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ABSTRACT

Seismic risk assessment in the Maritime Provinces requires input from not just
historical, but also geological sources. A detailed search through published
and unpublished geological literature reveals many examples - some probable,
some possible — of neotectonic movement in the area. Examples range in
tectonic significance from those that reflect exaggerated local imbalance to
those that signify deep-seated stress.

Evidence for neotectonism in the Maritimes is multidisciplined. It includes
deformation in bedrock and quaternary deposits, and regional warping. Recent
movement also is indicated by changes in relative sea level, in situ stress
fields and geodetic fluctuations. Finally, and most unequivocally, neotec-
tonism in the Maritime Provinces is manifested as the seismic events that have
sporadically affected the area throughout its recent geological history, and
continue up to the present day.

RESUME

L1evaluation du risque de seisme dans les provinces maritimes necessite l'ap-
port de sources non seulement historiques, mais geologiques. Une recherche
detaillee de la documentation publiee et inedite en geologie a revele plu-
sieurs exemples probables ou possibles de mouvement neotectonique dans la
region. L1importance tectonique des exemples varie entre l'exageration du
desequilibre local et les contraintes en profondeur.

Les preuves de neotectonisme dans les Maritimes touches a plusieurs disci-
plines. Elles comprennent des deformations de la roche de fond et des depots
quaternaires, ainsi que le plissement regional. Les modifications recentes
relevent surtout du changement du niveau relatif de la mer, des champs de
contrainte sur place et des fluctuations geodesiques. En dernier lieu et
de maniere tres inequivoque, le neotectonisme se manifeste dans les provinces
maritimes par les differents seismes qui ont ebranle sporadiquement la region
tout au long de son histoire geologique recente jusqu'a nos jours.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the
statements made or opinions expressed in this publication. Neither the Board
nor the author assumes liability vith respect to any damage or loss incurred
as a result of the use made of the information contained in this publication.



PREFACE

Why A Report On Heotectonlsm?

Seismic risk assessment in eastern Canada today is limited. It
relies solely on the evaluation of historic and current seismic
data. Historical data in the Maritime Provinces reaches back some
350 years - hardly long enough to forecast any geological
process, let alone one as sporatic as an earthquake.

Even civilizations much older and more seismologically
experienced than our own have been caught offguard. China has
been recording seismic events for over 2000 years; yet the tragic
1976 Tangshan earthquake that killed several thousand people was
totally unexpected.

He must extend our knowledge of Maritimes seismicity much further
back in time to seriously attempt seismic prediction. He must
examine, not just the historical, but also the geological record.
In particular, we require more information on neotectonlsm in the
Maritime Provinces.

Meotectonise Defined

'Neotectonism' generally refers to recent movements of the
earth's crust and/or its overlying sediments during the last ten
million years or so. The definition below is paraphrased from
Morner (1987):

Neotectonics defines any earth movement or deformation of
the geodetic reference level, plus its mechanisms and
geological origin, however old. It includes movements from
the present back to about 10 million years ago. (The time
frame covered by this report encompasses the entire
Cenozoic.]

Neotectonics deals not just with vertical and horizontal
crustal movements, and their deep seated sources, but also
with deformation of the oceanic and continental geoid,
including gravity phenomena.

Neotectonic features may be divided into those unequivocally
related to regional tectonism, and those for which interpretation
is less certain. Erosional unloading phenomena, apparent ice
contact deposits and frost heaves, mine subsidence, karst
solutions and gravity slumps are among the so-called
'superficial* neotectonic features. These features rarely (albeit
occasionally) result from deep seated tectonism. Yet they can, in
some cases, delineate seismically significant structural
weaknesses in the underlying rocks.



Scope Of This Report

The present report Is essentially a database: a comprehensive
compilation of published and unpublished documentation of
neotectonism in Nova Scotia and New Brunswick, with selected
entries from Maine.

By no means every entry describes a tectonically-caused
neotectonic feature. However, we simply do not know enough yet to
dismiss, say, all landslides as gravity slumping, or all karst
topography as purely solution weathering. Small earthquakes can
trigger landslides. Minute movement along ancient faults can
initiate mass subsidence in karst terrane. And so on.

Only detailed field work will sort out, as it were, the deep
seated tectonic wheat from the superficial chaff. Ultimately,
data from this report and subsequent field studies can be
synthesized into seismotectonic and seismic risk maps.
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PART I. READING MEOTECTONISK;
Geological. Marine Geological and Geoaorpholoqlcal
Evidence for MeotectonlSB In the Maritime Provinces

CHAPTER I; RECEMT FAULTING AMD DEFORMATION OF BEDROCK

A. RECENT THRUST FAULTING

Hew Brunswick

I.A.I
J. Adams (research files)

Faults that offset glacial striae occur in several greywacke
outcrops beside the Mactaquac dam near Fredericton, New
Brunswick. Vertical displacement is 2 cm to 3 cm, and is
subparallel to the main cleavage. Throws on most offsets are to
the west-northwest, although some are in the opposite direction.

The report cites two possible explanations for the faulting:
frost heaving or tectonic movements.

I.A.2
H. Laaothe (unpublished field observations)

Lamothe reports having seen 'hundreds' of offset glacial striae
in Ordovician slates between Grand Falls and Edmundston, and
several displaced striae in the St. Jacques area in northern New
Brunswick. Rampton et al. (1984) also mention minor displacement
of striae in slate near Edmundston.

I.A.3
Matthew 1894a

Matthew describes two sets of postglacial faults from five sites
within the city of Saint John, New Brunswick: along a hillside
south of *The Valley', on City Road near the City Hospital, on a
hillside east of Charles Street, on Rock Street and at the
northeast corner of the Church of England cemetary.

