National Library of Canada

Cataloguing Branch
Canadian Theses Division . .

Qttawa, Canada
* K1ACN4 i

NOTICE

-

The qualfty of thlg t]}n\rﬂn‘lche 1s heavily dependent upon
the quality of the original tpesus submitted for microfilm-
ing Every effort has n made to ensure the highest

quahity of reproduction posgible

[} - <

It pages are missing; contact the, university which
~ granted thé degree

Some pages may, have indistinct Qrmt espectally 1f
the ongmnal pages were typed with & poor typewriter
nbbon orif the university sent us a poor photocopy

T

]

. Previously copyrighted maternials {(journal articles,
published tests, etc ) are not filmed -

Reproduction in full or in part of this film 1s governed
by the Canadian Gopynight Act, RSC 1970, ¢ C-30
Please read the authornzation forms which accompany
this thesis ,

. \\ (ﬁ
, THIS DISSERTATION

' HAS BEEN MICROFILMED :
- EXACTLY AS RECEIVED

~

-

NL-339 3/77) N ,

A}

a

Bibliotheque nationale du Canada

Direction du catalogage
Division des theses canadiennes .

7

La qualité de cette microfiche depend grandement de la
quahite de la these sounise au microfilmage Nous avons
tout fait pour assurér une quahite supérieure de repro-
duction ' ’

]

'l manque des pages, veull
Luniversite qui a confere le grad

communiquer avec

La qualte d'impression\de certaines pages peut
laisser a desirer, surtout s1 les pages onginales ont ete
dactylographiees al'aide d'un rubds use ou sil'universite
noys a fait parvenir une photocopie de mauvaise qualite

Les documents qui f%l’objet d’un droit d’au-

teur (articles de revug, examens publiés, elc,) ne sontpas
microfilmés f T
2 S
La reproduction, meme partielle, de ce microfiim est
soumise ‘a la Lot canadienne sur le droit d'auteur, SRC

1970, ¢ T-30 Veuillez prendre connaissance des for-

‘mules d’autonsation qui accompagnent cette these
g

4 -

/

-

LA THESE AETE °
‘MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE

- 4

. S .

-

L1



o~

i x
THE COMPOSITION AND ORIGIN

B OF WISCONSINAN TILL IN MAINTAND ‘

u

3 - NOVA SCOTIA

E . At

by ¥
A, :
ERIK NIELSEN . [

. \ -

' . " 4 -

N ' o . LY

Y
N ¢

Submitted in partial fulfilinent of the requirements for

» N -

the degree of Doctor of Philosophy at.Dalhousie Universuity,

Halifax, Nova Scotia, June, 1976.° . .
v f‘ l
e el -y "~ c;
‘ R r gl £ 3 2 - o c
) 1 N « ! K3
. - ’ L
@ ERIK NIELSEN 1977 €

-~

"




-

Y

. K - . ..
‘. TABLE OF CONTENTS 7

, i . .
s . a - Q *
. . N ) . -
. S : Page

’ . .
JIST OF FIGURES } . ! L
§ 4 ’
b - f

L1ST OF TABLES * ® i w

o N -
LIST OF APPENDICES Ve v

3 A '
ABSTRACT - ’ , . v
P LY
. » ACKNOWLEDGEMENTS i Vil
CHAPTER 1 - INTRODUCTION . -a 1
- The Glacial Sequence in Nova Scotia JEN 1
Purpose and Scope of Study . 2
Location and Samplang Programme * *'-\ 4
» =
CHAPTER 2 - PHYSIOGRAPHY AND GEOLOGY . 7
4 -
Physicgraphy T . T - T
Drainage Divides ' ° * 9
. Previous Work . - R i
) ~Early Studies - i 11
Studies by D. R. Grant (1963) _ S
Morphological Features . 14
Stratagraphy 16
Pebble Laithology ! po 16
Heavy Mineral Studies by P. J. Nolan (1963) 19
Recent Studies 4 o ) . 23
CHAPTER 3 - PLEISTOCENE CONCEPTS \ - 26
- e

Till - ! 26
r Glacial Erosion A ) h N .27
Glacial Deposition - . 29
Characterastics of Till ‘ , . 31
Lodgement T1ll 31
Ablation Till 31
° Melt-out Till ) \ 32
Flow Till . 33

BN - N

P

-



B

(%S

CHAPTER 4 - STRATIGRAPHY

9

\

3

-

Introduckion

Oldexr Till Deposits Predating the Last Glacial Substage

Salmon River and Vicinity
Milford Gypsum Quarry
Lunenburg Drumlin Field

v Hartlen Point

, Cole Harbour
Sandwach Poin
Whites Lake
The Parrsboro Gap

p St. Croix ~
The Highlands and Uplands
The Lowlands

Interpretation

Conclusions. »

:’! )
t

L 4

e |
\*cmmn 5 = TILI, FABRIC ANALYSIS

, CHAPTER 6 - TEXTURE )

.

Y

IR} ’

Introduction

Regional Ice Movemeht -
Origin of Till Fabrac

[l

. Younger Multiple .T1ll Deposits .

Al

PRE-N

\

Local and Regional Variability in Till Fabr:.cs '

Nova Scotian Till Fabric Amalyses

2 Method .

“

»

. Hartlen Point
'Regional Ice Flow N
Conclusions

v
»” A > °
.

: L)

Laboratory Analysis .
Results . s
Conclusions :

CHAPTER 7 - PEBBLE muxwayﬂaucms

Introduction
Methods ¢

Distribution of Basaltic Erratics |

North Mounstain

{d1cator Train

s

@

[

<~

'

: 37 ‘ .

s
1521
.~
-t B G e d et " g

. A6 T

50 - -
54

58 v

‘70

72
/8

\

\



™

P

"

»

CHAPTER 8 -~ HUAVY MINERDLO

@

»

Puitribution of Brratius
Aouth Mﬁuntain Indicator Trawn
* Dastomn fhore Indicator Tram
tzhoquxd Moun¥®ains indicator Tram

Conclnsaon

Introductaom
Mothods

Heavy Mineral beparataon
Preparataon and Countzu@ of Slides

&oxxulatlon

Iéavy Mineral Distribution
Yoercent. Heavy Minerals

Amphaibole

Epadote
Augite
1 Spheone,
Apatite
Rutale
dJireon

CHAPTER 9 - FACTOR ANALYSIS

-

Staurolite
Andalusite
Si1llamanite
Tourmaline
Shessartine
Almandine
Anagtasc

&

-

Opaque Minerals
Didcussion
, Conclusions

Introduction

Computer

Results
Discussion
Conclusaons

-

CHAPTER 10 - BISCUDSION AND CONCLUSIONS

Chronology and Oraigin of Nova Scotia Till Depcsmts
When was the main tall forming event?

How long was the till formaing process actave?
Distributxon of ‘Nova Scotia till types

Technigue

14

Glacial Processed

Summary of Salient Conclusions

4

Erosion
Transport
Deposation

w

.\

a

Y

a

»

-

[l

o

L

4

Al

-
J,



REFERENCEL
ATPENDTX 1
APPENDIX 2

. APPENDIX 3

%
APPENDIX 4

?
v
]
+
*
7
v
B
¥ o
-
®
t ’
- ) -
>
4 » o
1
n’ 1]
[
k]
o
°

e

i

-
* ¥
»
»
»
v
.
°
“ B
o
1
»
.
)
®* .
[
¥ . \
“ °
.
7
.
4
PO
.
.
3
-
. .’
= e
¢
: .
e -
@ ~
-
.
-
s
[
-
.
¢ -
5 - P
>
-
I
- «
. P4
’ .
-
. ‘
. . ¢
»
-
2
S
t
0
| Y ‘

e



&g

N

GNP N e 8 b

%

£
s b
[l B

[
[

B g e
W3O W

]
<

21
23

24 ¢

25

26

- 27
28 }

. © 29

30

+

33

34

35

37

38
39

v

J o L
. ) ) ‘ e a
. . .
* " o o - '
’ * LIST OF FLIURES” .
s o - .
& R = ¢
? . Page
wwation vt till samples . . Lt - 6
Physioaraphie division g . 8
Drawmaad. divades ! . 10
Mumlin fields and foreiqn pebbles lobes Y i5
Hypothetical Lee currents . .18
Heavy minerals of Nova Sgotian beach sands
Drumlzn field, dxstributlon oL
ce flow features ° - N . T 25
Hartlen Pownt tall bnctlon ' . . - 38
Type T anelusion , ¢ 40
Type 1X inclusion 40
Typge IIT nplusaon , 42
Red clay 1 ond q tmll contact at Hartlen Poant 42
Cole Harbour tall se¢ 44
Sandwich Poant tall sectaion . 45
Till wedges at Whites Lkake » 47
Flow till 1h the Parrsboro’Gap ) , . 48
T1il block 1n gtratified draft n 48
7111 exposures at Joggans 52
Correlation of Nova.-Scotian tlll deposits ' 53
Till'sfabx1c of the upper till at Hartlen Point , - 62
T11l fabric of the lower till at Hartlen Point 63 ”
Variataons in the fabric of the upper and lower talls at
Hartlen Point . — . 67,
Ice flow direction &s shown by fabric analysis 69
Ternary diagram of*ﬁéﬁl composition > 73
-Tertiary diagram of \thll composition ’ : 74
Inthofacies map . 76
Variation in the gravel and mud content of samples from the
Eastern shore 78
Varzation in the‘grayel and mud content of samples from the
Lunenburg Arumlin field - , 79
Dastrabution of basaltic erratics : 88:
Distrabution of granatic erratics 45 93
Nova Scotian bedrock geqlogy and t:ll sample location ' 104
‘Regional metamorphlsm of the Meguma Group and tlll sample
1lgkation 108
Dendogram for red clay and grey till samples from in the
Halifax area 112
Distraibution of heavy minerals . 114
Distrabution of amphibole . 116
Variation in the amphibole and mud content of samples fxom
the Eastern shore ﬁfr 119
Distrabution of epidote . 122
Variation in the epidote and mud content of samples from
the Easﬁffh shore . 124

20, 21

t o H e

b



h 40
o 41
: LR 42

43
' o+ 44
. 45
] 46
47
48
" 49

— 50
. 51
. 52
- 53
54
. 55
56

. 57° .
# ! + B8

® ) 59 !
.’ c 60
6l
62
63
66
. ‘7
. 68
69

- I-1

' Ir2
o ©I-3

v~ III~2
ITT-3
Ir1-4
IIX-5

III-6

e »
Dustrabution of augite , .
Variation ain the adugite and fwud content -
Variation in the audite and mud content of samples from
the Lunenburyg drumlin field .
Dustrabutioy of sphene .
Distribution of apatite
Digstrabution of rutile
Digtribution of zircon |
Distribution of staurolite .
Variation in the staurolite and mud content
Distrabution of andalusaite
Distribution of sillimanite

Distrabution of tourmaline | ‘

Digtraibution of spessartine ¢

Py

Distrabution of almandine '

Distrabution of anatase

Variation in the anatase and mud content .
Dagtrabution of opague minerals

Variation in the opaque mineral and mud content

» Drumlin and aindicator fan orientations . ©
Rélatronship between numbdr of factors and variance
Factor ,loadings . s .
Distributio op of the detrital suite . .
Distributicn of the*augite.suite s ’

Dpstrabution of the Gobequad suite
Distrabution of the Cobequid and the augite suite
Distrabution of the metamorphic, suite -

Distribution ©f the apatite-andaludite suite °
Variation in°suite IA and mud content Y

Variation in suité IA and amphibole‘content . .
. Range of 14¢” dates from Nova Scotia and the Scotian Shelf-

<

Pebble fabric 1n a horizontal plane at McPhersons M1lls

Pebble fabric m a vertical plane at McPerhsons Mills

Equal arca projection of till fabric data from 25
locations in Nova Scotia ‘

III-1» Dendrogram-constructed fzom the' data in Table III-].

. from the Dartm(ou’ch-Eﬂf:Leld area o

bPendrogram constructedsfrom the data in Table III-2 -+
from the Salmon River area K )

Dendrogram constructed from the data in Tablé ITI-3 |
from the Joggins area

Dendrogram constructed from the data in Table III-4
from the New Glasgow area

De ram constructed from the data in Table III-5
from the Chaplin area .

Dendrogran{ constructed from the data in, Table III-6
from the Br:.dgewater area

"

Page

126
127'

129 .
131 - ‘
133

135 °

138

140

141 )
143

145

147

149

152 »

154 :
156 .

158

159

163

168

171

173

174

175

176

178

17 '
181
183
189

223
223 *

224~229 ] '
‘239
240
241
242
243

244

#e o me aeelnr pmaTed AT

“e

v
Py



-
1] ’ . -
Ll
A3 - *
' . 111
) i
. ¥
# . * ’
x ¢ '
Foe ,
e “ \ .
Tt II1~7 Dendrowram constructed from the data in Bable ITI-7
" ! from the Whites Lake ared c
2 o ] ®
4 Al
: I:LI—S/ Dendrogram constructed from the datg in Table III-8
. from the Eagles Nest Point arga ,
L] & -
- !@e last page gf the thesis 15 a map showing Nova
. Stotian place nagtgs/xﬁ?ta.oned in the text.
v (’%‘*\/ N " '
° 4 .
~— L X ’ N '
* 4 N
\ .
r - * v ‘
» ) — . <. <
. ] ¢
( L
\ ; .
L4 LA
R *
’ .
b, ' . N
e pm—- 1)
Lo . h ‘
3
L4
f T

e ganang e

Page

245

246

!
i
{
P
)
>
»
.
L
i
. 1
. . E{
| ?
- H
H
v f
!
. cerd
)
.
PR
[
-
.
A 4o
v
.
.
v
‘\ N
J
~ ?
i
.
o
. .



- ~ 3 g ” * {
’ L ) o v ‘
’ ! ’ ( v
“ 5 L4 s
v v W
. LIST OF TABLES . ki .
: S - %
v : ' " . Page i
| . ) - !
v \ 1 Till b13b§lflcat10n 27
: i 2 Statistical parameters Yor till £abric data ‘ 65, 66 - ‘
. . 3" Mean orpentation of heavy mineral indicator fans - 163 -
; 4 Communalities, variance and factor _loadings for factor . -
analysis of heavy mineral data 169, 170 Y
5 Carbon 14 dates from Nova Scotia, the Scotian &helf,
. B ! and New Brunswick e . 187, 188
I1I-1 ¢ Correlation matrix for till samples from the Dartmouth- v
Enfield area . 238
. I1I-2  Correlatgon matrix for till sampled from théleon ¥
. . : \ River area 240 ° .
I11-3 Correlation matrix for till samples from the Joggins - v
' , area . E 241 .
) III-4 Correlation matrix for till samples from the New .
. Glasgow area " n E 242
Ca _ III-5 Correlation matraix for till samples from the Chaplin : »
T area 243
IIi-6 Correlation, matrix for till samples from the
Bridgewater area . 244
{ 111-7 Correlation matrax for till samples from the Whites
. Lake area 245
ITI-8 Correlation matrix for till samples from Eagles Nest )
Point area 1 . 246 A
III-9 Correlation matrix for till samples from Sandwich T
Point, Hartlen Poiht, and Cole Harbour. Frgure 34
> ~ shows the corresponding dendrografi. 247 .
s \\\ I -0 B N
™ y . ° '
- 4 - L) . ! ‘ “ v
. . ) \ - )
% ' E : '
g X y
' . "
' S,



i "““Q

P o
q

. e

-

-m-x
3

U

o
»
£
.
1
2
.
3
s
N
4
«
5
e,
L .:’.Qv
.t
v
L 3
»
w
. *»
B
+
.
.
.
)
[m
a,
.
.
¥
"
o
. .
N

¥ . [y
s u had » * &
Z ey L S
f .
. i ‘ ¢ M '
L3 ’ )
s L] v
:’ \ ° .
. IST OF ‘APPENDICES oo .
N oo + .
t\\ - : 3 ) Page
Thl fabrie diagrams ' : Co 222,
Percent gravel, sand, silt; and clay . T ces
\Percent granitic basaltic pebbles, Mmeral surtes
IA, II, III and Mineral suite 1B 18 lxsted in . .
Bppendix 4 as the percent augite. ) ? 230 %
k Spearnian rank correlatzon matraices and dendrograms for !
'selected multiple till samples and Surrounding €111 ’ T
sheet samples. X . v 237
List of the drumlin and non~drumlin samples overlying the
Meguma Group east of Halifax. - .
_ List of the drumlin and non-drumlin samples overlying the T

Meguma group in the area Sf the Lunenburg drumiin field.
Results of point counts of heavy minerals. on dupllbate .
- samples of red and grey till from Hartlenm Po:mti, Cole

Harbour and Sandwich Poant.

Results: of point counts of heavy m:.nerals on till samples. 248

o

[

°

#
B

Y

PRI ¥ SR

R AIEL S SNSRI S

el

e



vi

N
o ABSTRACT :

» : R

Field mapping, till fabric analysis at 21 sites, grain size analysis,

pebble counting, and hé%vy mineral anélys;s of 324 samples were used to

v -
\

determine the source, direction of transport, and method of erosion,

. 4
transport and deposition of Nova Scotian t111§

»

' ¥
Only one major(tmll sheet, in places showing distinct basal, engla-—

cial, and ablation phases can be distanguished in the fleld. It 15 of

“classical" Wisconsinan age. Five mineral suites have been distinguished

.

by R-mode factor analysis. The mineral suites are: 1) a detrital suite

deraived from’post-Devonian sédiments, 2) an augite suite from the North
Mountain basalt, 3) angamphlbole—eplébte suite from the Cobequid Mountélns,
4). a Qetamoerlc suite from the southwestern and northeaséerqoparts of
the Meguma Group, and 5) an apatmte-agdalu51te suite frcm the Devonian

‘batholiths.

3

The m;néral, pebble, and grain size distrabution in the till shee;
N
indicates éenerally south southeastward ice flow across mainland Nova Scotia.
Generally the composition of the tills reflect that of the immediately
underlying bedrock except for'the. red clay drumlin tall deposited along the
Atlantic ;oast which-has a hlqher'congpnt of amphibole, augite, and mud than
the su;rounding‘tlll shée*. The sourée of the red drumlin t11l is the

Carboniferous lowlands and the Cobequid Mountains. The red clay till was

transported englacially and subsequently deposited along the Atlantic shore

[y

I}
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as melt-put till after crossing a “skip zone", an area of little or no

red mud till between its source in the northwest and the drumlin fields

&

of the east coast. The "skip zéne" coincades with the drainage divade

which runs down the length of Nova Scotia. Topographaic high areas such as

v

North Mountain, “the Coﬁequld Mountains, the Antigonish Highlands, and-

the "skip zone", including South Mountain, were major areas of erosion.
l:"
! v -ll‘ ,

Till fabric analysis andicates that basal ice flow conformed to the
underlying bedrock topography whereas the orientatiow of indicator fans

¢ o suggests that the regional ice flow was almost unidirectional from a source

) '

in the north northwest. Radiating dispersal fans from Scuth Mountain and

.

the QgFequld Mountains attest to the presence of late actaive Wisconsinan

¢

1ce caps.
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The Glacial Sequence ih Nova Scotia

Nova Scotia was undoubtedly covered by ice

4

%, r d Ay Ve
, . .
‘ -
L3 ’/‘\
' -l- . /
7
, v
- g
o /
CHAPTER 1 o )
. ' InTrRODUCTION »

N

—

2

stage as evidenced by the Bridgewater conglomerate, an older draft

represented by isolated outcrops in the provance. The evidence for glacial

origin of the Bridgewater conglomeraeg’is

"
at 1t rests unconformably on

underlying striated bedrock surfaces and that it contains numerous striated

pebbles from foreign sources lying to the north and northwest. The highly

weathered state of the conglomerate also testifies to its pre~-Wisconsinan

age although no definite age‘can be assmgneh to at. | The conglomerate'ls

7

characterized by brown lamonite cement which renders it unigue among the

glacial deposits in Nova Scotia. Nevertlieless, gther pre-Wisconsinan tills

have been described in Nova Scotia, especially in Cape Breton (Mott and

Prest, 1967) and southwestern Nova Scotia (Clarke et al. 1972). 1In both
Y

these areas, ‘as well as

f
posits have been fou%d;

beyond the range of the 14

eradicated the drift of

Wisconsinan age.

o

*

in other scattered localities, buried organic de~

@y

however, their ages

C dating method.

known since they are

Later ice invasions have largely

these earlier episodes, leav;gg mainly till of Late

s

-

4

The main glac%gl till sheet varies greatly from one area to another.

o

The Jarlathps usually result from the composition of the bedrock over which

+ “

»

]

iisets before the Wisconsinan

i

-2
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°

the glacier moved, the mode of deposition, the distance of transport and

the amount of ‘weathering since deposition.

s
T111 15 the most widespread of Lall the surficial materials and covers

most of the province (MacNeill, 1960). On the uplands the till is generally

1

thain and bedrock is widely exposéd. Thick till deposits are more common’

over ‘the lowlands and in the valleys. The only topographic features of

B )

consequence formed. by the till are the drumlins, of which there are several

thousand in the provxffce (Wilson, 1938). Only three end moraines are known'

(1)

to exist on the mainland, in the Joggins , Parrsboro Gap and Comeauville

areas, This, of course, makes the identification of ice margins most dif~

i

ficult. It élso complicates the problems of recognizing multiple till

sheets since the detrifps carried and deposited by an ice i1nvasion may have
few characteristics that were not shared by the preceeding invasion., A

5 >

moraine system occurs offshore, roughly parallel to the coastline and some

30-40 km from it (King, 1969). :
L ]

Nova Scotia tills including that of the red drumlins are best designated
as ground moraine deposited by basal accumulation from moving ice or dropped

from melting ice during recession.

Purpose and Scope of l:l)e Study

~

In the last few years there has been an increasing demand for infor-

°

mation concerning the surficial deposits of Nova Sdotia. Although the

)

general pattern of ice movement 1s known, wore specific detail i1s required

.

s

(1) The location of places mentioned in the text is shown on a map
an the back of the thesis, ,
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and the bresent study seems to be a logical step in the collection of anfor-

S | .
mation about the last glaciation of the provance.

3

Specifically,y this study had several objectives:
(a) Systematic Pleistocene survey .

The only previous regional studies of the surficial deposits were car-
ried out Grant (1963) and Nolan (1963). Grant worked on the indicator
pebbles of samples collected aiong‘the south and eastern shores of the pro-
vince and Nolan examined the heavy minerals of the Nova Scotian beach éands.
The present study is intended to investigate any possible relationship
between Nolan's heavy mineral provinces and Grant's pebbie provinces and to

extend their work to cover the entire mainland area of the province.

{b) Mineral Provenance { .

The use of mineral provenance to delineate ice flow has not been
attempted in Nova Scotia till deposits. It is hoped that this study will
demonstrate the potentialities of the method. It 1s also hoped that useful

indicator minerals may be identified and through construction of a minqul

*

facies map of the till sheet make future.work easier.
(c) 'Ice Current Theory
Grant 11963) proposed hypothetical ice currents across the province.

hxnerqloglcal. sedamentological and geomorphological investigations of the /

present study were initiated to substantiate, modify or refute Grant's

-

inferences. {

(d) Till Fabric Analysis

N [y

Mapping of 1ce movement direction by the use of till fabric analysis has

-



4

been avoided in thas province. Hopefully the usefulness of this tool in

-

4 Nova Scotia wiil be demonstrated although muth more needs to be done. This "

method was tested in the area around Minas Basin, where directional indicators

.

are scarce, in order to delifheate ice movement direction 'there,
3 “ *

‘le) Bedrock Control of Till

1 o

A
E}

Elson (1961) states that the granulometric composation of till is
governed by (1) bedrock lithology, (2) method of transport, and (3) method
of deposition. The amportance of each of these crateria as it pertains to

Nova Scotian tills will be considered.

1Y

(£) Delineate Mappable Till Units

! In addition to the construction of a mineral facies map of the till sheet *q

| one objective of this study as to construcf a facies map showing grain size

distraibution. )

’

g (g) Heavy Minerals as a Tool for Correlation

’

]

?relmanls and Reavely (i953) tried té differentiate multiple sections
of talls in Ontario using heavy minerals but were only marginally successful.,
This same method was tried in Nova Scotia with the hope that it might be

more successful here. v

. Location and Sampling Programme ‘

4

i}
°

The atea of investigation comprises the whole of mainland Nova Scotia,
; excluding Cape Breton Island éga the northeastern part of the mainland near
the Strait of Canso, The latter two areas were excluded from'the study

because the Geological Survéy of Canada 1s working on the glaciation of
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those regions. It also excludes large parts of the Cobequid Mountains and

13

*

14

the interior of the eastern Atlantic upland where-there was no access I;;y

g v IR

Y

road. . \ ,

-
»

- 1

o
Y

[N .
4

LY

K , Sapples were collected along 3,000 km of roads and along sea cliffs
during the summers of 1971, 1972, and 1973. Road cuts ana/Lea cliffs were -

‘sampled almost exclusively be&;use t‘ney provided good fgesh exposures in

<

depth and good control on stratlgraﬁ)hy. Ready access also speeded the

. collection of the samples and thus ‘made wider coverage possible in the time
s

’ , available. Genenaéy samples were collected every 5 to 10 km but additional

\ a

samples were collected in reyions.where the ti1ll was highly variable (Figure

®

“1). °

[

o
| - '
A

Each sample was collected from a depth of at least 1 to 1.5 m to ensure

N »

that it was below the zone of frost action and weathering. Before taking

the sample, the surface was cleaned thoroughly to remove any altered or

weathered material. Approximately 8 to 12 kg of till was collected at

each 1oca;:ion erther by chanhelling or by scraping it off the large, clean,

freshly exposed surface, Large samp:Zs were collected for tw? reasons:

1) at least 2 kg of pebbles in the 5 to 22 mm range 18 needed for pebble

counting,” and 2) to minimize the effects of possible inhomogeneitaes an the >

X ( ) * .
till matrix. — s . ’

Sa A
+
~

3
A%

f ' A total of 324 t1ll samples were collected and 21 till fabric analyses .

3

were carried out. Preliminary investigation of the prepared samples during
| -

the winter indicated that samples were also needed From southern New n

Brunswack. Nine samples were collected there. .

A
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PHYSIOGRAPHY AND GEOLOGY

@«

v Physiography

The upland surface of Nova Scotia is apart of the remnant of a broad
(;retaceous ‘peneplain (Goldthwait, 1924). The peneplain in Nova Scotia is
. highest in the northwest and slopés gently towards the south-southeast. In
CE}pe Breton (outside the study area) the peneptlain reaches a maximum ele-

vation of over 500 m. In m inland Nova Sgotaa the upland surface rises from

the Atlantic coast to an elevati 200 to\230 m in the Cobeguid Mountains.

Three major physiographic regions can be distinguished (Faigure 2).

-

1. The lowlands are gentulir undulating plains ranging in elevation from -

sea level to 130 m and o&cas:.onally to 200 m where they merge with the uplands.

-

w
.

The lowlands along the Northumberland Strait and the area around Minas

~

Basin are composed of soft sandstone, shale, siltstone, limestone, conglo~

merate and gypsum. "

“

P [

+ 2. The highland region of-*mainland Nova Scotia can be divided into

é

three main areas:

a. The Cobequid Mountains extend east~west across the northern part of the
mainland. They are approximately 150 km long and 16 km wide, This resistant
r:.'dge is made up of granite, dioraite, syenite, assorted varieties of acid

/
volecanic rocks, minor amounts of basalt and andesite and some sedimentary
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rocks. The only significant break in the ridge are the Parrsboro and the

7 1 -
Wentworth Gaps. )

f

b. The antigonish Highlands extend south and east of the Cobequrd Mountains

£or abouggloo km and range an width from 17 to 40 km, overlapping the

L= T

Cobequids for<§Bout 16 km. This highland area i1s composed of sandstones,

o

shales, conglomeratés, minor amounts of basalt, diorite, gabbro and granite.

Between the Cobeguids and the Antigonish Highlands is the Stellarton Gap.

[

c. The North Mountain extends for about 200 km in an east-west direction

along the south shore of the Bay of Fundy. This ridge consasts of basalt

Lo

and varies from 2 to 6 km in width. ‘

L |
3. The upland region occupies a broad belt along the Atlantic shoreé and

. )
1s about 150 km wide in the southwest and 45 km wide in the northeast. The

area 1s underlain by Devonian granite and by slate and metdquartzite of the L

.

Meguma Group. '
Drainage Divides

The davides which separate the ravers draining into the Atlantic Ocean,

Northumberland Strait and the Bay of Fundy are shown in Figure 3. As the

peneplain surface generally slopes to thé south, undulations of the drainage

1

divide to the north indicate that thé land is higher in that direction. - -

Simalarly, undulataons of the drainage divide to the south indicate a general

. lowerang of the divide in that direction. For example, the drainage divide

[y

north of St.,Margaret's and Mahone Bay# 1s low compared to the drainage

divide at the headwaters of the LaHave River.

L
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- The drainage divades shown in Figure 3 separate mainland Nova Scotia

o A} €

P

into four reézans based on the attaitude of the regional slope. The Atlantic

. Y

Coast and Cobeguid regions slope to the south, the Northumberland and Fundy

regions to the north. The strcams of the Cobequid and Fundy regions dis-

w - ~ ~ ’

+ charge into the Minas Basin and the Bay of Fundy.

3 Q ¢

ZET ‘
) > " revious Work

Barly Stu éq ‘ . ) 5
y &\',L ! fi?o 4
o .’
- . és
Honeymap (1878, 1882, 1886, 1890) was the earliest geologist to recog-

"
»

. nize and delineate the boulder trayh of basaltic pebﬁles from North Mountain.

His map of the boulder train showed that the eastern limit was a line running

frdm'Caée split to Chezzetcook. Other basalkic pebbles to the east of

[
© Chezzetcook were interpreted as oraginating at Five Islands and Bass River.

-

0 Honeyman also recognazed that distantly travelled pebbles were associated

-

. with.red tills or "red heads". He misanterpreted thése "red heads", which
A 3 14

: are known today to be drumlins, as a terminal moraine.

. » Dawson (1893) was the first to express the opinion that, since granites of

A=)

«southern provenance are found on top of North Meuntain, northward moving ice

¢ v

-must at some time have flowed off the Southern Upland.

