a spectacular U-shaped valley, now occupied by
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Fig. 4
A. The Long Range Mountain Compiex forms a prominent scarp

margin east of the Codroy Lowlands. The mountain chain
forms a disected plateau with steep sided U-shaped valleys.

The Long Range Mountain Complex on the Great Northern Peninsula
at Western Brook Pond. The'lake is bounded by cliffs 610m

high above water level. This inlet represents one of the
glacially scoured U-shaped valleys.
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a lake, is bounded by cliff§ that rise 610 m above water level {(Fig. 4).
A1l along the western parts of the island .impressive mountain fronts

5 .
and deep glacially scoured valleys are present. _

P

The Southwestern coastal areas, between Gonne Bay and Codroy

4

River, have §gvera1 separate massives such as the_Cape Anguilie Mountains,-
Indian Héad Range, Table Mountain, Lewis Hills, Blow-me-down Mountain,

and North Arm Mountain, all rising to a f]ét p]ateau-]ike 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 with steep
slopes and flat plateau surfaces. E]aciajion has cut and eroded extensive
U-shaped va]]eyé in mountain sides, now occupied by misfit streams. “The .
coastal area shows numerous fiord-like indentations, such as the Bay of

Islands area, flanked by steep-sided plateaus.

Lowlands

The Towlands of thé Codroy'and St. George Bay area consist of a
rolling hil1y topography, developed in Mississippian and Pennsylvanian
sediments. (Knight, 1973; Baird & Cote, 1964; Baird, 1959: Baird, 1951):
Narrow strips of lowlands are founds at several places sucﬁ as the south
coast of the area between Lewis Hills and Blow-me-down Hountain, 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).

)
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Beaches on the coastal éectioh are limited to narrow gravel or
boulder beaches with only small sandy'éreas. The Western Platform has
an extensi&e stream nefﬁork development, but only a few large rivers
are present, such as the Humber River, Main River, and the'Codroy River.
Among the largest standing bodies of water are Grand Lake-Sandy LaEe,

Deer Lake, and Ten Mile Lake.

Plateaus ‘

" The plateau area of the Western Platform stretches from southern
Port-au-Port Peninsula tOwards_anne Bay Big Pond. Elevations in this
area véry f%om 180 - 427 m in a mixture of flat-topped hills and steep-
sided val]eysl

The study area {s situated at the northern end of the plateau
subdivision (Fig. 2}. It is characterised by a rugged hill and valley
topography, with numerous lakes and streamsl Elevations range ffom
sea level to 458 m. On the west, the fiord-like arms of the Bay of
Islands branches inland into North, Middle and Humber Arms (Fig. 2).

The Bay of Islands, like Bonne Bay, iF a submerged U-shaped valley, which
has been deepened and its sides steepened by glacial erosion. The Arms
show a2 U-shaped cross profile with their upper rims rising about 305 m
asi.
G The study area'is bounded on the west by the Bay of Islands,
on the south by 0ld ilans Pond, and on the north by Bonne Bay Big Pond.
The largest river in the area is Goose Arm, draining a major part o%
the carbonate rocks. Large lakes such as 01d Mans Pond, Bonne Bay Big
Pond,_North Lake, etc. show narrow (.5 - 2.5 meter wide) cob?ﬁe t0

boulder beach development with very little or no fine sediments.

* 10
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Extensive g]ac1at1on has produced a ruggéd topography, with
stream11ned hills, Qteep sided U- shaped valleys, hang1ng valtleys, cirques,
and large scoured-out depressions among other features. The. scoured-out
bedrock and transparted ti1l has left a deranged draingge'with numerous
small lakes and streams, and a higﬁ1y-irregufar thickness of till cover.

Many 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 a stone, and the Yugoslavian/Slovenian
word "kras“-referring to a waterless place (Herak and St%ingfie]d, 1672,
Jennings, 1971; Sweeting, 1973).

The term “karsé?fication“ is uspd to indicate the process of
development of‘caﬁes, sinkholes or other solutional features. The study
of karst inc{udes the circulation Qf water in joints, fractures and
caviiies, and the solution o% carbonate ;ocks to produce_specific forms
on the surface as well as deep underground. The process of karsfification
starts when aggressive water (ie; water that is capable of carbenate
solution} comes in contact with soluble rock. Subsequent circulatijon of
water in%fissures leads to the development of complex underground_systems.

vSinkhoTes, uvalas, blind valieys, p51jes and karren forms are all

")



characteristic features. of surficial solution (for definition of térms
see Monrog, 1970); ‘

The development of karst feétures depends on two main factor;:
1) the presence of soluble rock-at or near thé surface; 2} the .presence
and availability of wétef. Soiution is further dependent on c]fmate, |
vegetation,.and.structure and.1ithology of the so]ﬁb]e rock. For karst
landform development adequate solution and circulation of waté}, sufficjent
rainfall and relief are required (White, 1977).

Ideal conditions for maximum karstification are the presence of
pure and massive 1iméstone with well defined joints, fissures and cracks
for effective water circulation. The strength o% the limestcne along
with textyre and porosity are also importdnt qua]ities.for effective karst
déve]opment (ﬂakucs, 1977).< Generally dolomites and impure thin bedded
limestones, é?ong with very porous carbonate such as chalk, do not give
rise to mature karst forms.. ,’ .

The characteristics of sdrface and subsurface karst forms and
the concept of karst morpholiogy attracted the attention of researﬁhers
as far back as the middle of the IQtH century. For su%&ary of karst
morphology investigations through time see the.fellowing for references:
(Atkinson & Smith, 1875; Jennings, 1971; Sweeting,.1973; Heraﬁ and
Stringfield, 1972; Jennings, 1972 (a); Bogli, 1971; Jennings, 1972 (b);
LeGrand'and Stringfield, 1973; brake, 1974; Ford 1871 (a); Lowry &
Jennings, 1974; Palmer & Palmer, 1975; Miotke, 1974; Sweeting, 1976;
‘PuT%na,.1974; Monroe, 1966; Roglic, 1974; Sweeting & Sweeting, 1970'
Merker, 1976). '

Karst areas arocund the werld are not all like the classical
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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 degree of karst

.

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

4 holokarst "(perfactly developed karst), merokarst (ﬁmperfect1y develoﬁéd
karst);'and transitjonaT karst (in-between holokarst and merpkarst}.

l~ Although Grund (1914) has ﬁade a similar 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 between a} covered karst, b} bare
.karst, ¢) buried kar_s*t,1 d) tropical karst, e) permafrost Rarst, f) high
mountain karst, gj lowland karst, été. Jenko (1959) stated however, that
ctimate does not form karst, but rather it gives it specific characteristics.l
Sweeting (1873) classifies kéfst on the basis of both process and climate;
her classification includes a) true kars%,.b) fluviokarst, c)‘g1aciokarst,
(including both arctic and permafrost karst, d} tropical karst, e) arid
and semi-arid karst. | .

From sggﬁying reéional characteristics of karst Tandfqrms a
morphocTimatic'theory of karst development has.evolved (Lehman% 1964,
1970; Sweeting, 1666)r. This theory indicates that karst processes and
karstic development are most rapid in the tropical hot; wet ¢limates,
and diminishes as.cooler climates are approached.(BaTazs, 1871; 1973;
Sweeting & Gerstenhauer, 1960). Certain karst forms are asscciated only
with tropical c¢limates such as cockpits, towers, mogotes, and cenotes.

These features are not found forming in témpcrate regions today, and if

found they are interpreted as relict features left over from past tropical
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climates. This prevailing morbhdc]imatic tongept has been questioned

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

‘Monroe, 19665 Roglic, 1974), and has been strongly disputed by Brooks

(1976).

Limestcne solution data co]]ected:ovcr the world do not indicate
such strong climatic differentiation aﬁd Sweeting (1976} concludes that
"Timestone so1utioﬁ is mainly a question of speed and 1en§th’of-contact
(of water) with rock" (Sweeting, 1976; Pitt&, ]éSS; Pulina, 1974, Miotke,
1974). o - '

lGenera1]y karst areas are ;Tassed as tropical,; temperate, alpine
or arctifdiarst with typical characteristic features. The Newfoundland
karst does not‘fit well into any one of the above ¢lasses. It has a
complex glacial history in which gilacial erosion played an important
rsqe in«the development of the present karst features; it does not resemble
alpine kKarst. There are no deeb cave systems, elevations are lower,
and there is a lack of g]dcja]]y scoured and rounded pavements. The
study area also does not fit the tehpérate type because the karst
@eve]opmentuis sporédic and the sEaLF and distribution of closed depressions

is quite atypical in characteristics.

a2

1d-1 Kafsf in glaciated terranes

-

There is a large amount of published literature discussing karst

~ v

A
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in g1aciatéd'areas. However,.most regional studies in such terranes
‘have been limited to alpine situat%ons (A1ps, Caucasus, Rocgies of C?nada
and the U.S.A.) to benchlands (Yorkshifg, England; Burren, Eire) and
scarplands (Bruce Peﬁinsd1a, Anticdsii Island) (Bauer and Zotl, 1972;
Bauer, 1964; 1964; 1970; Droppa, 1956; Mazur. 1962; Ford, 1971 (a),
Drake, 19745 Cowell, 1976). | |

The study area is quite.unlike other temperate or alpine karst
areas. There appear ' to be no previous studies of areas closely resembling
the Newfoundland'kars%,'with its rugged, dissccted, intermontane 1ahdscape,
vhich has received extensive mthidirectiona1 ice scour (from the east --
" jce was spreading from the center of the: island, and.from the west - fice
invéded the island to some extent from the continent, (Laurehtian Ice
Sheet)).

of part{cular interest to this study are glacickarst and fluvio-
karst. Gla;iokarst refers to solutional processes acting on a limestone
mass whicﬁieither'has been or is being giaciated. F1uviokars¥\:fi3rs to
forms that were formed By the combined action of fluvia® and karst processes
and display a mixture of karst and normal fluvial landforms.

) Karst features found ,in arctic and anine regions generally éonsist
of bare carbonate rocks, scoured out by glacial ice and at placés producing
flat pavements. Solution-widened joints and fractures produce deep crevices.
Bogli (1964 (a)) divides’g1aciokarstig surfaces into: Schichtreppenkarst
(ier stepped karst) and Rundhocker karst (ie. rounded karst). Glaciokarstic
surfaces are generally described as bare, with pavemenfs where solution
has enlarged joints and fis;ures. Meltwater from the ice and snow may
produce shafts and potholes along with enlarged bedd%ng planes that form

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

v



as well as Alpine areas, since biogenic CO, and cold temperatures increase
water aggressivity; in these areas pavements and microkarren may reSult.
taves may serye'as impo}tant drainage routes for meliwater, but lakes

are generaf]y lacking due f& underground drainage, 5§ﬂgxemp1ified in the
French Alps; cave deveiopment is ﬁsua1hy exteﬁsive'and very deep; 1000

m systems are common (Avias, 1972).

Alpine karst.therefore differs markediy from karst in tropical
or temperate regions. In tropical climates surface karst Fends 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 temperaté areas, such as Yugoslavia, doline
landscapes of lower relief predominate. Poljes are common.

Karst developrent in Newfoundiand is found in gypsum, marble and
Timestone. The degree of karstification varies from high in gypsum,
to moderate or low in marble and limestone. Within the study arez the
degree of karstification is moderate to low, although areally extensive
(Karolyi, 1976 a; 1976 b; 1977).

‘The carbonate rocks between Gooég’Arm and Bonhe Bay Big Pond
show a rugged topogréphy with high hydraulic éradients present. The
area has been extensively glaciated, bqt at present a2 thick forest cover
is folnd, except fof mouﬁtain tops where a tundra-like vegetafion exists.
Bare rock occurs only on cliff faces, some mountain tops, and a few
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 1imestone

16
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is present. Pavements are found.outside thé study area a]so-at Port au
Port Peninsula, Gallants, and along the Great Northern Peninsula
(Fig. 5). Blind valleys are not well developed as they are in temperate
Earsts, although several streams sink in their courses in low water stage.
There are sever .l large uvalas or complex coalescent sinkholes; some are
dry, others with permanent lakes. There are no poljes. There is an open
kFarst window a2t Canal Pond cave and several collapse features are also
found {n the area. Explorable cave passages argxfew and in the study area
are limited %o Canal Pond cave. OQutside the area caves are found at
Corner Brook, Link Pond area, Gallants, Port au Port, Taylors Pend area,
Roddicton and the Great Northern Peninsula {Appendix A). Underground
drainggé within the study area is extensive but the c0ndu1£ systems appear
to be completely fuil of water and generally too small for exp]oratiop.'
There are large numbers of spfﬁngs, of which several are-of substantial
& '
size.

The area may be described as partiy glaciokarstic because it
has been extensively glaciated; some of the karst -features such as sinks
and drainage were modified subsequently by glacial ercsion. The area
has not been thoroughly expleored yet, and it is not known if there are
preglacial cave systems.

There are several small bedding plane caves which aresat the
surface and are a meter or two above mean lake water level height. These
near-surface bedding plane caves are enlarged by meltwater and rainfa]]..
and are explorable only for two to five meters from the entrance.

Generally all underground drainage in the study area is shalMw, and the

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

!



Fig. 5
Pavement development, outside the study area.

A, Extensive joint solution has separated the Timestone blocks.

B. The pavement is found on a sloping surface where the overlying
soil material has been removed. Frost shattering can be
extensive on the exposed Timestone surface.

C. Interesting karren forms found on inclined surfaces.
(photo courtesy D.C. Ford).

These pavements are found on the Port au Port Peninsula.

3
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also be described as partly fluviokarstic¢, .since major karst forms

are due to the sinking of streams and Takes.

20



. CHAPTER 11 /f

-
-

» GEOLOGY, STRATIERAPHY, AND GLACIATION OF THE WEST COAST OF

-

- NEWFOUNDLAND

tla. Geoloqgy

Newfoundland i§ the northern extension of the Appalachian
Mountain Belt which consists of Paieozoic sedimentary, volcanic,
metamorphic and plutonic rocks, extending 3300 km along eastern North
America from Newfoundland tc Alabama (Poole, 1977; Nj]Tiams g;fgj,. 1972,
Wilson. 1866; MWilliams, 1%64; Williams, 19771; Williams & York, 1972).

Thick miogeosynciinal sedimentary seguences on the west coast
of Newfoundland are overlain by Cambrian and Ordovician sediments. These *
were deformed, intruded, uplifted and eroded durirg the Appalachian
Orcgeny. Several "klippen" transported from the east now overlie vounger
sedimentary rocks on the Western Platform (Tuke. and Baird, 1967%"

Kay, 19665 Neale et al., 1874).

The Mestern Platferm is the focus of this study because it
contains the bulk of carbonate aeposits. t is part of the St. Laurence
Platform, which in the Ordovician was the éite of continuous shelf carbonate
deposition. During the early Ordovician, dolomites were deposited ajond
the northwest margin, such as the St. George area. On the southeast

side, which was then oceanward, carbonate breccias were develeped,

probably as slope deposits (Poole, 19673 1977; Hubert et al., 1976). in-the -
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middle Ordovician, limestones (Table Head Formation? werée deposited on
an uplifted and karstified topography of lower Ordovician age (K1uyyér.
1975; Poole, 1977; Knight, i976; 1877, Collins, gg;glij 19735 1975).
The palteokarst surface is of considerable current interest to économic
geologists.