The faults displace glacial striae, which cut across steeply
dipping slates. The primary set of faults strikes northeast-
southwest, while a secondary diagonal set strikes north-south and
east-west. The faults are reverse and dip from 70° to 90°
southeast.

All but two faults are upthrown to the southeast. Throws range
from 0.25 inches to 5 inches. According to Matthew, "at almost
every place in the city and east and west of it, where glaciated



ledges of the [St. John Group] slates could be observed, some
displacement was seen, though often very slight" (p. 503).

I.A.4
Matthew 1894b

This more detailed version of Matthew 1894a gives displacements
of individual faults. The City Road locality shows 9 faults with
a total offset of 10 inches over an 11.5-foot outcrop. The Rock
Street locality shows 62 faults with a total offset of 68 inches
over 156 feet.

Two additional postglacial faulting sites are mentioned: Peel
Street and Pond Street.

Matthew ascribes the postglacial faults to tectonic thrusting
from the southeast. He also cites two objects (a boulder and a
lance head) that had been broken, offset and re-cemented as
further evidence of recent earth movement. (Frost action seems a
more likely explanation for these latter features).

I.A.S
N. Rappol (pers. coma.)

Offset glacial striae have been observed northwest of St.
Jacques, Hew Brunswick, on a flat-topped ridge of slate that
trends 045°. The fracture displacing the striae strikes nearly
parallel to the ridge. Vertical displacement reaches a maximum of
7 cm to 8 cm.

I.A.6
Seaaan (unpublished field observations)

In 1985, faults trending east-west were seen to displace glacial
striae by about 5 cm. The outcrop, now buried, lies at UTM 434
627 in Fundy National Park, New Brunswick.

I.A.7
Thibault and Seaman (unpublished field observations)

Two sets of vertical faults offsetting glacial striae have been
noted 3.5 km east of Edmundston. The outcrop, which lies at UTM
545 469, is of steeply dipping Lower Devonian slates.

Faults trending 50° and dipping 73° south offset the striae by
throws of up to 23 mm, with 0 mm to 2 mm lateral displacement.
Faults oriented at 125° and dipping 41° east offset the striae by
throws of up to 28 mm, with no lateral displacement.



X.A.S
C. Van Staal (pers. C O M . )

Offset glacial striations occur in iron formation in sericite
schist near the Austin Brook No. 6 Nine, northern New Brunswick.
Van Staal mapped the outcrop in 1981 and saw no offset striae. A
year later - a few months after the 1962 Miramichi earthquakes -
he revisited the site and found that the striae had become
offset.

nova Scotia

I.A.9
Calder 1984

A thrust fault that postdates all other observed faults occurs in
the Novaco open pit coal mine at Springhill. The fault is closely
related to bedding plane movement, in that it resulted from prior
stratal slip. Modern stratal slip faulting also was recorded in
the roof strata of the No. 2 Mine at Springhill, indicating that
the coalfield retains a residual lateral stress component.

A definite age has not been assigned to the thrust faults.
However, no discernable deformation could be seen in till
overlying the Novaco Fault (J. Calder, pers. comm.).

I.A.10
Coldthwait 1924

Offset striae are noted in several Nova Scotia locales. At
Caledonia Corner, a fault scarp on one outcrop trends 51°, and
has displaced striae by throws of five, seven and eight inches.
At each throw, the northwest block is uplifted.

A few examples of throws ranging from one to two inches can be
observed in slate beside Prince of Hales tower in Point Pleasant
Park and on Fairy Rocks at Lake Kejimkujik.

I.A.11
Grant 1980b

Postglacial faulting in slate at Cape Cove near Salmon River,
southwest Nova Scotia, is evidenced by offset glacial striae. The
vertical throws average 5 cm on the more than twenty dislocations
that occur over a width of 3 ro. Displacement is along the
cleavage planes, and up to the south. Grant (1987) describes the
total displacement as being of at least one metre.

Movement is tentatively ascribed to postglacial rebound, during
which stresses became concentrated along incompetent slate zones
rather than causing broad regional warping.



I.A.12
R. Stea (pers. com.)

Offset glacial striations in central Nova Scotia have been
documented from the following locations. All show a vertical
displacement.
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I.A.13
J. Oliver (notes in J. Adaas research files, 1979)

Oliver visited the three sites mentioned by Goldthwait (see
I.A.10).

He found no clear examples of postglacial faults at Fairy Rocks.
However, an outcrop (not the original one) near Caledonia Corners
revealed one clear postglacial fault in slate. The fault
displaced striae vertically by 0.75 inches, south side up, and
trended 070°.

Rocks showing the offset striae at Point Pleasant Park were not,
in Oliver's estimation, particularly 'slatey'. Total offset was
several inches along faults that trended east-west, south side
down. Sinuous banding in the rock was discontinuous across the
faults, indicating substantial preglacial as well as postglacial
movement.

Bains.

I.A.14
Xoons (in press)

Fifty-six accounts of postglacial bedrock faulting in Maine are
documented. Some are detailed, and are summarized below. The
remaining entries give location (latitude, longitude, nearest
town and quadrangle), formation name and reference. References
give no information on the fault strike or displacement sense.



Host of the 56 postglacial faults show small displacements in the
range of 0.5 cm to 1.5 cm. Fault planes are usually vertical or
near vertical. Movement is generally dip slip, although some
strike-slip component may be present.

All reported occurrences of postglacial faults are in fissile
rocks. In all but one instance, the fault planes are parallel to
the dominant structure, that being bedding, slatey cleavage or
schistosity.

Interestingly, 72 per cent of the faults fall on or close to the
dominant structural 'grain' of Maine, which trends 45° northeast.
Where there is a local departure, as near a fold nose, the fault
parallels the local structure.

Koons concludes that the observed postglacial faulting results
mainly from frost heaving or glaciotectonic effects in rocks
broken by bedding, schistosity and sheeting. Deep seated
tectonism may have been involved, but there is no evidence to
support the supposition.