L ey

-

%oldthwalt (1924) summarized all the known data about the physiography
Y ) “ and history of ice movement and drew maps showing the dispersion of erratacs,

. and the distrabution of drumlins. He disagreed with Dawson's ‘interpretation
’

e

of the granite erratics on Nor%Q,Mountaln and instead believed that there

must be a dranite source samilar to that on the Southern Upland somewhere in

.

L I



the Cobenuid Mountains or Bay of Fqndv“and at the southwestern end of the

Annapolis Valley and maybe near Kentville. &\\

!

R ‘ \ v

In 1941 Wickenden reported the occurrence of end moraines ain Cumberland
¢

County. He interpreted the Joggains—Amherst moraine as a lateral moraine of

»

one or two 1ce lobes, one which he believed to have moved down from the north

¥
.

and the other from the northeast (he probably means northwest). From the kames
and moraines he mapped on the Cobequid Mountains he concluded that the ice
prcbably abutted on the north side of the Mountains for a considerable period

of time. The three t1ll types at Joggins were thought by ham to indicate

o
rl

o .
three ages of glacpation.or advances of the ice from different directions in

view of their different lithologies. -

.
3 *
.

F

MacNexll and Purdy (1951) returned to the concept of South Mountain active

1

ice flowing northward. -

® Hughes (1957) suggested that\the Shubenacadie area had been glaciated by

4

a single ice movement from the no%thwest to the southeast, and that the two

tills at Eagles Nest Point record§d a fluctuation an the ice margin when it

stood in the Hants~Colchester Lowland. . t

Hickox (1962) established, by means of detailed pebble cpunting, the
decrease in the concentration of granite pebbles from the Southern Upland
across the Annapolis Valley. The ?ontroversy of the South Mountain 1ice cap
and the northward flow of ice anto the Bay of Fundy was considered to have

been resolved and 1s now regarded by many people A; an established fact.

o
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Studies by Grant (1963) . :-

) Grant (1963), in the only substantial investigation of Nova Scotian tills

[

hatherto undertaken, analysed the pebble fraction of 176 till samples. 3s

this work is essentrally unpublished, 1t 1s'necessary to summarize it at

some length. .

Grant's samples were collected within approximately 40 km of the Atlantic ;

a
L3

coast between Yarmouth and Ecum Secum. ‘The underlying bedrocks in these - .

°
1

areas are granite, slate and metaﬁuartz1te. Grant was able to davide the till
in this into four main groups: 1) granite tills (more théh ;0; géﬁnlte pele-
bles), 2) metagquartzite tills (more than 60% metagquartzite pebbles), 3) slate
t11lls {(more than 60% slate pebbles), and 4) hybrad tills where the lccal'cam-

ponents do not cxceed 60%. e

K

The granite till is centered over the granite batholith, and lattle

dispersion occurs outside the source areas.

. +/
Graﬁl’&ecognlzed four types of metaguartzaite tills: metaquartzite tlllscw \Ex
rich in metaguartzite, metaquartzite till rich in granite pebblés (found _
close to the granite batholiths), and two types of metagquartzite t11ls with

an abnormally high concentration of foreign pebbles, found in agd around the
drumlin fields. Muich 6f the metaquartzite till was moved southward over the
slate. The slate till was also found to be richer an foreign pebbles in the

«

drumlin areas.

’

Grant divided the hybriad tills into four groups depending on the ad~
mixture of granite, slate, quartzite and foreign pebbles. Type A hybrad
till is dominated by granite pebbles and was found in th Sambro-St.
Margaret's Bay area. Types B and C hybrad tills are characterized by the pres- °

ence of metaquartzite and slate and an abundance Jf foreign pebbles. 7These

1
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t1ll types are found around LaHave River, Cow Bay to Chezzetceok, Owl's )

i

4 . -
Head, Ecum Secum, Moose River, Musquodoboit and Windsor. OGrant attributed

the pebble composition of these tills to their proximity to or position

within drumlin fields. QTvpe D hybrad till, with apgroximately equal percent-

%
k3
[

_g&;ag957of granite and metaquartzite pebbles, i1s found mainly an the Yarmouth,

\

Shelbyirne and Musquodoboit Harbour areas. Grant believed the controlling

factor to be dilution by overlap from-the surrounding bedrock.

o
]

Grant concluded that 1) hybrad talls are the result of simple mixing by

overlap, and 2) hybridtills very rich uin foreign pebb}gs are located in and a-

round drumlin fields. He then separated the local and foreign components and
A

i plotted the distribution of foreign pebbles‘(Flgure~4). He further separated

the North Mountain, Cobequid and Minas Basin components and found that

4

NS the North Mountain and Cobequid’ pebbles were restricted to the drumlin

-

fields, and the M&nag Basain pebbles to the areas between the drumlain fields.

T
*

These initidl results led Grant to make a more thorough study of the

a

nature of the pebble distribution in the red clay drumlins within the study

rarea. The important features of the red clay drumlins as inferred by Grant

a

~
®
* i

(1963) are listed below:

Morphologacal Feaﬁures

3 -

1. The drumliins occur in well-defined groups or fields, .
é. The drumlin fields are oval; their long axes strike parallel to the
. direction of ice travel, and‘to the drumlins within th;~?
3. :

The spacing (concentration) of drumlins in the group is characteristic .

for this area (one drumlin/1.6-2.0 sq. miles}).

f
'

T
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\\\Stratigraphy

1.

- 10 -

The drumlins in any £ield have parallel trends.

-

The trends an nine of the fields a5 southeasterly {130°9=-150°).
The two excertions are southerly trends {172°). .

Most of the drumlaing in the area have gimilar dimensions:

~

Longths 3000-4000 feet Width: 1000-1300 feet

Heaight: 75~ 150 feet Length/width ratio = 3:1 -

.

The drumlins are surrounded by the looge-textured, light coloured till

4

sheet and rest on a farm, dark, underlving tall, the lithology of whach

strongly reflects the underlving bedrock.
R

The contact of drumlin and underlying compact tall ais very sharp, and ’

a 6
£

is marked by large metaquartsite boulders.

In drumlin areas, the underlying till i1s unusually, compact and stands

13

.vertically on erosional slopes, compared to the distinctly lesser

slope maintained by the overlyang drumlin +111 and the associated

A
! QL' o -.-/

loose~textured till sheet, BN

There are signs, in a few localaties, of a third member underlying

1

o

the compact till. 7

"

Similarly, an a few localities the drumlins are mantled with a member

s
i

of local till. ’ N

Pebble Lithology

l.

2.

g O a

¥ o

Each drumlin field has a distinctave pebble association.

“ »

All fields, except that at Chezzetcook, have 10%-20% Cobequid pebbles.

P

'

9
op t



3. The laithologic differences between fields are created by variations
m the ratio of 'Minas' to *local'’ pebbles.

4. The average quantity of 'Minas® pebbles an %he 111 of a drumlan field
varies inversely, and linecarly, with the distance of the field away

from the Minas Basin area. The decrcase in transport s due to the

El

differential destruction of these softer spoecres,

4 ° -

5. The Iunenburg gnd Chezretcook fields are characterized by their much

greater, contents of North Mountain and Cobequid pebbles respectavely.

6, 2As a deumlin fieid migrates from a northerly source area onto a southerly

source atea the drumlin till is progressively enriched an pébbles from

the southerly.source, according to a linear function.

7. Saimilarly, there s a progressive increase in loecal pebbles towards the
!

fringes of, the field. -
8. In the Lunénburg field, the red clayué;gmllns and a red steny taill sheé£
are ielated to a red sandy drumlan rhase with gn intermediate com-
. position. ’ v ’
9. The data strongly suggest that the red drumlin t1ll 1s transational to

(or has been derived from )} a similar red till deraived from the ainter-

ti1dal and estuarine mud of the Minas Basin area.

7

Grant believed that the ice flow and pebble dlstilbutlon in a drumlin

field were the result of a velocity gradient similar to tha%ofound in present

o

day valley glaciers. What exactly caused the ice currents to form is
uncertain since the valleys which croSs the province are very small. For

this reason he called his "ace current” model "Hypothetical' {Fagure 5).
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Heavy manecral studees bv Nolan (1903)

°

Nolan {1963) mapped the diolribution of heavy ranerals in 130 beach

samples from Nova Scobia. This work is largely wnpublished. He concluded
that augite was the only indicator derived from a daistantly travelled tall.
Nolan's raw data for 11 of his major minerals from the Strait of Canso to
Yarmouth have been plotted in Fagure 6. The concentration of augite between
Sneet Harbour and Liscomb Point was believed by him to have been deraved
from t111 whose souce lay in the élctou—Antigonlsh Highland region to the
north and north-northwest. Between Owl's Head and Sheet Harbour augite is
conspicuocusly absent; he concluded that the tall adjacent to the coast was‘

erther of local deravation or from some distant source other than the Pictou-

Antigonish Highlands. The Owl's Head area is the nS!thern most coastal area
containing augite deraived from North Mountain basalt. Also a very hagh con-
centration of augite is found between St. Margaret's Bay and the mouth of

v

the LaBHave Raver, and another high between Shelburne and Laverpool.
4

Nolan attrabuted the dastraibution of all the other mlnerals'to lqcal
bedrock sources. Two pronounced hornblende anomalies are present east of
Halifax: the first anomaly as centered on the Cow Bay, Chezzetcook and Owl's
Head drumlin fields; the second is centered on the Liscomb and Boum Secum
drunlin fields. Subseguent to Nolan's work, soil mapping by the Nova Scotia
So1l Survey in Guysborough, Halifax, Lunenburg, Queens, Shelburne, Yarmouth,,
Annapolis and Kings Counties at a 1 inch to 1 mile scale has delineaked the
distribution of drumlins in these counties. The data from these soils maps

>

have been compiled in Fagure 7 to show the distribution of drumlin fields an

’

»>
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Nova Scotia. The approxamate positions of the drumlfn fields have also been
plotted on Figu;e 6. With the exception of the anomaly between Shelburne
and Laiverpool, the augite ?nomalles are roughly centered on the drumlin ,
fields although there are some exceptions. For example, augite occurs out-
side the drumlin fields ain St. Margaret's Bay, around Petpeswick, north of
Owl's Head and in the Lascomb Harbourfarea.n There are several possible
reasons for the poor correlation b;twe;n auglté distraibution in beach sand
and in drumlins. The augite could have been redistributed by longshore cur~
rents or transported shoreward from sources on the Scotian Shelf by the
Holocene transgression. Alternatively, the augite may not be restricted
solely to the drumlin ti1ll or there could be more drumlins immediately off-

nshore or onshore which have not been mapped.

<

Recent Studies

King (1969, 1972) reported a lobate submarine end-moraine complex 30
to 40 km off the southeastern shore of Nova Scotia. It has né% vet been
determined whether this 1s a terminal or recessional moraine. Glacial t1ll
has been found out to the edge of the shelf and represents the farthest
advance of any continental 1ce sheet. The age of this advance is uﬁknown.

* v )

Prest and Grant (1969), from analyses of striae and otﬁer glacial
lineations, concluded that the development of local ice in s%me parts of the
region was sufficiently early and extensive to have barred L%urentlde 1ce
from parts of Nova Scotia (Figure 8). They also concluded t&at the

i

Laurentian Channel diverted Laurentide ice from Prance Edward 'Island, Cape

- e re—————
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Breton Island, and also from the Magdalen Islands which remained unglaciated. *
0

Grant (197Icy on the evadence of striae and other rock-inscribed

features, drumlin shape and esker orientation proposed that; 1) the earliest

g .

1ce flow across the province was in a easterly and southeasterly direction,
2) during the maximum Wisconsinan the ice moved southgard: 3) (during re-
cession there was radial outflow from an ice cap centered around

Kejimkujaik L;ke. He also proposed a center of northward flow located on the
continental shelf south of Cape Breton. Gravenor (1974) proposes a similar
1ce center on the continental shelf south of Yarmouth., His conclusions are

<

based on the shape of drumlins and on tall Fabraics.

s

- <

# A
Since 1958, the Nova Scotia Soil Survey has systematacally remapped

Iunenburg, Queens, Yarmouth, Shelburne, Digby, Halifax, Guysborough, Kings,
Annapolis and Cumberland Countjfs at a scale of 1 inch to 1 mile. The soil |

types often reflect strongly the nature of the parent material. Grant (1963)

€

used this observation to delineate the red clay drumlins in the southeast ‘
part of the province. The soil maps and reports contain the most complete-

and detailed account of Nova Scotian tills from a physical but not from
o

a petrographic view point., Nevertheless they are”the closest thing to a

unified sﬁrf1c1al geologv map of the province yet ‘available.

[
v

o™

Al
Four reports with accompanyang surficial deposit maps have been pro~

-

, duced by the Groundwater Section of the Nova Scotia Department of Mihes since

/

]
1968, covering the Annapolis Valley, Truro and Musquodoboit Valley areas

(Trescott, 1968; Hennigar, 1972, Pinder, 1968 and Lain, 1970) .
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’ CHAPTER 3
\\\\\\\
PLEISTOCENE CONCEPTS -
o
g
T111
v - The ‘¢lassifacation of tills by Flint (1957) into ablation and lodgement
o t1lls has since been modified by several authors. brelmanls {1969) proposed

©

a classification system based on the mode of deposition Whlé% Morner (1973)
suggesyedlbe also adopted in Europe. Other class1ficatlon§,proPosed are the

morphological systems of Nichel and Bjorklund (1973) and the mode of deposition

°

: system of Bouylton (1971, 1972) {(Table 1l). The schemes of Dreimanis adé?f
' Boulton do not differ markedly, but Boulton's classification is preferred and

. 1s used ain this study with the moduification that supraglacial tii& 1s

divaded into ablation till and flow tall.

»

1
Boulton (1972) defines till as "an aggregate whose components are brought
: ‘toééther and deposited by the direct agenéy of glacier ice, whaich, though it
may suffer postréep051tional deformation by flow, does not undergo subsequent

disaggregation and deposition®. He has shown that, using the supraglacial-

4

; { englacral craiteriomi—there are 3 types of till @ kl) flow tall, which is
f released supraglacially and undergoes deformation as a result of flow;
(2) melt-out ti1ll, whach 18 releasged supraglacially or subglacially from

| ' stagnant ice; and (3) lodgement till, which is deposited beneath actively

3

i moving ice and has undergone shear deformation. Boulton (1972) relateg the
¢ Fe

i ercsion, transportation and deposition of tillg to the temperature regime of

Pl

&

S

e



of the ice.

Y “
°

TABLE 1
Till classifaication
after Boulton (1972)

. Proposed classification 01d Scheme

' saalt Flow t11l
Supraglacial tills Melt-out till . Ablation till ,

Melt-out tall

Subglacial tills Lodgement till

Lodgement till

1]

Glacial Ercosion

Erosion of bedrock surfaces under glacier ice has been observed by

several, authors in the last 100 ye§fs {Chamberlin, 1888; Prlg?, 1973;

Boulton, 1972). )

-~

Bedrock surfaces are erxoded by particles already entrained in the ice d
and consequen% polishing and scratching by these same particles. Boulton
(1972) argues that in order for crushing and abrasion to take place, water
must be present at the ice~bedrock contact. Thé thicker the ice the hagher
the basal water pressure needed to maintain erosion. If the substrate 1s
highly permeable a water layer will not form and crushing and pollshing will
be reduced. In subglacial areas where water freezes to the base of the 1ice,
the processes of crushang and polishing will not be as important as they are iﬁ
areas of hasal:pelting. Meltwater from adjoining areas of basal melting will

flow into this region and freeze to the bottom of the ice, thus trapping



- . B

RISy e W g

debris. . .

In the casce where the glacier sole s frozen to the substrate basal
gliding will not occur. Movement does, however, oceur in the ice some dis~

tance above the sole. This flow incredses in the haigher levels of the ice

.

profile and approxaimates to the general shape of the underlying topography.

o

The tops of topographic hitths will come anto contact with moving ice and may

be eroded. ' .

L
'

The other method of erosion under basally frozen 1ce 1is by incorporation
of large crratic blocks. Planes of weakness in the substrate may be present af
the permafrost ;s shallow or 1f there is high pore pressure. Large slabs
of frozen sediment or large blocks of bedrock may be transported long dis-

tancesrby this method 1f the path 18 not obstructed. Large volumes of

¢

material could be erodéd and aincorporated by this mechanism.

L 4

In -temperate glacier regimes the proﬁucts‘of €rosion are incorporated

]

into the basal ice by the freezing of water derived from pressure melting

E]

on the up-glacier side of obstructions. The regelation layer formed in the
2

1ee7aﬁ\one obstruction i1s destroved by pressure melting on the next ob-

struction. If, however, the glacier temperature regime changes downstream to

one of freezing of water to the sole, or to one where the sole is frozen to

K

the substrate, debris can be incorporated englacially. If the water freezes
to the sole a debrls layer will move higher up in the ice as i1t moves along

and 1t wall consequently not be destroyed on the next obstructions but will

s

override them. If the debrais band moves basally toward an area where the

; 7
sole of the glacier is frozen to the substratum, i.e. a zone of compression
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{(Nye, 1982), it Qlll be sheared w +o hagher levels an the g;aCLQr.

+° [}
¢

The acguisition of debras by regelation as a process wherchy enly a -~
i
EJ
Limited amount of material becomes incsyporated englfeially because the rate
of pressure meltang is controlled by the rgge at which heat flows through

the obstacle. Unless the obstacles are sufflclenéiy small (several centai-

meters), sufficiently large heat flows are not possible (Boulton, 1972).

Where ice flows from an area of appreciable relief to an area of low
rellef,hrcck debris 1; removed From the stoss side and %rem the tops of the
h1lls to be incorporated englacially by thrusting (Moran, 1971; Elscn, 1961;
Shilts, 1973). These obstructions are id the order of magnitude of the
Caledonian Haghlands in New Brunswick and the Cobeguid Highlands in Nova

-

40
Scotia, and are not to be confused with the smaller obstructions inducing*

basal melting and regelation, as mentioned earlier,

+

Glacral Deposition

T11l may be deposited supraglacially eather as ablation till, by melting
out of stagnant masses of buried rce, or by deposition subglacially from active
rce basal tall. " Ablation till derived from debris falling onto the glacier

surface 15 insignificant an ice caps and ice sheets as most of the material

15 derived subglacially. '

The %zpe of deposit forming will depend on the position of the debris

in the 1ce. If most of the debris is carried near the base of the ice,

\ x
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lodgement ti1ll will predominate. On the other hand, 1f the englacial com-
ponent as hagh, ablataon tall and melt-out tills will be abundant., Only s
1f there is very consaderable basal melting can englacial debras, carried .

0

high in the ice, be deposited by leodgement.

S

Boulton« (1972) argues‘that lodgement. t1ll forms in areas of bhasal
melting hhe; the friction drag on particles of debris being moved over the
bed cquals the tractional forces exeffgg,oﬁ it by the 1ce. On a rough
surface or where the substratum is permable, thus increasing the fraictional
drag, lodgement till will be thickest. Also there will be more meltwater,
due to pressure melting, where the ice 1s thackest. Than i1ce therefore
favours the deposition of lodgement t111 as compared with thick ice.

Deposition will initially be against obstrictions, but will slowly fill de-

pressions while protuberances will be eroded.

o

bIn areas vwhere there is a balance between freezing and melting the rate
of deposition of lodgement till will be greater 1f no meltwater comes into
the region. In the portion of a glacier where the temperature lS‘SUCﬁ tﬁatu
water freezes to the sole of the ice, or the i1ce 1s frozen to the bed,"there a
15 generally no deposition pof lodgement ti1ll. The debris is 1arge1§ en-

glacial and the majoraty of till is supraglacial till. Thas till ray slide

down the snout of the glacier as flow till and then be overraidden.

Debris carried in an englacial position such as at the periphery of 1ce,
caps and ice sheets and in polar type valley glaciers accumulates on %he
glactrer surface as the ice melts away, forming a cover of supraglacial till.

Fluvial actaivity produces stratified deposits and water-saturated till flows
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A~ by éﬁavmty down slopes to form flow tall. e

a

’ Debris-laden stagnant ace melis out from beneath overburden either at

+
Y

- the top surface or at the bottom surface. The reg&ltaﬁt melt-out t2ll retaing
) < ®

much of its englacial structure (Boulton 1971).

? @

»

L}

) Characteristics of Till

Lodgement till

This, 15 commonly recognized as havaing: .

- & hagh proportion of silt and clay relative to ablation t111l in the sdme area
~ a fissile structure where clayey
- rounded and straated clasts
- a high degree of compaction
1= clasts generally oraented with the long axes parallel to the direction of

1¢e movement
- boulders are not common but cobbles occur in gieat numbers \ .
- a local origin
- foliation may be present

- narrow lens-~shaped layers of stratified sand may be present (Flint, 1971,

p. 172 and Gillberg, 1955, p. 520).

Ablation Tall

7

Ablation till had been descraibed as having the following characteristac

as compared to lodgement till

- ,
~ looser and coarser grained than basal tall ° .



boulders and cobbles are common (Gillberg, 1955)

#

clasts are commonly angular or subangular with no striavions

- the proporition of sand and gravel s Bigh while the amount of clay is low

1

pebbles have an almost random orientation {Blson, 1961) \

i

becanse of lts loose texture it oxidizes guickly and is uswally brown

or yellowish~brown in golour (Elson, 1961)

These characteristics are the result of dowm~wasting of the surface of

the ice, whach results ain the accummlation there of the englacial debris.

Elsen (1961) and Boulton (1972) have d.vided the ablation tall into two un?%f,

melt-put till and flow till.

Melt-out t1ll //

Melt-out talls are foryed by the meltlng"of 1ce masses from the top
downwards, and tend to be produced above a melting ice surface and below a
confining overburden, This type of melt-cut till can alternatively be
called aé}atlon tall. Melt-out tills can also form under stationary ice which
1s mélting basally. Melt-out tills are characteristically not as compact as

lodgement till nor as the fabric as well defined as in lodgement t£ill

(Boulton 19270, 1971).

]

The a/b planes of melt-out till clasts tend to be in the horiztonal
plane. In some instances 1t has also been noted that the grain size of .
englacial debris becomes finer upward in the 1ce, presumably because the

higher debris has travelled farther than the d%prls carried lower down in the



ace and has undexrgone more mechanical breakdown during transport. This
would rosult an a melt-out tall with an upward decrease in grain siZe, as

well as a lateral decrease in grawn saze, at any level in the direction of

ice movement {(Boulton, 1970). :

Flow till

Plué £211 has been described by Boulton (1968), Marcussen (1973) and

others, Englacial debris is concentrated on the surface of the ace by down~

wastang. If the t1ll simply remained there it would acoumulate to a thick-

3

ness no greater than the depth of summer melting. Not until the clamate
: -
changes will the depth of melting change. If this melt-out till should

slide downslope under the force of gravity at is termed flow tall. ‘The

-

factors controlling the formation of flow till are grain sime of the material,

water content, topography and whether or not the ice/ablation till interface

J

1s f£rozen.

Layering resulting from flow into fluviatile or lacustrine environments
i

1s a common feature of this type of till. Successive layers of till alter-

nating thﬁ fine, well sorted sand, silt d clay laminae, the fabric
characteristics, serve to dlstlngulsh‘flsw t1ll from t-out till or lodge-

ment till.

The characteristic properties. of supraglacial till as described by
Boulton (1970, 1971, 1972) and Marcussen (1973) are markedly different from
those characterastics of ablation tall descrabed by Elson {196l1), Gillberg

(1955) and Flint (1971). The supraglacial tills described by Boulton were
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o

pramarily deraved fror the englacial debras leoad and from polar glaciers,
On the other hand, 1% debras falls onto a glacier surface from swryounding

nunataks 1t will have more of the characteristics outlined by Gullberg,

Flint and Hlson.

:

a

Frost heavang of ihe coarser fraction of the wper few melers of a till

section can aloo give 1t the appearance of the ablation ti1lls described by
i

Gillberyg, Flint and Elson.
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CHAPTER 4
STRATIGRAPHY
Introduction

Datailed examination of all till exposures was made at all sampling

gtations an the area. Till sections vary greatly from massive deposits to
deposits rach in sgructures and textures. The number of tills, the nature of
the contacts, the angle of repose, the compaction and the colour of all till
deposits were observed. The relationship between till and meltwater deposits
was noted and all areas were examined for ice disintegration features such as
kettle holes. Deformation structures and evaidence of shearing was also re-

corded. All exposures were closely examined for the presence of wood, peat,

shells or other material suitable for 140 dating.

The writer has concluded that the multiple t1ll sections in Nova Scotia
fall into two main categoraes: 1) those till sections in which the multaiple
ti1lls apparently represent multiple glaciation; and 2) those till sections

with multiple till phases which are the result of only one glacial ice cover.

Older Ti1ll Deposits

Predating the Last Glacial Substage

The precise ingerpretation of a multiple tllﬁ,sectlon can be ve%y

drfficeult (Flint, 1961; Gilbert, 1965; Howard, 1965; Passl, 1971; Drake, 1971;

r
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Stewart and MacClaintock, 1971). Only in a few anstances i1s t;;\EV1 en
beyond reproach, such as where tills are separated by a paleosol or where)the
talls can be accurately dated. In mainland Nova Scotia there are only iwo
14C dates whach are related to the ages of the tall. MacNemII’iZi;;;/;eports
a date of 33,200 & 2000 years B.P. on wood beneath 70 feet of red till at
Miller Creek, Hants County. The other date of 38,600 i‘1300 years B.P.

{GSC~-1440) 1s by Grant (1968) on shells from marine sand separating two tills

at Salmon River nean Yarmouth.

Salmon River and Vicanity

"
The till seguence at Salmon River is typical éf a number of exposures f

located between Yarmouth and Dagby in southwestern Nova Scotia. At Salmon

River a lower hard, red till is overlain by marine sand dated by 14C at 38,600 %

1300 years B.P. (GSC-144é) (Grant, 1968) and by*U/Th at 44,000 years B.P.

{Grant, 1975). The marine sand i1s therefore now assigned to a "Mid"-

Wisconsinan interstadial and not the Sangamonian interglacial as oraginally

proposed by Clarke et al. (1972) and the underlying red till is therefore

!

presumed to be early Wisconsinan. t

A grey and a red lodgement t11l and an ablation till were égpos;ted
subsequent to the deposition of the marine beds. The colour differences in
the two lodgement tills is possibly the result of fluctuations an the di-
rection of 1ice movement during deposition of the till. The two lodgement
tills and_the ablation till overlying the marine sand are believed to have
been laid down duraing the “classical" Wisconsinan. The general stratigraphic

sequence of the Salmon River section is shown in Figure 20.
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o
The lowest till at Salmon River is the only sample of "pre-classical"

Wisconsinan till collected for analysis., It is numbered 533.

Milford Gypsum Quarry

)

The only other previously reported “"pre-classical® Wisconsinan till in

the study area (besides the Bradgewater conglomerate) is at the Milford

Gyspum Quarry. At various times during the quarrying operation at Milford

one £1ll and possibly two tills have been identified overlying a layer of ’

1

organic debrais containing logs, leaves and other macro-fossils. Under the
organic debris another possible till has been identified (Prest, 1972).r
Organic materral from the Milford Gypsum Quarry has been dated by 140 at
50,000 years B.P. (GSC-1642). Till samples were not collected.

o
3

Lunenburg Drumlin Field

During the present study a grey till of the consistency of concrete was

found at three localities in the Lunenburg drumlin field. ZEach ti1ll outcrop

1s mantled by a grey slaty drumlain till. This hard grey till is tentataively

correlated with the lowest till exposed at Salmon River. -

@,
Younger Multiple Ti1ll Deposits

N &
s

Hartlen Point

The till section at Hartlen Point 1s well exposed in a sea cliff at the

southeastern extremity of a 60 square km drumlinoid sheet fand forms a good

.

il
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Cross section through drumlinoid sheet at Hartlen Poin

Pigure 9,
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found throughout the exposure. Type 1 inclusions are pods, generally a A

LT ‘

. '3

.

» W -
"gtandard” comparaison. The maximum height of the exposure is 9.2 m. The

-

section exposes two tills. The upper t1ll 1s a ‘red' clayey till,. 7.6 m
thick and 15 typreal of the drumlian t11l. The lower t1ll a5 grey and is l.6m

thick, but the bedrock is not exposed. Metagliartzite and slate underlie &
i

+

the lower %111 at a depth of about 2 to 3 m (Fagure 9.
1 S

The exposurc of lower tall is about 75 m long and it outcrops an the core
- ) »
of the Hartlen Poant drumlin, The malrix is homogeneohs and structurceless,
grey in colour, clayey; and more compact than in the upper i1, L

+

The matrix of the upper till (the drumllno§§ +ill sheet) as red, clayey

and compact. Three types of well sorted lenses of sand, silt] and clay are

couple of metres long and a few tens of centimetgrs thick .and completely
irregular an shape. Chagacterlstlcally the inclusions are homgeneous and de-

formed with shear planes cutting them. The boundary with the enclosaing till

[T}

1s often gradiational and poorly defained {(Figure 10).

Type 2 inclusions are clayey and fissile. They are undulating wisps a

couple of centameters thick and 1 to 2 m long. The contact between the

i -

- o
clayey inclusion and the surrounding till is. sharp. Internally the inclusions

E

have a fidsile structire parallel to the enclosing boundaries (Figure 11).

"

Type 3 inclusions are Exposed on the flank-of the_ﬁrumlln under about

] 4
3 m of red upper till. The lower t1ll 1s not exposed there and aibthe sand

@

body extends below the base of the.exposure at as not known 1f 1f 1s an

inelugion. The sand body 1s 10 to £B~m long and 1 to 2 m hagh. The exact .
. R 4
boundaries are diffuse and ill-defined. The lens 15 composed of well sorted, °
¥

N
.
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Figure 10

v

Fagure 11

Irregular shaped (Type I) inclusaion of sorted matrax in the

°

red clay till at Hartlen Point.