" The Carboﬁiferous rocks of Newfoundland occur in two depositional
basins: the Codroy-Bay St. George Basin at the southwest, and the Deer
Lake-White Bay Basin at the northeast {Fig. 6). Karst features are
found in the Middle and Upper Mississippjgp Codﬁoy & Deer Lake Groups.
For further discussion of the depOSifion. structure and stratigraphy of
the rocks found in these basins see McArthur & Knight, 1974 Baird & Cote.
19645 Fong, 1974; Knight, 3573: Fong & Douglas, 1975; Knight., 1975;

Fong., 197¢ (a} & 1976 (b): Knight, 1976. This study only deals with
karst Tandforms found in the Ordovician carbonates.
Limestone deposits in riewfoundland are also found in the eastern

and central parts of the island, but it is on the western parts of the

- island that the largest, most extensive, and coemmercially attractive

deposits occur,

ITh. Stratigraphyv

f the two series of carbonate rocks on the Mestern Platform,

‘the"most extensive are the Cambrian and Ordovician carbonates, of which

the Table Head Feormation and the St. George Group comprise the thickest

section. The Middle Ordecvician Table Head Formation and the Lower
3
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Ordovician St. George Group‘haﬁe been recdgni;:d for a Tong time
(Tabie 1); Schuchert and Dunbar (1934) were among the earliest workers
to provide a detailed deseriptioq of these rogks. The Middle and Lower
Ordovician carbonates have been described from 2 locations, the Port au
Port Peninsula and Great Nortﬁern Peninsula. The-units have been sub-
divided several times but there is no present consensus as to the sub-
¢ivision {Table 1).
The Ordovician carbonates in the Bay of Islands area are 1220 m
thick, including the Table Head Formation and the S*: George Group.
The Table Head Formation consists of grey limestones and.black shales,
'whife the St. George Group is marked by light and érey dolomites and
limestones with chert beds at the'lower contact with the Cambrian (Weitz,
1954).
The Ordovician carbonateg‘within the stuﬁy area are referraed to
N as the "undivided Tatﬁe Head and St. George Formations" (Fig. 7) because

there has been no-detailed stratigraphic study cf them.

Ilb - 7. Table Head Formation '

The Table Head Formation has its type secticn at Table Point
on the Gredt Northern Peninsual {Fig. 8). The top of the formation

consists of about 52 m of black carbonacecus shale, ungeriain by 72 m

~4

gssiliferous limestone with minor shale beds. The Tower

of dark grey

part of the formation comprises about 723 m of massive fossiliferous

limestone and cdolomitic Timestone (keitz, 19545 Lhittingten and Kindle,

)
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1963).\ The Tab]s_Head Formation is genéra]]y'characterized by its
rubﬁ]y weathering. Whittington ana Kindle (f963) divided it-into
Upper, Middle and Lower; blocks and fragments from the Middle aﬁd
prer\Table Head Formation are found in the Cow Head conglomerate; this
.is attributed to contemporaﬁeous_dgformation of the MiddTe and Lower

- parts of the Table Head Formation.

-
~

o

.

Cag——

IIﬁ..- 2. -St. é%%:qg Group f -

-

‘The St. George Group on the Great Rorthern Eeninsuai has been -~

-, subdivided by KTuyver (1875) and Knight (1977). Following Knight's
subdivisions, thére are 4iformations and one diagenetic unit (Table 1).
The tower part, compnisiﬁg.the Unfartunate Cove and Watts Bight

Formations, are mostly dolostones and ‘dolomitic limestones, with abundant

stromatolites. " The Unfortunate Cove Formation also contains, black

28

‘shales and chert. Above these, the Catoche Formation is rubbly weathering

micritic limestone rich in fossils. The-top diagenefic cérbonate unit
consists of massive dolostones overlain by véry ;uggy dolostones rich
in"sparry dolomite (Kni§ht, 1977). |

Kluyver {1975), Cumming (1968}, and Collins et e1. (1973, 1975),
have associated the diagenesis of the upper carbonate unit of.Kﬁig 1
(1977) with cpntemporéneous karstification. This idea and the presénce
of the disconformity between the Table Head Formation and the St. George
Z'Grouﬁ, has not been accepted by Knight (1977). For a moré detailed

description of the lithology of the Table Head Formation and the
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St. George Group, on the Great Northern Peninsual or Port au Port Peninsula,
see: (Schuchert and Bunbar, 19347 Whittington and Kindle, 1963; 1968‘;P

Kluyver, -1975; Knight, 1977; McArthur & Knight: 1974 ; Besaw, 1973;
Rodgers, 1965; Fahraeus, 1373; 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 relation to karst development.
The'gouthern limit of the study area from 0ld Mans Pond towards
~ Canal Pond comprises non-carbonate rocks of the Cambrian Labrador Group
(Baird,'1958). North of this contact_thick units of limestones and dolomi£es
are fouﬁd interbedded with varying fhicknessfgf shaly. beds. Where the
shaley bgdé are exfensﬁve and the carbonates érenthﬁn, no karst features
are found. '
Towards the northern boundary arcund §o§ Pond, Long Pond and
Round Pond are thick vuggy dolemitic beds and uniform, alternating beds
of limestones, si]kstones and shales are found. Thése are overlain by
a thick section of Timestone breccias. At the contact of the breccias
and, the underlying Beds, strong deformation is evident (Fig. §). In this
area all streams flow on the surface and no karst featﬁres are fouqd:

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

the study area.

o



A. Within the brecciated unit are: sections of the underlying
beds which are strongly deformed.

B. Just below the' breccia unit the alternating layer of
limestone, shales and siltstones show evidence of deformation.

C. Karst features on the breccia material are limited to occasional
- rough channels on sloping surfaces. .
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In the North Laké and Bonne Bay Big Pond area the rocks are shal]ow
water intertidal deposits. The lower dolomitic beds' have extensive cheri
nodule debosits, which serve as a marker zone in the area. .North of
North Lake 1iméstone breccias simi]ar to those at Fox Lake and Long Pond-
Round Pond area are found, and again there ic no karst devé1opment.

| From these observations it is tehtatively-suggested that the
northern third of the study area is equivalent of the Table Head Formation

and the lower two thirds, of the old St. Gegrge Formation.

Ilc. Glaciation ‘,/>

General

Newfoundland was extensively gTaciated during <the Wisconsinan
glacial period., There is no record of pre-¥isconsinan glacial activity,
but from work éisewhere in North Aﬁerica it can be assumed with confidence
that the island was 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 will it be deciphered,
if only to 2 Iimiﬁéd extent.

The last of the Wisconsinan ice disappeared from the island
between 12000 to 14000.yrs. B.P. (Brooks, 19705 Dyck and Fyles, 1963).

Because the topography of the west coast of the island is complex, ice

flow directions become difficult to interpret.

Y
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Work on the glaciation of Newfoundland has focused on two main
topics: 1) postglacial isostatic warping and 2) whether or not the island
supported its own ice cap or if it was overridden by the Laurentide ice
.sheef. Ear]y'investigators such as Chamberlain (1805), Bell (1884),
Fairchild (1918), Daly (1921), and Coleman (1921) é11 came to the conclusinn
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, 1§4QE MacClintock and Twenhofel, 1940; Grant,
1969) expressed the view that ice from Labrador has invaded Newfoundland
at Teast on the west coast, bﬁt probably the whole -island. The island's
own ice cap existed bﬁiy after the main ice sheet started to melt (Flint,
1940; MacClintock and TwénhofeT, 1940; Grant, 1969; Jenness, 1960;
Ludgqvist, 1965). Brboksg(1969; 197Q0; 1973; 1975; 1976 a,b) has shown
that there are indications that ice from lLabrador did not invade Newfoundland,
but that ice flowed from the western mountains of the island into the Gulf
of St. Lawrence (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
CM dates are still needed to ﬁoq;truct a religole curve. Marine Timits
varied as deglaciation proceeded. Field éwfence indicates that at a
deglaciation date of 13700 yrs. B.P. around St. Gecrge Bayv the marine
Timit 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 48.8 m; at Trout River (Bonne Bayj the 1Timit is at 70.2 m but no

dates are available; near East Arm, Bonne Bay,'the Timit is at 35.1T mp -

42.7 m; dated at 10500 yrs. B.P. (Brooks, 1973). Figure 10 shows e flow

)
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10. SPECULATIVE ICE MARGINAL POSITICONS DURING DEGLACIATION
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directions and speculative ice margin positions during‘degTaciation of
southwestern Newfoundland. Brooks {1973} coﬁc]uded from marine limits
and dates, that deglaciation of the west coast took about 13000 years.
Conclusions drawn from ice flow directions, erratic boulders, friction
cracks, small rockldgumTins indicate that {Ce fiowed mainly from the
westerﬁ mountains of the island and the island supported its own ice
.cap {Brooks, 1970; 1973; 1975; 1976}:

~<

Ilc - 1 Study Area

Within the study area many features point }o extensive and
multidirectional glaciation. Among the most conspicuous are the mountain
tops and the vertical to steep-sided U shaped va]]eys: Goose Arm Brook
is one of the ldrgest streams draining the area and at places water flow
is slow, widening to form ponds and lakes. Drainage has been deranged
by g]acfation, and many lakes and streams aré}hapha:urdly connected
forming extensive swampy areas at places before outlets are found.
Several lakes are found within large scoured-out closed depressions,
draining by underground routes. Small cirgques have been transformed
into closed depressions and the ponds occupying fhem drain undergﬁound
to springs found several hundred meters below in the valleys. Evidence
of glacial scouring is seen in striated and polished outcrop surfaces

and in abupdant stoss - and - lee forms. As the ice melted, scattered

deposits of deltaic sediments ‘were emplaced. , -~
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Karst development withjn the study area as well as other areas
has been affected by glacial erosion and deposition. No cOnc]usive‘
evidence was found pointiné to.pré;Wiséqnsinan karst development. EQenthough
more than 1000 m of soluble carbonate rpcks with high hydraulic gradieﬁts
are found in the Goose Arm and Bonne Bay Big Pond area. Several large
closed depressions ‘are found that have been scoured by ice; this is
indicated by striae, till deposits, non-carbonéte er%atics, feg. Bottomless
Pond}. Underground drainage out of closed depressions containing lakes
is slow, and is probably due to fi11 materials and other washed-in fines
clogging the undergrounq routes. Thése observations imply that kérst
drainage of the depressions may predate VYisconsinan glaciation.

Several areas are found where near-surface collapse has taken
place. The areal extent of remnant§ of cave passages is not known
because exploration of these is impossible without the rdmoval of blocks
weighing several tons. Due fo ice loading near surface collapse features
may not necessarily belassociated ﬁith cave co1}apsé (D.C. Ford, per. comm.
1978). However, it is a possibiiity, which would indicate glacial diséuption
of earlier karst developﬁent.

Most underground drainage is shallow énd short, indicating
probably post-Wisconsinan develepment. t is possible that older routes

'

may have been partly eroded and completely bTocked; due to glaciel
scouring and drainage rerouting, these older routes are now not utilized.

Post-glacial geomorphic features }nclude extensive physical
and chemical weathering, mass wasting, stream and river erosion and

deposition; most af these prccesses have net progressed very far in
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their development. The amount of mechanical sediméntation has been
small but bog development in shallow basins is extensive (Bruckner, —

~
» 1969).

\_J’
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-CHAPTER 111
MODERN KARST DEVELOPMENT IN ORDOVICIAN CARBONATES

illa Iﬁtgpductiqg_ . .

Most karst features in the study area are at the early or
youthful stage of development; evidence pointing to karst development
prior to thes«Wisconsinan glaciation is inconclusive. The area supporgs
an extensive surface drainage network of the glacially deranged tjpe.

.

although numercus streams drain underground for short distances.
The karst features can be assigned to tgree main groups: Tf small scale
solution features or karren forms, 2) sinkholes or c¢losed depressions,
3) caves. .

Karren or lapies are small scale solution features on limestone.
These forms can be found on either bare or covered (ie: thin sdf1 or
vegetated) surfaces. Karren on bare rock generally have sharp outlines,
whereas covered forms show smooth and rounded outlines.

Kymgen Torms are affected by lTithology, texture and structure
of the rock, the slcpe of the surface, precipitation and by chemical
reactions {ie: amount and availability cof water, presence of graganic
debris and quantiiy df C02 gas). Of fundamerntal imbortance are

precipitation &gd limestone texture and compesition. The type of limestone
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whether a micrite, biomicrite, sparry limestone, dolomite etc., will

determine to some extent the degree of development and predominant -

karren forms found (Sweeting, 1973: Williams, 1970; Bogli, 1975£ 1961;

N -

195T). Surfaces that have fractures;'craéks or joints infilled with

~ -

precipitates w§1§>not"acc6modate karren forms: Dolomites (CaMg(CO3)2) :
with high magnesium content are generally held tp restrict karﬁen'fomns,;
because magnesium in Térge quartjties has an inhibiting effect on. .
solution (b]ummer and MacKen:ie? 16745 Rauch and White, 1970; Priesnitz,
1972 Sjoberg. 1976); although Pluhar & Ford (1970), Cowell {(1976) have
shown that extensive &ssemblages can occur on dolomite, such as %Ound on
the Niagara‘escarpment.

generaliy £laf surfaces can have solution pans Or kamenitzas,
pits and hollows developed, whereas sloping 5urfacés will comnonly have
varioﬁs rills and runnels. Extensive limestone pavements, the result
¢f glacial erosicn and subsequent solution can form complex karren
assemblages. Clints and grikeé are the ccmmon names given te the residual
blocks and fissures respectively, Eomprising the pavements. Eaéh block
and fissure surface may in-turn have its own coflection of small scale
karren forms.

Sinkholes and dolines are \losed depressions of small to large
dimensfons, with generally bowl, funnel, or well-shapes (Cvijic, 1893;
Cramer, 1941:; Sweeting, 1973; Jennings, 1671). Thede forms are found
from arctic/alpine to tropical environments and upon a variety of
Timestone and gvpsum surfaces. Genetic classification of these feature;__
is difficult because of the complex trangition that exists between-end

members that are of the wholly solutional and wholly cellapse type.

Most authors hold closed depressions to be the most diagnostic karst feature.

2
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Caves have always been one of the most intensively studies karst

'features, partly because of the challenge they preﬁent to the exp]orer,

and because they represent underground dra1nage systems, and therefore h

- &he1r format10n and function is an 1mportant aspect of all large surface

karst development. Shapes and.form_of passages and the presence of cave

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

- and surface conditions (Hera$ and Stringfield, 1872; Sweeting, 1973).

'

IIIa. Small 3cale :}rqen Forms
: N

Small scale karst forms are found wherever exposed limestone

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 cent1meters in diameter},

2) solution widened joints (suee range of m1111meeers te dec1meeers)

3) runnels and rills (size rangelof millimeters to meters in Tength).

Few forms in these classes can be attributed to inmediate glacieal

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

are some instances of "trittkarren" described below. Karstic adaptation
of glacial striae, widely reported elsewhere (Cowell, 1976) were not

observed. Striae are rare on bare rock exposures, implying that they

-~ .