1. Wadleiah Head:
Glacial striations are offset along a fracture striking 52°
in the Kittery Formation. The northwest block is raised 0.6
cm to 1.3 cm. Fracture dips 68° to 72° northwest. Striations
are offset about 0.3 cm in the same sense along a second
fracture dipping 630 southeast. Believed to result from
frost heaving.

2. Hopkins Island:
Glacial striations are offset along a north-trending
fracture dipping 78° west in Cape Elizabeth Formation. A
second similar fracture is located about 2 m east, parallel
to the first. Believed to result from frost heaving.

3. Amitv Quadrangle:
Glacial striations are offset along a fracture trending 70°
in an unnamed sedimentary rock. Excavation shows the
apparent fault resulted from glacial plucking along the
joint.

4. Moxie Dam:
Glacial striations are offset up to 3 cm along vertical
fractures trending 64° in Carrabassett Formation. Faults are
up to 16 m long. Sense of displacement is opposite on two
major fractures. Believed to result from frost heaving.

5. Near Spruce Pond:
Three closely spaced thrust faults trending 10° and dipping
40° northwest offset glacial striations in the Smalls Falls
Formation. Southeast side is up. Believed to result from
frost heaving.



(Boone (1980) locates this outcrop 1.2 km southeast of
Spruce Pond. He reports that bedrock offset is about 15 cm
on each fault with no evidence of a strike-slip component.)

6. Fox Brook;
Glacial striations are offset along southeast-trending
bedding plane fractures in the Seboomook Formation, and
along a cross-fracture trending 40° between bedding planes.
Northwest side is raised. Believed to result from frost
heaving.

7. Mile 232.5. Route 1-95:
Glacial striations are offset along bedding plane fractures
striking 40° and dipping 85° northwest, and along cross-,
fractures. Exposure is a roadcut created by recent
construction. Offsets apparently postdate construction.
Believed to result from frost heaving.

I.A.15
Mewberg 1983

Newberg describes an outcrop that shows possible evidence of
recent tectonism. It lies in the Piscataquis River below the dam
at Howland in Maine. There, siltstone beds and a late fracture
cleavage are offset by a fault that extends into a breccia zone
up to 8 cm wide. The fault trace trends 320°.

I.A.16
Prowell 1983

A postglacial fault is recorded on the northwest side of Moxie
Dam, 5 miles east of The Forks, Haine. The vertical fault strikes
65« and offsets basement rocks of the Lower Devonian Carrabassett
Formation. Displacement reaches up to 1.5 inches with the
northwest side downthrown. The marker horizon is represented by
glacial striations on slate.

(This appears to refer to the same outcrop mentioned in I.A.14.)

Z.A.17
Tboapson 1981

Examination of landforms, surficial deposits and over two hundred
bedrock outcrops in Haine near the Norumbega Fault Zone revealed
only six localities of definite postglacial faulting. All fault
displacements involve small (1.5 mm to 30 mm) offsets of
glacially striated bedrock. Host, but not all, offsets occur
along northeast-trending bedding plane faults.

Frost heaving is proposed as the primary cause of the observed
postglacial faulting. Regional tectonic stresses, however, are an



alternate possibility, in which case faulting nay be related to
seismic activity that has been recorded in the Norumbega Fault
area.

I.A.18
HtfttrHO 1983

Postglacial faulting was observed in the Sangerville Formation on
a glacially striated outcrop south of Boyd Lake, Maine. The fault
trends 55° and vertically offsets striations along strike for
about 20 m. Displacement was about 7 mm, south side down. No
evidence exists to suggest that offset is due to frost heaving.

Outcrops on roadcuts in the Carrabassett Formation along Route 15
also show postglacial faulting. Striations are offset, south side
down, by five cleavage surfaces trending 45°. The faults may have
been caused by blasting and/or frost heaving.

B. JOIMT DISPLACEMENT

Mew Brunswick

I.B.I
Adaas (unpublished report)

In August 1984 a 1240-m trench was dug across an outcrop thought
to encompass the fault plane ruptured during the 1982 Miramichi
mainshock in Hew Brunswick. Trenching uncovered no such fault
plane. However, it revealed fresh bedrock fractures. The four
main fracture zones are described below.

Fractures at site ml423 trended approximately east-west and
occurred along pre-existing joints in Urdovician granite.

Site mll33 showed three open cracks in diorite. Each crack, trend
0300, was about 1 mm to 2 mm wide. Some vertical movement was
observed. The cracks appeared along pre-existing joints.

Site rall44 showed five open cracks, trend 030°, and 1 mm to 7 mm
wide. One block about 150 mm wide was elevated 100 mm higher than
the adjacent glaciated surface. These open cracks also appeared
along pre-existing joints.

At site mlOOO, most of the fresh fractures followed the dominant
joint sets that trend about 030° and 100°. The fractures trending
030° parallel one P-nodal fault plane (Adams et al. 1984). Other
fractures appear unrelated to pre-existing joints.

Although the fractures did not offset glacial striae, their edges
were very fresh and angular. Some were tightly filled with
glacial till, while others were completely open. This suggests
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two generations of crack opening: one dating from glacial times,
and the other, presumably, dating from the 1982 mainshock.

The four fractures zones indicate tensional stress. This
contrasts with the buckle and thrust joint features observed in
1983 (see I.C.I) which apparently resulted from high horizontal
compressive stress.

I.B.2
J. Adams (research files)

Faults that offset glacial striae occur in several outcrops of
greywackes beside the Mactaquac dam near Fredericton.

One 3-mm offset on a vertical joint is continuous with a small,
mainly dip-slip fault. This suggests a small strike-slip
(horizontal) displacement along the joint, but is inconclusive.