! i

Long than {Type II} inclusion of clay accumulated along shear,

planes in the upper red clax tlli at Hartlen Poant.

w
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structureless sand grading into ti1ll (Pagure 12},

Lenses of well sorted sand, silt and claﬁ in the upper tall bear wit-
ness to the action of running water.- Tvpe 1 fucluszons andicate that some
water was present before the deposation of the till, as the inclusaons are
massive, irregular shapes showing .deformation. Type 2 anclusions formed along
shear'planes in’ the till by the ad¢tion of groundwater at some time after de-
positien of the t1ll. 'Type 3 anclusions are similar to type 1 an that it

formed before or during the deposation of the upper tall,

o
@

Several layers of boulders are found in the upper £ill., They consist of
a layer of bouldeié, one boulder thack, lying end to end and extending across.
the whole or part of the outcrop. A metre or two above this layer there is

another boulder layer and sometaimes a third and a fourth. The individual -

1

boulders are striated parallel to their long axes, which in turn are parallel
to the long direction of the drumlain, ’ I
e
Grant (1963) called such a layer a carpedolith, which 1s an erosional

surface formed as a result of sheet wash runoff. They have also been called

. 3

boulder pavements (Flint, 1971). Holmes (1941) attributes such boulder
P

1a§§rs +0 shearaing. ,In view of their great number, lack of areal extent,

I3

fabric, and striae they are interpreted here as being deposited by shearing,

3

The pebble fraction of both tills is dominated by metaquartzite and
slate. Both tills have a variety of foreign pebbles but the upper till is

slightly richer in the foreign component. The fabrics of both tills are very

strong (See Chapter 5).

»
b

O
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Figure 12

Figure 13
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[ 3
Horizontally deposited (Tvpe III) inclusion and gradational

contact with the surrounding red clay till at Hartlen Point.

Knife sharp contact between red clay till and lower compact

grey till at Hartlen Poant.

%

[N
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The contackt botween the two talls is knifo~shorp (Pigure 13). There as

na avidones of crosion abt the contact.

Cole Harbour

¥
"

The approximately 15 m thick +ill section exposed in the sea cliff on
the castern side of the entrance to Cole Harbour is similar to the Hartlen
i
Point exposure lecated 6 km to the west. The section consists of a compact

grey lower till 3 m thick overlain by a thick red elay till 12 m thick.

A large kettle hole is exposed in part of the section, occupying a sub-
stantial part of the red till. The kettle is floored with red tall about
1 m thack, below which the lower grey till :;s exposed (Figure 14). The
kettle hole indicates that a, 1a?ge block of ice was buried in the red till
while the ice was still actavely §1ow1ng . as is indicated by the fabric. The
ice block, whach later melted to form the kettle hole, was probably sepé\rated
from the overlying ice by shearing. The ive block may even have formed an

obstruction around which the rest of the red drumlin till was plastered.

s

Sandwich Point

Three tills are exposed at Sandwich Point, on the western side of the
entrance to Halifax Harbour. The maximum height of the exposure is about 7 m

and thé length sbout 35 m. v

The bottom unit 15 a compact gray clayey ¥ill, clearly the lateral

equivalent of the lower till at Hartlen Point and Cole Harbour (Figure 15).

J ¢ N %
The middle red clay till is the lateral equivalent of the upper ti]l at

8

il
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Harclen Pount and Cole Harbour. The contoct between the lower and muddle
11l 25 gradmal and i1ll-defonced, unlike the sharp boundary observed between

&

the two tillo at Hartlen Tomnt or Cple Harbour.

overlying the red clay tall ig a coarse, sandy, granvtic ®a1li. The
pebbles and boulders are large and numerous and consist predominantly of
granitie. The Lill ac structureless with no arparent fabric. The sandy ma-
trix makes inis tall very srone to slumpaing and consequently it abscures a
great deal of the exposure. Grant (1903} termed this till a granite hybrad
till as 2t is a mixture of red clay tall and granate till. It is believed

that thas hybraid till 1s the eguavalent of the thin ground moraine which covers

most of the gramite, slate and cuartzite bedrocks outsade the drumlin areas.

Whites Lake
, \

Exposed in the gravel pit behind the bhaseball field at Whates Lake 1s
a 15 m thack t1ll section, consisting of a lower red clayev till and an
upper thick sandy ti1ll. The upper till is samilar to the top till at Sandwach
Point. The lower till is sumilar to the red clay till widely exposed in the

drumlins in the region.

¢

Two parallel sandy dykes, 30 cm wide and more Fhan 3 m long originate
in the upper till and intrude into the lower red clay till. The dykes dip

towards the south-southeast at about 45° (Fagure 16).

Considerable controversy exists over the interpretation of fi1ll wedges.

(MOorner, 1972, 1973 and Worsley, 1973, 1974, 1975)h It 1s generally agreed
- 1

-
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Figure 16 Red clay t111 overlain by granitic till and injected by

”»

coarse sandy till weﬁgeo at n.t;es Lake. The sandy

granitic t1l1l 15 darker in c© lour.

however, that t1ll wedges arc formed by moving i1¢e. The till wedges at

Whites Lake indicate that the hybrid t1ll vas deposited by moving ice and
not samply as the result of ablation. The underlying till was probably frozen

at the time. ! o .

€
»

The Parrsboro Gap )

A small moraine is situated }n‘ the Parrsboro gap just north of Parrsboro.
The moraine 1s composed of outwash and red flow till (Figure 17). When the
1ce abutted agdinst this moraine the red till flowed out over the moraine

from the upper surface of the 1ce. Tl‘le red till was possibly brought to the
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Fagure 17

Figure 18

L
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4
Large block of red clay till in 1ce contact stratified draft

near St. Croix. -



ige surface by shearing. Alternatively\t may have occupied an englacial

osition and was brought to the ice/surface by ablation.

St. Crobx

at

stratified drift (possibly an esker} is
sitvaled in the central part of the St. Croix river valley near St. Croax.

/)\ block of red clay till is situated near the top of one exposure (Figure

’

Nﬂ""w 18) -

3

- 2 »

IS

The nmumerous Faults found throughout indicate that the drift was in

‘ contact with the 1ce at the time of formation. The location of the deposit

1 -

| in the middle of the valley aindicates the ti1ll block slid into its present

position from above. The till/ocoupied an englacial or supraglacial position

, .
before f£inal deposition. -

a

The Highlands and Uplands

.
>
v
x
¢

Most of the t1ll on the upland and highlands has been formed by partadl
influence of the bedrock ‘morphology. Much of the bedrock is covered with
/
t11l but bedrock outcrops are alsc numerous. The hills are irregular in

shape and without ai)parent orientation. The surface of the till is often

»

rich in large, sometumes enormous boulders, which lie loose on top of many

.
® -

hills. )

LS

"
I3 "

, The interior of the till is more heterogeneous than that of the red or
grey clay tills. The boulder content is generally high near the surface,

« due to the action of either ablation or frost heaving. The matrix is loose

and sandy. .

»

[y

.
.
&
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Genetio classafication of tall developed from the granite bedrock is
difficult. The ground moraine which has developed over the metaquartzites and

slates sometimes shows distinct basal and ablation t21l thases.

Bl

Although Hickox (1962) demonstrated northward movement of ice from South

&

Mountain dqung deglaciation, no till sheet directly attributable to only thas

a

event has heen recognized. ‘The £11l over North Mountain and in the Annapolis

Valley consists of a homogeneous mixture of materzal deraved from the north

and from the south. The radiating late glacial ice cap over South Mountain re-

organized the. preexisting till Jeposity and added a small amount of local

components. The possibilaty that the hybrad t£ill in the Halifax-St. Margaret's

Bay area was deposited by this radiating ice cap cannot be discounted.

The Lowlands

The t111 sheet in the lowland region 1s more continuous and generally

<

thicker than on the uplands and Highlands. The till developed in the low-
lands 1s difficult to classify genetically. At Joggins, for example, the

thick ti1ll seguence is apparently composed of three basal tills (Figure 19).

¥

The tills along Northumberland Strait and around Minas Basin are

characteristically red or reddish brown in colour whereas the tills derived

from the highlands and uplands are grey and rarely brown in colour.

%

Interpretation ”

.
b
[ ]

Although most of the ubxq&xtous t1ll sheet 1s ascribed to the “classical”

Wisconsainan, there 1s some evidence of multiple glaciation and interstadial

%
'

-
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conditions al isolated localities such as Salmon River, Milford Gypsum
Quarry, and as occasional residual patches throughout the Lunenburg drumlin
field, Ice advanced across the proglacial deposits and early +till, erodigg
and i1ncorporating these sediments into the new till; Only isolated rem-
nants of the older tall are found todafaand the till which blankets the
province i1s the product of only the most recent ice advance. Locally thas

hseet may show ablation tall, englacial melt-out till, and basal lodgement

£ill phases. '

The compact grey clay till exposed at Hartlen Poant is tentatiwvely believed
to be the basal lodgement till representing the earliest phase of glacial de-
postion during Wisconsinan time. This tumm may have been more w1despreaé
anitially, but a change to englacial incorporation of vastn?mounﬁs of red clay
sedament in the Carboniferous Lowland and a change in the mode of deposition
may have been accompanied by erosion of the tills deposited earlier on the
uplands. The occurrence of balls of red clay till in kame and esker deposits
around Minas Basin and the presence of red clay flow till in the Parrsboro
Gap moraine indicates that the red clay till occupied an enélaC1a1 position

during transport.

On the uplands the englacial till was deposited as drumlins bv basal
melting. The ancorporation and tgansport of englacial debris in £he form'
of red clay ti1ll was tontrolled by gengrphology and i1ice dynamics, and in the
areas where there was no drumlin formation ground moraine was deposited.

This ground moraine can sometimes be divided into basal and ablation tall

but at times i1t 1s not clear which phase 1s represgnted. As melt-out tall

-
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Figure 19. Three tills exposed at Joggins. )

! 13

- 4 /

3

deposition declined, fluctuations occurred.in some places. In the area
1 >
between Halifax and St. Margaret's Bay, for example, a gradual change in

deposition took place, passing from red clay ti1ll to locally derived sandy

granitic t1l1l with some 1gn pebbles; thas 1s the so-~called hybrid tall.
There 1s no evidencg/ for a withdrawal of the ice from the beginning of '
deposition of the’compact grey clayey lodgement till until after the upper

¢
granite tll)l was deposited at the clo;;e of Wisconsinan' time. The entire
"eclassical" Wisconsinan glacial sequence is preserved only at Sandwich Point. .
The general stratlgfaphic sequence 1S shown in Figure 20,

o Y
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Conclusions

With few exceptions, all $1ll deposited before the "olassical®

Wisconsinan was removed by the age that deposited the regional tall

E -

sheet.,

Yarmouth.

~

|

1

°

fowisolated and protected pockets of older ill are found

o~
seattared

rough the area, notably at Milford and along the shore naxt?fof

Gre& lodgenment till was deposited over parts of the Meguma dul&gg early

"slassical®Wisconsinan time,

With few exceptions the grey lod

deposition of red clay till.

-

-

ent till was eroded prior to the

5.. The primary mode of transport of the red clay till was englacaial.
Fd

Q

]

8.

9.

°

>

- 6, Spreadiné and thinning of the ice sheet alébg the margin caused down-

ward movement and basal deposition of red clay englacial de?fiq\as

melt-out t1ll.

-

»

¢

At the t;mé of deposition of the red clay £ill shearing of the i1ce was

o

prevalent.

»

v

Where the red clay till was deposited over the Meguma Group drumling®

formed.

3

-

&

>

G

- In the Halifax-St. Margaret's Bay area the red clay till is overlain by

“a local granitic hybrad till, possibly ablation till.

»

»

‘ 3
{ 10. Late Wlassical'Wisconsinan ice flow from local ice caps resulted in -

-homégenization of preexisting till deposits and only minor addition of

local compoﬁents.

)

’

v

@
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CHAPTER 5 °
- Y TILY FABRTC ANALYSIS

+  Introduction

Y «

Considerable "literature has accumulated on till fabraic analysis during

the last hundred vears. Such studies are generally concerned wath‘(l)

-

determination of regional ice movement, and/or (2) problems connected with

the formation of the fabric and the deposafion of till. Graphic repre-
sentation and statistical analysas of data play an important part in the

analysis of t111 fabrics. u/

-
-

Regional Ice Movement .

! ? ’
.

Till fabric studies conducted to determine regional ice movement are

A 4
hY

numerocus., Such studies usually entairl the measurement of the azimuth and
&3

dip of . the long axis of rod-shaped pebbleé at suitable intervals throughout

a region. One hundred pebbles are usually measured’at each site. The site
[ .
location 15 often governed by the availability of suitable exposures. The

data can be plotted on a rose diagram, a stereographiv projection, or a

"

contoured equal area net. The fabrit diagrams are then transferred to a map

and a visugl interpretation of the regional ice-~flow directions as made.

v

This method is based;cn the theory that the long axes of rod-shaped pebbles

-

lie parallel to the ice~flow direction and the pebbles dip upstream (Harrison,
L4 ,l[

V& , 5y

3

At
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1957). Tall fabric analysis 1. a useful icol in areas where other directional

-

indicators such as striae, erag-and-tasl and drumlins ave absent.

4

Origan of Till Fabric .

,/’é//;;;;es (1941) completed the farst extensive work on the origin of

¢

t1ll fabrics and till deposition. He was concernéd with clast shape and 1t

control on fabric. Holmes found that there are two basic types of fabric

k4 a

generated: 1) rods are aligne® - *° e long axis parallel to the ice flow

direction, and 2) blades and daces (o defined by Zingg, 1935) tend to be

i

aligned transverse to the ice flow.

Considerable controversy now exists over whether clast shape affects
the f§b£ic (Anﬁ%ews and Smith, 1970; Lindsay, 1970; andrews, 1971; Draﬁe,
1974) and where and how a fabric is generated (Holmes, 1941; Glen et al.
1957; Harrison, 1957; Andrews and Smith, 1970; Lindsay, 1970). There is
gener;l agreement that the fabric is formed in response to some real direc-
tional stress and that parallel fabrics are more common than transverse
;abrics. Most authors agree that the long axes of pebbles lying parallel

to the ice flow direction dip upstream. Mark (1974) however showed that

v

only 8 out of 28 fabrics measured in southwestern British Columbia had a-ax1s

r
)

planes which dipped significantly.

Local and Regicnal Variabplity in Till Fabric

v
o

i L4 s »
© a
1

Andrews and Smith (1970) made a detailed statistical study on £111 .

fabrics and duscovered that there is little or no lateral variation, but the

~ -

Y ’ -

»<

&
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vertaeal wvarzataion can boe quete loy e wabaan short” diotances.  They arxque
againét the exasronce 0f a well-dofinci contacst betwcen Pasal a1l and the
oo and propose that the fahgégaiq forme i immﬂgiafeiy after debmsxﬁlwn of
the L11l. THe Ylll'iS almossz flund at thae time as a result of wator pro-

duced by pressare melting at the Lase pf the ice shoet. fThe preccure of

ithe overlying ace then cawses the 111 b fiow. IF the pressure gradient s

agross a slope, the xeaultané fabriv would be the reosultant between the .
prossure flow and tho grqymty force oun the slope. | MacCliniock and Dreimanis
(1964) and Ramsden and Westgatn {1971) explained vertical variation an tzll
fabracs as the result of plastic deformation during readvance of glaéier 1ce

frem a new direction. On the other hand, Harrason (1957) explained the

vertical varzation as the result of gradual change in flow direation as the
111 accamulated. It has been suggested that regardless of the ¢ause the

problom of within-site variabalaty an 111 fabrace can be overcome by measuring

fewer pebbles at more localities; for example, ingstead of measuring 100

~

pebble orientations within 1 sq. m, measure 10 pebbles at 10 substations

El
spaced at 10 or 20 m antervals and at a constant height above the base of the
exposure, the bedreck, or some other datum (Andrews and Smaith, 1970).
O

Although, there 1s considerable controversy about the origin of tall

.

fabrics, especially transverse fabrics, as well as the usefulness of the
dip direction, the variations in till fabrics 3¢Etr1hute valuable information

about 1ce-flow directions and till depositional processes in both time and

v n

o

space. .
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Nova Scotian Ti;} Fabrac Analysis

i
-

The pramary aim of making till fabric analyses in Nova Scotia was to
gain anformation concernxng regional ice movement in areas where other
§1rectiona1 mdscarors are lacking. Although many glacial striae have
been measured in Nova Scotia (Prest and Grant, 1969) several objections o
their use are appareﬁt: 1) striae are ephemeral; and hence only useful 2f
they are recorded in great numbers on a regional basis; 2) striae are formed
as a result of glacial erosion, whereas till 1s the produce of glacial
deposition, the two précesses being separated in time; and 3) the sense of
direction is difficult to determine £rom straac.

v

Method

-

@ v

Fabric was measured at 21 localities {Figure 24), All measurements
were made at depths thought to be below the maximum depth of frost penetration

v

to ensure that the pebbles were undisturbed.

Fabric stations were selected mainly in the Carboniferous lowlands,
where other directional data are lacking; where the till 1s clayey and co-

hesive; and whera the length tq width ratio of pebbles in the 5 to 22 mm

range 1s 3:2 or better an order to facilatate accurate measurement.

Andrews and Smithr (1970) calculated that for a general study the
main charactezist;qs of the sample distribution are present after N (number

of measurements) = 25.gvfhcrea51ng N to 100, for example, does not reduce or

o ° “

@ L
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} \ :
inerease dwhie gpread of tho data.  Tooreas.nag ¥ wall rosuln an o smaller
*
gtandard crror. og a regaonal obudy relotavely large ctandard oryors aan

.

be toleorated but for detazled work the svandaxd erxor of the mean (95% cone
of confidence) sheuld be on ine order of S ~ 10°. In thus gialy Lon sub-
stations were celected at ene locabion, 5 substavions at one locataon, &
substations at one lugatzon, 3 at two locatsong, 2 ab gix Ilocationy and 1

at ren lovations. Two gkalions consastanay of 1 subotation cach bave 41 and

AN

59 measurcments, Tach group of 2% moasurements was made wilhin an areca of
approximately one sguare metor and «+ a conctanit dostance above a geologrcal

datum or below the top of the soction. 1

Pebbles to be measured were loosoned and removed from the +i11l. A

bross rod 0.5 cm an diameter and 30 om lon@‘was wmscrted anto the t1ll so

i

that 1t was parallel to the azimuth and dip of the long axas of the pebble.

*

The azaimuth of the brass rod was measured waith a Brunton compass and the

dip measured 'with a clinometer. The measurements arce considered accourate

.

withan 1 5°,

)

A computer program developed by Mark (1971) was used to calculate the
1

mean vector (1), the dip of the mean vector (D), the vector streﬁgth {R),
%
the percent of the vector strength of the total sample (R%), the 95% conec

of confrdence around the mean vector, i.e. the standard error, (8), and the

homogeneity of variance (K), for each substation. o

'

If K=3, the Kmax/Kmin for the substatign has been tested for homogeneity
[} ~
of variance as outlined by Hartley (1950). Where the Kmax/Kmin ratio ex-~

ceeds the upper 5% point, heterogeneity is indicated and the substations

L]

™
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“eamuot ro, onmbined. 38 hemoytencatr 4o mdrcated the subotations have beon

o

gembaned and ﬁhg Petent 20 wood Lo ascortain 4f sample orieantations boleng

to the care narent populatacn.
\ v
Withunecite (W) and botween-siic (3) precislicn parameiors can ko doter-

mrned fron the resg}tg and a surrvable campling prodram gan bo determined
N 1y

as cul.lined by Watawn and Irvang (1957).

[ *

.
The deircectron and plunge of the long axis of cach pebble at cach

}
statien 1o nlotted en the lower hemisphere of an eal arca rrojection

{appondax 1. .
“ e

N

Note that the computer progran uses a series of plancs of reforence

other than the horizontal and calculates the length of the mean vector rela-

tive to each plane. The rotation producing the maximum mean vector length

15 considered to be the best solution and 18 used to determine the azaimuth

“

and dip -of the mean vector and the associated statistacs. For this reason

the directicn of dip shown on the egual area projections does not always

agree with the calculated direction of dip, 1.e. it 1s 180° out of phase.

)

®

At McPhersons Mills where three tills outcezop , the fabraic of the bottom
111 'was measured by the method described above. The fabric of the middie
t11ll was measured in the laboratory. A large oriented block of till measur-
ing 0.5 m on the side was transported to the laboratory. Horazontal slabs
of t1ll measurang 2 x 15 % 20 cm were removed and x-rayed. The directions

of the long axes of the horizontal projections of the pebbles and granﬁles

were measured on the negatives and plotted on polar coordinate baper. When
*

~



tho tread of thoe ;obbles and gqrasules was koown, vorlical slabs were culb
3 o
" "y
paraliel to that directann. oo xeray noaptaves of Ltheo .o glabd gave the
]
darxactacn of plunge of tho clastc. Padioyrapho are an effociive new method

for fabraic analysis of w2lls weth cmall pebbles.

Iartlen Poant

/
slxﬁ§uhstat1@ns an the lower tall and four in the upper t211 at Haritlen

. &
Point were sclected for detailed fabrie analysis in order to check small
L
scale variataons in the fabraic and as a check on the chosen sample size

of 25 pebble measurements. ¢

?

In the upper ti1ll 25 pebble measurements worc made at each of the four
substationgs. The results are plotted in FPagure 21 and the relevani statastics
are gaven an Table 2. The aziamuths and 1nc11nat19ns are plotted as points

on an egual area net. The mean agimuth as shown by a4 line external 1o -

the edge of the plot and an arrow shows the preferred dap oraentation. On

2
-

either oade of the mean short lanes undicate the 95% cone of confadence about

the mean (the standard exrror of the mean)l It 1s clear’ that the four sub-

°

stations from the upper till are not all sampled from the saﬁe population.

®

Subsample 1 15 clearly different from the other samples., Subsample 1 1s

(3]
located on the eastern flank of the drumiin near the surface and may well have

L}

been modified by contour deflection or by solifluctaon,

In the lower ti1ll 25 pebble mecasurements were made at each of five sub-

stations, but only 15 were measured at btation 6. The results arge gaiven in
Table 2 and are plotted on Fagure 22, It is clear that the six subsamples

from the lower till all belong to the same population.

.
o -

3 .
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Statecn

1 25 poles

Btation 3 2b polec

Stations 2, 3, 4
75 poles

Figure 21.

Station 4

25 poles

o

Mean

Vector

95/,

Confidence
Limits

(20)

T11l fabric measurements from the upper till at

Hartlen Poant.

5

o
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Statien 1

\
25 1oles

Staflen 3 v v Station <
.20 rolen , . / W8 pole

¥
btataions 16
140 poles
Station 5 Stataon 6
25 poles 5 poles

-

Figure 22. Till fabric measurements froum ine lower t1ll at Hartlen
Point. (lower hemispnere ~aual arca projections). ‘

&



&>

&

station from cast {the hoptom of the Jdragram} to west (the top of th
+

diagram} arroes the cubgrop at Hartlen Poant. In both the upper and ldyer

~

talls thé nean veckors move from the south towards the east ond back towards

o

the south along the ecast-west transect. The fabraics at Hartlen Point appear

to vary regulquy over horizontal distances as short as a few metres. s
Nevertheless the princaipal features of the fabric are delineated after

measurmpg a5 fow as 15‘pobblps. If care is useéd in selecting the sampllné

s1te 25 pebble oricontations are deemed sufficient to determaine the general

1ce flow direction. Local variations in the t%ll fabraic kae 1t desirable

to select more than one subistation at sach locality. =

N Y
H

) / Regional Ice Flow )

!
The resulis of the statistical analysis of the till fabric data are

+ 1
listed -in Table 2.  The F~values indicate that the fabric of the tall at

'Chaplln, Tatamagouche, Bagles Nest Poant (ILower Till), Whites Lake, Cornwallis,

Salmon River {oldest till) and Hartlen Poant {(Upper Till) are all composed

of more than one population, .

N
I's

The various fabric populations are shown an Appendix 1. Variation in N
fabric orientation within short distances may be due to variation in the
attitude of the surface of till accumulation, deformation by subsequent

glacier movement, frost heaving, or solifluction.

P N
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¥ehiv.sonts Mulls
Iower Tall

Stations 1,
Station 1
Station 2

[ &2

Mownt Thom )
Statacns 1,
Station 1
Staticn 2

s

Rivers ‘ale

Lome
Stations I,
Stataon 1
Station 2

3

Chaplan !
Stations 1,
Station L
Station 2

*3

Plainfreld

Tatamagoucke
Stations 1,
Station 1
Station 2

[

Debert

Lowor Selma
Stataons 1, 2
Stat:on 1
Station 2 -

Eagles Nest Point
Upper Till

Fagles Nest Poini
Iower Till

Stations 1,2
Station 1
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Windsor

Avonport

Wolfvalle

New Minas

Hartlen Point

Upper Taill
Stations 1,2,
3,4
Stations 2,3,4
Station 1
Station 2
Station 2 7
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50
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25
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24
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20.¢
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Hartlen Pount ' ®
Lower T111 f
Statiown 1,23, \ .
4,5,6 123 - 113.9 83,0 140 5.6 5,5 1.8
Statios 1 , ase 12 - 85.0 2 o 6.4
Staticn 2 124 =8 2u.B 83,2 25 13.2 . 5.7
“ Statawcn 3 118 -13" 20.8 83,5 25 13.1 5.8
Station 4 113 -5 1.4 85,9 2% 11.9 6,8
, Statien § 3 -4 18,7 74.8 @ 17.1 v 3,8
Statign 6 130 ~1% . 10.4 B2.8 15 18.0 5.4
wWhites Lake .
* Tower Till .
Stations 1,2, .
3,4 143 &8 71.9 72.6 93 8.7 3.6 5.4
Statiors 1,3,4 145 8 539 73.9 73 9.9 3.7 . 1.0
Station 1 . 350 1712, 7.1 23 16.8 4.1
Statien D 34 3 21.4 82.% 26 13.4 5.4 4
Station' 3 118 - 1 18,1 "4 25, 38.3 3.4
Staton 324 -9 i8.6 74,7 25 17.2 3.8
Corawallis
° Stations 1,2,3 204 -5 54,2 71.2 75 10.3 3.4 4.3
Stataons 2,3 110 3 8.6 77.3 50 11.0 4.3 1.2
Station 1 50 21 17.4 69.9 25 19.4 3.1
Staticn 2 ke 3  20.6 82,6 i) 13.5¢ 5.5
E.f;atlen 3 1317 4 IB.3 73.2 25 17.9 3.5
Perry Brogk 7718 19.4 7.7 25 15.8 4,3
Salmon River
™1l ¢ 136 ¢ 1n.e 79,2 25 18.1 4.6
Salnon Faiver
“Ti1l B
Stataons 1, 2 151 2  35.6 71.2 50 12.0 3.4 .8
Stataon 1 146 1 19.1 76.5 25  16.4 4.1
Stataor 2 34> -2 16,7 66.8 25 20.9 3.0
Salmon Raver
Till A
Station- 1, 2 £6 10 35.4 < 70.8 50 13.0 3.3 17.3
Stataon 1 47 14 20.8 83,2 25 13.2 5.7
Stataon 2 123 -7 18.4 ° 73.9 25  17.6 3.6

N
13 3

Table 2. Mean vector M, dip of the mean vector D, vector
strength R, per cent vector strength (R(%),
number of measurements N, standard error of the
mean &, homogeneity of variance K and the F-
value for till fabric data.
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The daxectaion of aico movemont as 1n@zcgted by the orientation and dip

of the mean veetors at cach lecation 15 chown an Fagure 24, The data for

LN
<

Tatamagouche, Chapkin, and Bagles Nest Point have nol been included because

of the difference he%geen tha directions-of the mean vectors of the sub-

samples. » The fabﬁf%'from the uwpper t1ll at Eagles NesE Point has been ”

’

4
omitted because /it has undeggone post depositional alteration, o

B

a s >
Faguroe 24néisgr1y reveals little or no consistancy to the‘dlrectlon of

. -

dap of the pebbles. This may be a consequence of:assuming the surface of

3 . \ PR

© i

deposition Lo be horazontal and plotting the points on a Borizontal planee‘

u N s s

Addition of some estimate of the attitude of the depositional surface to the

(=3 N

-

¢

e

measured values would possibly result in a more consistent trend in the

- s

direction of diy. How such estimates could be made 1s qlfflcult to see.
’ - @

Reorientation by late glqcmalgice remnants in a mannery saimilar o that des~

’

a

crabed by MacClintock and Dreamanis (1964) from other areas seems unlikely as

v

successivelv higher fabric siations In each of two drfferent ti1lls at Salmon

Y o

River and McPhersons Mills indicate that the fabrics have hot been reoriented.
. C ‘ n .

* 0

The: ¥211 fabrics are generally oriented paréllel to major topographic

lineations. The fabric at Plainfield 1s parallel to +he north side of the -

1 Al -

Cobequa.d eMountains. The Cornwallis and Perry Brook far 108 parallel tHe

Annapolis Valley. The New Minas, Wolfville, Avonport, Windsor, $t. Croik,

- IS LY

and Mutton Cove fabrics follow the Avon Rivexr Valley. The Debert, and |

N

A

Lower Selma fabrics parallel the Wentworth and Shubenacadie Vadlleys. T?e

“ ’ -
Whites Lake and Hartlen Point fabrics paralle] Halaifax Harbour, Bedford
N N e e » .
Basin and Sackville River Valley. \XQe fabrics at Riversdale, Mt. Thoh, Lome,
' , N

Vo 14 ¢
* { a '

+ [ ' ¢

I

L1
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till deposition 1n Nova Scotia was controlled by the attitude of the surfGce

b

3

o
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vv ‘and MePhorsons Malls are orientdd parall
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Conclusions

IS

~

v

\&

a

ry

el to.the Stellarton Gap.

7111 fabric antlysis suggests strongfy that' the basal 1ce movement and
FLY

[

]

of éccumulitleﬁ, a.e. the topography. The basal ice £lowed parallel’ to the

‘valleys and highlands. Only when the valleys were full of ice dad the
B

IS

*

wpper part of the, kce sheet flow over the drainage divides independent of

-

the underlying topography; howevér, the basal ice continued to follow the

va

4

)

hS

u

(53
.