~

have been removed by general post-glacial solutional lowering.
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(1) Pits and hollows

Pits and hollows are circular to elongate depressions found
on carbonate rock surfaces. They are generally smodth?} concave in

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

. the surface boundary_(Fig. 11). These depressions 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 {ittoral pits that are circular and smooth-sided in-cross section
are geﬁeraIIy the result of mechanical erosion, with only Timited solution.
The small stone fragments that aée found inside the pits are moved around
by wave actgon, and this gives them their smooth pelished appearance.

Other smooth-sided ﬁits are wholly solutional in origin. Depressicns that
are undercut just below the surface are due mainly to 'solution. Water
}n the holiow becomes isolated from nérmal circulation, -and then becomes
stratified with respect to saturation; the top layer will have the highest
aggressivity. This stand-still of ‘water in hollows has been observed at
several places ih the study area, although ackual Tayer by layer sat;ration
%easurements were not made. Simi]ér types of saturation iayering have
been demonstrated in laboratory experiments, and have been associated with
bevels found in caves (Mowat, 1962; Lange, 1868a; 19638b; 1968c; Goodman,
1965). |

At the bottom of pits and holiows crganic debris (plant fragments,
roots etc.) may be found which were either blown in or brougﬁt in by water.

Solution is enhanced by these organﬁc materials because they provide

FE




undercut
surface

\

FIG. 11. Circular depressions with sharp undercutting
at the surface boundary are. common along lakes
and streams, on carbonate rock surfaces.
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'b1ogen1c CO2 to a1d solution. Measurements taken (in the field) in }L

large ho]1ows that had organ1c debris showed much higher va]ues in SPC,
+2

, than those that did not have organ1c materials. d

Pits that are in the m1111meter size range g@nera11y deve]op
where minute, mure read11y ;oTubTe pahts are found ;n_the carb?nate rock.
Overall surface solution wil]l readi]y.pick oht variatiens of\solubi1if},
resuTting in a rough, etched surface. Water may accumulate in the small
1rregu1ar1t1es and pinhole sized p1ts form, which may or may not be en]arged

A deve]opmentary sequence of these pits may be seen on some bare
rock surfaces around lakes. Ah\Pond 4 over a dwstance extendwng 3 meters
from the water's edge a compleue deve10p1ng sec;1on is seen, from a -
merely etched surface to 1arge hollows and troughs at water level. The
etched surface is inclined. General so]ution has picked out the more
readily soluble areas. These small irreguliar pits increase in size Louards
the lake, widening to form distinct ho11ovs about 5 to 8 cm i diameter
and 3 te 5 cm in depth. The hollows then en]arge,and coalesce by first
forming - tinnels between them. As these are unroofed 1ines of coalescent
hollows form linear troughs.

Ideal sites for pit deve]opment are found generé]ly aioné joint -
planés or cracks. In this case the'pit is not circular but elongate in
the direction o% the joint (Fig. 120).l Water tends to drain down along.
the joint plane.- Generally these pits do not show any sharp undercubting
as described above, .although it may occur if water is'a11owed to stand
when dfainage is blocked or very slow. As solution progresses seyeraf
pits may coalesce forming a pinch-and-swé]] structure (Fig. 12D}.

As the joint widers the small embayments formed by the coalescent

_I.



Fig. 12~ - L ' L .

' A. ldeal sites for pit development are found a1ong Jjoints

and cracks around Pond 4 _ .

B:-.Inc11ned surfaces will drain water a]ong the joints,
opening, widening these surfaces 1nto elongate hollows.
(Pond 4}~ .

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

C. Joints may uniformly widen and open up on inclined rock
surface§\yithout 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 hollous ranging in size from a ﬁi]]imgter to several
centimeters are numerous in the study area, and are folnd mainly around
lakes and stream channe] siées, and-on barren 1imestone suffaces (Fig. 13§.
Pits and hollows are not found under thick till or soil cover. This is
due to the high carbonate contgnt of the‘ti11 dep0sits, and hefare the bedrock
is reached tﬁe Qater bécpmes saturated. On the Niagara Escarpment dolomites,
from 0.6 m to 1.6 m thick t#l1 cover is suffikient to prohibit karren
development {Pluhar and Ford, 1570). A comparable estimate isfnot available
for the study area. | |

The development of pits and hollows in coastal areas are generally

in the form of smooth circutar or elongate shaliow depressions, forming
coalescent features in cases (Fig: ) |

=

{2) Solutionally Widened Joints

Joints will be among the first features to be widened by solution.

~

They are found in open environments or under thin soil cover, and‘are“not
réstricted‘to horizontal surfaces, as jliustrated by solutionally-enlarged
joints in steeply inclined rock faces (Fig. 12 A,B,C). Joints and
fractures are impo?tant «in the so1ﬁtionlof carbonate rocks because these
may serve as routes for underground water circulation, evégfua11y widening
to explorable conduit systems.

-

At the intersection of joints deep funnels may develop, and

where the surface has an incomplete soil cover considerable ameuntg of
3

solution may take place, as percolating waf@rs pick up bicgenic C02 from

L}
the nearby soil and vegetation.



Fig. 13

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

A. Smooth pits develop arcund lakes such as Brown's Poﬁd,
B. Rough solution hol]oﬁs are found at Indian Dock Pond.

C. _Karren'forms along Geose Arm Brook, exposed in low water
stages. ’

1

~

D. Large and partly aéstroyed solutional hollows found along
Goose Arm Brook where swiriing waters produce smooth sided
pits. .
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Fig. 14

Coastal karren development. Smooth, shallow depressions are

common.
<

Port au Choix, Newfoundland.

\
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Solution widened joints within the s{udy area generally exhibit
smooth sides with no additional small karren forms present. In coastal
areas however, (such as the Port au Choix area of fhe Great Northern |
Peninsula) constant wave action and water.circulation prﬁduce wide‘and
deep join%s, with nuﬁerous small pits and hollows covering not Jjust the
surface of the rock between the joints, but the sidés of the joints as
w21l. These small pits are in tﬁe size range of millimeters to a few
centimeters in diameter, and are'thougﬂt to be due to constant water

spray. o o -

{3) Runnels and Rills

Runnels and riils of different types are classified also as
karren forms, and are the result of solution on sioping surfaces. The
types of rills found in-the study area include rillenkarren, trittkarren,
and deckenkarren. Outside the study aréa, inclined pavements are aiso
found, as on ﬁort-au Port Peninsula and along the Great Northern
Peninsula, | | }
Rillenkarren forms in the Goose Arm and Bonhe Bay Bigipond
area are usually a few millimeters wide and deep, and several centimeters
long.. These are finely chiselled runnels with rounded troughs and dominant

sharp edges.” .They are fcund on open exposed sloping surfaceés and form

. a5 a result of rain water runoff. They were observed at several different

)
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Tocations, such as mountain tdps, lake shores, etc. These rills usually
show a deeper trough close to their origin at the top of Ehe slope, and
diminish downwérds.‘\Qp equse@ mountain tops these sma]]lri11s are
- quickly destroyed. . |
| Trittkarren forms are step-like feaiures, crescentic in shape with
a steep back wall which may vary in height from a cm. to several decimeters.
These features are found on horizontal slightly sloping surfaces (Fig. 16A);
Trittﬁarren are typical of glacially scoured su%faces (Bogli, 1860).
Within the study area these features appear to be chattermarks or other
glacial scours modified by solution. :
Irregular solution basins, with rounded smooth sides, generally

with peat soils fi]]ing.the.depressiOns, are fbund at a few 1oca1iéies.
Within these pans the.CO2 given off lowers the pH and enhances }he solubility
of water; SO more CaCO3 can be taken iﬁto solution (Sweeting, 1866;
Williams, 197C). These basins are irregular and covered to the top with
soil, givi%g an overall patchy appearance 1o the exposed limestone
surface in between. ' ’ {

- Deckenkarren are among the most common ka#\sﬁ forms found 1in
the study area. These are drainage features developed partly under soil
and vedétation. They resemble 1arge.rillenkarren forms,lbut are variable
in width and depth, and somelimes have a dendritic form. They were seen
oaly on sloping §urfaces where water could be channelled from a soil
cover to a nearly lake. The runnels begin a short distance unﬁer the
soil cover and form deepening surrows downslope. Depth may decrease as
they reach the lake and a2 more level surface (ng. 168). Similar forms

have been found in the Alps, where the name karrenfussnapfe was applied

- - BT . Ll "
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Fig. 16
Karren Forms o
A. Step-like trittkarren found on a slightly sloping surface,
near Brown's Pond} ‘
*

B.. Deckenkarren - drainage features found around lakes, where

© water is channelled 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, 196f; Haserodt, 1965}. These were the result of
solution by water issuing from under ice and peaty soil cover. 'InAthe
'study area water issues from under soil and vegetal cover, where ‘its
'..éggressivity evidentiy is intreased by biogéhic CO2 qnq as a result '
fiiﬁs are deepest close to the‘sqi1 cover., )

Rinnenkarren forms ake larger solution channels that-disb1ay
_network‘integrat%on.. At places in the stugyharea a type of rinnenkarren
~is found which is fairly regular in width, depth, and in its spacing,
and has Iengths in order of 2 to 3 meters, and may cover several sduare
meferé (Fig. 17). At a first-impressjon fhey Took TikKe "drape folds"
because the surface egaibits a distinct convex shape, and the grooves
show a certain amount of undercutting, or lateral deepening. This is

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

peat soils.

Summary

The range of karren forms fodnd in the study area is very limited
when compared with other areas such as the Niagara Peninsula or the
glaciated benchlands of Yorkshire, England; of Burren, Eire, but is
éompargb]e to aﬁpine areas such as the Canadian alpine karst of Castleguard )
(Ford, HQ?] al). |

Areally, karrpn 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 solutional™ attack on underlying rock




Fig.. 17

Rinnenkarren or "drape folds" are common in some areas in the
studs area. These features are found on sloping surfaces.
Logality Pond R2:

!
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during post glacial time. Because of this the Goose Arm - Bonne .Bay

B;E\fffg karst might be called an "armoured karst".
_ Rock 1ithology is also a major controlling factor in karren

development. In the areas. where limestone conglomerates and shaly -

limestones are found, karren are absent. Dolomites and doTomjtic

-

1imestones generalty Show sotutionally enlarged joints and pffted surfaces,

The best deveWopéE}karren forms are found on micritic limestenes with

-4

very little insoluble residue. . ) | T
!

I11b Classification and Morphology of Closed Dqgjgssions B

Dolines or sinkholes are the simplest kind of closed depreséion;
they may be cylinder, cone-or-bowl-shaped, with circular, elliptical or
irregular plan view, and with vegetated or rocky sides. Diameters may
vary from_a meter to several hundred meters, and depths from a meter to
over 100 meters.

DoTineTformation can be complex but most can be placed intc one
of the following genetic groups: 1) solutional doline, 2) collapse doiine,
3).subsidence doline (ailuvial doline), 4) subjacent kafst doline .

(covered karst), 5) streamsink doline in a]lﬁ:?;T\karst. (Jennings, 1975;
N ;
Sweetihg, 1973).

i



111b 1 - Post-glacial Collapse Dolines in Till and Bedrock

' Within the study area, dolines of solutional or'co11apse,0rigiﬁ
are ﬁredOmiﬁaﬁt. Co]ﬁapse dr subsidence dolines aré generally small,
(from 1 m to 3.5 m in diameter and 0.5 m to 3 m in depth). Their sﬂape

is typically funnei-like, with soil and vegetation-covered sides. Type

| Tlocality for these is "karst-valley" at the north end of Nameless Pond,
L'-\,\_uhere do1iﬁé expressioh is;entire1y in ti1l and their frequency'is about
® | 5 per 10 n’. ~ -
The deve}opment‘of these dolines is probably -in regponse,tp small
roof coilapses in the underlying, proven‘and presumed shallow, karst
« conduit system that transports watér from the sink of Nameless Pond to

a spring location at Bonne Bay Big Pond. The conduit system is assumed

to be shallow because of the-presence of these small suffosion cotlapse
dolines. A collapse sink which takes lake drainage at the nor?hern end
of Nameless Pond is the largest of them, with collapsed blocks of bedrock
being exposed (Fig. 18). f

. Several va?]eyshadjacent to karst valley are similar .in structure,
form and dimension but they are without dolines, such as the valleys
northeast of karst valley. These are drained underground at-their southern
ends, opposipe to the case at Nameless Pond. A?sence 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 inhibiting effect
on solution and therefore, on the indication of karst drainage systgms
beneath, as with karren forms. Critical éepths of ti11 cover inhibiting
post-glacial karstification are difficult to estimate, as shown by the

above examples.

)



Fig. 18 . | ~

~

A, Collapse'sink of Nameless Pend (see’arrow) found within
the closed depression of Nameless Pond about 10 m away
from the-lake level. (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).

€. Spring 1ocatibn of Namgjess Pond, at Bonne Bay Big Pond.
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Several other small collapse sinks were discovered in the

vicinity of Goose Plateau and Seal Pond. But:frequency and distribution
of this c]ass cannot be estimated. - Because’df'their small size they
are hard to find in the forest and are rarely distinguished upon air

e

photos.

ITIb 2 - Simple So]utiona]'Do1ines In Bedrock

Within the map area df Figure 19 there is a total of 37 medium
to large sinkholes that are in bedrock and are thought to be of comparatively

simple origin (Fig. 20).~ These sinks are generally-circular in plan and

‘exhibit a simple funnel or bowl-shape, comparab]e'to éo]ines in We s

Virginia, Kentucky, and cther extraglacial karst areas. These sinks may be
post-glacial in age because they are very different from the complex, large
and scouréd &epressions such as Bottomless Fond and others considered in
the next sections. These dolines also may be wholly karstic in origin;
there are no morphological features to suggest glacial effects. However,
Jittle 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 significantly
larger than the e1ass-of pog;-glgcial bedrock doiines found elsewhere

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

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

© a doline (Fig. 19). It is circular in p1ah view, about 140 m in diameter-

and about 20 m in depth, with steep, funnel-shaped and vegetated sides.
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A small pond_periddicaT]y occupies its ceﬁ%gg; water sinks uﬁdérground
just'ouiside of it (Eié. 20). The sinkhole is close to the edge of
Goose Plateau, where a high hydraulic -gradient (0.169) is provided.
This has enhanced eniargement of th%s sink, when compared to others
furthé; wi;hin the plateau, where the lower hydraulic éradients tend to
favour shallower and bow]-shape&.dolines. S
Pond S1, southwest of Szal Pond, is a goog example of a sﬁal]oy
b6w1-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, a?though the hydraulic gradient is quite high (O.TEé 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 elsewhere in Canada (Derek Fﬁrd,
pers. comm.),_a1thoﬁgh their depth is comparabie. These features may
be post-glacial, but it is possible that they represent a new é]ass of
dolines that are older thén‘the Tast gléc{ation but have escapéd notable
glacial modificatio%\of their circu]arit}. Examples of this class are
widely distributed in the study area, and therefore there is ﬁo suggestion
that they ocgur only where icé scour might be Timited. The nature and

origin of this class remains inadequately known.