The report cites two possible explanations for the faulting:
frost heaving or tectonic movements. (See also I.A.I.)

I.B.3
Bailey 1904

Caves are found along Corbett's Brook off the Saint John River
just below Fredericton. Bailey ascribes rift-like fissures
associated with the caves to postglacial differential movement.
Firstly, the fractures are clean of glacial debris or drift.
Secondly, a series of overhanging projections situated above the
caves would, in his view, have sheared off under the weight of
ice, had they existed in glacial times.

I.B.4
Basbaa and Adams 1984

A thrust joint offsetting glacially-smoothed bedrock was
discovered about 0.5 km southwest of Indian Lake, northern New
Brunswick. The joint belongs to a minor orthogonal set that may
have resulted from a post-Triassic stress field (see I.B.6).

The joint fracture trends 005* and dips 40° west. It shows 25 mm
of reverse displacement, west side up, and was traced for about
three metres across the outcrop. However, thrust displacement
disappears one metre north, and within a few metres south, of the
outcrop.

The authors conclude that displacement is a secondary stress
relief feature along a pre-existing joint rather than a primary
rupture.

Adams (1987) locates the joint at latitude 46.99° and longitude
66.60°.



I.B.5
Fyffe 1983

Two fractures along pre-existing joints are located just
southwest of Indian Lake near the Miramichi earthquake epicentre,
and show evidence of postglacial movement.

The first fracture belongs to an orthogonal set that trends north
(350° to 010°) and has an average dip of 40° to 50° west. The
fracture shows a reverse displacement that offsets glacial
striations by 2 cm, and can be traced for about 5 m.

The second fracture does not displace striae, but does have a
fresh, angular appearance consistent with postglacial movement
(L. Fyffe, pers. comm,). Displacement comprises about 4 cm of
upthrusting over a length of 3 m. The joint belongs to a set that
trends northward (345° to 000O) and dips east, most commonly
between 50° to 80°.

(This entry describes the same features reported in I.B.4.)

I.B.6
Lajtai and Stringer 1981

Deformed Carboniferous sandstones east of Saint John have two
prominent orthogonal joint systems with microcrack alignments
parallel to four joint sets. In one system, the joint sets strike
close to 010° and 100°. These are interpreted as post-Triassic in
age. They also are postulated to represent release and load-
parallel joints resulting from contemporary crustal stresses in
eastern North America (i.e. east-west compression).

C. POP-UPS. BUCKLES AMD ROCKBURSTS

Mew Brunswick

I.C.I
Basham and Adans 1984

In September 1983, overburden was removed from an area measuring
3000 square metres and located 0.5 km southwest of Indian Lake,
northern New Brunswick. Removal was to facilitate mapping a 25-mm
bedrock thrust, discovered after the January 1982 Miramichi
earthquake (see I.B.4 and I.B.5). Shortly after overburden
removal, the outcrop developed two buckles or pop-ups.

One thin slab of diorite, measuring 3 m by 1 m, arched up 55 mm
from the underlying bedrock. The separation increased to 80 mm
within a few weeks (Fyffe 1983). Trend of the buckle was 010°.
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The pop-up represents about 5 MPa of east-west horizontal
compression (Adams et al. 1984). This, together with the nearby
small thrust fault, confirms the horizontal, east-west P axes
deduced from the Niramichi mainshock and composite focal
mechanisms. It also supports stress measurements taken from the
Brunswick Mining and Smelting No. 12 mine (see V I L A . 4 ) .

A second incipient buckle appeared. Vertical separation s.- nn the
underlying rock was only a few millimetres.

I • C. 2
McKay et al. 1985

Eleven documented daytime rockbursts occurred in 1984 on the main
outcrop of the Miramichi epicentral block during borehole
drilling (see VII.A.5). Eight took place on May 20, two on Hay 27
and one on June 1. As well, several undocumented rockbursts
appeared overnight during the same time period.

Two types of bursts were observed. Type I events were explosive
pops, covered areas measuring about 20 cm, and sometimes involved
flyrock. Type II events sounded less percussive, covered larger
areas (several square metres) and involved no flyrock.

I.C.3
McKay et al. 1985

Two pop-ups are located on the main outcrop of the Miramichi
epicentral block. The first appeared shortly after the outcrop
was cleared in September 1983. It grew following the May 20
sequence of rockbursts (see I.C.2) and again after the May 27
events. The second pop-up developed after May 20.

Both pop-ups lie on the surface of a thrust fault footwall. As
well, both indicate a compressive strength oriented at
approximately 290°.

A bulging rock layer suggesting an incipient pop-up was seen on
the main outcrop, but might well have been caused by nearby
rockbursts.

I.C.4
Stead 1906

In the early 1900s, a grindstone quarry was worked in
Pennsylvanian sandstone at Stonehaven on the south side of
Chaleur Bay, New Brunswick. Quarrymen found that, as they cut the
first channel 2 inches to 3 inches wide, the rock faces would
creep together by about 1.5 inches. Occasionally, differential
strain on cut and uncut portions of the bed would cause large
chips to spawl off.



11

The sandstone bed trends parallel to Chaleur Bay in a near east-
west direction. Creeping was particularly noticeable on cuts made
perpendicular to the shoreline, thus suggesting an east-west
compressive stress.

Mova Scotia

I.C.5
Janes 1978

The author describes igloo-shaped pop-ups in an abandoned gypsum
quarry at Cape North, Cape Breton Island.

I.C.6
Motley 1980

For forty years, some 525 rockbursts or 'bumps' were recorded in
the No. 2 Mine of the Cumberland Railway and Coal Company
Limited, Springhill, Nova Scotia. A disastrous final bump in 1958
killed 75 men and forced the mine tc close.