3

[y

-

4

«

I3

°

Due to the imprant resulting from topographic conérol, t11l fabric

anaIygls 18 not wegarded here as a particulariy useful method for determining

[}

the general source of the ice which flowed across the province. Perhaps

v

striation darections are also somewhat affected by lécal topography and

o v v
local basal ice flow and represent late stages of glacial movement.
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. ) the gercent of gravel #hey totalled 1({0% of the- "raw" till sampﬂle.,

o e

i
1 a ®
“ a
! . s b l et *
“ -
| ¢ :
1 o N
i v "
| ) > o
’ ) CHAPTER 6 »
\ v
e . ‘h
’ TEXTURE,
Laboratory Analvsis e

o 3

1
o

\

In the laboratory, the entire till sample was dried, weaghed, and

gently crushed wath a hammer, without frasturing the edmponent grains, until’

A

all the matrix had passed through a 2 mm sieve. The residual gravel fraction

+ (> 2 mm) was washed, dried and weighed. The percent 2 mm was calculatec} ¢

and the percent <2 mm was caloulated by subtraction from 100%. The <2 tm

“fraction was sampled by ‘coning and quarteraing. Sand, silt and clay analyses

were carried out using standard- laboratory technigues {Folk, 1968), The
’7 3 o 5

proportions of s_.!and, s1lt and clay were calculated so uttha.t when combined with

2

s »
* @ .
~ - v v

* The sand fraction was sieved tl;xr‘ougfx a 5001 screen and the 63 to 5004
fraction was weighed and saved for heavy mineral separation.
x - 3

]

o

. Most authors plot, on a temary«‘dlagram', the sah\d} s1lt and clay, re-
?alculated to 100%, or the percent gravel + sand, silt and clay, [for \example,
see Krumbein (1933), ‘Shepps (1953), and Dreimanis and Reaw;ely1(1953)], In

, ¢ thas study the )éelrcent gravgi, sand axzd mud (i.e. silt + clay) was plotted

on‘a teemary diagram because the gravel component makes a sizeable con~

e [} v

tribution to t1ll derived from crystallane bedrock. -

“ %

-



3 K

Fagure 25 10 a plot of the percent gravel (10 o to 2 mm), sand (2 mm

o

to 63 micrens), and mud {(findg Lfdn 63 macrens) of 324 Nova Scotian 11l

o

samplec. Although thore arc no veory obvious groupings ’, tho dictribution in
the lowor half of the scatter suggests geme degree of separation along an
almogt vertical line :ﬁ;art:mg {rom the 50% gravel - 50% mud peint.  Two ’ -

arcas, labelled A.and B have been distinguished on Faigure 25. . ;

o

.In an effort to dlfferentlate possable, clust,ers in Figure 25 the per- ’

3

centages of gravel, sand, and mud for cach sample wexe plotted on a four-end-

13

menber tetrahedron, with the percent mud subdivided on the ratio of silt to

-
' -
- R ‘

clay. Separate ternary dragrams of the perc:ent qraw,l, anc‘l, and mud were

»
plotted for planes with silt/clay ratios reupectlvely of 0/1, w/1, 2/1, 3/1,

1]

4/, 5/1, &/1, and 7/1. If two planes had a similar distrabution of samples °

and were in consecutive order they were comhined. This was the case for the .

-

planes 0/1, and 1/] for 241, 3/1 and 4/3, and for the planes grcater than 4, 1.

Accordingly there are finally only three separate ternary diragrams (Figure 26).

]

In all cases the samples are plotted on the plane with the hlghest silt/clay

ratio for that group, i.e. samples with silt/clay ratids lowe;' than 271 ﬁare .
. o/ '
lotted on the"‘ plane with a 2/1 s:flt/clay; ratio, and samples with¥silt/clay 2

[

rambs from 2/1 to 4/1 are plotted on the 4/1 salt/clay ratio plar?e, and’ L !
‘}

samples wath sz.lt/clay ratios hn,gher than 4/1 are plotted on the 100% gravel- .

va
- <

100% sand-100% silt plane. . e o

N
“
@ v < 4

The four-end-member tetrahedron &'E‘lgure 26) ihdicates that: 1) all
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1

a

H
ol
3

the samplos have silisclay ratiso greater than 1 {except for camples 404, 419

and 556, which are relatavely close to 1 3 2) camples wath oilt/elay watios
a8
from 1/1 fo 3/1 are rach in the fraction iess thah 631, ihat is silt and
f

<
clay: 3) as the saltfclay mtmvmcromm% from 271 to 471 thore s on an-

o

crease in the gravel componont at' the cxpence of the salt and glay; 4) the
samplos wath slli;/’clay ratios greater than 471 are rach in gravel and rela-
tavely peor i silt and clay: 53 the amomnt of sand 15 less than about 60% and

in most cases less than 50%; 6) the percent send is relatively constant in
S L’
the three dragrame and 7) there i1s a weak but naturdl divisadn between the

gravel-rach tills and ‘the silt and clay-rich tiifs. "This twofold divaision 1s .

2
-

shown’ by a dashed line on Digqures 25 and 26. -

’ ' [ - X
¢ -
—

A

A
[N

A lithofacies map (Figure 27) has heen constructéd which shows the dis+

[ o

tribution of the cilt and ¢lav-rich tills delineatcd as £leld B in Fagure
- L3

25. Slaght varyations in drawang the upper pag:t: of the divasion hetween} A

- s

and B zoneés on the ternary diagrams wéuld affervt very few samples and would

’
“ v

not alter mgn:v.f;:zcantlyn the pattern shown in jthe lithofacies map. The map..
> oo

< » L .

T *

a

r

Jcld;cates that ‘i‘hl‘le&‘l;:.l.l\l wn the north side of the' Cobequ:,d Mqvunta;a.ns alongsthe

. Noxthumberland Stxaat 1s rich in s:i}land élay. Another tract of silt and .

“

clay-rach t11l 50 to 60 km wade stretches ncrtheas,t:_—s&‘mthwest\ between New
-y . ~ M .

LI »

Glasgow and Windsor. Small patéhes‘cf muddy 1t111§§re also foun

v 1

,eastern and central parts of the Annapglis Valley and over North WMountai
3 " F . o 4

’ ’

¢ € & a . \ o hacd
in the area between Sambro and St. Margaretﬁ'ns Bay, and in the Cow Bay region
s ) * . . A
east of Halifax. Minor scatteréd occurrences of-muddy ti1ll are found o

[ & a ] B

throughout the rest of the region. The distribution of silt and elay-rich

' » L3 €a s
13

t1lls ghowé several noglceabzle featurr{as. Firstly, the large areas notth and

: -

-
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5

couth of the Cobeguad Mowntains ave contred on the Carbonaferous Lowlando.
. o

The mderlying bedrock an these arcas 15 ramndy shale and candoione, as is

s

algo the case waih the two patchos in tne Manapoles Valley.  Scrcondly, an

tho belt of Carboniferous Lewland south of ile Mimas Basan and Antuigonish
A
haghlands, the soulhern bovadary of the silt and slaye-rich £ills extends
- >
southwards for cone distance over the slites and metagmartzios of the Heguma

b -
«

Group; thas 15 ospecially apparent in the area north of Halifar. Thardly,
° ¢

sewe of the woolated potches of s1lt and cldy-zich L111lo geatteored over the
L
o

Meguma Group and/Devonaan granite are centored on ihe druniin fields,

v
°

although others are not. C ;
bl

Tigures 28 and 29 have becn conotructed to mnvestlgatehfurther the’

o

relaticnship between gravel and mud content of drumlin 1ill and the sur-
rounding vill sheet. The drumlan ﬁamplcs from the Bastern Shore are richer
an clay aﬁﬂ}pcorer in gravel as compared io the till sheot {Fagure 28},

There 4s only a lattle overlap., The drumlin samples from the Lunenburg

i

drumlin field are also gewerally more muddy than the surrounding t1ll sheet

B

f .
but there 13 considerably mbre overlap. Ther? 1o no appaf!%t difference

in the gravel and mud cqnfent of the red clay drunlain and the slate «drumlins

in’ the Lunenburg drumlyf field (Fagure 29).

v
B "

]

" The cccurrence of s1ii and clay-ruch tills over texturally simalar
bedrock in the Carboniferous Lowland and *he Annapulis Valley as well as in

drumlin fields to the south provides stiong evidence that the drumlin t111
A}
orzginated in these regiops. Grant (1963) postulated that the origin of the

L}

material for the red.clay drumlins lay in the Minas Basin region. His

a f

4
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samples (+) and non~drumlin {.) samples overlving
Meguma bedrock northeoast of Halifax.

»
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° Tigure 28. Variation in the gravel and content »Hf drumiin
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conclusion was based on themtextuxe of the dramlin matrix comparednw1th the

rresent inter-tadal mud an Minas Basin, Neither source csn be cansidergd X~
° eclugave for Lwo reasons: 1) réd inter-tidal. silt qu clay presumably were

éﬁundant in @re-glacmal Mxnas Basan, and Northumberland Strait: 2) the break-

Adown of Traassic and Carbenlﬁggggs rocks would produce grades of material

» T N
similar to antdr-tidal sediment in the area.
. =

s

Examination of Figures 27, 28 and 29 shows that there are tills ocutside

the drumlin £ields which are texturally saimilar to that of the red drumlins

% -

,and the Carboniferous Lowlands for examply the grey slaty drumlan till west

of the LaHave Rlver.x However, there are also tills an the drumlin fields
. vy
themselves which are' texturally different from the red silt and clay-rich

drumlan till, as"measured by the parameters in this study.

v

As ti1ll at any cne loBality 15 a mixtere of lecally- and distantly-

-

» derived pebbles {(Grant 1963), and of local and foreign heavy m%?erals (see\
later séctlcn), it is presumed that texturally the till matrax has both a

local and a foreign component. The amount of "Minas Basin" material admixed

with local material varies greatly, as shown by Grant (1963). He concluded

that the "Minas Basin" material 1s found both in and between drtimlins,, and

that where the greatest concentraticdns occur, the till 1s red. The tall

£

between the drumlins is racher in components of local origin, despite the

fact that it occurs insade the limits of the drumlin field, . .

1

, o Till that 1s texturally similar to that of tbe Carboniferous Lowlands
occurs over granite, slate and metaquartzite in the Uplands. Thas t21l is

presumed to have formed przﬁarlly from local fine-grained rock or to have
‘\\’ ¢

% an abnormally high content of Carboniferpus and Traassic materaial.

N -

3
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These conclusions are contrary to hosé of Boulton (1974, 1975) who

feuﬁd that large particles {(~-7f¢) and w mall pdrticles (<3P) both have

-

relatively small velocities over the glacd » whale partrcles of inter-

medrate grain size move relatively more rapidly. Boulton found that the
clast mode of a till er? Brexrdamerkurjokull in Iceland coincades with the

™
relatively hagh values of particle velocity. In the present study, this

would mean that the gravel fraction moved guickly and the combined sand-

—

silt~clay fraction moved more slowly. Hence the fine tills without a large
gravel Eraction would be most easily deposited by lodgement whereas the

coarLé gravelly f£ills (mode <-7¢ to »~3@) should be transported further. In

¥ 4
Nova Scotia the basal tills are richer in the <7@ to »-3@ fraction, which is

an apparent contradiction of Boulton's findings. The inconsistencies between

2

these two studies are possibly the result of: 1) Transport of large amounts

of post-Devonian sediment in the <-7@ to >-3@ size fraction, followed by its

’

hreakdown in the area to the south and southeast of the source, at which

1 . '

time 1t would be deposited almost immediately. Thais alternative seems un~ .

likely as the source rock 1s very soft and would break down rapidly; 2) The

—

sediment was not carried in the basal part of the ice but ratfer in an en-

v

would cause deposition as the sediament was not in contact with the substrate.

“glacral position. This seems more likely since no variations in flow rate

Conclusions

1. Two tyées of till ar%,fbund in the study area; one is raich in_gravel and

the other is xich in silt and clay. ,
A 1 )

d ° » Y



2

4'

6.

7#

<

8.

9.

These two modes are the product of mixing resistant rocks, such as gran-
b

1te, slate, metaguartzite and basalt, with less resistant x‘mck’uch '
as sandstone, siltstone and shale. .

The hard rocks are found mainly in, the Cobequid Mountains and in the
\

uplands of the province (Devonian batheolith, Meguma slate and metaguartzite),
The silt and clay-rich.tall is centered over the Carboniferous Lowlands
north of the Cobequid Mountains and in the Minas Basin reqgion.

vThe occurrence of muddy ti1ll outside the Carboniferous Low]o‘-‘ﬂs can

be attributed g:o two thangs. Firstly, most of the samples are from silt
i *
and clay-rich drumlins containing material derived from the Carboniferous

Lowland. Secondly, a few silt and c¢lay-rach samples from outside the

known drumlin fields are either dislocated till sheet fragments trans— '

°

ported from the Carboniferous Lowlands or in some cases the product of

-

comminution of local fine grained bedrock.

s

The grey slate drumlin till found west of the LaHave River an the Lunenburg

5 ]
© drumlin f1eld e texturally similar to the red clay grumlin till found

on the east side of the river. R -

2 ~

The per centgravel (or the gravel/mud ratio) can be used. as a general

v

i
indication of whether a till sample has local or foreign affinities.

Local till over 'hard rock' is rich in the gravel fraction, b1¥t over
Carboniferous and Tr:xass:.g sediments the local till is raich in silt and

’ !

Clay.
The sand content of any till sample appears to be rather unpredictable.

’ v
The long distance transport of muddy till, whach according to Boulton

3 -
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resists transport an favour of coarser material in the ~3¢ to -7¢

range, 1s believed to be due to englavial transport.

Y
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T CHAYTER 7
PEBBLE EOUIFREQUENCLIES

Introduction
Indicater boulders have been used extensively during the past one
hundred years, especially ain Scandinavia, Historically they have been used
to determine the direction of glacier movement and for‘findinq ore deposits
(Jones 1973, Shalts 1973, Naichol and B}bEFelund 1973, Andersen 1945, V.

Milthers 1913, K. Milthers 1945). 5 -

. .
Indicator boulders afford the best and most reliable method for

determining the direction of glacier movement. 'The ideal source of a good
indicator 1s a point source, i.e. an outerop of rock which has a small areal
extent and a'unlque and easily identifiable lithology. As the glacier moves
over the outcrop the indicator 1s incorporated into the ice, dispersed and
deposaited in a fan downstreap from the outcrop. The length of the fan 1s a
function of the resistance to breakage of the rock as well as of the rate of
flow of the ice and the method of transport and deposition of the till.
élllberg {1965) has shown that thejtopography of the depositional surface,

the kind )f debras, and the presence or absence of another mate;:z.al, have

strong anfluence on the distribution of indicator boulders. These factors

<

will affect the indicator fan onlv to a minor degreg. Mapping the occurrence

of the indicator downstream from the source will show an areal variation which

1s the result of all the ice movements of different ages that have affected

-

-
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the ared (Galihprq, 1965), 1Tf tie fan 1™ the result of Zﬁé QIaUl;;lOn with

the 1ve moving wtn onlv one directiom, 1t ngz beoa tramm with almost narals

lel sades. I thoe aréa was glacviated several times from slichtly dufferent
Jdirectaons or 1f the dxéecb&ons of basal movement changed during the Irfe =

of the glacier, the fan may spread out bv as much as B0° or more (Andersen

1945, Rankama 1965, Jones 1973, Gillberqg 1965, 1967, 1968). Float mapping,

1.¢. mapping indicator boulders of unknown origin, 1s a powerful prospec=-

ting tool in glaciated areas (Dreimanis 1958, ¢Grap 1953, Shalts 1971, Uones )
1973). —Thlq technigue 1s based on thr sbservation that the source is usually
located relatively close to the apex of the indicator fan.

> The size of fans varies greatly. }For example, indicators from Finland
[ 4

have been found in Denmark and northern Germany, over a thousand kilometres

’

~ away (Andersen 1945). 1In other instances the fans are only a fraction of a
kilometre long (Dreimanis 1958, Jdnes 1973). Grip (1953) desarlbes/qy‘ggtcrop
with no indicator ¥an at all. Gillberg (1965) has shown that blocks afe
comminuted exponentially downstream. If this as the case thgg;ggw dld.the
indicators ‘from Finland survive t#ansport to Denmark and north Germany?

Even the largest and hardest rock would disappear after a few hundred kil-
metres of 1;e transport according to Gillberg's model. Englacial or supra-

glacial transport must have been the pramary modes of movement of this'

materzal.s ' ‘

4

L

. ”MJ““\ Indicators are not exclusively boulders but can he‘any size material

.transported downstream from its source by an overriding glacier. “The gravel

size fraction is commonly used in indicator studies because 1t 1s easy to

-
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adentafy, Lundquist {(1935) and Flint (1947} used the 20 ¢m size fraction; |
Slatt (1971) used the 4-2'mm fraction; and still others have used the fine |
sand fraction (Gwyn and Sutterlin, 1971). Grant (1963) used the 5 to 22 mm

il
fraction wherdas Nolan {1963) used the 63y to 500 fraction in their respec- ' //

tive studies in Nova Scotaa. ] - R '

x

¥ /

22 mm fraction and the 63u to 500u fraction, s v

" J // .
Method

™~ b /

I /
Grant (1963) traced 50 rock species to 7 source regions in Noya Scotia.

/

He was, however, mostly concerned about the origins of the exotlb/pebbles 1
. ‘ /

an the drumlin fields along the South and Eastern Shorqs. The distrabution

v

of easily identifiable lithologies was thought to be adequate for the present,
|

study. -ConSequently, pebble counts were made of coarse grained, leucocratic

igneous rocks ¢onsisting primarily of diorite, granodiorite, granite and
- *

4 “

sﬁénxte, which will henceforth be tqued granitic erratics. Pebble counts

were also made of fine grained melanocratic rocks consisting prlmquyy of s

el

basalt although diabase and andesite may be represented in small amounts. /

The second type will henceforth be termed basaltic erratics, because of

]

their relatively limited dlstrxbutlgn and distainctive lithologies.

The percentages of coarse grained granite rocks and fine grained basalts

were determined for the 5 to 22 mm fraction of all the samples. At least

[

300 pebbles were counted per sample.

x 3
- o
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Figures 30 and 31 show the eguifrequency daistribution of basalt:ic

erratics and granitic errat¥s, The potential sources in Nova Scotia are

shaded. Interpretation i1s based on the assumption that the indicators should
s 3

be more numerous near the oragin than at some distance from the source.

Grant {1963) has shown that this 1s not always the case, as Cbbequld andy-

' f

cators are concentrated in till betwedn Halifax and St. Margaret's Bay and

o

decrease in g northerly direction before they increase again. Chapman and

Putnam {1966) also note that Shield rocks increase away from the source in

the Peterborough drumlin field in southern Ontario. Glllﬁerg {1965) descraibes
1

Id

situations in Sweden where a large indicator block has been transported some |
” .
+

distaqee dowmstream from the source before it was crushed. The erushang

* would add a.large number of smaller indicators to the till at that point and

]

\_~‘;J’at would show up as an anomaly on the equifrequency map. As the ancmalous

occurence of Cobequid indicators described by Grant occurs over granite, which

.

is 1n this case a source region,-the possibility that the indicator maght
¥
. 1ncrease away from the source gs thought to be minimal. It 1s alss felt that

+ some of the "granitic" Cobequxdi}g&fé&éors used by Grant may have heen deraved
- . (A%
from the Devonian granite batholith which has been shown by MacKenzie (1974)

to be composed of at least five different types of granite. Red granites,

’

previocusly thought to occur only in the chequlg Mountains, have been identi-

E ’

faied in the Devonian batholiths (Marc ﬁharest, personal cemmunication 1976).

P

Grant's anomaly between Halifax and St. Margaret's Bay may in fact not be real.

Distrabution of Basaltic Erratics

»
W

Figure 30 shows the equifrequency distraibution of basalti¢ pebbles in
* Nova Scotian till. The map shows that basically three separate indicator
a

&
fans were formed: °

B wranliebs s F
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1) southeast of North Mountain .

2) southeast of the Traissi¢ outliers on the north sade of the Minas

- - -~ - .

. Basin; and ’ ) * .
) 3), south and southeast of the River John Group in the eastern end of
the Cobequid Mountains. )

V“
» -

*  The largest exposure of basalt 1s the Noxth Mountain basalt which ex~,
R ’ N
< tends for about 200 km along the south shore of the’ Bay of Fundy. Smaller

outliers of é e same Trlagsic basalt are found at Cape D'Or, Clarke Head,

Five Islands and Bass Rivef to the east. The Triassic basalt 1s the youngest

) N
bedrock in Nova Scotia with the exception of a few 1sol;éed pockets of

.

Cretaceous sediment in the Shubenacadie Valley. The Triassic basalt has

®

therefore not been recycled into younger sandstones and conglomerates in
} L AY 7

¥ Nova Scotia. This well-defined exposure of basalt is thus an excellent

~ N

indicator.

N . v

Gillas (1964) reports 1,100 feet of basalt intercalated with shales,

sandstones, limestone and oil shale in the River John Group in the ‘eastern

o ‘ t i ¢

end of the Cobequid Mountains. He also reporgs the presence of volcanic rock
fragments to a minor degree in the Millville Canglomerdii of the Pictou Group.

The River John Group 1s considereq a point source but the Millville Conglo-

S

merate and Pictou Group have almost ansignificant amounts of basaltic frag-

~
ments {Gillis, 1964).

.

o

The North Mountain Basaltic Erratics

The conceﬂg;;t%cn of basaltic pebbles in the till falls off very rapidly

-

e

e
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sountheast of the source exposuré.~ Well defined indicator fahs are however,
e \
to be found in the east soutyeaét of Kentville and in the west southwest of |

Annapolis Basin.

The‘lobate nature of the distribution of basaltic pebbles follows the

northern boundary of the Devonian granite batﬁéllth. The batholith also forms

a high obstruction to glacier flow, The sandy till which has formed over t@e

I3 ®

granite is very permeable, which could have resulted in the weathering out of

the basaltic pebbles after deposition of the till. Also the texture of the

granite t1ll could have resulted ain the destruction of the basaltic pebbles
. he ©

or dilution to such an extent that large amounts of material would have to
be examxneg to f;nd basaltic pebbles. The occurrence of basaltic pebbles

over parts of the granite batholith in the Halifax, Mahone Bay and Kentville

area, and the decrgase 1in the basaltic pebbles before reaching the granite

» s

andrcates that the distribution is pramarily controlled by topography. Ice

.

moving upslope from the Bay of Fundy would have been in a‘Qtate’Bf compression;
movement would hav; been slow and frlction high. Material eroded from North
Mountain would have been deposited on the proximal slope of South Mountain
very shortly after its 1ﬁcorporation ihto the ice., Indicators would, however,
be carried away by the ;ore actxvely“movxng 1ce in the low areas surrounding
the’granlte batholith. As the 1ce slowly ;oved up the proximal slope the
upper 1ce probably sheargé over the basal 1ce and moved rapadly over the
batholxtﬁf&‘On descending the lee slepe the i1ce spread out and flowed, easily
distributing the few indircators, whach would have been sheared up into the
higher 1ce:;;ﬁasa1tic pebbles were scatteredrfrom Yarmouth to Chezzetcook

Inlet on the leeward side of the topographic divide which runs & the axis

¢ -

1

e
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of the peninsula. '

-3 . . ,-
The c;;;latratlons of basaltic erratics in the Lunenburg drumlin field

= -

and the area around Halafax, and Mahone and St. Margaret's Bay are associated
with the positaions of the river valleysiwhaich transect the province at these

two locations. Tﬁe Avon Raiver’on the northwest and Mahone Bay, St. Margaret's
. . 4

Bay, and Bedford Basain-Halxfax Harbour on the sputheast form a corridor which

*

Wy
allowed relatively easy passade of ice across the province. The Margarets-

ville Gap an North Mountain and the LaHave River Valley formed a samilar

1
corridor and also facilitated the passage of 1ce across the peninsula. ° These

-

corridors are the site of ﬁrant‘s "ice currents®. )

The Clarke Head, Fave Islands, Bass River Basaltic Erratics

L4

.\‘ The basaltic pebbles frqg\?larke Head, Five Islands and Bass River are

3

distrilfuted in a fan scuéheast of the source. The fan is short and restricted
mostly to the Shubenacadie River Valley and the adjacent lowland. Sporadic

L4
occurrences of basaltic pebblés are also found on the leeward side of the

divide separating the Shubenacadie River Vélley from the rivers ;ralyxng f
into the Atlantic Ocean. 'The basalt in the ti1ll aroggd‘shlp Harbopr 1s be~
lieved to have been dérived from the fan centered on the Shubenacadie River
Valley. It 1s daiffaicult to conclude that the length, shape and position of
the train 1s stractly controlled by the topography. The limited lateral ex-
tent and scarcity of outerop of the source resulted an only a little basalt

being added to the overriding ice. The train does indicate that the ice

flowed southeast over Minas Basin and up the Shubenacadie River Valley where

/// v

.
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.
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most of the basaltic indicators were deposited.

° . '

The River John Basaltic Erratics

-

»

This 15 the least well defined basaltic indicator train in mainland

. |

Nova Scifla. The incorporation of basaltic rock fragments into sediments

»

overlying the River John Group,, namely the Pictou Formation and Millville

Conglomerate, may mean that the source is somewhat larger thamn that shown -

L ]

on the map. The dispersal pattern shows that the ice moved in a south-

easterly dlrectloﬁ,and that the concentration decreased to zero but picked

4 ‘

up again around Ecum Secum, after crossing the "skip zone" centered on the

drainage divide between the source drea and the Eastern Shore.

The occurrence of basaltic pebbles at Hardwood Hill near the mouth

-

Of West Raver indicates that ice flowed in an easterly direction at one

time,

Distribution of Granltic Erratics

Ve

The known sources of intrusives are shown in Figure 31. Gillas (1964),

24

also reports the presence of Eobequld wntrusive clasts ag puch as a meter

in diametpr in the River. John, Riversdale a?d Pictou Groups ih the area
west of Pictou. Stevensonk(1958) notes the presence of man§ granitic peb-
bles in the Annapolis Graup, Pictou Group and Horton Formation around Truro.
Benson {1967) reports granite pebbles in the conglomerates of the Horton

Formation and the Pennsylvanian in the Hopewell area. Weeks (1948) records

. -~
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1§} <
granite pebblegs an the basal Pennsylvanian in the Londonderry and Bass River

« »

areas. Stevenson (1959) reports granite clasts in the Horton in’the
Shubenacadie and Kennetcook areas. Taylor (1969) observes conglomerates in

the Annapolis Group in the western end of the Annapolis Valley; these con-

¢ -

gomerates probably contain granite clasts, Freeman (1972) reports an his

work on the Cheverie Formation south of Minas Basin that "In the alluvial
, 13
fan arkosic pebble conglomerates are so samilar to the granites tomposition-
{

ally that at farst glance they might be mistaken for one’ another". Also,

Frankel (1966) described caonglomerate beds in southeastern Praince Edward

»

Island wath clasts of gneass, granite, granodiorite and basalt. Poole

et al. (1972, p. 294) report conglomerates in the Cumberland Group derived .
o

from the western end of the Cobequid Mountains, The igneous plutons in Nova
»

W
Scotia have obviously contributed large quantities of pebbles to the con-
4 ®

glomerates in the immediate neighbourhood and these “second hand" sources

may have added EonSLderably to the tills. It 1s, however, impossible to

a
determine accurately the proportion of the conélomerates whach represenys
pebbles of gntru51ve origin, to what egtent these conglomerates were exposed
to’glacial erosion, and what percentages of these pebbles were incorporated
anto the resultanﬁ‘llll. It s assuﬁed that they may constitute several

[

percent of the pebble fraction in %he overlying till of those areas.

-

) .
The intrusive rocks“it mainland Nova Scétla can be divided into three
groups: the South Mountain batholiths, the Bastern Shore batholiths, and

the Cobequid intrusives.

-
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South Mountain Indicator 'Train .

5 -

The ,concentration of granitic indiuator pebbles dec¢reases in all

-

directions from the South Mountain batholath. '
w
-
1.) To theenorthwest of the batholiih, more than 20% granitic pebbles ave
to be’ found in the 11l at Nictaux Falls and at a number of localities on the

n

North Mountain basalt. ' The,origin of the South Mountaan granites on Noxth
Mountain has been the sgbgect of controversy for almost a hundred years

i
{Dawson 1893, Goldthwait 1924, Hickox 1958, and others). Hickox (1958)

established that the granites were of Scuth Mountain origan and not derlv?d

from Cobequid or New Brunswick sources as suggested by Goldthwait (1924),

1
1

The granite equifrequency lines on Figure 31 support Hickox's view that ice
flowed from South Mountiain northward into the Bay of Fundy., Prest and

Grant (1969) argue that the northward flow over North Mountain was caused by

s drawdown resulting from incgrsion of the sea into the Bay of Fundy during

¢

the late Wisconsinan., Marcussen (1974) péﬁnts out that sediment 1s trans-—

s

ported only,qhen an uce sheet 1s advancing ~ similar to bulldozing. He bases
this opanion on the observation that the basal ice at Camp.sfntury, 100 km o
from the margin of the Greenland ice sheet, 1s 100,000 years old., If this is

the case, granite pebbles could not have been transported over North{hountaln

1f the movement was only in rxesponse to drawdown. The indicators would have
been transported northward only if there was active flow in a northward

direction. This flow could have been the result of actively flowing ice
moving outwards from the South Mountain hlg%}ana or from actave flow from the

n

northeast down the long axis of the peninsula. In either case the Bay of

v

PR
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¥
Fundy would have acted as a chute dischurging large guantaities of ace into

the Atlantic Qcean (Shepard, 1930: Prest and fHrant, 1969).

i

-

ii.} Along the north side of the batholith a limited arca around Windsor and

v

Kentville yields gramite-type pebbles that constitute 2% of the pebble

fraction. Thas percentage decreases ts;ards the north and east, and the
material may have been transported by radial outflow from a late Wisconsiunan
1ce gap cé;terea over South éountamn, as proposed by Hickox (1958) and others.
Although i1t may be argued that the pebbles and boulders in the till té the

.

north and northeast of their source were derived from conglomerates around
Minas Basin or even by deflection of the ice to the east by South Mountain
itself thais i1s unlikely because of the large size (up to a metre) of some
of the erratics and because of the obvious indication of radial outflow near
Middleton. The distribution of granite erratics in the Windsor-Kentville
area 1s taken as further corroborating evidence of radial outflow of ice

)

from Sputh Mountain.