ITIb 3 - Elongate, Probably Ice Scoured Dolines

Within this class a comparatively simple motrphology exists.:
The dolines are glacial scour holes adapted to karstic drainage in

prevaiiing post-glacial hydrologic conditions. °
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OLD OUTLET
(not to scalei
FIG. 20. An example of a funnel shaped sink chh as —

Round Sink No.l. on mOose'glateau. where a possible older
route is blocked by glacial till and fines, and a new
route is found in a small tlind channel off the side.



. Snafu Sink is ahongst tﬁi/;prgeét examples., It Ties north of
_Goose Arm Pond and -about 30 m above the'Pqnd level.- The sink is oriented
east-west; 450 m 1on§ and about 200 m wide. There are §teep sides to a
'dépth of 20 metefs, where a permanent lake covers the floor. This is
drained somewhe:e through the bed to an outlet in Goose Arm Pond. The
sjnk may be a feature of glacial overdeepening subsequently adapted to
karstic drainage, but no'scour forms can be observed because the sides

are mantled with sdii and forest.

I1Ib 4 - Complex Glaciokafstic Forms

Complex depressions believaed to be glaciokarstic in origin, are
characteristically large in size and show greqt irregularity of plan form e
and rim elevation. Such depressions are Bottomless Pond, Nameless Pond,
and Canal Pond within the study area and several others Jjust outside of
it (Fig. 19).

Bottomless Pond is in a 45 metér deep, highly irreguiarly shaped,
closed depression with varying inside-rim elevations (Fig. 21). The
depression is elongated in several directions as a result of small streams:
‘flowing in to it. The sinkhole is partly bounded on its northern side °
by a tineation, a possible fracture. Its southeast side is part of a fo]d.
Timb, and the shape of the entire sink is also partly c0ntr01]ed_by>;-—\\‘
fold, similar to that which orientates Nameless Pond and sgbegil_fgﬁacent
lakes. The irregularity of the inside rim is clearly a résult 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

Pdn& bed is almost certainly clastic fill.
| Nameless Pond is a simpler form but a]so_gIacia]]y scoured (F%B;‘é1}:
At presentfit is ﬁot possible to determine wheiher—phése twoféiﬁks.drainea .
karstically before the last glaciation. 1§dern drainage is glf?v'dut_of
both of them, indicating small and young conduit systems or clogged p?e-
Hiscoﬁsi n.systems. The‘spring outlet of Bottomless- Pond hés hof Beén )
found. Waters of Nameless Pond sink just outside the lake in the'co]faﬁse- :
sink noted, agd the d e;tffced spring location is found close to Bonne .

"Bay Big Pond.

Canal Pond 1%~ "karst margin" feature, extending across the contact

of carbonate and non-carborate rocks (Fig. 19).77This most irresular closed -

e

depression appears to be a scoured and drowned‘karst margin bilind va]leyf'
system (Fig. 22}. The valley head is in resistant metamcrphic rocks.-f
The carbonate half of the depres;ion is 5ubsténtiai1y solutional in or?gin,
with several smaller daugﬁter dolines wfthin i£. The irregular outline 5f
the sink is due elongation of streams which feed Canal Pond. This Erreéu]é?ﬁty
is much more pronounced on the carbonates because of higher so1ubi1ity{f
This sinkhole drains'unQergrodnd at its northeastern end into a ﬁave._ Thg_.
spring location is halfway down a dry valley leading to Indian Dock Pond
(Fig. 22). | - ‘ -
e - <.
X . :
ITIb 5 - Summary & Discussion

Within the study area there are a variety of sinkholes ranging

from small suffusion or collapse features to‘sma11‘- large, gppJ’éntTy
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solutional, dolines, and large complex scoured dépressions of pre-

Wisconsinan age.

"

in the case of the.modern sinks t ‘ shape and depth are contréf1ed
by numerous factors. Fof a shallow sinkhele to originate there-must be )

an underground reute present to drain {t by conduit flow. If fhjs route

is constricted and cannot enlarge at a rate comparable to others (&ue to
rock 1itho]0§y and or insuffjcﬁent hydraﬁ1{c gradient etc.) the sink remains

shallow and generally bowl-shaped, with a possible surface overflow chanhg1.

IT the underground route can enlarge because of high hydraulic gradients

-and favourabie 1ithologic conditions etc., the sink will tend to deepen

ahﬂ develop a steep funnel shape. This in turn may provide a high local
hydraulic graéient Tocally favorable for the qpvelopment of "daughter"
siﬁks. This stage is not Qeﬂ? developed in the study area, and areas
furthest away from zones of high groundwater gradient tend to retain
normal surface drainage without dolines..

The large, complex depressions present problems in determining
the guantity of ice scour received during the last glaciation, énd "
in determining if these we#e previously karst sinks (ie. are the features
entirely products of glacial overdeepening or are they glacially modified
karst precursors (Figi 2337 Th?ir large and compiex form suggests a karst
precursor history but no conclusive evidence in the form of ih%iT]ed
paleo-caves or conduit was found, despite carefui search.

The-spring outlet of Bottomless Pond (the largest ET the sinks)
has not been estaﬁ]ished despite several traverses around ﬁhe sink

towards Bear Lake, Island Pond and Bonne Bay Big Pond. Médern discharge
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of thebink is very slow. This would indicate that the cond(ﬁt system

is new and small, and the sprin§ location is smaII‘(or under lake level).
It is possible that.an "old condu1t system" (used before the last ice
scour) is c0mpIeter filled, and not utilised any more, -and that ihe
"old spring” may be covgred under extensive talus deposits.

™\
\ .
A model may be derived from the various examples in the area,

wherein doline development is controlled by 2 main factors: 1) solution,

— . : SN

2¥ ice scour (Fig. 23).

‘In the model, 3 main types of dolines exist over time: a) modern
dolines, where the only processes controlling development are solution,

collapse etc. b) gIatiokarstic dolines, which'originq;ed in pre-Wisconsinan

t1me due- to solutdon, then rece1ved\€1ac1a1 scour, ‘and continued to function

as- karstié snnks, c) karstwq]ac1a}’/011nes, where a closed depre551on is

produced entirely by glacial scob} In postglacial t1%e it starts to

-

drain underground produciﬁg a kagéf“hydr010g1c form of scour or1gxn

I1Ic- Caves

] ) ’ . .

III ¢ 1 - Study Area

In the study area, w1th its rugged tqpography and d1ver51ty of

type and scale of groundwater sinkhole features, three ;ypes of caves

were soucht: 3) relice {or fossil) systems or fragments of systems drained ~

5\
|

tr

]

ard explsed n 2139 %s, prmardny, agiive, sirear or oond sink caves,

- -~ L e e
- - L= ~

5]
Yy

Seeummsssies mnelose s on o P

-
0
(



72

Relict systems are very fragmentary. Generaily.they are fo@nd
in exposed cliffs as véry small, jnacﬁive, open conduits c{pse:to p:ésent'
day mountain tops. Nene were big enough to enter. Other iﬁ%%1léd f0ss71
fo;mé are found outside the study area. '
Permanent stream or pond sink caves fall into two categories, the
inaccessible and the explorab]el Ihacéessib]e conduits are chanmnels that
" ace too small or debris-filled or both, suggesting youth.or glacial infilling
and rerouting. The only éccessib1e stream cave is Canal Pond Cave, about
one km Tohg, draining Canal Pond Sink. The cave is air filled in low water
stages ang7#§’:;cessib1e through an "open window; or roof collapse, 50 m
east of the modern sink point. This cave could not be explored in the
summer of 1977 because of high water conditions. There are no reports of
1ts natqre. Water from thé cave resurges upwards into a channel halfway
.down a dry valley leading to Indian Dock Pond (Fig. 22, 29 ). There is
a floodwater exit-atrtﬁe head of the valley; implying an older uéper cave
route.‘ The modern, Tow stége, route may be postglacial.or older. \\\
Type "c" caves are generally "beddirg hjane caves", exp16rab]e
for short distances. Several are found in Browns Pond area, at Seal Pond
'efc. These caves follow the dip of the bedding and water drains aToéQ
the so]utioné]]y widened planes until they become too constricted to

follow (Fig. 24). ,



\ o

o Fig. 24 : ' :

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

foll the bedding of the rock, but becomes too small to explore.

a drains along the bedding plane.
_ o
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Illc 2 - Summary

Within the study area relict caves have not been found (infi11ea
or }eopened) to indicate exten;ive karstifjcation previous to the -
iwisconsinan glacial perjod. But this conc1u§ioﬁ is only tentative because
_the area has not been tRoroughly exhﬂored yet, and there.is inconclusive
evidenc? to §uggést a 1éng history of cavérn genesis and disruption by

ice action. Relict features, such as infilled cavefﬁs highe~ thi} present
water levels can well be hidden by the extensive till and ta]gs deposits

and/or forest avergrowth. ' _ B
" 4 f
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CHAPTER IV
KARST HYDROLOGY

-~

IV1 - Introduciion

Surface drainage of the study area is tﬁrbugh three river basins,
.draining to Q?nn? Bay Big Pond in_ the north, Déer Lake in the south and
Goose Arm in thelwest'(Fig. 19}." Alj three basins are above 76 m (m.s.1.)
and thergfofé no marine 1i$it effect is present in the karst drainage;
The gtudy area gepresents a mixed fluvial and fluviokarstic drainage;
of the total area of 208 kmz 414 fs drained partly underground, 137 is
drained wholly J;derground, and 465 is drained wholly on the surface.
Groundwater drainage may be divided into. three distinct zones,
northern, eéstern, and southern. These différ to some extent from the
surface drsinage djvides (Fig. 19). The extensive northern-and sSuthern
zones are separated by a wide belt of permarent f?uviaTﬂdrainége containing
only scattered, small karst features (Fig. 19). This central be1t‘ects
as a "base collector" of water from the southgrn zone and partly from
the northe%n zone, and drains to Googe Arm. The belt has a low fe1ief,
and heavy till and alluvial deposits. Goose Arm Brook is the principal
stream. It flows in a megndering ghanne1.that widens at places into ponds
and swamby areas due 1o the low gradient.f ’ ﬁ} -
Several small karst basins are found in this central belt where
isolated hi11§ providé sufficient Tocal hydraulic gradient. An example-
is énafu Sink where ice scour pessibly helped in deepening the feature.

The northern zone co?ifﬁses the area north of Goose Arm Brook,
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from Wigwam Lake to Boamne Bay éig Pond. TINs complex region dfains'
to two major outlets. Bonne'Bay Big Pond-tol the north and Goose Arm

to the west. It is a mixture of fluvial, yoyng fluviokarstic, and

holokarstic drainﬁge basins. The karstic basins are not integrated with

one another, and generally short-and shallow connections are found between
s{nk points and spring 1ocatioﬁs. |

The eastern zone drains to Deé} La?e. ncluded in it are Browns
Ponds, North Lake and several small tributary lakes. It is mainly a
fluvial basin with only minor local karstic features suéh as the subsurface
drainage of érowns Pond #1 and #2, a few post-glacial sinkholes south of
North .Lake, énd a few short bedding-plane -caves found at Browns Pond #1.
It is possib]é that some of the tributary lakes northeast of North Léke
also drain undeéaround, but with wet period ovérflows. In 1977 high water
level conditioné'did not allow for their disfioction.

The large socuthern zone is a more cemplex area that drains to
Goose Arm. It is & mixture of fluvial, young fluvickarstic and holo-
karstic-basins. On Moose Plateau, where a ho]okarstfc sy§tem is developing,
the first stages of an integrated karst system are found. From dye tracing
rreéﬂ1t§ at_ least two ponds {Sophies' Pond and Lost Pond) drain undergroﬁnd
to the same resurgence point, Moose Spring (Fig. 19). Such elementary
integration may also exist in’'places in the northern zone, byt~no dye
tracing results are available to confirm this.

Basic hydrologic data such as ]écation of sink points, springs,

delineation of overflow-channels etc., were collected in a preliminary

fashion in the summer of 1976 (July-Aug.) and in more detail in 1977

_l

\
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(May-Jduly). 1In 1976 one’gauging station was installed at Moose Spring
but the recdfd was fragﬁentary and withoat Qropéf‘rainfa]] data. 1In
1977, two stations weré set up, one at Goose Spring and one at Nameless
Pond Spring.' Due to‘teckgifa1 difficuities the gauges were‘ﬁot operat{ﬁg
and only ope Qegk of qgéofﬁ s available for Ndme]e;s Pond Spring (Fig. 24).
. Hydrologic conditions during the summers of 1975, 1976 and 1977
veried a great deal. In 1975 and 1976 the wafer Tevels were comparatively
low. High winter éqowfa]] énd'at times: heavy spring rainfall provided
Eignificant‘but variable ground-water circulation in spring melt fToods:
The'1977 Spring conditions were of rapid snow melt, producing torrential
st}eams, very high lake Tevels and exceptional flooding. 'Summef\yater
regimés of 1977 continued high, and lake levels did not drop significanﬁ]y
béfore conclusion af the field season in‘early August. At the end of °
July surface overflow channels were stil) actiJe]y utiTT?EEiin several
karstic basins that had been dggined entirely underground during thé.
previous two summers. The 1877 high water levels did not.allow some of
the.pqtentia1 karstic sinks to bé distinguished.from n?n—karstic gres.

This high ground water level fluctuation in the Study area may be indicative

sz the youthful or deranged karstic development.

9

IV 2 - Regional Development of the Karst Hydrologic Systems

" Broundwater drainage orientation and distribution-is mainly

determined by rock structure=tjoints, fractures, dip of beds, etc.),
. " -
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._rock ]itholbéy (pure soluble 1imestones, shales, dolomites, etc.),
hyqrqu1ic gradiegfs, and effects of Quaternary deposits such as till j;__; :
materials inhibiting solutional attack on the bedrock.
~ : { Joints and fractures are the commonly utilized structures for
(,)underground drainage in the region. Inh nume/ ous areas water may sink
at several paints into solutionally widened fractures and résurge at
one or mo;e small spring locat’ons, indicating the youthful stage of
karstification.
The karst hyd}oTogic systems vary in complexity from one ?oné
to the next: The north_region'presents a complex sinkhole pattern, where
',f'éome of the sinkholes are postLg]aCiaT in ﬁeve1ppment and othérs are \

‘1« glacialily scoured basins (Fig. 23); but from the characteristic short and

L sha]law underground drainage paths only a karstic groundwauer circulatic

of pﬁ%t glacial age is indicated. -
: S—— ~
_\#///fﬂ The Long Pond. - Round Pond area is a good example where both
'hydrau%1c gradients and structure exert control on subsurface drainage
route development (Fig. 26). Long Pend is an elongate lake; water sin&s
within it's overflow channel through several fractures, and resurges
as three small springs at Round Pond, 500 m distant. This pond in turn

sinks into & single conduit (0.5 m in diameter), and resurges in the

valley at Godse Arm Brook North (Fig. 25) Pond Fy, south of these ponds,

“drains through fractures and joints, and resurges as numerous springs
in the valley to the scuth (Fig. 26}. _The bedding at the pond and in i
the area dips to north but the hydraulic gradient [0.3) created by t%e |
steep valley side, favours this“southern orientation (Fig. 26). .