Notley attributes the bumps to a combination of geological and
engineering factors. These can be summarized by saying that they
were the natural consequence of attempting to mine economically
at great depth in comparatively weak rock. While faulting may
have influenced the location of some bumps, there is no evidence
that earth tremors led directly to bump occurrence.

In late 1955, attempts were Made to measure stress changes in the
coal seam on the 11,800-foot level. Once the drill reached a
depth of about 30 feet, however, the rods became stuck. Upon
removal of the drill, the hole would partially collapse,
preventing any subsequent re-drilling. The volume of cuttings
produced far exceeded the volume of the hole. Also, audible
snapping noises were noted during drilling. Both observations
suggest that the rock was under considerable residual strain.

(See also Sice 1924).

I.C.7
Feld 1966

An abandoned granite quarry lies on Vinylhaven Island, 56 km
south of Hount Waldo, Maine. While the quarry was active, a solid
sheet of rock at a depth of 45 n buckled up about 1 m and
"exploded1. Rockburst occurrences became so commonplace that
quarry operations eventually ceased.



12

I.C.8
Lee et al. 1979

Numerous destructive rockbursts occurred over the years in the
granite quarries of coastal Maine. A report by Dale (1907),
quoted in Lee et al., cites a rockburst that took place in the
late 1890s at the main Mount Waldo quarry. The burst apparently
was triggered by cutting a channel 3 m deep. Part of the sheared
and crushed fracture zone can still be seen today in the east
wall of the quarry. It is 2 m wide, 10 m long, 3 m deep, and
strikes 28° northwest.

D. REGIONAL CRUSTAL WARPING

Mew Brunswick

1.0.1
Rampton et al. 1984

Broad regional uplift affected New Brunswick during the Late
Cenozoic after pediplain formation. Locally, uplift was not
uniform, and may have involved some block faulting.

The Musquash Lowland and Hispec Plateau both probably belong to
the Tertiary peniplain. Their divergent elevations across Saint
John Harbour indicate differential uplift and faulting between
these areas. Similarly, the Tertiary pediplain terminates sharply
at the Chaleur Bay coast at elevations between 150 m and 300 m,
suggesting a tectonic origin for the bay.

Nova Scotia

I.D.2
Critchley 1976

Evidence was found for water subsidence (coastal uplift?) along
the northwest side of Antigonish Harbour, Nova Scotia, but none
on the south side. Differential uplift might be related to
movement along the faults that parallel both sides of the
harbour. Conversely, it could be an apparent phenomenon caused by
recent deposition in shallow areas on the northwest side of the
harbour.

I.D.3
Grant 1987

The paleoshore at Cape Cove, southwest Nova Scotia, has been
upwarped by differential crustal rebound from present tide level
near Red Head to 45 m near Digby.
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I.D.4
HacHeil 1951

Elevations are given for the many raised beach localities in the
Wolfville area in Nova Scotia. Although MacNeil does not mention
the possibility of differential upwarping, the various levels
cited for each locality are in some instances so fluctuating as
to be suspicious. Detailed height mapping of these raised beach
might prove fruitful.

I.D.5
Swayne 1952

An elevated beach at Specht Cove near the village of Barton in
southwestern Nova Scotia can be traced for about 3 miles. The
beach sits 150 feet above present sea level. The corresponding
beach at Digby Neck, however, sits over 200 feet above sea level.
Differential isostatic upwarping is believed to be the cause of
the discrepancy.

I.D.6
Nightman 1980

A raised beach at West Advocate, Nova Scotia, on the north side
of the Hinas Basin sits at 35 m, 6 m higher than one in nearby
Advocate Harbour. The distance is considered insufficient to
ascribe the difference to crustal tilt. Instead, it is postulated
that West Advocate Beach was deposited during a higher sea level.

CHAPTER II; FAULTING AMD DEFORMATION OF GLACIAL
AMD POSTGLACIAL DEPOSITS

A. FAULTS AND SLUMPS

Numerous faults and slump features in unconsolidated sediments
can be found across the Maritime Provinces. Undoubtedly, most if
not all are true ice contact deposits in which bedding
deformation followed the melting of supporting ice blocks. Before
being dismissed as neotectonic indicators, however, they should
be plotted on structural geology maps and re-examined in the
light of possible structural association.

Mctr Brunswick

II.A.l

References in this entry contain single line citations of
deformed Quaternary sediments in New Brunswick. The more detailed
descriptions follow as individual entries.
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Reference

Finamore 1977

Finamore 1979a

Finamore 1979b

Finamore 1981

Finamore 1981

Finamore 1981

Finamore 1981

Finamore and Lohse 1977

Hunter and Lavergne 1982

Hunter and Lavergne 1982

Lohse 1977

Lohse 1977

Ruitenberg and Thibault
1981

Seaman 1981

Location and Description

minor faulting in glacial outwash at UTM
929 076 in Charlotte County

faulted and contorted ice contact
deposits at UTM 595 024 and 556 092 in
Restigouche County

contorted ice contact deposits at UTM
035 805 in Restigouche County

contorted ice contact deposits at UTM
531 077 in York County

minor faults in ice contact deposits at
UTM 967 201 and UTM 123 154 in Carleton
County

minor faults in glaciofluvial
outwash/ice contact deposit at UTM 139
182 in Carleton County

minor faults in glaciofluvial outwash at
UTM 004 171 in Carleton County. Possibly
caused by heavy equipment movement
during excavation of pit.

faulted and contorted ice contact
deposits at UTM 650 200 in Saint John
County

deformation structures in ice contact
deposits at UTM 971 886 in Carleton
County

slump structures in glaciofluvial
deposits at UTM 336 905 in York County

contorted ice contact deposits at UTM
066 064 in Saint John County

faulted ice contact deposits at UTM 106
079 in Saint John County

faulted and contorted glaciofluvial
deposits near Westfield

minor postdepositional faults in ice
contact complex at UTM 925 036 in York
County
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Seaman 1987 abundant structures in glaciofluvial
outwash delta at UTM 683 122 in Saint
John County