Y

111.{ The d?crease in granile-indicators westward from the batholith suggests
active flow from the centre of the peninsula. Alte;nati%ely, the main 1ce moving
southeastward may have been deflected to the west by the batholith itself.
1v.) The main ice flow from the north-northwest cannot be separated from the
later radial flow samply on the basis of the distribution of granite indi-

cators in the area south of the granite batholith. In this area the two

directions would be parallel.

v.) The equifrequency lines in the Yarmouth to Shelburne region indicates

that the flow was generally towards the south. In the Yarmouth area flow

8



. -
. .
was towards the south-southwest, whereas near Shelburne flow was more

coutherix.

vi.} Iuve~flow i1n the LaHave River Valley was in a southoasterlgﬁdxrec—
tion. This indicator train is well defined, rich in granite pﬁ&bles. and
coincides with the Lunenburg drumlin'field. The long axis of the indicator
tramn also matches the direction of the long axes of the drumlins (Cann and

Hilchey, 1958).

4

The granite pebble indicator fan coincides with the basalt pebble in-
dicator fan in the Lunenburg drumlain field. This larqge, well~defined fan is
the result of very actiwve excavation of both basalt and@granlte between
Margaretsville on the Bay of Fundy and New Germany in the center of the
peningula. Grant (1963) calculated the volume of the basalt deposited in
the Lun?nburg drumlin field and found that 1t compaﬂrd will with the volume
of material missing in the gap in the North Mountain basalt north of Nictaux
Falls. The reason for tRe<active erosion in this area 1is probably rapid

*

1ce flow down the PaHave Raver valley. 11nce the i1ce had failled the Minas
Basain and Bay of Fundy it piled up‘against the’ North Mountain and South
Mountain davides and finally crossed i1t first in the east and west and then in
the middle, as the %}Vlde 18 haghest south of the area between Middleton and
Bridgetown. A considerable “head" would have to be built up to the north
before the i1ce front would cross. Once the 1ce crossed the topographic
divide it flowed very rapadly down the lee slope toward the southeast. The

rapid flow of ice caused-increased erosion in the high areas of North

Mountain basalt and the South Mountain batholith,
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The anomalously high concentrations of gramite pebbles in the till around
%
Halifax Harbour and Bedford Basin 1s the result of ice flowing into Bedford

Basin and Halifax Harbour off the higher pluton to the west. !

.

The Dastern Shore Indicator Trains

’ <
e
Small but w%ﬁﬂqaeflned granmite 1ndicator trains are located south and

) S e
‘N\'P-’%‘T*‘

southeast of three plﬁ%bﬁ§$on the Eastern Shore and an the Antigonish

\

Highlands. These fans were formeé'by ice moving towards thé southeast. Thas

f
1s the ,same direction as 1s indicated by tﬁe River John, Clarke Head, Five
Islands, and Bass River basaltic indicator trains.

3 >

The Cocbequid Mountains Indicator Trains a

»
The source of granitic rocks in the Cobequid Mountains extends

on a broad front almost east-west perpendicular to the direction of the last

~

1ce movement (Grant, 1963). Consequently a very broad fan of granitic

5

erratics has formed to the south of the intrusives. Interestingly the area of

spread narrows southward, possibly as a result of destruction of the granitic

pebble components. An exceptionally high concentration of indicators (20%)
1s found to the west of.and parallel to the Shubenacadie River. The position

4
of this high concentration of indicators and the position of the fan is

Y ¥
governed by the shape and position of the source of the erratics. The
equifrequency lines on the southwestern side of the fan, however, are very

close together. This may be the result of several factors. The ice flow

may have been channelled by the Shubenacadie River Valley. Ice flow may
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have been pe%pendzcular to the axas of the Cobequid Mountains but it could

have been deflected to the east by ice moving from Kentville aniguxggsor

o

towards Halifax. The southeastern end of the fan appears to have been in-

fluenced by the topggraphy but nothing more positive can be said about this

J @

fan until the precise sources in the Cobequid Mountains are investigated

more thorowghly.

The origan of the undulation in the equifrequency lines at the south-
eastern end of the Cobeguid Mountains 1s an enigma, The lobe at this

localaty may possibly have some unknown control in the source area. On the

i

other hand, 1ce flow on the north side of the Cobequid Mountains may have
been diverted towards the east and would not have been able to breach the

Cobeguid Mountains until i1t reached the Stellarton Gap. At‘thzs point south .
1
southéasterly flow was again possible., The low concentration of pebbles to

o

the south of the eastern end of the Cobequids could be the result of diversion

o

4 of the ice, creating a "lee", The asymmetry of the equifrequency lines south

of the Cobequids may alsoc be a result of this "lee" effect, or 'late’ ice in

I

this area.

S

°

. The dispersal of granitic indicators on the north side of the Cbbéqud
Mountains, as indicated by the equifrequency line, is probably not due to
noéthward ice flow. The pebble concentrations are considered too low and /
the sample localities too few to conclude that the distribution of pebbles

is the result of i1ce movement and not merely the result of the presence of

granite pebbles'an the underlying conglomerates.
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= Conclusions

- L1

Equifrequency maps showang basaltic and granmaitic erratic distrabutions

¢ B

’

The 1ce moved in a generally southeaterly direction across most of the

province.

L A el

o~

1

2. In the southwestern part of the province the i1ce moved in a more southerly

3.

4-

5.

6.

7.

8.

9.

~

“drrection.
\2\ “

Basal ice was deflected fb the éast and-to the west argund the haghland

¥

formed by South Mountain and North Mountain.

]

~

The regional variation in the topography played an important role in
determining the dlstr;put;oﬁ of indicators in the Windsor area.

At a late stage, ‘tce probably flowed actively northward from the South
Mountain batpo%lth across the North Mountain basalt. .

There 15 not sufficient evxéence as yet to corroborate the existence
of an 1ce cap with radial outflow in the eastern end of the Cobeqpid
Mountains.

Early ice probably flowed eastward pa;gllel to the north side of the
Cobequid Mountains. ,

Cobequid erratics decrease in a southerly direction away from the source.
&

Outcrop size, shape, orientation and posiélon as well as the topography

IS

"
were the controlling factors governing the position and shape of indi~

v . .

cator fans.

.
— o —



\ CHAPTER B

HEAVY MINERALS

. ! Introduction * ) R

’ ¢

s >

Although heavy mineral analysis is regarded as a standard analytical

5

technigqye in the study of glacial tall, ghe number of rigorous studies is

w

small. In most of the Studies the samples are few and, although the

, -
analyses are quantitative, statistical treatment of any kind has been

’ +

lgncreao / ® N '

4 o
¢

Kruger {1937) made one of the earliest:studies 'on the mineralogy of*
;1l15 in Minnesota. He was primarily concerned with detecting differences in
drift of various ages. He analysed 52 samples of Kansan, Illinoian, Iowan,
Wisconsin Red and Wlsc;n51n Grey till and 5 samples of unknown origin. He
concluded that the great éomplexity was due to the admixtures and reworking
of earlier soils and tills as well as the great variety of rock types over
which the glaciers had passedz In spite of thas, he felt that there were

dlﬁgnostmc differences between these tills of various ages.

X Ce
Arneman and Wraght (1959) analysed the heavy mineral fraction of 14 till
samples, also from Minnesota. They felt that the presence of most of the
minerals could be accounted for, but concluded that heavy mineral analysis

of tills as a method of identifying and characterizing tills 1s not as effective

- as gtone cownts, mainly because of the difficulty of assigning particular

A e SRR st st
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minerals to particular rock types.

; \ .
By far the largest contr;butxdﬁ to heavy mineral analysis of tills has ’
A { A

3

becn made by A. Dreimanis and hais students at the Unaiversity of Western ‘
Ontaraio an London, Ontario.. The fairst study (Dreimanis and Reavely, 1953)
was aimed at differentiating the upper and lower tills on the north shore of

4

,Lake Erie. Heavy mineral analysis was carried out on 33 samples, 15 from the

lower till and 18 from the upper. GarnPt.was the only mineral showing a
sxgn;flcant percentage difference between the two units. The upper till con-
t?lned more purple garneé than red garnet, the lower till a larger percentage
of red garnet. Although this was considered to be the di§t1ngulsh1ng feature
there was overlap in some of the samples. There were other n&txceahle dirf-

ferences in the mxneréiogy of the two tills, but they felt that more sampling

was needed to clarify the relationshaps.

The second study, by Dreimanis et al. (1957), was aimed at dlffgrentla-
ting the upper and lower tills of the Lake Huron and Erie L;bes and also at
finding the source of the till units in question. The Superior and Grenville
Provinces of the Canadian Shield were identified as sources of the heavy
minerals. The four tills were differentiated on the ratio of purple to red
garnet as in the previous study, and on the ratio of tremolite and actinolite .
to chlorite and serpentine. Agaxn,'thére was considerable overlap in the
mineral ratios of the four units. One noteworthy point in thwxs study and
in the study by Sitler (1963) in northeastern Ohro and northwestern

Pennsylvania is that the underlving bedrock was not considered to have con~

tributed anything to the heavy mineral fraction except perhaps sulfides.

The Canadian Shield was thought to bé the source,
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Gwyn and Sutterlin (1972) analysed 132 till samples collected in southern .

.

Ontario in a straight line along the southern edge of tﬂé' Canadian Shield.

g

They were able to differentiate sources of heavy miherals on the Canadian
Shaeld by using R-mode factor analysas and d%semminant analysis. Usang a
few samples collected in a line perpendicular to the ”ice flow direcfion, out~
side the source area, and using multiva;:mate“ analysis, they reproduced the ,
results previcusly attained by D‘reimanis"and lseavely (1953) a7d Dreimanis

et al. (1957).°

t t

Vancent (1974) characterized 52 till samples from the north of England
using Q-mode factor analysis, and assigned them to three different source

areas.
3

The studies by Gwyn and Sutterlin (1972) and by Vincent (1974) have
clearly shown the usefulness of muitivariate anallysis in the interpretation ,

of heavy mineral data. Though neither of them had a large number of samples,

s
they point out the usefulness of multivariate analysis in large regional !

studies with many samples. |

. . |

Besides the regional studies of tills in the area surrounding the Great i
Lakes, heavy in:.r.zeral a;nalysis has been used in other areas in more Speczl.flg
studies. For example, Shilts (1974) mapped the dispersal of distainctave
sand-sized garnet on the ‘down-glacier' side of an altered syenite intrusion

in Keewatin. Clague (1975) mapped the distrabution of amphibole and garnet

in the &outhern Rocky Mountain Trench.

¥
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Figure 32. Nova Scotian bedrock and location of till samples.
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The present-study 1s Far more extensive than any of those mentioned G

above, covering three times the area (44,000 sq. ’km) of Grant's pebble in~ .

' vestigation {15,000 sp.r km) and anvolving detailed analfsa.s of 324 samplés.
N -~ @ o
* Previous heavy maneral stidres have generally ‘been concerned with sources

outside the study area; whereas the present investigation deals with sources

“

scattered throughout the® regioﬁ covered by the sampling programme.

t ¥

Mainland Nova Scotia ’gs an area of complex bedrock geology, characterized by

R 4

Lower Paleozoic slates and metatuartzites of varied metamorphic &rade, complex
. ! '

. Devonian antrusaives of differing composition, Carboniferous sandstones, shales
* et - - . = 3
. and evaporites initially derived from Nova Scotia and southern New Brunswick,

o«

] i
and volcam.cs?varymg in composition from rhyolite to basalt and in age from

Paleozoic to Triassic. An attempt i1s made here to relatg the heavy mineral ‘

G

suites with the bedrock geology. Figure 32 shows the sample locations and

LAl

the bedrock geology of.Nova Scotia and Figure 33 shows the sample locations o
and the regional metamorphic zones of the Meguma Group {from unpublished work

, by G. K. Muecke), A new element here is the application of R-mode factor
analysis in an endeavour to aidentify indicator mineral assbclatlons as an

a1d in delineating ice flow directions. ,

4
" *

.

, s -Methods

Heavy Mineral Separation a

‘
1

From each till samg_l)g’ approximately 15 gm of fine sand (500 to 63u) was

e

-

TR P o P st s
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i J ‘

taken and added to a separating tube containing a mixture of tetrabromoethane
angd ééxﬁon\tetradhloride with a specific gqravity of 2,808, This laiguid was

s prepared by adding 12.5 ml of carbon tetrachloride to 87.5 ml of tetrabro-
moethane. Pieviou; workers in Nova Scotia (Nolan, 1963 and Lyall, 1969)
have used this %iquiﬁ instead of bromoform (S. G. 2.89). This substitution

15 advantageous because of the difference in cost of the ligquids. After 3

-

hours Qf‘settllng, with occafional starring, the heavy fraction was drained

off in th‘maﬁner outlined 5} Carver (1971). ’

M 5

Prelimnary information showed that the heavy mineral grains were coated

3
W

sWith a reddish material believed to be iron oxide, and as such were not com-

‘pletely translucent. An iron oxide removal procedure modified from Mehra

-

and Jackson (1958) was used to remove the stains. The heavy mineral fraction

I’

- was placed in a 100 ml beaker to which 40 ml of 0.3 M Na~citrate solution and

5 ml of 1,0 M.NaHCO3 solution was added. The temperature was brought to near

v boiling and 1 gm of solid sodium dithionite (Na25206.2H20) was added. The
4 4

sample was stirred for 15 mlnuteé. filtered, dried and weaighed. This pro-
cedure removed the coating. This method is preferred to the more classical
B tr;atmenté w1§p conéentrated acids as the latter destroys heavy mineral grains,
l not;bly apatite. - Also, ;he dithaonite methods is fast and safe.

-/ :
+THe heavy mineral fraction was expressed as a percentage of the total

weaght of the 500 to 63y fraction from the till sample.

9

The light and heavy mineral fractions were stored in glaés vials.
J b

7 -
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Preparation and Countaing of Slides

s
o

° Prior to mounting, the minerals were homogenized in the vaals, using a
spatula, in case mineral stratification had taken place during handling and
storage. The grains were mounted carefully in Canada Balsam and sealed with
a cover glass. . K 2
Befare point counting was started, a standard slide collection of 41

commonly known heavy minerals was ézepared from samples an the Dalhousie
Geology Department Museum collection. These were studied in order to facili-~
tate identification of the minerals in the umknown slides. Saxteen unknown

heavy mineral species were microprobed semigquantitatively and ident1fied earlﬁ

in the study.

«

Point counting was done using a mechanical stage mounted on a binocular
petrographic microscope. ‘The rabbon method of counting was used whereby all
the minerals in the field of view along each EréQerse were adentafied, i.e.
the number percent of each mineral was measured. Approximately 300 mineral

.

grains were i1dentified on each slide.

.

As a control, duplicates were made of the 7 samples and each slide was
counted/seParately and the results compared. ;uplicate grain counts are
listed in appen?ix 4. Also, the first 75 slides counted were counted again at

» the end of the study to confirm the correc:?ess of the mineral adentification.

Both procedures confirmed the reliability of the results. ‘

The minerals identified in the study are opaques, zZircon, rutile, sphene,

Y
tourmaline, anatase, almandine, spessartine, staurolite, andalusite,



t 4y

sillimanite, augite, amphibole, epidote and apatite. In a few samples other
minerals were also adentafied, but they were not included in the final tab-
ulation because of their low numbers and limited distrabutions. Calcité or
dolomite was observed in four samples from the Halifax area. Zoisite was
observed in a few samples near Bridgewater and Lunenburg. Fluorite was ob-
served i1n a few samples from New Ross and $t, Margaret's Bay. No attempt

was made to subdivide the pyroxene or amphibole groups. A few orthopyroxene
grains, mainly hypersthene, were observed in a ouple of samples. gore than «

one type of clinoamphibole is thought to be derived from the Cobegquid .

Mountains, but these were not subdivided.

~ i ’

Mica, chlorite, rock fragments and altered minerals were initially in-
cluded 1h the point counting. They were later excluded because it was felt
that the peculiar settling properties of mica and chlorite and ;he varied
specific ng'}ties of the rock fragments led to differential settling depend-
ing on the size and amount of these constituents. The results from one
sample would therefore nét be necessarily representative of tﬁat locality and
1t could not be compared to othér samples, However; these minerals are in-

©

cluded in the total percentage of heavy minerals. !
when approximately 300 grains had been counte& the percent opaque minerals

was calculated. The percentage of each of the other 14 minerals was then

calculated as a percent of the total non-opaque fraction. This technigue 1s

samilar to that used by Nolan (1963), James (1966), and ‘Tok (1970). The

results of the point counting are tabulated in appendix 4.
-
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’ Correlation

>
o

To test possible correlations between tills 15 samples were collected
from three till sections exposed in the Halifax area, namely HaFtlen Point,
Cole Harbour 6 km to the east, and Sandwich Poant 9 km to the west. In
each case, the tills are stratigraphically distinct units comprising a lower,
compact grey till overlain by a red clayey till. The analysis is intended
to serve as a test of whether the mineralogical affinities are greater in
a 1atera1:gg a vertic;l direction and as a test of the point counting and
sample spacing. ,Nine of the samples are red clay till - five from Hartlen
Point, three from Cole Harbour, and one from Sandwich Point. Six samples are
of the lower grey till - three from Hartlen Point, two from Cole Harbour,

and one from Sandwich Point. Spearman rank correlation coefficients were

calculated and the results plotted as a dendrogram (Fagure 34).

The dendrogram shows a strong correlation between all of the sampleg of

red clay till and between 1t and the underlying compact grey till, A test

’

. of significance (see Appendix 3) indicates no meaningful mineralogical vari~-

N

ations between the red and grey tills exposed in the Halifax area even when
* /

multiple ti1ll samples are collected.

The important implications of the results of this small study are four-

3

fold. Farstly, one can be reasonably certain of: obtaining a representative
sample by sampling amy apparently homogenéous portion of a till outcrop.

Secondly, till sheets whaich are stratagraphically continuous vary little

over quite long distances. This makes a sample spacing of 5 to 10 km fairly
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[ 3
representative. Thirdly, it is difficult to determine th? provenance of
tills 1n a multiple till section, and necessitates the use of other para-

metérs such as colour, till fabraic, pebble lithologies, stratigraphic con-

»>

tinuity, and degree of oxadation. Fourthly, there is no mineralogic dif-
ference between the matrix of the Cow Bay drumlin field, the Chezzetcook

drumlin field and the eastern part of the Sambig drumlin faeld tills,
To test further t%e hypothesis ‘hat the mineralogy of the tills an Nova

Scotia varies little eather laterally or vertically and that there are es--
sentlallf no differences between the different products of glaciation at any

one locality, samples from multiple till sections were compared to the im-
‘)
mediately surrounding samples by Spearman rank correlations. The following

’

groups of samples were analysed and the significance of the correlation

calculated {Appendix 3). Samples separated by a horizontal line are ﬁultlple

o

»

till samples from the same location.

1. 201@ 203, 474, 216
202;:204, 475
" 205 . :

2, §§Z. 462, 459, 463, 461, 541, 458
535 ‘

53 -

533

3

3. 438, 441, 437, 525, 440 .
439

4. 290, 288, 527, 526, 302
291, 289

5. 495, 260, 262, 257
494

6. 555, 323, 321, 322, 324
554
556
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’

7. 221, 222, 224, 227, 228, 226, 342, 287, 343

223 229 .
8. 373, 519, 370, 516, 517 \ . .
372 '
371

The r values of samples 440, 324, 343, and 517 in qroups 3, 6, 7, and 8,
) respectively are below the 95% level of s:fgmfwance andicating no s:.gns:ficay,zt
correlation with the cther members of the group. Samples collected from
multiple till phases correlate h:ghiy with each other and most of the in-

¢

mediately surrounding samples.

These analyses corroborate the hypothesis that the mineralogy varies !
little withan an area no matter what the physical nature of the sample.
! )

Heavy Mineral Distiabption

Percent Heavy Minerals

The equifrequency distribution map (Figure 35) shows the varaation an

‘.
the percent heavy minerals in the 1 to 4 @ range of the sand fraction.

Anomalously high concentrations of heavy minerals in the tills are found
in flve regions of the study area. OFf all the samples, the eastern and
western parts of North Mountain and the Cobequie Mountains produced the till
rachest an heavy minerals. Other concentrations are found north and north-
east of Yarmouth, and around Liverpool. The eastern Cobequid fan is waide,
indicating that several directions of ice flow were responsi% for 1ts

formation. The minerals concentrated in this fan are primarily amphibole
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4

and epadote deraived from the antrusive rocks of the Cobequid Mountains. The
distribution of heavy minerals from the eastern and western ends of the
Cobequid Mountains indicates that erosion was greater there than over the
central part of the mountains. Heavy minerals are relatively poor in the
area south of Minas Basin to the Atlantic Coast beaausﬂe of the high content
of Carboniferous sedimentary rocks (especially evaporates). The lack of
heavy minerals in this region 1s a good indicator® of southerly ice movement.

The two North Mountain fans composed mainly of pyroxene, indicate that ice

travepded the basalt and distributed the heavy minerals over Scuth
) .
the nian batholith into the Bay of Fundy over the central part of North

Mounthin. %

related to ‘the local bedrock.

.« Amphabole

The distribution of amphibole in Nova Scotia, (Fagure 36), is generally
high to the east of a line from Halifax to Windsor as well as in the
Digby-Yarmouth region but scarce or absent over the main Devonian batholith

and the adjoining areas to the north and south. 2

3

In the west, between Digby and Yarmouth a large anomalous concentxation

of amphibole is found. The belt is approximately centered on the White Rock

Formation and the principal source i1s most probably the metavolcanics of

this formation. Hornblende~rich granite intrusives also occur an the south.



“aToqTydue FO UOTINQIAFSTQ *9g Panbtd

upaaD

up |4y

- 116 -




"

-

The distribution an the tall seems to be directly related to the immediately

underlying bedrock.

The amphégole over the eastern half of the main Devonian granite pluton
as far west as the LaHave River was derived from patches of volcanics of
Lower Paleozoic age scattered between Kentville and Middleton. The absence

of amphibole over the eastern end of North Mountawin excludes the Cobequids

as the' source.

The small amounts of amphaibole found over North Mountain northwest of
Middleton were derived from volcanacs around Nictaux, or from an unknown
source in New Brunswick. Aamphaibole is not present an the till over North

Mountain except in the central region and the Cape Split region in the east.

amphibole 1s a scanty component of the till overlying the whole of the
main Devonian granite batholith west of a line from Windsor to Halifax, and
1s completely absent in the Chester~Hubbards area. This 1S consistent with

a lack of potential sources in the bedrock.

The distribution of amphibole in the eastern part of the study area
clearly shows i1ce movement in an almost due southerly direction from the
A

source areas in the Cobeguid and Antigonish Highlands.

Amphibole is a. common constituent of the intrusive rocks in the Cobequid

Mountains and in Browns Mountains (Weeks, 1948; Bensoﬁ, 1974). From the
Cobequid belt, tife concentration of amphibole falls off in an irregular

fashion towards the south. Conspicuously high concentrations are found along

-
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1

the Atlantic shore, noticeablv in the Sambro, Cow Bay, Chezzetcook, Owls

Head and Iascomb drumlin fields. There is also a patch of notably low con-

A
centration near the head of the Musquodoboit River and a belt of low value

near the coast between éhip Harbour and Sheet Harbour, similar to that found

by Nolan {1963) in the coastal sands] 4
.

The low percentage of amphibole to the east of the Musquodoboit’ River

®

Valley i1s a result of the samples being collected from a very prominent

a

topographic high area with elevations over 200 metres.’ Consequently, this i
area was a major abstacle to ice movement and one of considerable erosion.

The tall is generally very thin and mostly locally derived. The ag\\;:hlbole .

" ~
in the Lascomb drumlin field has its source to the north-northwest, as do the
@ *
Owls Head and Moosé River fields. The Cow Bay and Chezzetcook drumlin fields,

o e

which are indistinguishable from one another, are a dislocated continuation

of "the fan which extends south from Minas Basin west of the Shubenacadie River

Valley.

P n
Q

The concentration of amphibole in Phe sambro drumlin field was apparently

»

derived from the east of the granite-Meguma contact between Halifax and

~ G

Windsor. The exact source 1s not determinable,

)
2 v

,

F'.L;,;ure 37 shows the variation in the percent amphibole and the percent
mud for drumlin and non-drmmlin samples situated “c;n Meguma bec‘irock northeast
of Halifax. The drumlin and non-drumlin samples are listed in Appendix 4.
Clearly there are two distanet tall types in this area - a muddy till rzich

in amphibole and a less muddy till with low concentrations of amphibole.
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The drumlin till was deraived £iom the post Devonian sediments to the
north and from the intrusives north of the Uobequid-Chedabucto fault. There .,
15 no clear separation between drumlin and non-drumlin samples but rather
the compositional change is gradational, indicating mixing with local com-

ponents to varying degrees.

3

. Although there 1s a marked break in distribution of points at 20 percent
" B amphibole this might be the result of a limated numbex of samples., Further
anhlysxs of the anomalous drumlin samples below the 20 percent amphlbolé

might elucydate this question.

" The almost complete absence of amphibale in the Minas Basin area 1s

b ¢ .
believed to be due to one of two factors: 1) Minas Basin was a major area

{ of glacial erosion, or 2) the Cobequid Mountains formed a ‘lee’ area to the
5 . N
south in which no till deposition took place in the main stage of glaciation.

.

The distribution of staurolite, sphene, anatase, apatite and andalusite 4
¢

" (believed to be derived from the Minas Basin area) and the close correlation

between the distribution of these minerals and the lithofacies map (Figure 27)

]

' indicates that the first alternative is more likely to be correct. This 1s
e ]

further substantiated by the lack of any clear relationship between the dis-

?'trlbution of staurolite and amphibole 2n Minas Basin. However, to the south

vy

(towards Halifax) ?nd west from Windsor to Middleton there 1s a strong positive
relationship between staurolite and amphibole. Thus 1t.is concluded that

amphibole and staurolite come from two separate.sources in or near the Cobequid

PRI ———

Mountains. The distribution of amphibole east of the eastern limit of

staurolite suggests that the amphibole source continues in that darection
>

t 4

£
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whereas the staurolite source stops neaxr Truro. -
v > s

L -

o The distribution of amphibole east northeast from theACQbeéulﬁ Mountains

toward Pictou Island indicates ice movement in that direction. Thas confirms

-

the cbservation by Prest et al. (1971) of Cobequid erratics in this region.

I

Samilarly, the distribution of amphibole north of the Cobegquid Mountains

« might be the result of northerly ice flow. However, little is known of the X .

distribution of amphibole in the Carboniferous sediments in that area and it

seems very possible that the amphibole may be secondarily derived from the

ancient sediments. -

Epidote ,

4 ?

The equifrequency map (Faigure 38) shows a large goncentration of epidote

extending south and southeast from the eastern end of the Cobequid Mowntains.
. This fan extends to the Atlantic shore with a decrease east of the Musquodoboit
River Valley. ?pldote 1s a common constituent of most till samples but is
- absent over most of North Mountain and the wesééxn half of South Mountain

~ W
which 1s underlain by granite.

Al o 3
.

4

Epadote 1s found extensively in the bedrock throughout the provance.

L

It is reported in®the granodiorites of the Cobequid Mountains (Gillis, 1964) ¢ '

e and throughout the low grade metamorphic rocks of Lower Paleozoit age (Taylor,
&£

1967, 1969). The presence of epidote in the biotite and garnet zones of the
e - 3 P
Goldenville metaquartzates (G. K. Muecke, per énal-communlcatlon) makes it

&

LK Y
of limited use as an indicator in large areag of the province. .

Py

~

Y

4 / )
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v

The Cobeguad Mountains and Antigonish Highlands were big sources of
epidote whach was distributed south and southeastward across thedMeguma to
the Atlantac shore. Some of the epidote an the eastern part of the study area
was derived from the underlying Meguma bedrock. The eastern Cobequid fan shows
a very gmmiiar distribution to amphibole in the region. However, un%ike
amphibole, there appears to be no preferential concentration pf epidote in
the drumlin till (Figure 39). There 1s a low concentration of epadote around
Sheet Harbour which indicates that the till there is from a different source
than that of the surrounding area. This is similar to the findings of Nolan

(1963) (Figure 6). \

The till in Minas Basin and on the highlands east of the Musguodoboit
Valley are very low in epidote content. Thas distrabution 1P sumalar to

that of amphibole. !

West of a line joining Hallfaxkhnd Windsor the epidote content is low,
indicating lattle or no Cobequad infl&ence. The trace amounts of epidote
present in the till over the eastern half of the main Devonian granite pluton
and the central part of North Mountain were deraved from the Paleozoic rocks
between Middleton and Wolfville and distributed southward and later northward.

It 1s noteworthy that epidote as only present in small amounts in the
Lunenburg*drumlin field. Thas fact precludes the possibility that the
glacier flowed southwest across the Cobegquid Mountains ana thg‘eastern half of

the main batholith as postulated by Grant (1963). Thais fact is corroborated -

by the distribution of amphibole in this area.
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The variation in epidote content in the rest of the area is governed

by itg distrabution in the local bedrock,
t

Bugite ﬁ §

The equifrequency map (Figure 40) shows a large augite fan south of
North Mountain with its main axis through the Lunenburg drumlin field and
the Devonian batholith. The fan 1s lobate in nature and extends from Halifax
in the east to beyond Yarmouth in the west. Other areas of high percentages
of augite are found southeast and east of the Cobegquid Mountaips and south~
east of Minas Basin. Augite 1; absent north of the Cobegquid Mountains.

The Triassic basalt of North Mountain 1s the primary source of pyroxene in
the large fan through the Lunenburg and Sambro drumlin fields. Withan the
Lanenburg drumlzn'field there is aqstrong correlation between the presence
of basaltzémﬁ bbles an the t111 and high values of augite. Over the granite
batholith, augite percentages are sllghﬁly lower than over the Meguma to the

¥

south, as 18 also the case with the distrabution of basaltic pebbles.

Faigure 41 shows the variation in augite w1th;changes an till texture.
The lack of any megnlngful trend indicates that the distribution is controlled
.
not by the grain size variation of the local till but by the outcrop pattern -
and the size of the source area. The figure also indicates that over North
Mountain ?ﬁe £ill low ain mud is richer in augate than the mud-rach till. Thas

15 the resu;g of the presence of foreign heavy minerals deraved from north

. or south of the area. The samples from the central part of North Mountain

’
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Figure 41,
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Variation in the augite and mud content of all
Nova Scotian till samples. (+) andacates samples
overlying North Mountain. .
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have been shown to be rich in silt and clay ané‘they are correspondingly
N

\\\\\}ower in augate content. This 15 clearly seen by comparing the laithofacies

map (Figure 27) and the augate frequency distrsbution map (Fagure 40V,

Y
Figure 42 shows the relationship between augite and the percent mud
for samples from the Lunepburg drumlin field only, Drumlin samples-are richer
in augite but there is considerable overlap with the non-drumlin samples.
Also, the percent mud in the samples does not serve as a criterion for

distinguishing drumlin and non-drumlin samples.