-
Sinknoies {Pond 1. 2, 3, &, Frog Pond etc.) found in the aFea

-




Fig. 25

Sink point of Round Pond. Water sinks into a circular conduit
which is exposed or%y in Tow water stages. Surplus water can
overflow into a chahnel leading to Goose Arm Brook North.
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between Fold Lake and Saﬁé Car Pond are large, ﬁrregu]ar holokarstic
- lﬂ . : .

sinks: with permanent lakes.™ There are no surface dverf]ow channels :

.and in.Spring;f1oods;fhé water level rise is considerable { 2 m -i2.5lﬁ
at Pond 4). Sinklboints are within thé ponds, and no 3pring po?qts were

" found. Tﬁg’structural geo]Bgy and 1ith01;§y Qf,this:area is compiex and
spriné Tocations hay_be either toﬁargs Bear'Lake'or towards Sand Bar Poﬁd,
These'Iarge_sinké could have received ice scour in the.1§st qTaciatibn.

Scourv marks, if presenf, are covered by soil and vege%ation, for the'

small exposed patches of bedrock surface have been extensively modified

b

by karren formation. - ‘ ' R ' ) !

“In the eastern zoée the groundwater drainage pattern is more c0mpiex
due to-a number of factors: 2) preéence of possible pre-glacial or
glaciokarstic sinkholes, b) complex s;rUctura] geolggy; ¢) and.a variea
topogfﬁﬁhy that provides alternative routes cof adequate hydrah1ié Qfadienl o

for subterrancan drainage.

The Troy POnH.and'Name]ess Pond groundwater pﬁths follow the dip

1

of }he rocks to the north, wﬁere spring locations are at Bonne Bay Big

Pond {Fig 278). Troy Pond is a 1érge; elongate Take with a wide overflow
\\\\Eﬁannei about 250 m Io;g,that_is‘uti1ized in Sprithfloods (Fig. 27A).

In Tow Qater stages the 1éke water sinks about 75 m ougéide the lake 1in

 the overflow channel. Water-level fluctuation observed at Troy Pond was
~

about 0.75 m. The spring position cf*the pond is unknown but it is:fiﬁ;i>\\
. . o A - . .7,'.. -~ ‘ - ' .
in Bonne  Bay Big Pond close to the water's edge [Fig. 278). The est:wigod

hydraulic gradiept is 0.21.

83
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Fig. 27A

A. The overflow channel of Troy Pond. Water sinks in the fore-
ground of the picture near (A).

. B. Overview of Bonne Bay Big Pond from Troy Pond. Water from
: the above pond resurges somewhere in Bonne Bay Big Pond.
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Nameless Pond is a. large, irregular, ice-scoured basin with
a permanent 1gke. It ié a holokarstic system with no overflow thannels.
Water sinks into a collapse doline in till that is a few meters away from
the lake edge (Figi 18). -The doline base is below the Towest observed
lake Tevel but was dry in 1976. 1In 1977 it was fully innundated.‘ Karst
Va]1éy, between Nameleég'Pond and its rising at Bonne Bay Big Pong, is l
underdrained (Fig. 2{).' The Tength of the flow line is 2.7 km with a
hydraulic gradient of 0.011, Dye téacing results were positive,connecting
the sjnk and resurgence points (Table 2). | '.

Browns Pond #1, only 200 m east of Nameless Pond and parallel to
it, drains in precisely the onpqsite direction, te the south into North-
Lake. Browns Pend #2 drains unﬁerground to—Browns Pond #1 over a distance.
of 580 m. A valley trending north from the Browns ponds is very similar
indeed in structural setting and topography.to Karst Vé]ley, although
somewhat shallower (Fig. 21)}. But its drainage is entirely sdrfic%a].
There. are no sinkholes. Browns Pond #1 has'an overflow channel which
is actively utilized in flood cond{tions. The sinkpoint is about 50 m
outside the lake in the overflow channel where joihts and fractures

'prdvide the underground route, which is very short (Fig. 12). The adopted
hydraulic gradient to North Lake js 0.09, while the alternative te Bonne
Bay Big Pond is 0.017.

Bottomless Pond is the largest and most irregular of the ice
scoured dolines. It has a permanent lake and several small streams
drain to it during heavy rainfall (Fig. 28). fhere are no overflow
channels and water levels can rise 2 meters or more in spring floods and

remain high during the summer as in 1977. The sink point is within



Fig. 28

A. - Bottomless Pond, looking east.

@&. Bottomless Pond, in early spring (June) when water 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 within one of the lower
adjoining lakes. Possible spring ]ocation§ are in Bonne Bay Big'Pond,
or Island Pond, or Bear Lake with hydr%a‘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 include small sinkholes, very short
underground drainage paths and karren ferms. The largest sinkhole,

Smafu Sink, has a permanent lake. There are no overflow channels.
Water sinks within the lake and resurges at Goose ﬁrm Pond.

_In the southern zone the karst hydroiogic pattern is also complex.
Karst sinks extend from Moose Plateau in the northwest to Indian Dock
Pond in the east. Because of the high hydraulic gradient provided -
by the scarp face of Moose Plateau, and the very steep dip of the strata,
several Targe sinkholes close to the scarp edge are integrated into a
holokarstic drainage system. Sophies' Pond is a large lake of irregular
shape, sinking in a short, blind, outlet channel at it's northeastern
edge to resurge at Moose Spring to the northwest (Fig. 29A). Lost Pond
is another large lake that resurges at-Moose Spring. It is.elongate in
shape, belonging to the class of dolines lacking evidence of glacial scour.
Cye tracing results for both were positive. Round Pond 1, cliose by, also .
sinks. Its resurgence point was not established but is believed to be
Moose Spring. There ére no.overf1ow channels at these sinks. Further -
inTand on the plateau the dolines aré smaller and generaliy have surface

overflow channels which drain their f]dod water to the scarp edge sinks.



Fig. 29

A. 2nd active spring location of Canal Pond (photo courtesy
D.C.‘Ford).

B. Moose Spring - Draining Moose Plateau.
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/,/’”‘ was first established.
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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 (?ig. 29A). The water

resurges amongst boulder debnis at the foot of the gscarpment and ‘previously
at the level of the valley infill, which is of alluvium upon till. There
%s gvidence'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

-

_f]oor has large numbers of freéh water clam colonies.

Moose Spring is "mature" in- that it resurges at the valley floor
rather than "hanging" above it as ié éommon in glacially deranged karsts
(D.C. Ford, person. comm.). The_acfua] bgdrock spring opening i§ magked
by colluvium. It is suspected that it may be buried at &epth be1ow'the-

Vsurface of valley infilling, and that the water-discharges upwards. This
implies that the modern hydraulic gradient is Jower Ehan when thé spring
Canal Pond on the eastern side of this zone is a large, irregular
sinkhole with a permanent lake énd se}eraT smaller dolines within it,
cloge to it's northern end. There are no overflow channels and the
fluctuations of water 1eve1‘are unknown. water sinks at the extreme
northeastern end via a shaft channel into a caQe leading to Indian Dock
Pénd(Va11ey-(Fig. 19). This connection has been confirmed by dye tracing.
The hydraulic gradient between sink point and resurgence is 0106.
el ’Ihis is a very simple and direct connection between an arm of a

gjnking‘1ake and a va]Tey possessing the same a]ignmentx But the resurgence

situation, is complex. The limestone ‘bedrock extends to the bottom of



93

-

Indian Dock Pond, offering a lowest possible resurgence there. But the
It is a "hanging" spring position. The main épring is phreatic, and
resurges in a small pool close to the left bank of a steep boulder-bed

channel (Fig. 2JB). Above the spring the channel is normally dry except

oy

in spring floods. Upstream from the spring the dry valley terminates
chruptly in a major boulder pile at the foot of a sfeepnbackwa11.
Draughts of cold air were blowing from the boulders when visited, indicatiﬁg
a cave conduit behind them. .

The spring of Canal Pond is in sharp contrast to Moose Spring.
The Canal Pond spring is young and hanging; the main spring position
has migrated from the head of the valley (now the overfiow point).downstream
to an outlet which %s still about 25-30 m above the ultimate potential
resurgence (Fig. 30). This spfing is one of the two largest springs of
the region, draining large glaciokarstic feétures. This may suggest
the possibility that g1gcja1 derangement has induced a radical shift in

J’V the position‘of the Canal Pond spring.

/,——-_EQ 3 - Groundwater Regimes

The response of spring discharge to melt water floods and heavy

rainfall can give an accurate idea of the state of undergrcund conduit
systems. - -~
Two stage recorders were set up in the summer of 1977, at

Nameless Pond Spring, and at Goose Spring. Due to technical difficuTtié;
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the reco}ders were n&t working and repairs could not be effected in
' Newfoundland. Only one weék of data is available for Nameless Pond
Spring (Fig.3on). = - -

The interpretation of such a short record is difficult. Because
of flood conditions, the lake level was at least 2 m higher than the
previous summer. Small rain pulses during recording period become
difficult to-interpret and on the trace, very small if any, e¢ttributable
respoﬁse was recorded.

Dye tracing was carried out at four localities:

Nameless Pond to‘itg rising.

Lost Pond to Moose Spring.

Canal Pond to its rising.

Bottomless Pond to 2 (Table 2)

‘In 1976 dye tracing on Moose Plateau cohnected Sophies' Pond to
Hoose Spring. All dye tracing.connedtion; in 1977 weré posiéive gxcept
%of Bottomless Pond.

In 1%?7 the discharge of Mameless Pond spring visibly was not .
very much higher than during 1676. The 2 to 4 days dye travel time f}om
sink to resurgence indicates a young, possibly incompletely connected
conduit or a very clogged up older éystem. Calculated maximum ground
water velocities of 0.015 m/sec inaicate a flow rate of 1296.0 m/day.
Similar results are indicated at Lost Pond, Canal Pond and Sophﬁes'

Pond (Table 2).
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SIABLE. 2 DYE TRACIIG RESYLIS

1976_- 1977

A - % [ t1ean ﬁ;ximumr'
Input date }Dye first 7] ilo. days dye | ground water | Ground water “Lenqth of flow
Location .
of detected at| was noted velocity travel, m/day Vines (m)
_— ,) dye spring . ___/sec .
Sal il ¢ ‘ —_ | -
dameless Pond- 1877,dune  }1977, June 2-1 days 0.015 1296.0 27290
to spring 23, 11:30am{25, 9:30 an
Lost Pond to 1977, July |1977, July 3-4 days. 0.003 2592 750
Hoose Spring 3,2:15pm |6, 19:45am ' '
Canal Pond to 1977, July |1977, July
Spring 7,10:30 am {3,2:30 pm 1-2 days 0.012 1036.8 1100
fottomless Pond 1977, June ¢ f b
to  spring 2, 7:30am "} TTTTTTTTTTY tToTTemb mmmeemo o p 0 mmmmemeeee
Sophies Pond 1976, July [1976,Auqust 3-4 days 0.003 959 .2 550
Uo Moose spring 31,11:00am B, 11:0%am : ~

L6



98 -

IV 4 - Analysis

The development of the regional hydrologic features are controlled
by several factor; such as presence of soluble rock, frequency and
orientation of- fractures andvjbints, bedding planes etc. for water
movement, and complex topography providing varied hydraulic gradients. -
Additional modifying factﬁrs are introduced py_g]aciation where ice scour
and infill has modified existing sinkholes, creatéd .new ones, deranging
surface and probably subsurface drainage as 2 result (Fig. 23).

The present groundwatgf systEms_ténd to indicate post-glacial
deyelopment because short and shallow flow paths are predpm{nant. But
the presence of .complex and large scoured basins also indicates the
probability of karstification and therefore the existence of groundﬁater
systems in p%e-uisconinan'interg]acia] periods. 1If these older syStéms
exis;gggiﬁﬁgégeogr and infill procesSes have completely b1ogked and
deranged the drainage and the renewed process of karstification had to
find new suésurface drainage routes.

,Considering the topography, and the distribution and character
of the karstic areas a model may be developed, where the development of
fhe karstic systems are the result of hydraulic gradients. In this model
it s 555umed that Tithology and structure would permit karstification,

In a simple form of the model (NB. 1, Fig=k315 a flat plateau
and c1iff combination i€ used. In the Moose Plateau area, the large and
holokarstic sinks are found close to the edée_éf'the Plateau, which
provide higﬁ hydraulic gradients. Further in from the c1iff, doline
development becomes shallow and uti1izati6n of overflow channels becomes

more frequent until a poeint is reached inland where due to very low
o .
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hydraulic Qradieﬁts only surface flow is present._

" n Model No. 1 a f1ﬁv§oka;stic system g@0Yves through time to~

a ho]ogérgtic.state at the cliff's édge, wheréfZ;Z highest hydraulic

gradients ére~presént (1-3 of Fig. 31). Comp]ex{ties_in this case are
only introduced by 1ithology and/or structural variations bétween points
y and x (Fig. 31). This kind of model has been aﬁplied to the Niagara
Escarpment (Cowe11, 1976). In Newfoundland such a simple model cannot
be used.effeétive1y, mainly becausé of the rugged topography of the.area.
Therefore a more complex Model (No. 2) is developed where the ‘topography
and, therefore, the local hydraulic gradients can be taken into éccount
(Fig. 32).

lwithin the study area hydééu]ic gradients vary a great deal
(Table 3). Using the Moose Plateau area again, the shallower and smaller
dolies, developed behind the holokarstic sinkholes, periodica11j, utilize
overflow channels. In some cases some of these-sinks are present only
because of local hydraulic gradients. - These dolies are well portrayed
in Model 2 (Fig. 32}.

The fluvial stage, present where hydraulic gradients'low and
the quantity of water suppiied is large. This stage is generally reached
far away from the effects of regional gradients, and wherc 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 (Eig. 32). This may happen through scour or.infill. By
changing tﬁe regional 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 Canal Pond Cave where two



TABLE 3 - HYDRAULIC GRADIENTS.

_ AYDRAULIC H/L LENGTH OF ) .
NAME - GRADIENT FLOW-LINE (m}|SINK POINT
Name1ess‘Pond to. the spring 0.011 2720 m c
Browns Pond #2 to #1 0.036 - 250 m
Browns Pond #1 to North L. 0.09 500 m D
" to Bonﬁe Bay . .
e 0.017 2830 m
Bottomless Pond to Bear L.{» 0.015 1000 m A
" to Bonne Bay Big'
Pond----mmmcmmeoene- 0.067 2080 m
" to Island Pond 0.021 1500 m A
Pond Troy to Bonne Bay Big
 Pond mem-memoeoen 0.21 300 m D
Fold Lake to Snake Pond 0.026 1300 m A
! to Bottomless P 0.092 1000 m A
Pondd to Sandbar Pond 0.058. 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 D
Round Pond to Spring 0.100 300 m B -
Pond R1 to RZ 0.20 250 m A
Pond R2 to Spring 0.30 300 B
Bear Paw Lake to L1.. 0.061 300 A
Fox Pond to Grindstone 0.14 ‘500 m A
Grindstone P. tc Bonne Bay
Big Pond 0.05 400 m A
Jack Sink to Keats P2 0.14 350 m - A
Snafu Sink to Goose Arm P. 0.148 350 m B
Pond B to Spring 0.053 340 m A
Seal P. to Goose Arm Brook 0.c40 ! D

ju‘

4
"‘“&‘w'&
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i o [HYDRAULIC | LENGTH OF
7 NAME GRADIENT FLOW LINES{m} SINK POINT 1}
tOnd N to Goose Arm Brook 0.153 903 m A -
anal Pond to Spring 0.06 1100 m D
ond Tub to Seal Pond 0.079 500 m A )
" to South Pond 0.092 . | 200 m A -
ond S1 to a NW stream 0.122 450 m A
" . to a south lake 0.095 800 m A
aw  Sink to lake 0.130 350 m A
ake 1 to Lost Pond 0.073 | 750 m A ’
0st Pond to Moose Spring 0.134 750 m D
ophies Pond to Moose S. 0.305 550 m D
ound Pond to Moose S. 0.169 900 m 5
" to Lost P. . 0.14 .| 5C0 m ]
rout Pond to Alder Steady 0.055 1800 m A
Ml to Lake 1 | o.22. 300 m A
Ml to an eastern stream 0.06 1250 m A
Ghost Sink area to Goose| . ' ‘
Arm B. 0.1808 1400 m A

Sink point location symbols : unknown

A

B at edge of pond

C outside pond in a sinkhole
D

outside pond in a stream channel
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exits are present (Fi§.3o 1. This ca;e-has not been explored and
verification of the‘model‘s applicability is not possible.