Seaman and Thibault 1981 deformation structures in alluvium at
668 916 in York County

Thibault 1979

Thibault 1979

Thibault 1979

Thibault 1979

Thibau.lt 1979

Thibault 1980

Thibault 1981

Thibault 1982

Thibault 1983

Thibault 1S83

Thibault 1985

Thibault 1987a

extremely deformed and faulted ice
contact deposits at UTM 428 367 in
Madawaska County

slumped and deformed ice contact beds at
UTM 561 457 in Madawaska County

contorted bedding in outwash delta at
UTM 453 536 in Madawaska County

contorted bedding in kame deposit at UTM
684 794 in Madawaska County

slumped and faulted ice contact deposits
at UTM 699 455 and UTM 737 403 in
Madawaska County

slumped bedding prevalent in ice contact
deposits at UTM 060 854, UTM 936 108 and
UTM 954 089 in Victoria County; and at
UTM 996 217 in Madawaska County

faulted esker beds at UTM 566 559 in
vork County

faulted outwash/ice contact deposits at
UTM 361 099 in Charlotte County

slumped ice contact deposits at UTM 685
353 in Charlotte County

slumping of beds and disturbed
stratification at UTM 776 166 in
Charlotte County

slumped and faulted ice contact deposits
at UTM 245 602 in Restigouche County

deformed ice contact deposits at UTM 335
654 in Gloucester County
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II.A.2
Adams (unpublished report)

Normal faults were observed in glacial outwash sands at the
junction of McGraw Brook and Holmes Lake roads, near the
Miramichi epicentral area. Deformation was attributed to slumping
caused by buried ice melt.

II.A.3
S. McCutcbeon (pers. conm.)

Glacial deposits in a gravel pit at the end of the Sandy Cove
Road in West Saint John show evidence of vertical movement.
Deposits are locally offset by faulting.

II.A.4
Melvia 1966

Ice contact deposits are widespread throughout the Ben Lomond
area near Saint John, New Brunswick. One of them, the Little
River Delta between Silver Falls and Black River Road, exhibits
varying degrees of deformation including normal and reverse
faults, folds and slumps. Deformation is attributed to
gravitational slumping produced by ice block melting.

The author considers crustal movements, related or unrelated to
isostatic uplift, as a possible alternate cause of deformation.
However, he also believes that selective deformation due to
crustal movements most likely would appear as subaqueous slumping
of the delta front. Subaqueous slumping generally creates
intraformational deformation, rather than the observed widespread
folding and faulting.

II.A.5
Northeast Utilities Service Company 1984

A bedrock fault was found to coincide with a VLF EM anomaly about
0.75 km northeast of Indian Lake, New Brunswick. The authors
noted disturbed Late Wisconsin glacial till within and
surrounding the fault. They attribute the disturbance to one or
both of glacial action or fault movement.

(This report is a synopsis of the data in II.A.11 and II.B.5.)

II.A.6
Ranpton et al. 1984

Thick faulted and folded glaciofluvial sediments occur east of
Saint John, and west along the Bay of Fundy coast as far south as
Campobello Island. Faults also are present in marine sediments
overlying the glaciofluvial deposits. Faulting is ascribed to
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buried Ice blocks that melted after general deglaciation of the
area.

II.A.7
Kuitenberg (in press)

Folds, and normal and reverse faults are found in glacial and
postglacial deposits along the Bay of Fundy coastline, southwest
New Brunswick. Fault orientations are similar to those of
regional bedrock faults, and contrast with irregular faults
caused by glaciotectonics.

II.A.8
Ruitenberg et al. 1975

Numerous small faults are exposed in outwash deposits in the East
Musquash watershed district. New Brunswick.

II.A.9
Seanan 1982a

Several Quaternary deposits in the Burtts Corner area. New
Brunswick, show evidence of postglacial movement. One is located
at the east end of the Durham Bridge outwash deposit. There,
minor local faulting occurs in 10 m of horizontally stratified
sand and gravel with minor cut and fill structures.

A large pit excavated in ice contact deposits found in the
Penniac Brook valley northwest of Mount Hope also shows minor
postglacial faulting. A third example of localized postglacial
faults can be seen in the Keswick proglacial delta.

II.A.10
H. Take (pers. comm. in J. Adams research files)

Offset fractures in excavated bedrock were observed along sewer
trenches in Fredericton. Offsets averaged 2 cm to 3 cm, but
reached up to 12 cm of displacement. They apparently showec: both
horizontal and vertical relative displacement, as did the
overburden that lay directly above the fracture plane. The
trenches have since been backfilled.

II.A.11
Heston Geophysical Corporation 1984

Tectonic faults were exposed in two of three trenches excavated
in 1983 over a VLF anomaly detected in the 1982 Miramichi
epicentral area. Weathered and unweathered Wisconsin till
overlaid the bedrock. Detailed mapping of the trenches revealed
two types of soft sediment deformation, both indicating
neotectonic movement. These were:
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1. offset and sheared till
2. injected till (see II.B.5 for injected till description.)

Trench I exposed three main fault breccias, one of which trends
490 and dips 70<> west. It is associated with offset and sheared
till.

Several features indicate that the fault was offset after till
deposition.

1. The till/weathered rock contact is about 1 m higher west
of the fault than east of it.

2. Breccia on the north wall of the trench is raised about 6
Inches relative to the adjacent gouge. Uplift appears to
have occurred after till deposition: bedrock, is sheared
horizontally across the gouge and is also raised.