L}

v Augate distribution south of North Mountain indicates a strong south- ¥\7

easterly ice flow, especially in the Lunenburg drumlin field.

The basaltic outliers at Clarke Head, Five Islands and Bass River have
produced a large aindicator fan which extends southeast of Minas Basin almost
to Ta{lars Head. The Carbonaferous basalis of the River John Group and Mills-
ville Conglomerate appear to be the sources of the augite fans in the
eastern Cobeguid Mountains. The orientataion of t@esa faﬁs indicates i1ce flow

IS

directions towards Fhe south and southeast.

< >

The distrabution of augite on the Eastern Shore is similar to that ’
found by Nolan (1963, Figure 6). However, 1t 15 difficult to determine the
exact sources of aug;te in thas part of the study area because of the low
percentages, relatively wide sample spacing and also because the North

Mountain, Minas Basin, eastern Cobequid and Antigonash Highland fans/ &zl point

towards this region and some of them may in fact overlap.
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Pigure 42.
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Variation 11, the augite and mud content of slate
drumlin (X}, red clay,drumlain {+), and non-drumlin
{+) samples overlying Megquma bedrock in the area of
the Lunenburg drumlin faeld.
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Sphene

-

Fagure 43 shows the distrabution of sphene an Nova Scotian tills. Al-

though the distribution 18 omewhat scattered and the pexcentages low there
#

are several areas of meaningful concentraticons. The Springhill-amherst,
Pugwash-Tatamagouche and Pictou-Trafalgar regaons are all areas of relatively
abundant sphene. The areas nerth and west of St. Margaret's Bay, between
Weymouth and Yarmouth and southeast of Minas Basain also have saignificant
representation of sphene in the till. Sphene i1s also present in isolated
samples from the Eastern Shore, Kejaimkujik Lake area and the eastern end of

the Annapolis Valley.

x,

Sphene 1s an accessory mineral in many igneous and metamorphit rocks.
The only known occurrence in the bedrock in Nova Scotia i1s in metavolcanics
'

of the White Rock Formation north of Yarmouth. It 1s a relatively resistant

mineral and may be a common constituent of many sandstones.

Sphene 1s believed to be locally derived, except for the areas immediate-~
ly west of the Shubenacadie Bgver and on the eastern end of the Cobequad

Mountains.

The source of the large fan at the eastern end of the Cobequid Mpuntains
1s uncertain. The shape of the fan indicates a southeasterly movement of ice
through this region. The presence of more than 5% sphene in the Tatamagouche
area but not to the immediate souéévyay indicate i1ce flow parallel to the

{
north side of the Cobequid Mountains and not perpendicular to them. It is

possible that the sphene an the t1ll south of the eastern end of Minas Basin

»

¥y

bA
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’

had 1ts source along the Northumberland Strait. The distribution of amphibole
and stamrolite s similar to the distribution of sphene west of the
Shubenacadie Raver. Both amphibole and stauvrolite are dexived from sources

to the north of the fan. Wherever the sphene source is, it lines up wath

the two anomalies on either side of the Cobequads,

3

Apatite

v

The equifreguency map (Figure 44) shows concentrations of apatite in
s1x regions of the study area. The Amherst area and the belt from Pugwash
to New Glasgow are rich in apatifé. The tall over the western end of the
Devonian batholith and the area around St. Margaret's Bay have anomalously
high percentages of apatite. The till to. the south, and especially to the
southeast, of Minas Basin 1s rich in apatite. Minor concentrations of
apatite are found at ShapLHarbour and Sheet Harbour on the Eastern Shore,
at Barrington Bay and Shelburne an the southerm part of the province and

over the central part of North Mountain in the northwest.

Taylor (1967, 1969) reports the occurrenceiof apatite in the Goldenville
and Halifax Formations as well as in thg Devonian granite. Thus apatite
should be present in most of the post~Devonian sediments surrounling the
Meguma and Davonian rocks. Worth (1969) found apatite in the Horton Biuff
Formation, and it was observed in Triassic sandstone during the present study.
Weeks (1948) reports apatite an the granitic rocks of the Cobequid complex.
Loring and Nota (19§?) report 9% apatite i1n the Paleozoic sandstone and 7%

in the bheach sand from the New Brunswick coast between Cape Tormentine and

3 -

P
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Miramichi Bay. N

3 A}
@

Since apatite cccurs only in trace amounts, 1ts usefulness as an anda~
cator 1s questionable. In most instances its distribution is directly

related to the immediately underlying bedrock, For example, the Birrington

Bay, Shelburne, western Devonian granite, St, Margaret's Bay and Eastern

Shore occurrences are directly related to the underlying granite sources.

Similarly, the ccourrences over Minas Basan and north of the Cobequid Mountains

are related to the underlying sediments in which apatite 1s a detrital com- ,
3

ponent. Only the presence of apatite over Nortthountaln 1S uneguivocally

the result of ice movement, although it 1s not possible to determine from

it the direction of ice flow.

- a
< S
) -

The near absence of apatate in the drumlin fields of Lunenburg, Cow Bay-

Chezzetcook, Moose River, Owls Head, Liscomb and Ecum Secum as well as over

»

the northeastern part of the main Devonian granite batholith is believed to
be the result of dilutlzﬁgby high percentages of other minerals derived from

outside these areas.

Rutile N .
it
™ H

1Relat1ve1§ high percentages of rutile are found in till in several parts
A

of the giﬁdy»area {Figure' 45), The highest values are in the area between
Five Islands and Joggins ~ in sample 316, ;utile‘comprlses 59% of the non
q ! '

opaque fraction. Abundant rutile also occurs between Windsor and Halafax

along a line which follows close to the eastern edge of the main Devonian

]
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¢

batholith, Rutile 15 concentrated in two fans extending southwards from the
Pictou region towards Ship Harbour and Sherbrooke. Along the n Shore
rutfle percentages vary greatly over short distances, whereas in the
southern part of t@g province it cccurs erther as a trace component or not

at all except in the Kejimkujik Lake area. Over North Mountain %ptile is
rv?”’

4 »
found 1n trace amounts ifi the central part, but i1s otherwise absent.
3

’

Rutile, like zarcon and tourmaline, is an ultrastable mineral oraginating

k]
~

in granitic antrusives ahd slgteﬁ. Reference to“rutllg an Nova Scotia bed~
rock has bheen made by Worth (1969) who observed 1t in the Horton Bluff
Formation near Wolfville. Nolan (1963) and Cok (1970) observed rutile in beach
and shelf sediments aromnd Nova Scotia. Miller, Graves, and é;ntllll (1976)
obsexrved rutile in the quartz veins in the Meguma. Rutile 1s probably

present in the various granitic intrusives in small quantities as well. These
two rock types were the sources of the rutile deposited an the post-Devonian -

detrital sediments in central and northern mainland Nova Scotia.
.o . , :

The distribution of rutile in the till 1s in most cases related to the
ugderlylng bedrock with three possible exceptions: 1) rutile in the t1ll over-
lyang the North Mountain basalt was derived from either the northwestern or
southwestern side of the mountain; 2) the rutile in the till overlying the
eastern end of South Mountain batholith may have been derived from the under-
lying granite but more likely originated from thb¢;1ates and detrital sediments
to the north and east; and 3) the twe fans oraginating near Pictou and New

.

Glasgow indicate a southerly and southeasterly ace flow direction. These two

2

fans may extend to the Atlantic shore but due to the presence of substantial

~
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S

quantities of rutile in the Meguma slate 1t s difficult to determane the
locally deraved component in that area.

The wide dastrabution of rutile in pbst—Devonlan sedaments as well as

¥ ¥

the generally low percentages makes it a poor indicator mineral.

Zircon Vi :
) 7

Pigure 46 shows the equifrcquency distribution of zircon in Nova Scotian
till. Theé distribution is patchy, complex and dafficult to interpret. 1In
the northern and eastern parts of the province, in the areas underlain by
seditents, there 15 a noticeably higher concentration of zircon. The areas
underiain by Devoniran granite and Meguma rocks are on the whole low in z;xéon,
although there are local unexplainable variations.

The eastern end of the Cobequid Haghlands is characterized by great
variation in the zlrcon(;ontent of the t1ll. A high percentage is found in
the Pictou region, extending southea§t across volcanic rocks/;f the Arisaig
Group. The ;ource‘pf this fan 1s the post Devonian sediments fougd north of

the Cobeguid Mountains and Antigonish Highlands.

N
I3

A;/” The other notlceayle zircon fan extends southeast from the Rawdon Hills.

The source for this fan 1s in the post Devonian sediments around Minas Basin

” or possibly £he Cobequid Mountains.

Zxrcon 1s conspicuously absent from the eastern and western parts of

North Mountain and most of the region between Digby and Yarmouth that is

[

underlain by the Meguma and the White Rock Formations.
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The usefulness of zircon as an andicator mineral is questionable because

'3 .
it 15 wadely dastrabuted in small guantaizes, as are the other ultrastable

<

minerals.

The presence of mircon on the North Mountain basalt is evidence that
the basalt was overriddgF by ace carryang debris from exther the Triassic
sediments on the north or south of the Mountain, or from the Devonian batho-
ixth to the south.

< ’

Staurolits

Tagure 47 shows the distrabution of staurclite in Nova Scotian tills.
The distribution is characterized by four pronounced and several minor cccur-
rences. The greatest concentrations of staurolite are in the Lwiverpool to
Yarmouth area and the area eask of Taylors Head along the Eastern Shore.
The largest area extends agproxlmately from Truro to Middleton to Halafax.
North of the Cobequid Mountains staurolite i1s found between Tatamagouche and
Amherst. More scattered ogourrences are found in the Halifax to 8t. Margaget's

Bay area, Chezzetcook area, Lunenburg area and northwest of Lunenburg and

between Weymouth and Yarmouth.

The distribution of staurclite on the Eastern Shore, east of Taylors

Head, and on the South Shore, between Laiverpool and Weymouth, is directly

"

related to the underlying bedrock (Taylor and Schaller 1966€).

[

The Carboniferous and Triassic rocks north of the Cobequid Mountains

and in Minas Basin are the main source of staurolite outside the Meguma Group.
* A

Faigure 48 is a plot of the percent staurolate against the percent silt plus

clay for all the samples in the area excluding those samples which overlie

4
b

“
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Staurolife
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Fig. 33) and samples with no staurolite present.

Variation in the staurolate and mud content of +ill
samples from the whole study area excluding samples
overlying the staurolite zone of metamorphism (see
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rocks of the MNegura group that contain staureolite. The dragram indicates
that there is nmuddy t11l rach in staurolite and muddy £ill poor in stagfglite.
Therefore a1t i1g conogluded that the ruddy £ill is derived from more than one
.
souree. Figuré 48 wlearly shows two gtaurolite source arcas as well as a
positive correlation beiween the mud and staurolite content of tall from the

Carboniferous Lowlands. This relationship is also obvious when the staurolite

isofrequency map (Figure 47) is compared to the lithofacies map (Fagure 27).

»
Staurolate an the belt from central North Mountain and Welfville to the

'Chester area was derived from an unknown source. Possible sourge areas in-

clude: 1) Traassic sedimonts an the Annapolias Valley, or 2) Triassic and

[
°

Carboniferous sediments in Chignecto Bay. The close resemblance between the
distribution of staurolite and grossularite as well as amphaibole and epidote
indicates that the Paleozoic sediments in the Middleton to Wolfwville area are

the sources of the stauroclite on North and South Mountains.

The staurolite in the 11l north of Halifax and an the Sambro area 15
the result of ice moving due south from the eastern end of Minas Basin. The
Chezzetcook drumlins contain staurolate which is presumed to come from a
northwesterly direction. Interestingly enough, theré 1S no staurolite in
the sample from the Cow Bay drumlian field, which grades ainto the Chezzetcook

drumlin £i1eld “to the west. ’

Andalusite -

Andalusite distribution in Nova Scotian tills is shown in Figure 49,

~ <2
It 1s found in three major areas - over the South'Mountain batholaith, around
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Barringtou Bay, and in the Shiv Harbour-Sheet Harbour area. A surprasingly
 hagh percentage of andalusste 15 found in the ti1ll hetween Amherst anﬁu
Tdtamaéouche and also around Now Glasgow. T 1o also found in the 1111 over
the central part of North Mountain. The Cobequid Mountains, the western
part of the Antagonish Highlands, the Rawdin area, and a large cast-west
tract parallelling the Bastern Shero (but 1nland from the sea) arve areas with

-

no andalusite in the tall.

Andalusite 1s an accessory mineial in the adamellite phase of the Devonian
granites an the area south ©of the 1o jpud faull {Mackenéle, 1974). 1t is
aleo found throughout most of the Meguma . Sroup as a product of regional and
contact metamorphism {Taylor, 1967, 1969). AaAlthough it has not been xeﬁorted
as a detratal mineral, it 15 believedto be present in the post-Devonian sedi-
ments surroundmng;ﬂm:ﬁmguma platfornm, ‘

Andalusite distribution is directly related to the immedigtely underlying

’
bedrock, except over the central nart of +he North Mcuntalﬂ’ééﬁalt. The
presence of andalusite in the latter region testifies only to the fact that
ice moved over the area and gives no information about the direction of ice
movement.,
A Y

The apparent sbsence of andalusite in the southeastern area i1s probably

due to masking by heavy concentrations of amphibole and epidote.

Sillimanite ’

Sallamanite 1s found in six small areas scattered throughout the

-

province: 1) the Sissiboo River area south of St. Mary's Bay, 2) east of
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Laké rRossagnol, 3) the Cherryfield area between Bridgewater and Maddleton,

4) along the castern side of St. Margaret's Bav, 5) Ship Harbour, and 6)
Sheat Harbour. She rarticular sources are prchbably local but are not known.
A large sillimanate indacator fan ozours between Yarmouth and Jordon Falls
in southern Xova Scotia {Tigure 50) and is baupﬁed by two lines that are
arzrex;maté;;\;gygzsﬁb\angles. The greatest sillamanite concentrations
occur botween Shelburne and the head of Barraington Bay. Muecke (unp;blished
data) has delineated the sallimanite zone of metamorphism mnathe Great l
Pubnico, Bloody, Big Gull and Duinan Lakes areas, 30 km west and nerthwest of
Sheiburne (Figure 33). This is clearly éﬁésgéurce of the sillimanite in the

large fan in the southwestern part of the provance.

The orientation of this fan indicates ice moverment directly southwards.

Compared to the western side, the eastern side of the fan 1s especially well

a

formed. The ocourrence of sillimanite as far waest as Yarmouth i1s interpreted
as mineral deraivation from underlying bedrock and not as the result of north-

westerly ice flow. \\\\

The limited distribution of sillimanite in the bedrock makes this one

¢+

of the bhest indicator minerals and the resultant fan a sensitive directional

s
-

marker. .

Tourmaline

Figure 51 shows the eguiire-uer sy distrabulion of tourmaline in Nova

.

Scotian tall deposits. Relatively high percentages are found in the

Carbonaiferous Lowlands to the north of the Cobequad Mountains and the area

2
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N

j!
surrounding the edstern end of tne Manas Basan. B hagh concentrataon as

alse found around Halifax, Ship larbour, Liscomb ond Mcose Raver.

<

Tourmaline is conspicucusly abscnt in the Cobeguid Mountains and’in a long

°

belt extending from the eastern ond of the ﬁmuntalns o Sheet Harbour on the

&

Atlantic coast. It is present over the central portion of North Mountain

i

m the M1§§leton area. th:}wlse, tourmaline is not present over the basalt,

Ed

Tourmaline i1s a widely distributed raneral, occurraing in the Meguma g

’

Group, the Devopian granite and in all the post~Devonian sediments on which
» }

/
information is available. Notable exgeptions are the volcanics of North

Mountain, the Cobequad Mountains, the Antigonish Highlands and the evaporites

- ]
of the Windsor Group.

yd .
Due to the wide distribution of tourmaline in the b%drock in Nova Scotia

and its occurrence ipn small quantities, 1ts usefulness as an aindicator is
T

somewhat limited. The post-Devonian sediments are richest in tourmaline and

they may be the cause of omalous concentration found south of those

regions. The onlyArea where tourmaline distrabution can confidentliy be
interpreted as Jeing the result of ice movement i1s over the North Mountain
basalt., The presence of tourmaline in Triassic sediments on both sides of
the basait makes it impossible to determine the ice flow direction; it only
indicates that t@g central part of the mountain was overridden by ice re-

sulting in an area of deposition of ti1ll with some foreign components. y

)
I}

3 L

Spessartine

A small, clear, colourless, euhedral garnet, identified as spesiartlne,

-

&*

. -

Iy
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is present in most of the till samnles. It .o almost abrong an the Shelburne to

Yarmouth area and between Jeggins and Five Islands.,  Spessartine jrn gbime

°

dant an the area from Fejamkugak Lake to ine castorn end of the study area

south of the Cobecquad Mowmntains and Antagonich Mighlands. Ine the eastern

a

Cobequid Mountains spessartine percentages are very low and two lobet with

‘minor amounts of spessartine extond seutheastward into the very abundant

spessartine regicn to the south (Figure 52). ’
* ©

b
o The low percentages ar the ¢astori emd of thd Cobequid Mountains 1s '

n e

¢
believed to be the result of masking by large amounts of Cobegqurd material,

notably amphibole and epidote, the presence of whichl in haigh percentages

L

causes a corresponding decrease in the percentages of other minerals. The

abgence of spessartine between Chaplin and Pictou is an indicaticn of south- ey

easterly ice flow in the regron.

Noxrth and sonth of the Paleozoic sediments in the eastern half of the

Annapal;é Valley the percentages are relatavely hagh compared to the values

over the western half of the North and South Mountains. As the Scots Bay
Formation floors the Bay of Fundy it cannot be the source of the spessartine,

because 1f 1t were so the entire area south and southeast of the Bay would

have approximately equal amoupts of spessartine. Spessartine has been rec-
ognazed by Thompson §1974) as a detrital component of the Scots Bay Formation,

yhere at comprises from 5 to 20% of the heavy mineral fraction. The low

° 2

spessartine percentagés in the samples from west of the 5% iso~line (running

from Lawrencetown in the Annapolis Valley to Sable River on’the Atlantic

coast) are the result;of ice moving across the Bay of Fundy. The relatavely

v



)

emall amounts of spessartine from the Scots Bay Formation cam.be consadered

ag 'background noise'. The high percentages on Horth Mountain north of

¢

Middleten must have been dorived pramarsdy frem the Paleonoic sediments

borderang the Annapolas Valley betweepn Muddleton and Windsor. Therefore it

can be conclusavely otated that the distraibution of spessarting in this

1
v

e

rogion andicates a local northward flow Qf‘lce.

“«
Almandine Garnet -

S
1

High percentages of almandine garrct are found in the £111 in the

Carboniferous Lowland north of the Cobequad Mountains, between Ydrmouth and

a 3

Laiverpool, and east of Shap Harbour, Most of tﬁf samples contain some
almandine .garnet except thoge from the cas tern and wegtern ends efxmorth

Mountain, the Cobeguid Mountains and the Browns Mountains.

ey

@

Almandine garnet was originally restracted in aits distribution to three

q

areas of the Megquma: 1)} the Canso area, 2) the iriangle from Yarmouth to

-«

Laverpool and north to the Devonian granite contact (Fagure 33), 3) the Y

»

granite Meguma contact zone. The high percentages of almandine garnet in

a

the t1ll an the Yarmouth-Laverpool and Ship Haxbour-Sherbrooke areas is

#

related to the underlying bedrock.

» 13

Loring and Nota (1969) report 30% garnet in beach samples from both
* s ] v <
the north shore of Priyce Edward Island and the Magddlen‘islands, and 3% and

7%, ‘respectively, from the bedrock in these areas. The bedrock and surfzcxa%

f

sediments of the pre-Wisconsinan Gulf of St. Lawrence and the Carboniferous

A bl

3 @
S ‘

/

3
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rock norih of the Cobegurd Mountains must have been the main source of the

low and widely distributed quantaities of almandine in the tall.

)
The complete absence of almandine garnet an the 11l over the Cobequid

and Browns MOQQ&&IHS suggests Ei:? almandine s ﬁot found an the bedrock in

those areas and that.these areas were not the sites of depositzon of tall

. < ]
derived from the surrounding lowlands. .

The pre;ence of almandine over the central part of North Mountain indi-
cates that'the area was overridden bv ice flowing either out of or into the
éay of Fundy. The distribution over the rest of the province is patchy and
daffacult to interpret. The post~Devonian sediments undoubtedly contrabuted

small guantities of almandine to the till derived from those areas.

Anatase
bt

» S

There are two types of anatase in the tll%s of Nova Scotia. The most
eaS}ly recognized typé 15 a deep blue, tetragonal form. Nolan {(1963) mis~
takenly identified this type of anatase as kyanite, which has not been
1dentified in this study in any samples from mainland Nova Scotia. The
second type of anatase 1s turbid brown in coléur and the form is uéually less
well~-developed. The latter type may 1ncl&de rutile mistakenly identifaied as

anatase. However, it 15“1nc1udgd with anatase because it is distanctly dif-

, .
ferent from the typical blood-red rutile. //

v

2

The distrabution map (Figure 54) shows a hagh percentage of anatase in
the Carboniferous Iowlands north and south of the Cobequid Mountains,

Ancmalously high percentages are found around Amherst, Tatamagouche, New
A}

o



1654 ~

*SSPREUR JO UOTINGTAISIQ

*yS 2anbrg

<
-

RN

uba 20

oy

3ljuopy )

. >
W - . - . -
- . .
- - .
. " -
¥ 1@ *
. . %
-t A . o
utﬁ » - g - 0% .
. L4 -
- -
- » - »
: @ u i 3, =
- > .

o Ap s
Apung o Aog | "
LS



*

TRy

WG g e et
q

€=

Glasgow and}aouth af Minas Basin. The area orxcund St, Margaret's Ray
iz rich in anatase, as are acolated localities along the Atlantae coast cast
of Halifax. West of a line jouning Toafave River ond Maddloton, anatase cocurs

only sporadically. The Cobequxd Mowntain 1111l is devoid of anatase as is the

’

21l on North Mountain except for sample 405 north of Middleton.

-
N

The distribution of anatase over ihe castern half of the main Devenian
granito pluton and southqu? of Keiarkuiik Lake, as well as its absence
OVCr"the.ﬁobequld Mowntains, indicates that the source is the slate between
Middleton and Wolfvalle and around Ke .rkujik Iake or south of the Anpapolis
Basain. The high perceatageg of anatase around Minas Basin and north of the
Cobequid Mountains indicates that the bodrock in these areas was a source.
C&mparison of the lithofacies map {Figure 27) and Pagure 54 and Iigure 55

shows a weak positive correlation between the ocourrence of ruddy till and

anatagse. Anatase distribution is similar to that of staurolite except in

b

the Plctou—NEw'Glasgow area. In the latter area there is a distinctive anatase
indicator fan, the source and lateral extent of which i1s unknown. It appears
to originate in the Northumberland Strait and extend southeastward over the
Antigonish Highlands. DIoring and Nota (1969) report 19% anatase in bedrock

samples on the north shore of Praince Edward Island and 10% in bedrock samples
. .
from the Magdalen Islands. e

[ -4
f

Detratal anatase from the Mainas Basin and the Carboniferous rocks north
N v
of the Cobeguid Mountains was also deposited in the till of the Sambro, Cow

Bay, Chezzetcook, Owls Head, Moose Raiver, Liscomb , Ecum Secum and Indian
~

River drumlin fields. '
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e aboence of anatase oF L9 o Curronce 2n brace amopntc ewer che

Moo an the castern and contheestorn romgions cunside the drmlan faelds

suggests tnat the £311c in thore arcas ars Zosaily deraved and that the

~

o

heavy mineral comrasstion 1s <lese to the wndoerlrany bkedrock, <r olse dore

inated by a completely foreiga ouite in whaich anatase is absent.

Cpague Manerals .

£
t
An equafreguency plot of vhe dictabuoeaon of opague minerals an Nova

Scotzan tills sho@s a high concentration g tho Carb@nxfex;us Lowlands and
the area to the scuthwest towards Hal:fax and Midlleton, Notabl- high cone
cengjations lic within the arca between New Glasgow and Tatamangoushe, aromnd
Amherst, and zn the Cheverie~Rawdcn area sounth of Minas Basin. High concen=-
trations of opague minerals are also fomnd over Meguma bedrock an a belt

between Laghy and Barraington Bar and an the arca bounded by Liverpool,

Bridgewater and Feiamkujark Lake. Scattered, isolated high concentrations

3

are found aleng the Atlantic shore Eetwaen St. Margaret's Bay and Sherbroocke -~

T
(rigure 56). ’ e

Crague minerals over the cactern scction of the main granite pluton

b

were deraved from the Minas Bgsan area and spread south and southwest.
K ‘(} '
Fagure 57 shows that there are two distinguishable sources of opague minerals

related to the mud content of the ti1ll. Group A clearly shows a direct re-

lat:onship petween opague mineral conteni and mud content. Thas group i3

believed to have some Minas Basin and Carboniferous sedriment content. Group

o

B 1s relatively poor in opaque minerals but still rich in silt and clay,

and 1s found either over North Mountain basalt or has more than 70% augite

A

—
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in ihe noperaque fracticn and :g.thus oraimar:ly deraved from North Mountain
[
A Y

basali.

4

The high percentages of cratgue maineralse im the Amhorst and New Glasgow=-
Pactou region 18 reminisceni of the gnatase dygtrabution. The drumlin

3

foelds on the Fastern Shore have slighuly hagher percentages of opagues than

the surrounding samples as 2 result of scutherly ice Llow from the Carboni-

ferous Iowlards where opague minerals wipere concentrated as vlogcer deposits.

Opa me minerals are a minor constituent of the raineral asscmblage on
Norta Momniaan, bub there is a somewhat haigher concentration over the central

~axi of the mountain north of Middleton.

b
T

TR Jgsﬁrzhuticn of opamues over North Mountain is probabl& due to
rudial lﬂﬁ flow from Boutn Mountain as the distribution is similar to that
o cuaey manerals {staurolite, anatase, almandine, 2zircon, rutileo, grossu~
larace, andalusile and tourmaline). The varaation in content of opagues in
£3¢ couthwestern vart of the province underiain by Meguna and granite bed-
roghs 15 controlled by the dastribution in the underl&mng bedrock.

v

Dagcussion

Table I surmarizes the location of the dispersal fans of the major o
indicator minerals an ithe study area, and shows the mean direction of ice flow

inferred frcm them. These mean dlxecﬁgons are plotted in Figure 58B.

It 1s concluded that ice flow was dominantly from g nérth—northwestquy

direction and that the ice flowed directly across the province to teiminal

g
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positrons on the Scotian Shelf,

-

’ Q o,
4
Brant {(1962) concluded that the maan oo flow across the provinco
N

o

trended approximately .145° {Pigure 583). Indwcatoxr fans throughout the

area zonfirm that the major ice flow was towards 140-145° (Fiqure 58B).

»
[

However, the augzte fan in the Shubenacadie groa shows an rce movement to-
wards 135°, and the augite fan an the easzern Cobiegqmd Mountains shows ice
flow towards 120°. Because of Lhe gualite of the augite date the direction

s

Ti these fans must be taken as real. Two major ice flow directions are
proposed to have ocourred ~ one south-southeasterly towards 145°, and the
other east-southeasterly towards 120°. Staurolite and almandine garnet

north of the CGpbeguids appears to move almost directly southwards (170°)

and this direction is closely matched by stauroclite south of the Minas Bdsin.

The Lunenburg drumlin field can be divided into an amphibole and a
non~arphibole phase. The former is composed of red clay t111l, the latter
of slate and metaguartzite ti1ll. The Lunenburg drumlins can be distinguished
from the drumlins along the Eastern Shore bv the percent augite, the former
being very rich in augrte, the latter very poor. The dlfferent%atlon be-

tween the three types of drumling an the area is a function of outcrop

pattern in the source areas. Grant {1963) concluded that the variability

in the pepble fraction was a function of distance of transport from the

I d
Minas Basin. He believed the lithelogic differences to be a function of

variations in the Minas Basin component but to be independent of the

v

Cobequid component.

& ,

~wy
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The drunlin £211 aleng tue tastery bhore 2an easily be distanguiched

~ 1 M -
frem the leegal €211 by the amnmt of rud and ampiabole.

Several manerals, notably, anatase, andalusate, slaurciiio and
b
spessartine indicate northerly ice Zlcw Srom Sourh Mouniain over Nertl.

-

Mountain and into tfic Bay of Fundy.

v

In the Picton arca the amphabole disiraivuvion andicates castorly 1o

%

flow. Radial ou flow from the highlands 1o attributed to active {low from

late "classical” Wisconsinan residual ice caps ac described by Hickox (1962},

5

. B

Preost and Grant (1969).

3

FAd

Cenclusions -

o > -
-

. . .
1. There arg no detectable sources outside the provmé;e. . :
4

2. The lobate distrabution patiern 1s largely a function of-the size of the

o "

rd
source area, that is, 1t does not necessarily indidate icé currents -or

N 3
*
'

“lobes. - .

. i

3

3. There were two dafforent directions of ice Jlow across the province, as

0 e

well as - localized nortnward f{low over Nortn ﬁoﬁﬂfa and eastward f£low

3
near Packou. - -
L 4 s -

~ 1

4. Amphibole and augiie dre the best indicators of disi. it sources.

5. Sillimanate and other mlnerpls are good indicators on a local basak.
o ¥

il

€. In the arca east of Halifax, drumlin samples are ~icher 1 amphibolo

u

than non-drumlin samples, with -nly sligue overla.. y

| M ~ L5

3
P
<
o =
2
-
a
’
~
Y
1
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! J
T, ampmbole antmalies on the Dagtarw shore are ccntgzed an the areas wherg
> g

2

the t1il is classed as muddy. Two ti1ble are daotinguicted an tha, region;
v

>
v

9o

b ¢ 3 i D
apdigating LWo courons = Lay Ipeal, cne foroign. . .
N s
-~ o - tw v
8. amrhakole is found an wrace amounis is red clavey -vall camrdes oacsl ol

° e
- - ]

A s 4 N

the Zallove Daver; b9 oragan 21s ab jredcad wesplaived,
i i

4

9. Correlatidn Letween muddy tald and distrilytion of sidurolitr is found

13

' e oA\ ¢
around Minas 3asin, e - ) .
L o R
10, Wo dhstinet drvunlin vhase 13 precent over the eastern half of the mawn -
- " vll

- € 1

» ILz sw
Till eomposition 1o gradataonal botweew local tall

) ¢

grantie Latholath.