The higher (or first) cave exit of'Fig. 30 c0u1d.have developed
before the last g]aci&tion. In the‘pbst-g1acia1 period the original
sinkpoint has been infilled, and at a new elevation another sinkpoint
developed and a new route (Zi has been found. It is poséib1e that early
i% thexdevelopment of rou?e.#2; part of the old routé #1 may have been,
used. c@

At present the “old dppeé route" or higher exit is only used
in" flood conditions. _Ibe 1ower'Exit point is in a sump and is always
active, indicating phreatic conditions. The "hanging" nature of exit
2 i; difficult to exp]ain, uniess sh§1ey'zdnes in the limestone between
the spring and the Take level of Indian Dock Pond forces water to exit-
at this high point. '

Mydraulic gradients in the area vary from a low of 0.011 «
(Nameless Pond to its spring) to a high of 0/£0.44 (Mud Pond to its spring).
The distribution of hydraulic gradient values tend go_c1uster in the Tow
values between 0.0 to 0.20 (Fig.33A"). Generally, with high gradient
values short flow pagﬁ length are associated (Fig;333 ) indicating |
young and shallow ground water routes. Figuré 34 strongly indicgtes short
subsurface routes.

Comparison 6f mean ground water velocities of the Newfgundlénd
examples wi;h other areas (Tabﬁ; 4).indicates a comparison with Missouri,
U.S.A., and the Kentucky Sinkhole Plain where velocities of 13-21 m/hr -
“and 40-30m/hr are found. «JThese resultis are interesti;g beczuse the
develepnent of both of the above karst areas in the U.S.A. is more ﬁature

than the Newfoundland systems.

v d
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TABLE 4

GROUND WATER VELOCITIES

Location Karst relief

Minimum distance between

Ground water velocity

[
Reference

Theoretical pre-
cave flow ,gqradient
is 1% ' " low

Yorkshire , England Medium

Vaucluse, Francé Medium
Languedoc,France Medium
takimu Cave, Canada  High

Canal Pond, 'Newfoundland Hedium
voose Spring,newfoundland High
hameless Pond Spring
itlewfoundland ~ Low
Sophies Pond High

nimun dis tar ‘
sinks and springs ‘ m/hrs !?
." A al
0.03 Ford D.C., pers.
comm.’ T

1.5 to 2.3 fm 7.0 -8.0 Sweeting,1973.

22 ¥m 26.0 , Avias, 1972. 5

5-20 #m- 14 - 500 Avias, 1972, '

1.8 ¥m 3000 Ford, Unpub.

1.1 Km 43.2 this report

0.75_Km- 10.8 this report

2.72 to 54.0 this report

0.55 ¥m 108

this report

90t
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IV. €onclusions

-

: The study area between Goose Arm and Bonne Bay Big Pond‘is
aﬁ immature karst region, where not all the discharge ?rom the basins !
is concentrated at carbonate springs. Subsurface drainage is generally
for short distances at $hallow depths. The groundwater connections are
unintegrated, and Some of the f1ow—througﬁ times for dye Fracings were
2 - 4 days in distances of less than 2 km. ‘ -

Drainage within the entire study area can be separated into
wholly surface flow {normal fluvial f]ow),‘partiaI undergroygd captufe
of the surface flow (young fluviokarst), and complete_capture.of surface
flow {holokarst). Surface drainagé is extensive {465 of total area); and
there are three main basin co]]eﬁtors: Bonne Bay Big Pond on the'north,
Deer Lake on southeast, and Goose Arm on the west. Few streams flow
directly on bedrock becausé of the alluvial cover present in most valleys.
This 1s a reason why only a small numbef of streams sink underground.
Therwater becomes saturated as it moves through the carbonate-rich cover.
Most of the underground drainage is immature and surface overflow channels
are utilised in heavy rain or snow melt. )

The karst groundwafar systems are not well integrated and their
development is largely the result of post-glacial activity. There is
inconclusive hydrolegic evidence to support pre-glacial development,
ie. large, scoured ciosed depressions such as Bottomless Pond drain
through-infill in their bases, despite low hydraulic gradients to spring
positions.

The study area, thercfore, provides substantial difficulties
to evaluaticen of the development o% a young karst hydrology, compiex

topography and high relief, complex Struchraﬁ geology and varied rock
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Tithology are present. Glaciation has provided carbonate-rich till
deposits very variable depth deranged drainage, and scoured.basins.

The comp]e% topography provides wide variation in hydraulic
gradients, and a simple "cliff-plateau” model (No. 3) is not applicable.
A more complex model {2) is néeded.\ The wain features are the interplay
of regional and local hydraulic gradients. Regional gradients are
_provided by extensive 1bw1ands'such as the "base collector" rone,.and
mountain complexes. High regional gradients product holokarstic zones
génera11y close to the edge of the mountains\and plateaus. Smaller sinks
with periodic overfjow channé]sJare present further inland in response tﬁ-
the lower regional gradient.. But high local gradients here méy pfoducg
local holokarstic areas such as at Pond S {Fig. 19). These aré not
integrated to tﬁerregiona1 springs. Fluvial zones &xist where neither
Tocal nor regionaT'gradients are faQotaﬁle for underground drainage

or till mantles etc. are too great.

L
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( CHAPTER 5 .

KARST WATER -CHEMISTRY

V-1 - Introduction - Solution of Limestone

The dissolution df‘Farbonate'rocks by water is fundaménp?1 to
tﬁe karst geomarphology. Solution rates,_and the effect of 1it;;10gy
upon thgsé solutjon rates, are important to the'ﬁnderstanding‘of karst
Iandforms_and to the development of underground cave systems.

Thg ability of water to dissolve calcium carbonate is called the
aggressiveness of water towards CaC03. ~There are two principal systems
that are of interest to karst geomorphologists: open and closed systemé T
(Garre]s,an¢ Christ, 1965). In an open, or three phase system the water,
rock and gas-phases are all considered. In a closed, Sr two phase system ‘
only the water and rock phases need be considered. There are no unnatural
restrictions b1aced on the pH, PCOZ,aor on the quantity of dissolved ca;bonSte

species. . .

The chemistry'of solution of calciud tarbonate may be,éG%éi:iiii;_
. !

by the following equations: LT et
1) K0 ANENRTL
- =
. R : K -
Closed  2) _CaCo, ca®* oy’
System + oy _
. 3) CaC03_+ H @—— C(a +- HCO3 .
+ -
&) HZO + C02 — HZCOC —_— H o+ HC03

Open  5) KOOy = K+ €055
System . 54 _
6) CaCO, + H —— Ca + HC03



-

In the simplest closed system solution of calcium carbonate.in water may be |
: . s
represented. by:

7)) HO == HY "+ OH™

<~

8) CaCOy; + W= calt + HCO,™

The R¥drogen ions (H') produced as H,0 dissociates will combine with C032'
ion,zfrqh.CaC03 dissociation (equ. 3). 'Becagse of thigl the so1qtion process
is going to be strongly pH dependent. ' |

In an opén system water is in contact with EarbOn dioxide gas ahd

reacts to producé:

9) H0 + COp = HyCO03 < H' + HCO,

The reaction of -water, carbon dicxide, and the carbonate minerals is: -
represented by:

- 2+ - . .
10) CaCO3 + H0 4 C02 ;;::ﬁ? Ca + 2HC03 .

(Garrels and Christ, 1965; Drake, 1874; Rauch-and.White, 1977).°

Reactions 1 to 6 will continye until equlibrium toncentration of all

2+ will take place unti1'

»

the PCO2 is increased. Because of this, the availability of CO2 is an important

species is reached, that is no further solution of Ca

control on the open system process described above. In general the greater the

-
———

PC02 the greater the amount of carbonatie rohk solution.

ngerai1y karsﬁ waters are found to have high concentrations of dissolved
CaC03'indicating that the‘PCO2 is raised much higher then the global atmospheric
mean va?ue'of_.03%. This excess of PCO, comes from the soil and from decaying
matter, where organic activity provides high concentraticns of carbon dioxide
to the percolating waters. '

Different quantities of carbon dioxide found in soils at different

"L
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‘Tatjtudes are mainiy the function of seasonality. In cold regions biological

“activity producing C02 is restricted for the summer months, whereas in tropical

areas it operates all through the year at high production rates (Miotke, 1974;

Codke,-1971). %

Solution rates, and therefore the attainment of saturation or

';supersatu?ation,-gré dependent on a number of facters such as temperature,

.pressure conditions and rock lithology. Decreased carbon dioxide pressures

or increased temperatufes.can force water to precipitate calcium carbonate,
To increase solution a decrease in- temperature and/or an , Increase in PCO,
are needed, or there may be mixing of two saturated but quantitatively distinct
waters (Bogli, 1864b).. According to éog]ﬁ (1960) 907 of saturation is achieved
in the first 60 seconds that water is in eontact with the carbonate rocks.

The chemical characteristics of karst waters may be e$pressed 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
variables, 6a1cu1ations fo11owing~fangmuir's methods (1971) or octhers {DOrake

-

and Harhion, 1973;.Ford, 1971c) are used to arrive at saturation indexes for

calcium or dolomite (SIc or S1d). The values of Sic or SId are the logarithoms

z .
of IAP/K, where the IAP is-the jon activity product of calcite or dolimite

and K is the theoretical activity product of calcite or dolomite. éprgke, 1974
Langmuir, 1971; Wigley, 1971; Garrels and Christ, 1965; Picknet, 1964).
The presence of magnesium in carbonate rocks may have a tendency to Tower

calcite sclub?lity rates, although small guantities mey cnhance solutieon

(Plummer 1972; Picknet, 1972).
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V-B'- The Sampling Programme: Desiqn and Methods

The principal sampling programme for the study area was operated from
-lMay 1977-to July 1977, Duriné this time 300 water Samples were collected

* from designqteq lakes, streams,-springs; and rivers. Emphasis in the sampling
programme was placed upon repeated pond sampling because of the-unigness of
fgg'study area "a karst of sinking‘and overflowing ponds" not found elsewhere

-~

in Canada (D.C. Ford pers.‘comm).
Included within the sampling programme were two “contrpl wgte?s:
Goose Arm Brook North and Cornernﬁrobk. ’Goose Arm Brook North flows-on
non-karstic rocks partly within the study area, thrbugh forested hills'and
valleys. Corner Brook f]owslmos{1y on non-carbonates except for a_few miles

. . , N
before 3 Mile Dam, where there is a small artificial lake. Sampling took place

at the lake outfa]1. This site offers a very simple pond situatién that may
be compared and contrasted with thé vakiéty of natufa1 ponds iﬁ the study area.
The selection of ponds within the area was aimed at 2 representative .
sampling of the range of pond types, with reference tc varying size, m;rphoIOgy
and hydrglogy. A]Iaﬁéiét springs that were accessible wére sa&p?ed. t was
hdped that some of.the‘springs would give insight into the compositioﬁ of
sub soil karst waters etc. which céuld not beﬁgﬁmpTEd directly.
Goose Arm ‘Brook is the major bqée collector in the study area, and
it was sampled,gt its mouth. Its behaviour would give insight into the
hydrochemical behaviour ai the basin SCa]e.;
Water samples were cellected at frequent intervals between May 25, 1977

and July 29, 1977, a period covering the end of snow-meit to high summer of

that year. In addition, a pilot programme was operated in-Ju?y—Adgust of 1976,
S .
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wﬁen a few water samples were éo]lected. Some sampling sites of 1976, such
as Alder Steady, could not be co]]ectgd in 1977 because of the prevailing
higher water stages.

.Natér samples were taken in capped, 500 m17 pd]yethy]ene bétt]es
and atAthe same tine temperaéhre, pH and conductivity were measured. Before
each pH measurement, the meter was calibrated with buffers at'pH 7.0 and 10.0. .
A1l water samples were anaiysed at a field laboratory within 24 heurs of
collection. Laboratory analyses were for a]ka]inity.(HC03') by potentiometric
titration with HC1, and for catt énd Mg— by éo]orimetric.titrations. The
variables: tempefature, nH, HCOS', (a++, Mg++ were then used to calculate
saturation stafes with respect to calcite (Sic) and do1omite_(SId). and
equilibrium partial pressures of C02 (PCOE). The calculation methoas fo11owed‘
those of Drake and Harmon (1973), Langmuir (1971) and Ford_(1971c). The
computer programme used was lMilchem. - .

When comﬁutations were complete, samples with g;eater than 157 ion
balance errgr were rejected. The remaining samples were groupad into: karst
springs, karst ponds, sinkhole Takes, small ponds, surface streams, and large

rivers and graphed to see if specific chemical trends may be used to separate

the waters into distinct classes.

V-3 - Chemical Characteristics - Results and Discussions
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_y-3-1 - Chemical Water Characteristics of the 1977 Data Set

Figure 34 demonstrates that waters in the study area are of the
simple bicarbonate type. The strong correlation (r+.977) indicates that
there are no significant effects of non-carbonate ions such as 504'2. Waters
collected from terrains with 1ittle carbonate present {Corner Brook, Goose
Arm Brook‘North) plot significantly lower and are distinct from the main
group. Variation in this tightly corre]afed data is introduced only by
Goose Arm Brook. This is the base collector of the maﬁority of the waters, and
other unsampled water types may en£er it from marshy sectors where there is‘a
1ittie greater ionic comp1exi£y (Fig. 34).

The plot of Ca+2 VS, HCOé_ (Fig. 35) shows a wider scatter thdn

Figure 34, with an r value of .892. The scatter indicates the presence of

. . . +2 . - . .2+
cations other than Ca ™. It is presumed that these are Mg” . Corner Brook
and Goose Arm Brook North again separate out and plot low on the graph (Fig. 35).
There is a wider scatter in the carbonate weters, but without the symbols.

. A

separation of karst ponds, streams, etc. would not be possible. The general
. . . . . + -
increasing trend refiects the increase in certain Ca 2 and HC03 values over

time.

Figure 36 again illustrates the simple composition of these waters.

Saturation with respect to dolomite occurs, suggesting the presence of significant

quantities of dolomitic beds throughéut the regicnal stratigraphic section.