3. Breccia and weathered rock emplaced irto the till seems
to have been sheared horizontally.

(Compare this description and its associated entry, II.B.5, with
entries II.A.20 and II.B.7 concerning very similarly described
bedrock/till deformation on Sears Island in Maine.)

IX.A.12
Laaothe 1986

Sheared organic matter was seen at the base of the upper till of
a two-till sequence in a trench near Todd Mountain, New
Brunswick.

Mova Scotia

II.A.13
Hickoz 1958

A sand pit in deltaic deposits is situated about 1 km north of
Kingston, Nova Scotia. Some reverse faulting has been observed in
the pit.

II.A.14
Kindle 1917

Soft sediment deformation was seen in unconsolidated araddy
sediments near the junction of the Avon and St. Croiz rivers,
about 70 km west of Halifax. Here, horizontal silt beds showing
no deformation are %sandwiching* a bed of highly distorted and
deformed sediments. Height cf the contorted layer is estimated to
be one foot or more.
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Kindle attributed deformation to differential weighting involving
beds of dissimilar composition, acting together with bottom scour
to produce horizontal movement. R. Dalrymple, however (J. Adams
correspondence, 1981), observes that deformed beds in the area
are rarely overlain by sand. He believes that winter ice action,
including the grounding and pushing of stranded ice blocks,
probably caused the deformation.

II.A.15
Stea et al. 1985

Glaciofluvial sediments of the Apple River Formation commonly
show local faulting and deformation. The type section for the
formation lies in a gravel pit north of New Salem, Nova Scotia, 3
km south of Apple River on the north shore of the Minas Basin.

II.A.16
Thorpe 1958

A Pleistocene deposit south of East Tremont, Nova Scotia,, shows
soft sediment deformation such as s»all displacements or faults.
The site lies in the Berwick map area.

II.A.17
Nightman 1980

Faulting, liquifaction and slumping occur in glaciomarine and
glaciofluvial sediments along the north shore of the Minas Basin.
The area is bound to the north, and in places cut across, by the
Cobequid Fault. Some deposits overlie north-south trending
bedrock faults that have experienced at least post-Early Jurassic
movement (Donohoe and Wallace, 1979b and 1980).

Deposits showing the most notable deformation features are
described below.

1. Lower Five Island Delta;
Foreset facies show normal faults with a 60° east dip and a
1-m diplacement. Movement of underlying bottomsets probably
caused faulting. Bottomset facies display low amplitude
folds, overturned to the east. Proximal and distal sections
of the bottomset facies show significant amounts of
postdepositional movement. Folding directions in both
sections indicate an east-west shortening or compression.
Bottomset failure is attributed to under consolidation.

2. Port Grenville Delta;
Bottomset beds show possible flowage. Delta has multiple
foreset beds, attributed to rapid subsidence of the delta.
Instability of the delta is related at least partly to water
depth.
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3. Spencers Island Delta:
Bottomset beds are heavily affected by normal and reverse
faulting showing displacements of less than 1 m, and by
larger magnitude slump faults. Bottomset facies also show
some liquifaction in a 30-cm horizon. Contorted sediments
appear to have been deformed while in a liquified state. As
in the Lower Five Island Delta, bottomset failure is
attributed to un^ercompaction.

Maine.

II.A.18
Caldvell and Weddle 1983

Minor normal and reverse faults are evident in interbedded silt
and clay layers located along the Sandy River near New Sharon,
Maine.

II.A.19
Genes and Newman 1980

Large scale recumbent folding and thrust faulting can be seen in
outwash deposits in a pit located about 1.5 miles from the
Frenchville town line in northern Aroostook. County, Maine.

II.A.20
Gerber 1979

Two trenches were excavated on Sears Island, Maine, through
glacial deposits and into bedrock. They both exposed severely
weathered Penobscot Formation phyllite. Contact between bedrock
and till indicates minor compressional deformation in the form of
intrusion features, thrust faulting and shearing.

One trench contains the intrusion feature, which is described in
entry II.B.7. Thrust faulting and shearing are evident in the
second trench, and appear as follows:

1. On the northeast wall of the trench, a 1-inch reverse
fault dipping southeast displaces a till/bedrock contact
estimated to be pre-Laurentide, over 52,000 years old.

2. On the southwest trench wall along strike, basal layers
of pre-Laurentide till show minor crumpling with no evidence
of bedrock deformation.

Deformation is ascribed to compression of incompetent rock in the
weathered fault zone, as a result of base shear and stress
distribution under glacial loading.

(Landsat images reveal a prominent lineament on Verona Island in
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Penobscot Bay. The lineament trends towards the Sears Island
fault mentioned above (Rogers 1980).)

II.A.21
Newman 1979

Newman examined glacial overburden and bedrock in the vicinity of
the Oak Bay Fault in Maine for evidence of recent movement. He
reports finding no faulted or deformed sediment layers, other
than those created by slope failure.

Newman, however, continues with the observation that any evidence
for recent movement along the fault would be quickly obliterated
by coastal erosion of shattered bedrock, and by mass wasting or
tree throw on the unconsolidated mantle.

II.A.22
Retelle and Konecki 1986

Outwash sediments in Webber Pit are deformed by low angle thrust
faults and recumbent isoclinal folding, particularly at the top
of the sands. The pit is located in the lower Androscoggin River
valley on Route 196 near Lisbon Falls, Maine. The nearby Tupper
gravel pit also contains locally deformed outwash deposits.

II.A.23
Smith 1984

Surficial sediments in the Grand Falls Lake area, Maine, were
examined for evidence of Holocene faulting or other crustal
movement. The area is transected by three or four faults that
trend almost east-west.

No clear evidence exists for any large- or small-scale movement
on these faults. At one locality, however, an esker is breached
at a position where it intersects an inferred fault. The offset
most likely results from the manner in which the esker was
formed, but could represent postdepositional displacement by
faulting.