. \h - . . . s
and foreign red Llav tall. ’ - .
2 *u '6{ ¢ a

1i. ,Over NHorth

.

Mountain there 18 an inverse relation bptwnen the ‘norcent. ’

mud and the porcent augiie in the tall. T

s v f
¢

12, Minera’ dis?rlbutluns outlined by Nolan {1963) for Novh Scotian keaches

M . : .

correspond to the mineral distriputions found zn the till in the adjacent

arca, implyang that beach sand is derived largely from erosion of local’

¢

.

< tzll. : ? e N

i . .

13. Augite 1 alstrlbuted.eéuélly throughout the red clay drumlins’and the

[ a

o

bl

slate drumlains in tﬁg Lunenpurg drumlan field. Thé 'non~drumlin samples

0 . v ~ N

,are generally less muddy und poorer in augite than the drumlin samples. .
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' Pactryr analysis was develof&ﬁ aarlv in tho twentaicth eentury Tor
O

a 1
- °

o poychometric research, anid has bedy used extensively vv geolemcte wn the

last 20 years [see for example Manson and Imbzie {1964}, Camersn (1987},

"

¥lovan {1966), Imbric and Purdy (1962), Imbrie and Van Bndel ( 1964),

»

‘, 'Vancent (1974), Knebel dnd 'Creager (1971), and Gwyn and Sutterlin (1972)1.
] - . ’ )
' A detailed explanation of the theory of factor analy.is can be found in

o

Imbrie and Vap. Andel (1964) or Harbauoh and Mcrriam (1968). It 15 suf-
facent to say that tne prancipal objective of factor analysis 1% Lo cbtainp a
. concase descraption of the observed data. Thas 1s accomplished by explain-

@ A -
ing as much of the variance ¢f cach wariable (B-mode factor unalvsis) and of

-
H *

R A al variance using tpe minaimum number of factors.

®
o
" ) .
3 N s

4 Basically there are two different types of facior analysis. R-mode
L

’ analysis stiddies the relationship petween variables and £-mode analysis the

4 ° 0 = ©

LY ' ’
¢ relationgship broiween samples, Tre latter tore 1s ypreferrcd by geologists

becausc Igctor leadings can t9 2w I nI 2ud directly on a map and comtoured.
& » 4
xInstant objuctive famc oo Lt x40 oettwy tnas method.  The disadvantage
[
! *  of the O-mode mothod 1s that most - -1y grer programs are oot designed to
¢ ]

. hardle more than 100 samples. 39 more than 300 samples were used in this

A%

study another technique had to be <. Hun,
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. Computor Technigue . -

¢ ~

Demede factor amalysic wag used to detece which of ihe heavy minerals
are indicators. The most suatable program as the Statastical Package for
e o
the Social Sciences (SPES) factor analysis program which is avaslable at

1
.

the Dalhousie University Computer Iabrary. The principal factoring with

lteratlen nethod and varimax rotation was used becausg it is ithe more

@

fe
widely used technique in geological applications {op. cit.l.

hd 1]
. U*
The data for the 15 heavy mincrals are entered as pereent. The sixteenth

L

variable 15 tne percent heavy minerals in the 500 to €3u fraction of each
. :

9

gsampls. Figure 59 sﬁnws the relationshap between the number of factors and

1

the percent: of variance accounted for by each of the factors. The figuré

[} v

1ndlcétes that the fairst %our factors account for 50.6% of the total variance.

The change in slope of the line indicate- that these farst four factors

a - o >
~ Y

describe that part of thelmineralogy that the samples have in common (50.6%).

The rest of the varzatzon 15 random, qhe»low percentage 0f the tctal vari- ,

ance accounted "for 1s the result of the great varlabllmty an mlneralogy of ’

v

the source rocks. . R s 8

IS -
1

‘ % ” - (3] @

[
’

The commynality refers to the goodness of fit of the factor analysis.
§ v 4 s

°

The communallty s 1.00 where an 1nd1v1dual variable 1s perfectly represented °

by an ensemble of factors and less Fhan\l 00 if the samyle 15 not totally "
reconstituted by that group of factors., Table 4 lists the communalxtlestfor
the.pres?nt study. The valués ‘are on the whole relatively 1owgqayynhand

Sutterlan (1972} indicate that the values Should-be above 0.8 although they ‘

14
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Tabile +. Communalatzes, varsance and fastor leadings from R-mole factor
analysis on heavy muperal daia. ’
VARIABLE ESTIMAIED  PACTOR  DIGENVALUE  DERCENT OF  CUMULATIVE
. COMMINALITY VARLANCE PER CENT
Npague LB13 i 2,030 8.9 18.0
Tarecn . 545 2 2,070 12.9 3L.8
Ruvile .68 3 1,037 10,4 42,2 g
Ephene .329 B 1.340 8.4 50,0
Touvrmaline LBB7 5 1.137 7.l 57.7
Anatase B0 6 1,050 G0 64.3
Almandine « 740 7, .947 5.9 7.2
Spessartine .903 3 .209 5.7 75,9
Staurolite 626 9 322 eI 81l.0
andalusite . 776 10, L6863 4.2 85.2  °
Sillimanate . 310 il L6525 3.9 R1.1
Augite .973 10 503 3.1 \/ 92,3
Amphibole .925 -13 401 31 95,3
Epidote .8586 14 L4134 2.7 98.1 ¢
Apatite .593 15 .297 1.9 99,9
% Heavy 240 e 16 012 .1 100.0
Minerals )
[
Factor Matrix Usaing Prancipal Pactor with Iterations ‘ -
v b !
VARIABLE FACTOR 1° FACTOR 2 FACTOR 3 FACTCR 4 A
Opaque .794 .« ~,090 w154 7 -.032 ’
Zircon .458 127 -.113 .338 ,
Rutile .320 - T -.081 ' -,083 .251
Sphene .246, 016 . .078 .224 . )
Tourmaline .481 - .1986 # ~.191 .124 ;
Anatase 1 .408 082 ', =234, =.026
Almandine % 091 .486 - ¢ 474 -.245 ¢
Spessartine QEZG 096 - 569 -.583 <@
Staurolite , 029 .254 . 398 -.330 ,
Andalusite -.019 | .668 .104 e L2012 .
Sillimanxte ekl .124, T L173 -.114 . o
Augite s =.893 -.100 -.327 .187 e ,
Amphibole ~189) ~.578 .4757 s -.065 ‘e -
Epidote . . 398 -.452 L2588 . 03 .
Apatite ~-.000 .526 .101 . 214 : :
% Heavy ~.428 ~.129 . 086 .036 . ‘
#Minerals : v T, : _— ‘ -
41 .
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VARIABLD ESPIMATED  FATTOP DIGENVALUD TERTENT OF CUMULATIVE
COMMITIALITY VAPIANCT PER (ENT
Cragque | 696 1 2.835 4.4 40,4
Zarcon 427 2 1.693 ole8 66,2
Ratile 5243 3 1.703 19.8 RS0
Spheno .171 4 L9100 14 150.9
Tourmaline » 357
Anatase . 03% /i
Almandine .6543 . :
Sposgartine « 794
Staurolite - 389 ) - .
Andalusite *\645 “ W
Billamanite L0722 e
Augite = 1.041 i
Amphibole .71 :
» Epidote 443
Apatite > .471 . '
¥ Heavy ® 218 s ;
Minerals )
v
- ¢
’ Vammag Rotated Factor Matrax
. ) - After -Rotation with Kaiser Normalization® )
VARIABLE FACTOR 1 FACTOR 2 FACTBR 3 FACTOR 4
2 w¥ '
Opague .760 .222 ~.021 -.196
Zarcon .587 -.030 -.109 , 077 -
Rutile 146 .055 . - —.087 -.028
Sphene . .293 111 f =.D42 L 065
Tourmaline .566 ‘-, 108 .008 J 031
Anatase v -.010 -. 0375 ’ L00L .
Almandine 16 -.064 .774 131 ’
Spessartine .222 -.109 ~-.132 -.031 -
Staurolite ', =-.010 .033 522 . -.007
' Andalusite .Bo9 - =. 15D .117 .774
SiTlimanite -.076 . =024 . 254 L023 .
Augite -, 597 ~. 661 =261 - 056
Amphibole .147 .Blo -. 064 -.141
Epidote ¢ ,1937 .557 ~-. 089 -, 218 v
Apatite .058 -.062 034 .669
% Heavy ~. 449 ’ -, 059 -.034 -,051
- Minerals ’
: v e e
’ o, ) B -



|
|

H

P = 20 e DA

L]

- 173 .
-t L [ ot
P A 2 1ot v e e Ak 2 A M A S 2w e o0 2w e o |
S S—
- R
)
£
‘  n—
R
’  I——
- H
& : '-v
5 ::P ‘
—r '!" (@] ——

K . Figure 60,

JO e O T aa ks B e
3
<
=
s

H

| aan s aue dax av e ag Jme ma)

1

- e

¥

w

kY
[y

.
¥

rrryrrreyesy

[ .

>

Cpaa
Jaresi
sutile !
froone .
Tour~al e
A1t ane
himandane
Suegsarfioe

Stanrolifo
Aandaluaaie
S5uliimanyte
Augite
Arphrbole
rpadots
»
Avatite
& Heavv Minerald -

~

t x

¢ QOpagues @ T, T

i

Zrroon
Fit1le
sphene
Tourmaline .
Anatase ~
Almandine’
Spc,‘maréuw v

Staurclile
andalusite
Si1llimanite

Graphit réd;res a"“atdg,:,im of tue facior loadings for
I IT TII and IV,

facior.

oo

°

2



\

+ " have some values below that inataallv. IL 15, however, to be expected in

3

-y .
vaew( of the variabality of the source rock and the Srequency distribution

. of the individual minefAls.

<+

Pigure 60 shows graphically the result of R-mode factor analvsis of
- ithe 18 variables. The scree diagram (Fagure 59) indicates that there are
four sgparate factors or mineral suites. Maps showing the distiibution of

cach suite have been constructed by totalling the caﬁ}onents of each sute,

R '
.

Tﬁé distribution of the minerals in suite I has been pldﬁged in

Fagures 6l and 62. The suite is composed of opague minerals, zircon, tour-

9 k3
maline, anatase, augite and percent heavy mainerals. The- latter two react
f 7

\ ° A4
. lnvers:}& with the other members of all the groups and hence are considered .-

-

-

'mhdmﬁﬁ@ﬁeﬁﬁmﬁﬁﬂmﬁwmmwﬂwmﬁmfmmmMQ
o

s

has four main sources in Nova Scotia. The augite apdpercent heavy minerals”

- &

J originate in the eagtern,CbbEthd Mountains and North Mountain. It may be

. ‘termed the augite suite, The opagues, zircon, tourmaline and anatase con- .

" °

: stitute suite IX and are derived praimarilv from the Carboniferdus and Triassic

Lowlands north and sbuth of the Cobequid Mountains. Henceforth this associ-

[
°

o t i e =
- atzon will be referred to as’'the detrital suite. n
' » . Py * - 2 -
. PR .
Figure 63 shows the distrabution of suite }I-mznérals. This suite-is-

t - 5

. composed of amphibole, epidote and augite. The latter 1s'usgally absent

‘

. when émphlbole and’ epidote are present and they react reciprocally to one
= ¥y v a

another. The distribution of suite II has been plotted both.with and with—~ -

. + " out augite because augite with amphibole and epidote combined are a good ,

a

' 4 - +
# R indicator of the affinities of Nova Scotia till matrix (Figure 64) .,
E M ° ’ N %
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Amphibole and epidote have a very simited source - primarily the Cobequid

Mountains and parts of the White Rock Formataon - hence thas is termed the
/

!

Cobequid suite. -

Fiqure 65 shows the distribution of suite III, consisting of almandine
« 4garnet, staurglite and sillimanite. This sulte,,EFrmed tho metamorphic
suite, originates primarily from four areas of the provance. It i1s a common

constatuent of till overlying the medium grade metamorphic rocks of the

i -

" “
Meguma Group in Guysborough, Yarmouth, Queens and Shelburne Counties and of,
2

the Carbonlferous"rocgs north and south of the Cobequid Mountains.

-

u
[

Fagure ¥ shows the distraibution %f suxtg'lv, consastaing of amatite

o

and andalusite. The main soug;e for this suite is the Devonian granite,

with minor sources in the Megdma Group and the post~Devonian sediments, es—

-

Y i
pecially morth of the Cobequxd\uo%fﬁzlns. It may be termed the apatite-
andalustie suite, T Q :

!

]

Results

i

. ~g

R-mode faCtor:é;31YSIS; followed bv addition of the mineral percentages
of the constituents of.each factor group and direct plotting of these valuds
on a map, has shown to be an effective technigue in reéresentlng heavy
mineral distributions in tall deposits. Equifrequency mgps show the detailed
distraibution of individual minerals and often well-defined indicator fans .
are delineated (for example, augite, amphibole,*and 51111manite);‘however,

these patterns are often complex and hard to interpret. The complexity can

1 v ™

-
i 8 ’
° v

—ge

.
PP S -

¥



T g

178 -

e T T e o R e e
*(III d3Tns) 3TnS oTydioweisuw dYI JO UOIINGTAISTJ g9 @anb1g .
» : - -
. \\ wy 0§
" upa> 2tjup . i
O LR ‘:K ’ .

[ 4
|4
’
TN R
) (N
. B £ v 15 A .\r -
N ' ] ; ’ .u
©
3]
Y
OM .
sa ”
-t *
q@..... g, o
© ' . l‘ -
v 2 WS 2 s

~
.

e




- 170 -

*

-

* (AT ©37T0S) 93INS 9jTsniepue-s3Tiede SU3 IO .UOCTINQTIAIST]
S

-

*9g9 oanbtg
P

upa 3

JHuDjY




- B i

TR g RO A S BTy e

A L

be due wo such varmables as: 1) sampling of wegthered 111 1n whaich minerals

have been differpetrally dissolved, 2) variation of the distribution of heavy

- ¥

minerals withun a Bingle lithologie bedrock wnit, 3) too wide a sample spac-

g, 4) misidentification of heavy minerals, 5 insufficient point caﬁnts,
.and 6) wnsufficrent care in the preparation of heaéy mineral slides. By
using R-mode factor analysis a concaise deseraptaion of the abvailable non-
random data is achieved. However, details of small indicator fans where the
mineral is restrictéé to a few samples {such as sallimanite} are lost. The

technaques of factor analysis and equafrenuency maps must be used together

+0 obtain the maximum 1nformatien from the avairlablefdata.

-

\
0

The five mipneral suite maps gcnstructed from the results of the R-mode
factor analysis indicate a strong affanity for the immediately vpnderlying .
bedrock. The mineral suites also extend bevond the source regions and de-

fine composite mineral fans related to ice movement. ¥

’
¥

The dotrital suite extends from Minas Basin almost due south to the

»

Atlantic shore east of Halifax. A similar fan trending in the same directior

®

13
1s alsg found around New Glasqow. Scattered ocourrences associated with

’

drumlin fields are found along the Eastern Shore. The close relation be-

v r

tween tLe dastribution of the detraital mineral suite and the mud ccntené

(Figure 2?)‘}3 shown in Figure 67. \

L3

The Cobeguid Mountain suite {amphibclc and epidote) has two well-defined

fans extendaing almost due south from the scurc% area. * One fan originates in

the eastern end of the Cobequid Mountains, the other at the eastern end of

the Minas Basin. An isolated occurrence of the Cobeguid suite a1s found on

~
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Fagure 67.

Variation in the delrital mineral and mud content

of t1ll samples with less than 60% augaite.
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the Fastern Shore whach originated in the eastern Cobequid Mountaans.

amphibole and epidote are also rresent in the till overlying the White rok

, o

r 4
5

¥ Formation in the Yarmouth area.

4 -

-t
=

s \

w

The distrabution of the metamorphic suate is mostly. xelated to Kﬁ:z

L4
A
<

- underlying bedrock.

.

4 Minas Basin.

The anomaly in the Halifax area origainated an the ' ;
e 14

> 1

g w T L

ot &, o -

-

LA The distribution of the apatlte-ana‘aiusme suite 15 related pr:fmar:.ly

pimedxately\mderlylﬁq bedrocks. Isolated occurrences tray have up=-

to the

stream sources but these are indeterminable because of the patchy distri-
%' - - .

%twn. - . N | .
.

v !

e TR s

s
3
N 2

. Mineral suite IB 1s composed wholly of augite. JIts origin and distri-

bution have been discussed above. AIthough augite is desaignated as suite IB

it 1s probably the most important indicator -mineral.

S S
¢

The mineral suites

R

decrease 1in importance ‘as indicators from I to IV. Augite primaraly bel‘ongs/\, :

. in smites I and II but as a negatave factor and 1s better separated:rand-des-

” Y

. . aw T
}énatea IB because of its igportance. . ?
} : . - .
» y o\ 3
¢ Ve NS \.qg,/ﬁ"
’ Discussion
? ' {

. Mineralogically, it is ampossible to subdivide the drumlans into dis-
i v
- tinct fields as was done {by Grant (1963) using pebble lithologies.
h )

>°

¢ [N
u

~ . -7
To investigate the relationship between minerals derived fxom the

°
] e ¢

1 4 13

N

4

|

¢

'

i ' ‘ | o Cobeq;ud Mountains and the adjacent Minas Bas:‘m Wrmlm and non-
. [/? . ‘: |

y C :
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3 * N B
drumiin samples from the Fastern shoro, Mgure 68 was constructeds. Figure
ey L .
68 wndrcates that as amphabole increqses'so do the minerals of the detrital
B . t !
surte in the non-drumlin sample; howevey, as amphiBole Qgsreas;e'é the detrital
o - *

component ‘Gecrease

Es

a
‘sy,.m the drumlin samples.’ This leads to four eonclusions:
q
% ]
1) in the non-drumlin Samples, the local cogronent, decreases as amphibole  °

[N [

and mineral suite Ia components inurease; 2) an €he drumlain samples, whul:ﬁ are
Al ° * ! - he
esse}'xtially foreign in composition, the negative relationship s a funchm/n

of the addation of the two components in thear *source areas, that 1%, 1f the

> v

8

- local component is constant, any ‘fluc,:tuatien in the amount of one of the two
Voo *®

‘ ' o k1 . 5

foreign components will cause a similar. but opposite kesponse in the other ¢ /

-

»,
foreign compofent; 3) there is dne main source of the, foreign components an

the drumlins allong the /Eastern Shore; and 4) the 1nab1la.ty to subdivide the

4 3

[

drumlin samples as to their specific origin and the inverse relathonship

between the foreign componenis iddicates that they came from approximately

’&& .

the same region. o

N es a

, Conglusions
P . ¢
- « . r—
4 4 AW ’

o

1. using R—mgae factor E'iys:Ls:'*s:{ve mweral surtes can be dlstn.xfxgulshedm )

4

. Ea‘c;h suite is derived primaully from the underlying bedrock.
3. All the suites show some displacement towards the south-southeast.

. , : R
4. Three types of till can be distinguished along the Eastern Shore: 1y \\

., 4 -

Drumlin samples rach in amphabole 2) Drumlin samples poor in agnpmg;

»

and 3) Ground moraine poor in amphibole. v '

+ Qﬁ\,
- IS
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Auazte {suite iB) from Rorth Moungaun and amphibole and epadot®
1

{suate, I} from the eastern end of the Cobequad Mountains are yood

“andicators” ag the area &0 the >outh f the sources. The concentration
. q
- ' - ]
of these three minerals in samples south of North Mountain and the «

I

>

Cc»beqﬁ:.d' fault is an indicataon of whether a ti1ll sample is of local or

.

distant origin.
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Lhrenology and Gragan of Nova spotian Ta erosicn '
t ¢ “ ’ !
. ¥

Prioy to 1975 there had been ne attempt to organize tho Juaternary !

-
sedimentary formations in Nova Scotia inte a generalazed stratigraphie .

N -

i - ° ’ -
' seguence based on carbon 14 dating of the deposits.- In 1975, Grant pro-

. ,
' ~

posed a stratagraphic classification of ;the alacial deposits based on the '

—h

. e
avairlable 140 dates and field measurements. As there are relatively few J/)
O

,* dates on Nova Scotian ti1lls dnd related deposits it 1s felt that Grant's

a

corxequfon ah?;t 18 ungugtlfldbzy‘cémplex. A simpler chronolegy is rro- ¢

posed here, based on t111 fabric analysis, grain size analysis, field re- {\\i~‘**

s

S lations, pebble‘counting and heavy mineral analysis as well as on the avail- '

able 14C dates. These dates have been. assembled from various sourses aud . '

»
7

) . -/
are listed in Table 5, and shown graphically }n Figure 69. . , )

£l "
-

In spite of the limlted nurber of .dates, 1t}is apparent that they fall b

into four main groﬁps.) Group 1 consists of a series of "infinite" dates,
"w ‘ 2
A

the youngest of whxch<ls >34,800 vears B.P. These dates and their stratigra-

rhic position record a series of i1ce advances and retreats in the early ¢

° '

- A
Wisconsinan, These deposits are of limited areal extend and are mostly

»

restricted to hollows where preseryvation against removal by later ice ad-g

vances 1s more likely. ° ¢ 23 C
L

B gt ot
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Group II consists of four finite dates hetween approximately 32,000

- 9] } 4 !
years B.P. and 39,000 years B.P. Two of these samples are overlain by till,:

- s I

whach andicates that during this interval Nova Scotia was at least partly

[

¥

free from ice, followed by an extensive period of ice cover starting about »

~

. 32,000 vears B.P. The complete sbsence bE 14& dated between 32,000 and

14,000 years B.P. suggests that the area was under ice cover.

% 4

Group III consigts of a great number of dates ranging from 18,800 years

B.P. to around 9,000 years B.P. Thefe dates mark the minimumm age for deglac-

1ation, the oldest being on the Scothan Shelf and the younger oneg on shore.:

o

Dating of marine deposits in association with moraines in Neow Brunswick

o

°
] @

around the Bay of Fundy indicates that the shoreline becamg ice free about

0

14,000 years B.P. and that the ice calved anto the ocean (Gadd, 1973). The

' presence of the Sable Tsland sand and gravel, whach haSIQOQthhrough the ;

transgressive zone, indicates that calving did not take plack on the.Atlantic

-

side of the provaince. There is no sédiment ain the Bay of Fundy equivalent

.

¢ Io the Sable Island sand and gravel of the S¢otiran Shelf (Gordon Fader,

o

Bedford Institute of Oceanography, personal communication, 1974), -

AN

& 96
»

{ .
Group IV consists of two dates between 12,000 and 10,000 vears B.F.

[

*
on mate¥yal underlyaing tall. These two dates are from Cape Breton and record
" 4

advanced of local glaciers an that area during late glacibl times.

e

t

’ ,“> ,
« ~ o v
3

When WJ% the Main Till Forming Event?

13

The period between approximately 32,000 and 14,000 years B.P., the

v

"olassical® Wisconsinan in east-central Canada, as characterized in Nova

ote

v
~

4

-

“o#’ S
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Seotea by ats complete absence of 7 v dates.  The main glacial erosional

"and till fomming events an Nova sqotia are therefore assigned to this period.

( Lt -

v
- L ¢ a

) . b3
The four dates between 32,000 and 38,600 vears B.P. mark khe start of *

a

the main Iate Wisconsinan glacaataon in Nowva Scotaa. The presence of +
amphibole (prewumablv from the White Rock Formation) in sample 534 which )

ovéerlies the marine sand at Salmon River {dated at 38,600 # 1,300 vears B.P.)
H. #* ' .
could be interpreted agiindicating that this till midht be the pradué} of .

-

the expansion of a local 1ce cap as suggested by Grént Q}DVS).( Howevexr, it
seems more likely that the amphibole was brought from a source “in New

] Il

Brunswick as it is clear from the high percentage of augite in the Salmon -

I3

River tall that ice must have crossed the North Mountain basalt.moving in &

' &

i1
southward direction.
1] ' s
- Y v

The only other known localitv where information can be obtained about

the early onset of the "classical"™ Wisconsainan ice 1s Milford.’ However, the

N

deposits there are so complex and poorly exposed that a satisfactory inter-

3

pretation is not yet fe?ﬁ;élgim . A
s \ v

The exact timing oglthe deposition of the main till sheet is difficult to © :
estimate. At 18,800 years B.P. the main i1ce sheet terminated in a series of
submarine moraines now situated 30-40 -km offshore (King, 1968). As the

. . lh
Sable Island sand and gravel between‘[' the present Atlantic Coast the offshore

»

moraines indicates tranggression of tq\ sea over subaerially exposed

5

glacial dep051ts the ice must have melted back before the rise of sea level.

By 14,100 * 200 years B.P. the sea was abutfing agalnst the 1ce front

®

at Gilbert, Cove near the head of St. Mary's Bay. Using a modified *

]
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sea level fcurve based on the work of Flint {1972) and MOorner (1971), for

worldwaide sea level fluctuations and 14@ dates from the Scotian Shelf

(James, 1966 and Grant, 1970), 1t can be estamated that at 14,100 years B.P.
sea level on the Scotian Shelf must have been at about -80 m. As the - 60 m

contour lies about 2 km offshore, on the landward side of the moraine
¢ [

system on the shelf, the ice front must have been less than that dastance

- 1 .
from our present Atlantic shoreline. Twi < C dates indicate that the Nova

Scotia mainiand was deglaciated by about 42,000 years B.P.: one by B
R

I

; d§}11t0n (1972) on the bottom gf a coxe from Conoran Lake an Lunenburg County

A

of 11,700 % 160 (GSC-1486), and one by the present author on organics from
alluvial sediments in the Annapolis Valley of 11,200 = 100 (GSC-2062), as

well as othor dates from Port Hood Island and Prance Edward Island. The

\

small residual 1ce cap whaich remained active over South Mountain probably
. -
exasted after the Gilbert's Cove sediments were deposated 14,100 4 200 vears

B.P. This conclusion is based on the observation by Hickox (1962) that near
Mafgéretsv111e on the Fundy Shore there is a proglacial delta wath a‘super-
posed kame. The rasing of the sea on.aghe Atlantic shore to the -60 m level
and 1?5 incursion into the Bay of Fundy 13,500 vears ago (Gadd, 1973)

would have limited a late glacial ice cap over South Mountain to a maximum
'

daameter of 125 km., Using the equations of Nye (1952) for calculating the

}
thickness of an ice cap of known radius gives a maximum height of 1.2 km at

»

the centre 1f the underlying sutface 1s flat. Since the underlyang South
) A

Mountain reaches a maximum elevation of 282 m above sea level it 1s estil-

mated that the South Mountain 1ce cap had a maximum thickness of 1 km at

13,500 years B.P. This 1s comparable with the modern Barnes ice cap in

L4 uh

N -

.

e

o
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\ o
central Baffin Island which measures 150 km by €2 km and raises to a maxi- ]

o

mum thickness of 1128 m. An ice cap of such magnitude would have'remalngd {
4

active and perpetuated radial flow of ice and rock debris for' some time.

The 1'4(: dates at Nzctaux Falls and Conoran Lake (Table 5), reguire that

the xce cap be gone by 12,000 vears B.P., wWhich would gave it & maximum life
& B

span of 1,500 vears. Howeveér, the .ice ffont along the Atlantic gpcre may

have been located further inland and consequently the ice cap could have

[ +

been smaller initially. ’c

The almost complete absence of recessional moraines and the abundance
of kame terraces indacate that the ice stagnated and melted down from the

top. Kame terraces are notable in the Annap0115~Ccrﬁ%allis valiey, the
a8

Parrsboro Valley and along the north side of the Cobeguid Mountains. Hughes

-,

(1957) also concluded that this deglaciation prociis operated in the area

§outh‘of the Cobeguid Mountains. He concluded that stagnation was caused

a

by rapad thinning of the ice over the Coberquad Mountains, causing the ice te

the south to be stranded. A late ice #ap in the eastern Cobeguid Mountains ?
(Prest and Grant, 1969) ard an 1fe tongue abutting against the emergent
delta at Parrsboro and tthfmall moraine in the Parrsboro Gap all testafy ¢

to the presence of active i1ce north of the Cobeguid Mountains duraing a time

)
when mych of the rest of the study area was covered only by stagnant ice.
{

Gadd {(18973) estamates that marin isubemergence in the Bay of Fundy reached

1ts maximum at about’ 13,500 years |B.P. but that parts of southwestern New
Brunswick may have been ice free @s early as 16,500. The Parrsboro delta

P

can hence be indirectly dated 13,000 to 14,000 years B.P. The older of
» *
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- these dates is the more likely since western Prince Edward Island and .

®

Shappengan, N.B. were ice free by about 12,500 years B.P. (Kranck, 1972 and

Thomas et al., 1973). Active ice abutting against the north sade of the

¢

Cobequid Mountains would have to oraiginate to the north.

- t

‘ Incursaon of the sea into the Gulf of St. Lawrence 15,000 - 14,300 years

B.P. (Prest, 197}, and subseguently into the Northumberland Strait, indi-

2
»

cates that +H#¢’ residual ice cap over the castern Cobequid Mountains and
Antigonash Highlands came into beang at approximately the same time ds the
South Mo?ntaxn 1ge cap. Carbon 14 dates at Folly Bog and'th; Debéft paleo~-
andzag site {Table 5) indasate that the area to the north and south of the
Cobequid ice cap was ice free at 11,251 - 10,338 years B.P. It 18 noteworthy

Zthat the bottom of the Folly Bog core hag the same date as the occupation

site at Debert. However; the core lacks an I pollen Yone, that 1$, there 1s

no record of tundra Vegetation but’rather evidence of g;rk tundra verging

- 4

on open wocdland (Byers,‘1975).’ The Folly Bog core was tayen in a kettle

hole similar to the kettle hole near Cherryfield, Maine, where there was a

\

2,000 year lag in organic production after deglaciation. If 1t tock 2,000

vears fog the ice to melt out of Folly Bou the area would have been free of

t

1ce at 12,500 years B.P. Therefore it seems likely that any residual ice cap

in the eastern Cobequid Mountains was shortlived.
Y

R

The available 140 dates and the.method of deglaciation indicates that

)
the 1ce on the Scotian Shelf and in the area south of the Cobequid Mountains
had started to deglaciate at least by 18,800 ‘ears ago and that.by 14,000
years B.P., the sea had invaded the Bay of Fundy. On the Atlantac shore,
@ a

the 1ce did not: reach as far as 20 km east from the present shore and may

’

-
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in fact have been gone from the arca. The method-of dedlaciation was by
t

stagnation and downwasting on the Atlanti¢ side and by calvang anto the

L]

. Bay ¢f Pundy. Active 1ce remained ain the eastern Cobequad Mountains for a

Lsh@rt‘ﬁjiie longer but was gone before 11,000 years B.P.