. -
Howcver, there is no incongruent solution of dolomite, such as Cowell (1976)

reports from the Bruce Peninsula, which is composed wholly of dolomites.

. . .. - +2
With a correlation coefficient of .973, Ca

+2 L N
/Mg " ratio will not be & significant
discriminating variable. These resultis are quite comparable to other karst areas

where there is a mixture of limestonctand dolomite eg. Langmuir {1971) in
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central Pennsylvania.

Figures37 and 38 illustrate the overall chemical evolution of the

~

waters. There are two evolutionary pathé. that of the control waters (Corner

Brook and Goose Arm Brook North}, and that of the main carbonate group of waters.

/s
The control waters show a simple, linear path in both graphs. Its trend is

towards saturation at a2 pH of 8.5-8.7, which may be taken to indicate that
theselwatqrs are equilibrating only with a standard atmdépheric concentration
of COZ' The path of the main carborate group of samples is also simple ana
Tinear (Fig. 37). - A majority are undersaturated with respect to calcite and
only a very few spring and pond samples are suber-saturated to the extent
that\precipitation‘might occur. Saturation is attained at about pH=7.8,
indicating a modest emrichment of'CO2 above standard atmospheric 1eve1§. The
ranges displayed by the main carbonate group on both graphs reflect a seasonal
shift from softer, more acidic waters at the start of the collecting period to

harder. more alkaline, waters in Julye__
- L

V-3-2 - Bahaviour 0f Waters Cver Tinme

The conventicnal geochemical display graphs presented in figures 34-38
suggest that the caébonape waters of the study area are unusually simple and
cannot be éeparated for detailed enalysis by standérd methods, such as Stepwise
Linear Disc}imidan%‘?ﬁnction Analysis (Drake & Harmon, 1973). This point is

emphasized by Figure 39, histogram of the total hardness of all fully

analyzed waters collected in 1977. The carbonate waters composc 2 normal
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leptokurtic distribution of quite unusual symmetry. The control waters are

completely distinct.

-

By graphing separate chemical parameters against tj

o

are used, because the major factor producing 15% and greater io.. balance

errors is most likely to be inaccuracy in”pH readings: temperature and total
hardness are not affected. Certain Slc value; in figure 42 are in error, but
insufficiently to affect trends displaved there:

ﬂater Tevel conditions in the study area in 1975 and 1876 wore low
compared to 1977. when lake levels were much higher. At Nameless and Leottomless
Ponds the water levels were at least I m higher, and in some-of the staller
enctosed ponds probably over a meter. Rainfall events in 1977 are noted on

ol
Figqure 40. These were mostiy small, and onlty the July 5-7 rainstorm of

-
LRl

.43 produded 2 response noticeable on most graphs.

igurg 471 indicate an cvarall increase from

“h

The temperature deta of

]

Y =0

75°C in late May to an average hich of 19.57°C at the ‘end

the average low o7 £.75
of July {not including the springs). Temperature fluctuations arc present

- ’ ’l - . = o
in almost all water bodiesy (they are mainly due to the rapid response of

surface waters to daily fluctuations in solar radiation. The July 5-7 rai

= |

pulse depressed temperatures for most ponds and lakes, or at Jeast dampened 7

the rate of warming as in the case of Spotteomless Pond.

the warming of lakes and ponds is mainly through abscrpticn of heat
from selar radiztion. The absorpiien and radiation.ef heat {rom bottom inent
from solar radiz he al puien and radiati of hez om dotiom sedinents
is minimal in deep waters, but becomes more significant 1n shal

0

Tow ( less then

-

I m) waters. A1l water samples in the study-arce were collected in less then

-
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1 m of water. rTheéensha11ow areas fend to respond to daily temperature '

variations much faster than the deeper zones. Because of tmjs factor,

temperatures may show high short-period fluctuations, as in the cases of

Browns Fond,:Name1ess Pond, etc. In shallow waters temperaturefchanges from

garly morﬁiﬁg to early afternoon may also vary within a few dég?ees‘inusome &
. éasés; thérgfore variai#&n of the hour of sample collection may also add to

/4:’ the fluctuations seen on the graph. L
(
N

o

An interesting feature of the pond and stream temperature behavfour
- . S e . .‘.":-’
is a contrast Pbetween a majority of sites displaying short period fluctuations

as they warm up over the season, and sites stch as Pond 4 (2 small water body)
and Troy Ponq (of-intermediate size) which show a rather steady gain.. This
cannot be entirely an artifact of the lonéer sampling interval at the

b3

later sites. Pond & has no surface oufflow and no observed inputsgsuf%$ water

twe -
-

Jrains slowly through the base. In thérmal terms ft appearé to m?Vo 5eén
fluctuating tike a siﬁple evaporating pen, although its waters été not . -
exceptionally warm. Those of Troy Pond are particularly cool.-‘gg Tacks
surface chanpe] inputs, but has an over?]ow outlet channel that was active

Jdn 1877, Its low temperature is taken to indicate a significant input from
unknqwn springs. .

- In terms of thermal behaviour, the sprinds may be divided intg two
classes, the expected and the unexpected. Alder Steady, Canal Pond springs
and Nameless Pond spring a}e the exaﬁpies of the expected, although they drain
Very differcnt physiéal s&stems; a granuiar aquifer, a karst conduit with a
known and large input ﬁdssage, and a primitive, probably wholly, phreatic
karst qTa}ﬂ, respectively. - With the éxcéhfion of an Fnoma]ous measurement
at Canal Pond on July 11th, they display a slight but steady gain of temperature

. -
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- 1o about theé mean annual air temperature of the region, g%c.’ This is the
éxpected behaviour of groundwa%éf springs in temperate regions of Canada,
where Spriné f]ood melt waters depress the output temperatures for a short

" while and then there. is a slow recovery to the ambient temperature of the rock.’

Differenceé between input and spring temperatures can be ana]&sed

;t tﬁe Nameless Pond system. Input temperatures vary from 7.8%C to 15.0%

and output temperatu%es'from 4.2°C to 8.0?C in 1877, indicating a significant
codeng effect (Table 5). This is perhaps misleading because the 15ke level
was about 1.5m-2 m higher than in the previous years. The coliapse sink
where previously water was observed to sink from the lake was completely
subme?ged: Nameless Pond appears to be a deep lake, therefore cold bottom

| waters will dominate its composition. The waﬁer that drains undergﬁoﬂnd may

do sc by one or both of £w0 means: 13 thﬁoqgh the lake bed or 2) by overflow
into the collapse sink (Fig. 43}. During the high water 1evef5 of 1977 the

sink ppint wés well under water, therefore cold bottom or cool intermeQiate
waters were sinking through both routeg, not thé much warmer surface waters.

Naterﬁsamp]ipg was at the pond's southern end where thére is a shallew shelf,

notat the nortmeap-end where the waters sink and a similar "shelf" effect .

is not found. In sum, it is expected that much of the measured contrast

—

—

between 1akeskand‘§pring water temperatures hefé is due to the'{nabi1ity to
measure the lake waters actually sinking. |

| Round Pond Spring and Moose Spring show unexpecfed behaviour because
their temperatures are very similar to those of the nonds and streams (ie.‘ d
c¢1imb quickly ‘to 15°C or greater). They pérhaps di§p1ay a lesser short term

fluctuation. The Moose Spring record cof August 1876 plots in the same range

o —



TABLE 5. NAMELESS POND AND

ITS SPRING TEMPERATURES

129

DATE - SIIK POINT T°C. SPRING T°C. DIFFERENCE _T°C.

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 15.90 7.2 7.8

7/11 18.0 7.5 10.5
7/20 20.0 5.0 12.0
7/25 19.5 " 8.0 11.5.

L
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~as that of June-July 1977, suggesting that the 1877 results are not the

a-typical product of a particularly wet year.

The Long Pond-Round Pond system is shown in .figure 44. The ground-

water flowpath is only 500 m in length and the gradient is shallow. It is

‘suggested that the exptanaticn of the anomalous maintenance of warmth in the

waters is that the flowpath js very shallow, a few meters deep at most,:

and the input is of warm surface-layer pond Qater abstracted by a short
overflow channel. Ciry (1959 has described such shallow karsf‘groundwater
systems in France and interpreted them as developments in a seasonally

active layer, ie. perched upon a permafrost body. He called such a system
"karst sous-cutanec”. However in the Goose Arm study area there is no evidence
of a strong’ periglacial phase. .

In chapters 3 and 4 evidence was produced to suggest that Nameless

© Pond system was shallow. But its thermal behaviour indicates that it is a

déeper more '"normal" karst system than the subcutanegus type represented
by Long Pohd-Round, Pond.

It appears at first sight that the Moose Spring system cannoi be
shallow, because there is a headfall of at least 270 m between input and spring,
and from the successful dye test, the groundwater flow rate is . ow. This
problem_is takén up in a separate section below.

Total hérdngss values and Sic values plotted over time show trends. -2
that are simi1aru¥o each othﬁr, although the population of water characteristics
may be better defﬁned in the total hardness graph. In figure 41 it is seen
that the control watensiare distinct throughSut the period. A feature of their
behaviour is that therc is comparatiwely ldttle absolute gain in their hardness
{to maximﬁm\vaiues some 60 mg/1 less than the carbenate yaters at the end

of the coliiecting secason), but as a proportion of their carly season hardness



TOTAL

TowmpERATHRE
°C

.

Lsurfoco flow

“\‘éfaugiJgQND s
T “._““'/)‘ —————— -_l.LLJ—DE R

QIEErneEsc -

3
!

HARQNESS (ppm)

90—

GRO U '
DRA - surface flow '
INAGE % — » ROUND POND +surfoco flow .

~500m ~

{ponds not to scale)

ROUND POND
LONG POND

. __pLONG POND
_______________ PpROUND POND

3_

2_

‘.._

L it e [ AN S ey BN REA ST e R S S R SEN S S (N QRSN Gt AN S SR S SR S .
: 2530|135131521232527]3579111316182022232527é9‘

LAY UHE ) ! JUILY
t
' TIME — :

FIG. 44. Ground water flow path and chemical characteristics of Long Pond Round Pond system.

1£1



132

the gain compares to that of most of the karst waters.

A majority of karst pond, stream and spring waters'p1ot in a body -
and display comparable behaviour in 1876 and 1877. Three are distinct:
1) the Alder Steady Spring functions as an ideal diffuse flow sbring in
carbonate terrains. 1t has cbnsistently the greatest hardness, which may
be matched with the steady thermai behaviour. It is concluded that it is a
true granular aquifer spring draining carbonate-rich va1}ey fill. Its high
hardness reflects soﬂ_CO2 enrichment in the region more completely than.do
any of the other waters. 2) Pond 4 displays high gain‘rates over time. This
is emphasized on the SIc graph, where it appears as a steadily supersaturating
water. {Figﬁre 42). As with its thermal behaviour these evidénces indicate
that it is functioning as a simple evaporating pan, concentr;ting solutres.
Although notkas distinct on figure 41, Snake Pond behaves in a similar manner.
" with rather steady gain of hardnes§ and SI value over the season. It‘is
known to drain to a karst spring, but 1t appears that the drain is sufficiently
obstruqued to permit siénificant concentraticon of solutes. From their"SIc
trends up to late 5u1y of "the 1977 ;eason, it appears that these two ponds.beiong -
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 ﬁemarkable pattern of gain across the main body of carbonate
results in Figure 41, such that it is amongst the least hard waters at the
beginning of the coliccting seascen and converging upon the Alder Steady hardness
values by the end of the season. Its gain appears to be a mixture of steps

and Tinear increases, with dilution following the rains of July 5-7, 1977.

/;



This beﬁaviour is.considered sepérate1y in Section V-5.

Amongs£ the remaiding carbonate waters of Figure 41 it i; possible
to make a division into those that show notable gain of hardness and those
that fluctuate over.time with 1ittle net gain after Mid June.' Because the
range of hardness fnvo1ved is comparatively small and the sample is restricted
to parts ﬁf two seasons, it is not certain that such division is significant
and it is not developed further here. Certain ponds display individual cycles
of higher-and lower hardness. fhey differ from one another in size, depth,
morphometry, water input.and output characteristics. Overturn of.waters,
addition from unknown underwater springs, and differing biological activity
“in the waters, may each or all contribute to the variation measured at the
sampling points. Fbr example, Bottomless Pond recoﬁds the greatest dilution
of hardness following the rains of July 5-7th. It is fed by more shert, fast
responding. streams than the other ponds.
> It is important to note that the karst springs’ {(as opposed to Alder
Steady, é granular aquifer spring) do not differ significantly in hardness
from the main body of ponds. This emphasises that they are Qischarging the
observed pond waters with little net gain from other sources in most instances.
Canal Pond Spring is amongst the least hard waters of the group. This is
believed to reflect the fact that the Pond has a large non-carbonate Sector
in its perimeter. CLCxcept at the very start of the season the spring of
Nameless Pond was always 10-40 mg/1 harder than the sample water faken on the

same day in its source pond. This may indicate that the spring was compesed!

of colder bottom waters as explained, or there may be a significant net
P y g

addition of sub-soil waters from karst valley in this particular instance.

-
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The radical reduction of hardness that occured at Moose Spring after July 23
1976 is believed to be a response to heavy rains on the platcau feeding the
spring. Lesser dilutien effects were noted at Bottomiess Poﬁd and Nameless
Pond during the same period, although not at Nameless Pond Spring.

The Slc¢ graph (Fig. 42) discriminates the control watcrs,_and‘ﬁbnd‘a
and Snake Pond with their strang gain behaviour. As a glass, the remaining
watess may be.said to have attained the safuratcd state or closc to it, by
the first week of June, and thereafter to cluster about it. -There was
greater f]uctﬁétion duriqgfbﬁe’éar]ier hatf of the collecting scason. CGoose
Arm Bréok is the most distinctive. t approached the saturation 1iné more
slowly and did not fully saturate before July 13th.

To conclude, analysis of the thermal and chemical behaviour of thei
waters over time has distinguished & class of ponds or closed depressions
that function Tike evaporating pans. 1t is possible that more detailed study
would permit different%ation of the remaining ponds ie. into those that gain
notably in hardness and those thet disp]aycgggrter-term cvclic behaviour,

A majority of karst springs have expected temperature behaviour, one a.pears
te be a good instance of subuténeous karst, and Moose Spring is thermally
anamalous. 'The example of a regioqa1 effluent drain,'Goose Arm Brook, s
found to be distinitive in dits hydrochemical behaviour.

It is'emphasised téat this was a pigneer sampling bkogfamme. There

are no previous studies of pond-dominated karsts to guide the design. 1t is

suggested that, despite the comparatively narrow range of solute concentratiens

measured in the area, more than encugh interesting features have been /

»

discovered to warrant 2 detailed study limited o the hydrochemistry alone. \

3
,f



V-4-1 - The Problem of Moose Sﬁrina
The purposc of this section is to amplify the problem ihat is posed

by the high gater temperatures recorded both in 1976 and 1977 at Moose Spring.