!

There, i1t as most likelv that the main 111 forming cvent had ended

{ - / .
X -
by 14,900 years B.P, over most of the area and by 11,000 vears B,P. in the .

- v
’ eastern Pobequid Mountaans, over South Mountain, and in Cape Breton.

. .
A 3

How long was the till forming process active?

N
It i1s amportant to note that the till c¢over in the provance 1s generally

5

from a few métres to a few tens of metres thick and is rather homogeneous

in composition. Whale the till forming events. (s) could have occurred at

any or perhaps several times between 32,000 years B.P. and deglaciation

.

J at 14,000 years B.P., the till sheet which is preserved over most of the

.

4 area 15 believed to have %ormed towards the close of the interval. *

Goldthwait (1974) calculated that basal till accretes at rakes of about 1 to°

5 om/year, which means that only 1,000 to 5,000 vears are required for 50 m
: of till to accumulate., This rate does not +take into account the rapid rate
of infilling of small topographic irregularities. Since few till sections

reacth thicknesses of 50 m, 5,000 years is, considered a maxamum time for

-

the deposition of the till in the province. Obviously the rate of deposition
varies greatly from place to place; nevertheless, the above dafa gives some

windlcatlon of the time involved. If the t1ll forming event lasted less than

. < El
S,qu years.and was over by 14,000 years B.P., it must have started at a

o

- -

-
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maximum of iQ,OOO*years,B.P. Tall deposated prioro this time had a hagh

o

probability of being eroded again by the active ice.

’
- 2

Distribution of Wova Scotian Till Tvpes

¢

¢
‘ [

* t a 1

In the present study, two main t1ll types have been recognized. One

.

group 18 composed primarliy of local components, the other of diseantly
{
travelled foreign components. The Jocal tills can be further divided into

fave suites based dn their heavy maneral content. Granulometrically only .

@
1y

two tills have been recognized ~ those deraved primarily from granite, slate,

metagquartzite and basalt, and those deraived from sandstones, shdles and

» o o —

siltstones. The foréign t1ll was deposited as drumlins scattered,glcng the

Eastern and South Shores’ of the province. The forelén affinities of this

1

-

£111 are marked by its red calpur, muddy composition and hlg? ;Dntent cf/fm*\\
augite, amphibole, and detrital minerals. The/source for this till was, the
Cobequid Mountains, Noréh Mountain, and the Carbonifergus/Lowlands in the
northwestern part of the province. The very small percentage of pebbles

in the Lunenburg drumlin field whach are obvicusly not of Nova Scotian,

I .0 ' .
origins are presuméd to be from New Brunswick. Other than an this field,
there 1s no indication that long distance transport (in the order of hundreds
_,A-"\\ « »

of kilometres) added signaficantly tolthg composition of the tall.

1

The‘dlstrlbutlon of pebbles and heavy minerals in the till indicates

-

’ -
that the ice moved across the sduthwestern part of the province from the north-

northwest. 1In the northérg part of the provance the ige came from the
o . .

© .

a
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northwest as there was slight basal deflection by the Cobeguid Mountaains. .

THe ave movement as shown by indicator fans everywhere parallels the long
; .

4

w5

o -
axes ?E%Fhe drumlins. The very strong southeasterly ice flow aindicated by

o

- R

the dlst;&ﬁutxon of augite southeast of the Minas Basin may possibly be due

- °

to earl§ ice advancing out of the Bay of Fundy eastward into Minas Basin N
]

twwara’the Lagtern Shore.

Barly ice advancing from New é%uﬁswmgk would have .
been channelled through the valleys; and filled the Bay of Fundy. By the
time the ice from the northwest was thick éneuqh to override the Cobeguid

. 8 ‘
Mountains, Minas Basin was already overflowing with ice fxom the west.

During this time, 1ce north of the Cobequid Mountains flowed eastward

through the Nerthumberland Strait towards Cape Breton.
/ - b

¢ t
Till fabric dnalysis indicates that movement of basal ice during the
- <8 F*

lodgement process was controlled prlmérlly by the underlylng'topography as

the trend of the fabrics parallel that cf’the hills. However, directional

°

indigators on the Cobequid Mountains and South Mountain indicate that ice
/ .

flowed an a direction parallel to those recorded on the upland, that is,

»

uniformly southeastwards across the province. The upper ice thus flowed in
response to a hydraulic gradient while the lower ice followed the topo-

graphy. Shearing would have cccurred widely in the i1ce at thas time. It
] 4 ‘
is diffaicult to say whether or not this differential flow pattgrn existed '
|

¢
)

when the ice was at 1ts maximum thlckngss.t Certainly, thas would have been

»

the dominant process durang the buildup and the retreat.

The size, shape, orientatzon and position of the bedrock outcrops were

also the controlling factors responsible for the trends of the indicator

L
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fans, The fans are relatively straight and narrow and appear to transect
the province more or Xess independently of topography. However, this may

be the result of the relatavely long Jdistance between samples compared to

the geomorphie features which controlled basal ice f£low.

e
" .

Glacral brocesses

Erosion /,ﬁd/g

® ~
Braidgewater conglomeyxate 1s preserved in many of the mahcr river
c'j v

valleys along the Eastern and South Shores of the province, such as in the
LaHave and Musquodoboit River valleys. This suggests that glacial erosion

of the bedgock may not-have been as intense as would be éxpected from evi-

dence on hilltops, for example in the Halaifax area. The valleys in the

2, & o
area have the typical glaciated U-shaped cross sections but they are not

-

particularly straight or déep. The orientations of vallevs and fiyords
along the Atlantic coast are basically controlled by bedrock structure and

. ¥ Y
have been modified only slaghtly by the numerous ice advances of the

Pleistocene.

4
[l

On the other hand, the hilltops show evidence of severe glacial scour-

o .

ing. Highly polished glacirated pavempnis and roches moutonnées adorned with

striae, crag and tail, lunate fractures and crescentl¢ gouges are common

.

features on the hills of resistant granite, slate and metaguartzite bedrock.

- ' 4 ’
LY -
The hills and mountains obviously presented a considerable obstacle to 108’

*

flow and were the major ‘areas of bedrock erosion. Hilltop erosion accounts

\
2 . LR
)
-

IS

L™
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. v for the profusion of distantly trawvelled components along the Atlgnélc

coast; these components originated in thyg Cobequid Mountains, Antigonish

a

)¢ngh1ands, North Mountain, South Mountain and even the Caledonian Haghlands

~ J
of southern New Brunswick.

N 2

Glacial erpsion in the Carboniferous Lowlands north 'and south of the \

o

’ J
Cobeguid Mountains ahd in the Bay of Fundy was similar to that in the areas

»

of more resistant hedrock. However, erogion was much eagier in the lowlands,
v

- and hence -erosion was greater. The areca is characterized by an absence of

a

steep hills and low elevations. Thick acoumulations of muddy till are

common. The nature of the bedrqCk precludes the ready preservation of di-

rectional aindrcators such as striae and orag and tail.

Trans port

a

. 4

.

Glacial erosion of hilltops and upward shearing caused B§ erosion on
upstream dipglng erfaces are two of the main methods of 1ncorpgfating debrais
ifto the ice at various levels abové the base. ﬁnglaclél debris may a%so be

roduced 1f one glacial 16be fleows over another. Englacial debris is be-

lieved to have been incorxporated by all these methods into glacier ice

mOving southéastwaid across the Carboniferous Lowlands and the bobequld Moun—-

M = o v rhe

tains, Antigonish.Highlands, North Mountain; South Mountain and the Caledonian .
Highlands. The degree of contribution of each of the three methods of in-

coxpératxon 1s difficult to evaluate. Evidence of shearing is sbundant in

¥

3

3

the red, muddy, englaciélly-transported t11ll along the Atlantic shore. This

22

— e et m— ki —
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miy be related to conditaong prevalent in that region at the time of de-

position but may also refleci the pature of the debris-carrying ice over
\ »
the whole region. Thas guestion remains to be answeved.

-

* s

- "
Most of the +211 an the area is locally derived,basal t11ll. Transport

{ 5

has usually been short, as can be seen by’the rapid change 1n compdsition

of the till across bedrock geologic bounda;zﬂ!;/“The t1ll was transported

<

LY
at the base or in the lower fow meters of the ice. e mixing of local ¥

a

material with distantly transported material is indilcated by the grain saize

variations and the lithologic composition of the tills. The zones of basal
!

and englacial transport were not two dastinct layers in the ice.

’

e °

[y H

Thé occurrence of locally derived ablation till over the basal till
"

@

and foreigh till in sofle parts of the province prompted Grant (1963, 1975)

14
to assign this distinctaive till phase to a separate)ige advance - the

'
South Mountain ice cap advance. The rather wide ad but patchy occurrence

-

of this till, as well as its composition and textu'é, indicates that it 1s

ablation till which formed after the deposition of ithe melt-out till.
l\ ‘,
Mineraloga®®ly, the ablation till canhot be distinguished from the under-

Iying melt~out till. The main differente between the‘ablatlon and undexr-

n

lying till 1s the lower percentage of silt and clay and the high percentage

f local gravel 1in the ablation till.

EaN

< The ablation till was formed by washing ind sorting of basal and

englacial material brought to the ice surféfe by shearing and downmelting.

This debris was mixed with materlallderlved locally by frost shattering and
3
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quarrying of nunataks during the late "classical” Wisconsinan when the ice

+ >

was than. f/

Changes in £low dxreggiaﬁ ?f the 1ge can be recognized from tﬁe upward
changes in the composition of the till in several places. In the Amnapolis
Valley and over North Mountain the change \from southerly ice flow to '
northerly flow during the'late Wisconsinan did not result in the formataon
of two distinctly different tllI‘hnits. Ondy one till s present(‘but it
contalnsqﬁndlcators om both the north and south as a result of reworking
of the earlier mderial. Hickox (1962) observed a vertical increase in the
content of South Mountaln'granlte in the till of the Annapolas Valley. Thas
suggests that the ice cover remained present throughout but the basal flow

o

changed as the surrounding area was deglaciated.

o

Two “dastinct t1ll units have been identrfied in the New Glasgow area at
[£]

McPherson's Mills. The ti1ll comgositiont and directional indicators in the
‘1 Cobequid Mountains also testify to the presence of late glacial ice
flowing eastward from this region. This ice cap was very short lived as

shown previously. b :

Deposition o R

- * -

- If the t1l1l in the study area i1s classafiéd as to the mode of deposition,

1t falls into two main types - basal and ablatron till.

s

¢ ]

3

The abl?tlon ti1ll is widespread over much of the province. It as

easily recognized QQen associated wath basal till because 1t 1s uncompacted,

8

¢
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sandy and rich an gravel. It was transported only a short.distance and was

A}

£ L -
not deposited until the ice finally melted awe;y. The fine g1lt and c¢lay

e
A

were washed out of the till by meltwater on the surface of the ice. It was

w

fur'ther sorted and disaggregated when it slumped off gteeply inclined

ablating ice remnants. \Jj .

<
[ ’

. The basal t1ll ‘can be divaded into two &{fferent types: 1) Lodgement

t1ll:; materrals that were transported at the base of and«an the fowest part

of the ice and deposited by being plastered ontp the bedrock: and 2) Melt-out

L
till; englacial materaals that were transported within the ice. The foreign

’
. w

’
englacial materials were deposited by being plastered on the bedrock surface

or on basal till. It was brought down from its eﬁglac:.al‘poszticn pr/imarlly
¢y 5 [ ,
by basal meltlﬁg due fo fricfion and geothermal heat, and also by spreac;’u.ng

and thinning of the ice as if_moved south-southeast down the gentle gradient
» N “

of the Atlantic watershed towaxds the} 1ce margin qf the Scotian Shelf.

The basally deposited melt-out till was deposited in the form of

1

drumline along the South and Eastern Shores of the province. Grant (1963)

'S

suggested that the drumlin fields were located “along hypothetfcal rapad

»
4 3 1

flow lines in the ace. Work by King et -al. (1972) indicates that the ice
ey v > ’

terminud Qwaf a floating ice shelf which was located over parts of deep
inner basins of the Scotian Shelf, seaward of the main moraine system.

¥ .
Calving of the ice front into the sea could possibly be the driving :

mechanism for Grant's hypothetn.éal ice streams, 1f they really existed.

[l
-

e
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% " Summary of Salient Conclusions .
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This study has establithed “the follewing major conclusions’ relevant .

to the glacialsgeology of mainland Nova Scotia. .

1. With few exceptions, all till deposited before the “classical"

Wisconsinan was removed by the ice that deposited the regional tall.

N

2. A few isolated and protected pockets of older till are. found scattered

through the area, notably at Milford and along the shore north of

®

¢

Yarmouth. .
® !
3. Grey lodgement till was deposited over parts of the Meguma during early -
r 2 «

-
< ®

"elassical" Wisconsinan tame. ) ®

4. With few exceptions the grey lodgement 11l was eroded prior to the

PR -

deposition of red clay till.

a -
» ]

5, Using R-mode factor analysis, faye mineral suites can be distinguished:
* ) N °
( 1) a detratal suite u .

2) an augaite suzte

A

’ . 3) a Cobeguxd Mountain suite :

o

4) a metamorphic:suirte’ . 4

5)- an apatite-andalusite surte

6, There no detectable sources outside the province.

9. Amphibole and“wugite are the best indicators of distant sources.
o

10. Granulometrically two types of till are found in the study area; one 1s

F1ch in gravel:and the other is rich in silt and clay. .

M o
1

o
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11. These two mnaegiére the produst of mixang resastant rocks, such as

? granlte, slate, metaguartiite and basalt, wath less resistant.rocks
‘ such ds sandstone, siltstone and shale. )
- ! ' Y o . - |
12. The hard rocks are found mainly in the Cobeguid Mountaing and 2n ithe

N ’

e

"4
,

-

uplands of ‘the province {Devonian batholath, Meguma slate and metaguartzite).

¢, * .
13. The "s1lt and clay-rich ti1ll 1s centered ovor the Carboniferons’ Lowlands
1 '

' v

-‘north of the Cobequad Moymbains and in the Minas Basin region.
14, <The percerit gravel {or the gravel/mud ratio) can be psed as a general

indication of whether a till sample has local or foreign affinities.

¢ Local t}ll over ‘'hard rock' is rich in the gravel £raction, but over
Carbonaiferous and Triassic sediments the local t1ll as rach in silt and
clay. ' ’

]

-

15.. In most of the areas where the red clay till was deposited over the Meguma

©

- Group drumlins formed.

< .

»

16. The occurrence of muddy till outsade the Carboniferous Lowlands camr be"

£ '

attributed to two things. Farstly, most of the samples are from silt
T

and clay-rich drumlains’ containing material derived from the Carbonifercus
Lowland. Secondly, a few silt and clay-rich samples from outside the
inown drumlfn f1elds are erther dislocated till sheet fragments trans-
éorted from the Carhoélferous Lowlands or in some cases'the product of

! GP%nutan of local fine grained bedrock, <2

® %

17. 1In the area cast of Halifax, drumlin samples are richer in amphabole

" than non-drumlipn samples, wath only slight overlap.

Q
S

18. No distanct drumlin phase 1s presenl over the eastern half of the main »

v 3

granite batholath. Tall composition is gradational between local taill

f )

and foreign red clay till. ,

[N

-
1
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23.

24,

25'
w oae

26,

27.

£8.

o

Three tyres of till can be distinguished along the Eastern Shore: 1)

Drumlin samples rach an amphibole 2) Drumlin samples poor in amphiabole

IS

and 3} Ground moraine poor in

a

amphabole.,

Amphibole is found in trace amounts in red clavey till samples east of

the Lallave River; its origin 1s at present unexplained.

The grey slate drumlin +111 found west of the LaHave River in the

Lunenburg drumlin field is texturally s{fllar to the red clay drumlin
€11l found on the east side of the river.
Augrte is distributed equally throughout the red clay drumlins and the

—

slate drumlins in the Lunenburg drumlin field. The non-drumlin samples

ar% generally less muddy and poorer in augite than the drumlan samp%es.
In the Halafax-~-St. Margaret's Bay area %he red clay tlli.ls overlain by
a local granitic hybrid +i111, possibly ablation till.

Over North Mountain there-is an inverse relation between thévpercent

mud and the percent augite in the taill.

|

The primary mode of traﬁsport of the red clay t111 was englacaal.

Spreading and thinnaing df the ice sheet along the margin caused down-

ward movement and basal deposition of red clay englacial debris as

melt-out till. .

t

At the time of Jeposition of the red clay till shearing of the i1ce was

prevalent. ;

[ 4

The 1ce moved in a’generally southasterly direction across most of the

, ‘.

provance.

&



+30.

31.

e

]
H

33.

34.

35.

36.
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In ithe southwestern part of the prbvaince the ice moved in ‘a more
southerly direction.

Basal ice was deflected to the east ‘and to the west around the higﬁ- .
land formed by South and North Mountains.

The regicnal variation ain tne toroaraphy played an important role in

=4

determining the Jdistribution of indicators in the Windsor area.

P11l fabrac analysis suggests sfrongly that the basal 1ce movement:and
t111 deposition in Nova Scotld\ue§~contralled by the ;ttitude of the
surface of accumulation, i.e. the topggraphy. The basal ice f%owed
parallgl to the vallevs and haghlands. Only when the valieys wére full
of 1ce did the upper part of the ice sheet flow over the drainage
divides indepbndent of the underlying topography: however, the ﬁésal ice

continued to follow the topography. .

3
-

fautcrop size, shape, orazentation and position as well as the topography
A

were the controlling factors governing the trends of the indicator fans.
Ean“ 1ce probably flowed eastward parallel to the north sade of the

Cobequid-Mountains.

A

The. lobate distribution pattern is largely a function of the size of the

3

source area, that 1is, it does not necessarily indicate ice currents or

o

lobes. .

-

The long generally straight and almost unidirectional indicator fans °
* o
indicate that Nova Scotia was glaciated by ice advancing from the north-

northwest. The direction of ice flow across Nova Scotia is almost

&

perpendicular to the main topographic obstacles in the province. The

x
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o

source of the wce clearly lay northwest of Nova Scotia, most likely in

4

New Brunswick,

)

37. The radial dastribution of erratics to ihe east, north, and wesi around

-
Seuth Mountain from Windsor to Yarmouth, as well as northward and

eastward trending indicator fans from the Cnbeguid Mountaans inélcates
actave radial outflow from haghland areas. Hickox (1962) showed that

a late "classical® Wisconsinan ice cap was situated over South Mountain.
Late “"classical® Wasconsinan ice flow from local ice caps resulted in

homogenization,of preexisting tall deposits and only mainor addition of

local components.

¢ 4
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Figure I-1. Pebble fabric in a horizontal plane (drawn from radiograph).

Figure I-2,

-

Pebble fabric in a vertical profile through the vector -
mean 1n fig. I-1 {drawn from radiograph)
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Whites Lake
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Salmon River, Tall
underlying marine sand
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Cornwallis Station 1
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N

Perry Brook
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S%1Imon River Till

immediately overlying marine
sand 25 poles
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Figure I-3. Till fabric data for 25 locations in Nova Scotia plotted
on the southern hemisphere of an equal area projection.
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APPENDIX 2

\ , :

- Mineral suites IA, IX, III, and IV. Maineral suite IB is

1lsteé in Appendf;yé as the percent augate.
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APPENDIX 3

Spearman rank coryelation matrices and dendrograms for

selected multiple {ill samples and surrounding tall sheet samples., ”

The correlation is signaficant 1f the cpeffaicient is greater
than .497 at the 95% level of sigmficance ayd with 14 degrees of

freedom {(Snedecoxr, 1966, p. 174),



- 238 -

4

‘poxe PIOTIUZ-UINOWIAL] BYF WOy Saidues TIT3 I03 XTIAjPU mowmmmmunou *“T~III

Y

ek

. 664"
a58° gag”
it £2C

yL9”
SCLT
959°
8oa°’

5€¢

o6y ”
vig-
eTL”
sye”
44N

9ce

685 *
ver
ves”
veL®
BeL"
o5t -

Lz

oeL”
899°
¥89°
€08*°
€89°

e8L”

v

6cL”

8¢C

1e8”
MBo.
osL”
c09”
908"
osL®
beg”
0sL”

62¢

TL8"
sLL"
969"
€8
£ePL”
089"
ogL*
‘sta*
8S8L"

(44

gee-
Lye:
10e*
£61°
yeb "
€8T
yeT”
sov°
yor”
vee:

13 43

STP "
gE9"
voL"
z99°
s9p*
T1L°
117"
£59°
9g9"
$99°
90"

L8Z

i aEwe

*STqeL

EVE
42
622
gee
Lee
9ze
§ec
pee
1A

zee

fx44



5

*T-IIX wﬁnﬁw UI PYep Sy} WOoxJF poioniysucs weaboapusg *I-III sanbtg -

L]

- 239 -

§TT

3
s -
Q B
. 4 ¢° -
o4 00
2
= e
- h-
P |
* 7
L Q-
. 5
. ! ! 4
- - m
&
i3 .m £
4 L .
» L4 N L » (%5 N ] N [ %] 0’1 ”
[+ -] i) [~ K o P L] L N nN
~ LS ~3 o ° O 5] o - N (X1 R
B -
- :
. -
4 L4 - ° - .
o < ) .
°
.
N P _ ~ B Tt - e e e e St Ao o KR

Ft
¥
LT
13
§
§
3@
i



v
‘wage I9ATY
Uowleg 83 uwoiz ssrdues
TITS J0I XTAZPW UCIIETHIIOD *Z-IIT ITUEL
b )

2

BEY®
ZrL” FAL
85L° 206 9E9 "
£es peS Ge g
L 4
- -
I
th P wn IS & A~ w I " o
L7 S PX
g & ¥ ¢ g w g g g ¢

ey
ZES”
th.
£656°

9%

£19"

18"

08L”

86y ”

9GL”

[42i

VA

£699°

S0€”"

509°

£99°

eLe”

€97

69%°
TLe®
ogy-
0%9°
969"
695"
8gg*

8sb

99°

apL-”

se”

oL’

8¢8”

£59G°

89% "

€9

697

*Z-II1 ST49eL UT ejep 8y
woxg pajonazsuca uexboapusg

955"
o1E”
6L9"
£SY"
L85*
osg*
L9s*
L6%

159~

6S¥
8sYy
€97
9%
T9%
SEs
beg
£€S

~L9§

*Z-III °anbtg

S -

3 3T Uraihna g 9RO



‘e

- 241 -

TE~IIY 9TIgen
UT B3Ep SUyl Wwoxg
POIONIGSUCT wezboapug

TE~-IIT oxnbTI

FAA"
12e
£Ze
1Y

14 ey |

QGG emanatad

7

81g *
LLzs 009°
zee £

gezo”

681" 9807

tLee” LLS” ¥rL”
. 289g” 68E" 99y *
2907 YA 99g°
vee A% 23211

*eaie surbbop Sl wWoIxIF

saTdwPs 773 I0F XTIJPW UOTFRTIXA0D

19¢° §499
168" rwmm
81e” yee
1€9” £CE
voz* (A4
¥oeT” 1ZE
955

"£-~I1I1I ITqer

o



L

r At

‘y~1II 91des
UT P38Vp SYI WOXT
peIonIzsucs weaboapirsg

918

(AN

€LL

‘p~IIT @anbrg

04¢

1Le

61§

ma

f

mm

0;

o't

34

£TL”
A%

E£LE

0gg”"
Lyy-
T9L”

oLE

Lye:

180"

AN A

9ce”

SETL°

LIS

3

"voar AabSETS MoN oYl woIl
SoTdwes 11T} X0F XTI3BW UOTIRTOIIOD

18 LTS
IA A 918
859" 0LE
69" ELE
8LY" eLE
€gg” TLE
61E

"P=ITI 3T9EL



i

*G-IIT OTYeL .
ULl e3jep Sy} woil
polonxgsuen wexboapusg "¢-III °2anbTa

’

Oy

A - 697"  Ivb
GEE” L9T" 817574
. 4 &
Lyz: qip- 6LE" GEY
4 v * 985" 80" 859" vLE"  8ED
~ osg” ££0° ZEZ" 969" 9EE*  LED
- m. M . . ;
BEY 6ef ovd iy YA
4 9 N
| eaxr uttdeyd ouym
w e wozy SoTdWRS TTIZ XOF XTALIBW UOTICTIIIOD *4-ITIT a[gel
. o4 2 ’
L w‘ *
¢ o QQ
4 07} :

gTs
394
BEY
LEY

844

L
i

& % B oM v



*9-III °974es ut
elEp AU WOXI
pojonaysucs weaboxpusa

- 244 =

) 829"
"9-II1 sanbrg

) seb

)

£18”

TaL”

g9c

¥LG”

s¢g”

£6L°

LST

‘eage xojemabptiag @3

. woxy sorduwres TTT3 I0F XTIAJPW UOTILTSIIOD

009*

y8L”

yog*

9L9°

(3]
W
[

L9¢

Q9¢

sev

ver

‘9-TII 9198l

»

véy

LST

92

1.1 4

0%¢



"L-ITI 9TgRI Ut e3ep
OUL WOAI POIONINS
~Ul2s weiboapusg

g
[

¥oe
viYy
414
c0¢

102

“L-TII 2anbTg

£0¢C

coe

69L"

(A4

YA R

j7AN

£0e

s

o

669 °

ehL-

689~

. L8L"

oL8"  saL”
969 9L3" 989"
£L8° L98°  899°
998" PEL" . 8LS"
Ls8” L6l ves”
02 otz LY

‘BROIE OYET S83TUM OU3 WoXy
sapdues [IT3 I0F XTAJVW UOTIBOIIOD

L-II wﬁAWE

/ )

>3

£99° Py # m
+0€9°  91Z
¥8L° 0T u
TeL”  yoz .
z8L " ammm
TLL® 0% )
. 86L" 10T .
SL¥



Y

[y

- 3

68¢
A

! 2GL” o9es
2 -
) ‘ 8zy.” veL* 2oL
gey e 148" Gevt 162
rel
- . ) amﬁ. eEL” HGE” £e8° 06¢
M - ~ ¢ N - . el N
- *B8-III 9TIqvh . =15 e 0EP° . T9s*  -€5Z° 005" ° 682 .
BT NIRp a9yl WOII R
POIORIIGEOD WRILoIPUOT  'g-IIT 0InbTI L6ET 69T ZI8"- 92yt LpLT  B9L"  BST
¥ ) - B 4
- 6Ba 06e 162 20g 9zZg LEY ¢
£~ o
5 //\ - & ,
o 419 . ‘ROFe QUIQd A5 saTbes
g ’ uoal sepdwes [TT3 I0F XTIJRW UOTIRIOIIO)D "G-ITL SIGRE
4 2 » u
x : . .
m- ..— \ R e * e, "
- s 4 ¢ - !
i3 i 4 o
P © ; 7 h)ﬂ/“%\ 'Y * - M«lﬁdﬂ
» . 2
o o N M w - O 7 : :
Ny o 0 e - W .
o o - 0 ~
) ¢
, % - &
o i <! N 3 & B
3 S - .
r £ " e.. & .
'S . . i R N a
L 4 -



ir

‘wezbozpusp Butpuodsoxicn oY3 SMous pg @anbTd  ~anoegiey STOD
PUE ‘3UTOJ USTIABH ‘QUTOG YOTMPURS woxy soTduwes ITT3 A0F XTAJeW UOTIETIIIOT °*G~ITI OTqeL °

geL”

625
‘ . . 8vL" 96L* €8s
- ) ) c08° zLo® Tese  z8s
- ~ ) . €z6* 268° TE9" E89°  I8S
. pES® 869" 056" 8¥9" 2Z9L® 08§
. pES® PB8° OPL® 0S8° OTS* £0S®  6LS
. 5 ) . o6b 60B° TPS' SOPT £6L° TPO' 06"  BLS
i~
N ‘ ’ 666" 259" 068" ZEL' S€9° 068" SOLT T68'  LLS
, £66° Ly6® 009" 2587 96L° TL¥T 098" TOL® TE8'  9LS
: , 668° $28° eL8' 829T TBL® L08° TIE® TaL® ¥PLF® QI8*  SLS
09L° GEL® LZS Q08" 065° PSL® 969° LTv LELT PIST €9L°  BLS
‘g@s* 09L° EILT TSL® 969° OGL° SL° 6087 L6S° BOL €79° GEL° LS
g08° T6L® G99 BE9" ST9° ZSST O06L° CPL® VS8' BTy’ gL €8V L6ST LS
- 0Z0° 069° ©EST 888° 608° 9T’ 8LL° T8O FOL® 908° LLE® 689° SIS® SZLt  TLS
ELS  EAG | PLS SIS 9LS LLS BLS  6LS  08S 186 z8s €8S 625  OES



&

{

i

H

1

ADPPENDIX 4

°

115t of the drumiin and non~-drumlin samples overlying the

Meguma Group east of Halifax.

Tast of the drumiin and non-drumlin samples overlying the . :

Meguma Group in the area of the Iunenburg drumlin faeld.

Result of point coumts of heavy minerals on duplicate samples

of red clay till and grey till from Hartlen Point, Cole

Harbour ‘and Sandwich Roant.

v

Result of point counts of heavy minerals on t1ll samples.

Nonopagques have been recalculated to 100%. The last 14

poant counts are duplicates of 7 sampleg.
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Samples overlvang Meguma bodrosk an the arra of the Iunenburg drumlin £ield.

Red clay drumlin samples

oo,

951

a8

+

Granite drumlin samples
489 y

4

Non drumlin samples

209 483
210 ' 484
211 485
257 © 486
260 . 490
261 491
265 492
482 © 493
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Drumlain
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