In the months of June, July and August the temperatures of the spring ranged

between 15°C and 20°C on different occasions, where other ﬁprings ranged

at between 6°C to 9°C. Physiographically, Moose Spring is the most mature.

of the known karsi springs and feeds a large §ta513 channel. Discharge is

greater'than the others, and may display less vari;tion.' Two 6f the water

sources are known by dye trace and their mean flow-through tinui 15 siow.,
10.8 m/hr.
| From the provious discussion (neglecting the minor complications
-introduceﬁlby flushing effects, overturn or high water effects as at Nameless
Pond) it appears that the thermal behaviour of the karstic.pond waters may
be medelled simply, as in Figure 345. A majority of ponds drain thrduch their
bases (1ike Gottomless Pqnd) where the water is cold, and -the spring is cold.
Some ponds are drained by a short overflow channel to a'sink point. In such
_sysfems the warm sufface water is preferenti@Bly extracted. In Figure 458,
it is routed at shallow depth and emerges as a warm spring. The Long Pond-
Round ﬁond sysﬁem is the-regiona1 example. In Figure &5C, the warm overflow
water is routed deep into the rock and cooled to regicnal ambient temperaturc
to produce a cold spring. This happens at Casp] Pond.

Figure Ss,illustrateé the known behaviour cf the water at Moose Spring.
between the nearest sink point, Séphies' Pond, and the spring. Warm overflow
waters are removed from the pond through a small ¢ghannel on its southeastern

side and directed underground towards the spring to the west. The water may

2
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) r
be supposed to be routed deep in the rock and Jt is presumed to rise from

Jdepth to the spr1ng point because the Spr1ng 18 of the phreat1c type\azi
sited precisely at the junction w1th the clastic 1nf1111ng in the valley.

' Botﬁ Sophies® Pond and Lost Pond feed wate} from the pTateah tol
Moose Spr1ng, and both these lakes are close to the edge of the plateau.
Soph1es Pond drains at its S.E. end and Lost Pond at it southern end close
to the plateaus edge. It is poss1bJe that both_subsurface dra1riges and |
especially Lost POnELgave sha11ow subsurface rOutes s1m11ar to the sub-

o

cutaneous drainage discussed earlier, which would allow the water to be c1pse
in temperature to the warm surface lake waters even afterlthe maximum of 2
days travel indicated by the dye tracing. This is illustrated in Figure 46B.
Pond temperatures in generaf:are higher than that shown for Moose Spring, and
it is assuheq that Sopﬁies} Pond and‘L 5t Pond would correspond with other
lake temperatures, In which case t is a minor coolingfeffect befoee the
spring efflux and its presumed shallow subsurface drainage would account
for a much smaller ccoling effect (from ggﬁg input waters) than found_at
Nameless Pond where copler water sink.

There is no reason to suppose that these waters alone in the region
are warmed by geothermal effect. The geology of the site is inappropriate
while the water chemistry suggests nothing except simple bicarbonate waters.
The explanatory model 0f‘4682;if correct, is a model of an unusual karst
system. There is nothing known in the liferature to the writer that can be
compared with 1t, yet there can be no question of the validity of the v
temperature measurements. The problem of Moose Spring definitely warrants
‘a special investigation.

¢
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V-5 - Modelling The Seasonal Hydrochemistry of Goose Arii Brook

Goose Arm érook is the largest rtver in the study area, collecting
water from parts of the northern, western and southern. zones The catchment
compr1ses uplands dra1ned underground through s1nkho1es and 1akqs, and
lowlands and valleys drauned by streams and spr1ngs represent1ng seepage‘
waters. Therefore Goose Arm. BrodE represents a "base co11ector“ from a
wide variety of areas. The samp?.ng 1oca11ty was at its mouth

The river’s chemical characteristics differ from other carbonate
waters of the main group, because over the co1]eoting season its-total - -
hardness ga1ns in a stepwise manner across the other carbonate groups, from
very Tow: ua1ues in May to h1gh values approach1ng Alder Steady spr1ng in
Ju]y—August.. A1oer Steady is a good example of: a carbonate-rich, granularx
quifer of the Goose Armr Basin. - : | . o

Water drafning to Goose.Arm Brook comes from numerous karst ponds .
and iakes. These ponds have the distinct'charatteristics of slow underground
‘drawnage with per10d1c overfiow channe] ‘use. The ponds feeding Goose Arm
Brook can be rega:ded as large water storage tanks, as-'modelled in Figure 47.
A1l these storage tanks will contribute dw.rer1ng amounts.of discharge over
the season, from heavy snowﬂme]t at the start to.sTow underground drainage'
later on. Another i@portant contributer is-vater seepege through the till
cover of Goose Arm va?Tey, contr1but1ng as spr1ngs (1ike A]de} Steady Spting)

with h1gh TotaT'hardness Va?ues therelore helpwng to boost the chemical

trend of Goose Arm Bromk over other karst pond waters.



© g 1D

. . -
The seasoral hydrochemistry of Goose Arm Brook may. be modelled

-

then by the combined chemical éffetts of the “honing tanks" and seepage
spring waters (Fjg.'47).‘ This partial contributing area model has three
dominant components: 1) énow\he1t, 2) ponds, and 3} spring (séépage water in

the truck valley). = - oo - .

——

The regional melt source becomes dominant-early in the season™ehé:
until about mid June. ther this, the pands or hoeldisg ;anks deaninate witﬁ

" their combination of overflow and subsurface flow until lafe part of

July, when seepage water and springs .in the va]iey predemninate, heiping thé
chemical increase Roted on the graphs (Fig. 48).

a

The total hardness of Gdose Arm Brook at the end of the season approaches ~

the T.H. value.of Alder Steady Spring which represents one of bhe'probab1y“-
- I

many valley springs, representing an important chemical booster for the river.
- - /-
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FIG. 48,
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V-6.- Comparison With Other Studies of Canadian Karst Waters

A

The study area is a temperate forested area with‘1qrge number of
péﬁds and lakes. It is comparable to other témperate regins of Cghada
in vegetation, temperafures and limestone charcteristics but disfinct in
its pondea ka%stfnature.Studied kafst areas suéh as the Bruce-Peninsula
in Ontario (Céwe]},1976), the Alpine tundra of western Canada {Ford 1971c),
and grctic areas (Woo and Marsh .1977)are distinct from we§tern Negfound]and.
The rugged topography'énd the ponded karst are characteristics that are /

unige to the study area.

Total hardness histograms f these areas indicate several

obvious differcnces (Fig. 39). THe Rocky Mountain sampling sites varied
from giacier margins or snow ficids, tundras into forast zones, at elevations
ranging {rbﬁ 1010 m -to m (Ford_lQ?lc).Héters included surface and
subsurface samples. The Newfoundiand area is vegetation'qqqered;,ponded
sit? with elevations well below the Rocky Mountain sampling.

This obvious sampling and site difference is strongly reflected
in the histogra@s, where the Newfoundland examples are tightly clustered
ana‘the Rocky Mountain samples are over a much wider spread with peaks
characterising certain a;eas_and ‘conditions.

The Bruce Peninsula samples (Cowe{1, 1976) show 2 stronger grouping
thaﬁ Fhe'Rocky Mountain samples but.it is sti11 a wider spread than the

Newfoundland examples. The Bruce Peninsula data indicates harder waters

mainly- because the collection of the bulk of the samples were from swamps,’

o
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*conduit and diffuse-springs which are hot con&ardb]e to the s%udy area.
The lower va1ues'in the BrucefPeninsu1a data are frdm {n1and lakes,
and Lake Hurqn and Georganm Bey. Diffuse and conduit springs will have a
much.higher total hardnéﬁs value than lakes and ponds in” general where
surface waters are the input sources. il

The arctic samples ( ﬁoo and Marsh,1977) form a compact gro&p with
high totél hardness va]ues_réf]ecting the vegetated and cold environment
of the sampling. The environment again, Like the Rocky Mounfain;-is not
comgarabTe to the study area. H%gh total hardness values réf1ect the'
organic or bjogeﬁié C02 present and the much colder temperatures,

therefore enhancing water aggressivity and increasing solution.

In a general comparison the most striking feature is tﬁat the
-Newfoundland wate}s plot lower than a]1'other samples except the tundra -
~and glacier waters of- the Rocky Moﬁntains. .The Tower values found in
the study area emﬁhasise the sf%qng equilibrating effect of the ponds

(tank storage) which area the dominant feature of the waters collected,

¥
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CHAPTER VI

-~

-

VI-1 Discussion and Conclusions
Y Principal karst landforms within the study area are the closed
\ depressions. These fall into three distinct classes: 15 small collapse

features in drift, 2) large depressions of simp1é circular or subcircular -~

ms_in'bedrock, 3) very'large and irregular, ice-scoured depressions. .
, .

.@§11<;o11apse features are post-glacial in age.and their type

is found in Karst Valiey. These features probably numger in

.ids but their distribution is not known because of deﬁse forest

cover and§their small size.  The simple circular depressions are large

and. found in bedrock with varying degrees of ti1l and vegetational cover.
iany of these depressfons contain lakes and drain underground. G]acfé]v
scour is not evident in their fqrm, but their scale is greater than that -
‘reported from carbonate.Bedrock-do1ines of post-glacial age elsewhere
in Canada. The very large 5inkholes of irregular shape are obvious
ice-scour forms-and in most cases such as Hameless Pond, Brown's Pond,
" Bottomless Pond, erratics and scour marks are found. A11‘0f the class 3
closed depressions contain ponds.and d}ain.underground either through
their bases, or through a short blind outlét channel, or via young sjnks
in an overflow chanrel that is seasonally active.
Distribution of the depfessiogs is c?ni;oiled by.severa1 factors;/~5“\\
1) presence of underdrairage routes (such as Karst Valley for the post-

glacial collapse sinks), 2) presence of suitable rock lithalogy and



structure, 3) adequate hydraulic gradients, 4) presence or absence of

o

extensive and thick till deposits.
" The large irreéﬁTar dolines are partly the result of'gfaciaT
scouring and paFtTy of-kérst processes. If much of the overdeepening
is attribuyted fo karsf processes then the karstﬁficat{qn”was aimed into -
develcping groundwater channel systems.of substantial dimensions to
achieve these large sizes. In Chapter Foﬁr it was shown the+ .the ™
present active groundwater systems appear to be short in length and
shallow in depth. The ranqa.of known hydraulic gradients is considerable
but thé!ra of proven groundwater velocities is 33511. "1t was found
that workable hydrologic model such as Model No} 2 in Chapter 4, must
take fnfo consideration local topograph%c effects and-is incamp?éte
because, 1)_possibi1ity of surtface discharge (ie. the periodic utilization
of surface cverflow channels) cannot be disregarded at any time, 2) ths
local geoTbgy, roék 1itholdgy, structure, etc. is very important in
Subsurface drainage.

The hydrochemical investigations strongly differentiated bicarbonate
waters th?g.were very uniform in their general chemical composition,
although interesting variations of regimes are suggested within the detailed

analysis of the results. Among the most significant findings are the ponds

that function 1ike evaporating pans even in-the humid climate of Newfoundland.

-

Pond 4 is an ideal examp]e,lwhere typical doline input hydrodynamics are
present (no channelled flow is present bééausc of lack of sufficient

- - catchment area}, yet is has not_attaincd-the scale of output ghat will
drain- it and deepen ifAcffectiver.



~To characterizlkiég,séasona1 h drochemistfyﬂat the scale of
'-]arger-bésina1.unjts,.a "tank storage mogel wés'found to be the most:
appiiqﬁb]e. Thigfwas émphasized by'tﬁe genera1:1ack.of chemical contrast
between input pond and output spring waters. -t . ' ’

The "tank étorage“ model character{ses the style of this karsi
better than individual expl&nationrs of‘poﬁd'and stre%? behaviour. The
karst drainage is a g]§cia11y deranged one, derangement here tak{ng'the
form of infif]éﬁg largely or entirely obstructing the pre-giacial karst
inputs, and of the deposition of blankets of carbonate-rich till which
has tended to protect the'uAderlyﬁng bedrock “fron: so]utionéT attack
'th;ou_' u: the Holocene. The presence of suitabie_sojub1e rock, high
retief and hydraulic gradients, along with abundan; precipitation has
permnitted the development of only small, youné systems*amongst some o%
these large and complex closed depressions during the Holocene.

The study area represents a umique karst terrain, not easily
comparabie to any other afeas found in the-literaturg. Because of its
geographical location, the area received net g]ac?a] deposi;icn_frOm the
surrounding higher noncarbonate aréas. It has a very rugged topography
with large numbers of ponds and lakes draining underground. The man},
varigd alpine karst areas are all more closely similar to one énother
than to the study area because they generally su%fered derangement by N
net glacial erosion. .The extensive carbonate lowlands of Hudson éay

also have net deposition of carbonate glacial material similar to the

study area, bdut they lack the ruggedness of Mewfoundland.

1
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Vi 2 Squestions‘for Further Research

This study represents the first detailed work on karst 1andfo%m
,deve]opment in the éoose Arm area of Newfoundland. A1T‘resu1£s are new,
-and cover only a short period of observation, but these resu]ﬁs point
out intéresting and unique features of the area and indicate new avenues
of-stﬁdy Such'as: 1) the strong structural contrel on karst deve1opmént
2) working out the cemplete karst'hydrology of the area?‘which would give
more detailed insight into the extent o%‘g1acia1 derangement and lithologic
contsols, 3) detailed watér chemistry of'ponds and Qtreéms where 1imnological
gffects dre takeﬁ in@o account. This would be a unique approach to the

;\\\\\_’—Expiag9tion of hydrochemical results not.attempted elsewhere in Canada,
4) detailed study of springs along Goose Arm Valley and the study of the
ef?ect of clacial ti11‘deposits-on spring pecsitions, .5) a more detai]ed
' stu&y of the sinkholes and their morphoiogy in relgtisn to the Wisconsinan

glaciation and the presence of active or inactive paleckarst systems.
- L]

&
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_APPENDIX A ‘ L

KARST AREAS OF WESTERN NEWFOUNDLAND

1) Karst development in gypsumf é) Codroy-Woodville area -
- extensive and well developed sinkholns mark the extent of the gypsum
deposits i
a . . e
- sinkholes vary in size from less than a meter to several hundred
meters, and from solutional to active collapse type.
b} Ship Cove area - S

numerous large funnel-shaped and active sinkholes are found

along the coastal area

~an-ideal “daughter-parent" sinkhole relationship is present.

¢) Berry Hill and Boswarlos area

the sinkholes in gypsum repreduce a tropical cockpit type of
development
karren and pavement development is extensive.

[

Karst development in marble: a) Sops Arm area

a small, active cave at the north end of taylors Pond is

beinj entrenched ‘along joints

: £
the cave has 200 m of,its passage mapned 4
several small caves are found along the cliff face,and

numerous small sinkholes on the top (ref. Karolyi, 1976;18772).



ur

100
3) Karst deye1opment in Timestone/do10mjte: a) Port au Port Peninsula
- karst features found at several places on the peninsula includes:
sinking streams, sinkholes, karren forms, and caves in river
valléys which generally follow fault lines. . ‘,;é

b) Gallants area
- - sinking rivers, collapse features, caves, and karren forms.

¢) Corner Brooklarea
-~

inking streams, collapse features

N .

"d) Goose Arm area ----this study

e) East Arm- Lomond area
- sinking streams and caves

f) Bonne Bay Big Pond - Wiltondale area .
- sinking streams -and caves

g) Daniels Harbour area
- caves

h) Roddicton area

- cave at least 400ft.

(ref. Karolyi, 1977b).
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