II.A.24
Thompson 1981

Excavation along the strike of a vertical fault near the
Norumbega Fault Zone in Maine revealed a fault in the overlying
till. A vertical fracture extends from the fault up into the till
for about 10 cm. The till fault is believed to be a continuation
of the bedrock fault.

The bedrock fault trends 85°. UTM grid coordinates for the
locality are 5023550 m N, 620450 m E.
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B; IMJECTIOK FEATURES

Injection features is a general term used here to cover intrusion
features such as flame structures, sand intrusions and sand
dykes. It also refers to: blocks or veins of till that have been
injected into bedrock fractures; till that has been injected with
bedrock material such as breccia; and till wedges.

Mew Brunswick

II.B.I
Adams (unpublished report)

An open crack at site m994 of an excavated trench near the
Miramichi earthquake epicentre (see I.B.I) is 60 mm wide and 1.2
m deep. Small stones and a large block broken from the right wall
are wedged tightly in the fracture. The crack apparently closed
slightly after its initial opening.

II.B. 2
Chiswell 1986 and 1987

Outwash deposits on the Mascarene Peninsula show substantial
deformation features such as sand dykes, flame structures, folds
and reverse faults. One deposit is in a gravel pit on the south
side of Hagaguadavic Harbour about 3 km southwest of St. George
(P. Chiswell, pers. comm.). Other pits occur along the Digdeguash
River.

II.B. 3
Ruitenberg (in press)

Faults and well developed silt injections are found in glacial
and postglacial sediments along the Bay of Fundy coast, southwest
New Brunswick. Deformation could have resulted from dewatering
after rapid loading by landslides and/or overriding glaciers.

Landslides in the area potentially could be triggered by
seismicity centred along nearby major structures (e.g. the
Cobequid-Chedabucto or Oak Bay fault systems).

II.B.4
Ruitenberg et al. 1975

Outwash strata in the Musquash watershed area has been deformed
by flame-like sand intrusions. They probably result from upward
movement of water saturated sediments above high pressure
aquifers, which were partly disrupted by faulting in the outwash
deposits.
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II.B.4*
S e w n and Thibault 1986

Flame structures were noted in contorted alluvial deposits at UTH
140 947 in Sunbury County.

II. B. 5
Veston Geophysical Corporation 1984

Tectonic faults were exposed in two of three trenches excavated
in 1983 over a VLF anomaly detected in the 1982 Miramichi
epicentral area. Weathered and unweathered Wisconsin till
overlaid the bedrock. Detailed mapping of the trenches revealed
two types of soft sediment deformation, both suggesting
neotectonic activity. These were:

1. offset and sheared till (see II.A.11)
2. injected and wedged till.

The injected and wedged till appears as follows:

1. Trench I exposed three main fault breccias, one of which
trends 40° and dips 70° west. It is associated with deformeJ
till. Gouge and breccia from the fault described above
appear to have been injected into the overlying till in a
plastic manner. A fault zone in Trench II shows a similar
effect and is assumed to be an extension of the first fault
mapped in Trench I.

2. The fault in Trench I contains a large wedged block of
basal till that includes striated pebbles. The till projects
down about 2 m from ground surface. The feature likely
cannot be ascribed to glacial action alone (Northeast
Utilities Service Company 1984).

(Compare this description and its associated entry, II.A.11, with
entries II.A.20 and II.B.7 concerning very similar bedrock/till
deformation on Sears Island in Maine.)

Bova Scotia

II.B.6
MSrner 1973

Several till wedges were discovered in the Mil ford gypsum quarry
near Shubenacadie, Nova Scotia. Wedges of red clayey till up to
half a metre long were seen injecting down into yellow sand.
Wedging was credited to the cracking and filling mechanism
(Horner 1972), but could possibly be related to liquifaction
caused by postglacial seismicity (Seeber et al. 1985).
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Ma Inn

II.B.7
Gerber 1979

Two trenches were excavated on Sears Island, through glacial
deposits and into bedrock. They both exposed severely weathered
Penobscot Formation phyllite. Contact between bedrock and till
indicates minor compressional deformation in the form of
intrusion features, thrust faulting and shearing.

One trench contains the thrusting and shearing features described
in II.A.20. The intrusion appears in the second trench, and
comprises plastic weathered phyllite intruded 6 inches up into
the till. The till is estimated to be 16,500 to 22,000 years old.

Deformation is ascribed to compression of incompetent rock in the
weathered fault zone, as a result of base shear and stress
distribution under glacial loading.

II.B.8
Thompson 1981

A granitic outcrop just north of Amazon Lake in the Scraggly Lake
quadrangle contains open fractures filled with till veins. The
fractures show vertical offsets of 5 mm or more, which do not
xtend up into the overlying till. Till injection probably

occurred during slight movements along the granite joints during
the last glaciation.

II.B.9
Thompson 1986

Low angle thrust faults are locally evident in several gravel
pits located in the White Mountain foothills, southwest Maine.
One in particular, the Hatch Hill pit, contains 2 m to 8 m of
stratified glacial diamicton that contains odd structures. They
appear as vertical fissures or cylindrical openings that were
somehow eroded and then filled with sand and gravel.

C. OFFSET WAVECUT BENCHES AND STRANDLIHES

Nova Scotia

II.C.I
Grant 1975a

In Aspy Bay on Cape Breton Island, a pre-Wisconsin marine bench
can be followed continuously for several kilometres southward
from Cape North. At the Aspy Fault Zone, however, it changes
height over a few metres, reappearing on the south side at twice
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its average elevation. No higher benches are known In the area.
(See II.C.2 and II.C.3 for updated versions of this paper.)

II.C. 2
Grant 1985

A wavecut bench standing 4 m to 6 m above the modern abrasion
platform that rims Nova Scotia (and Newfoundland).

Where the bench crosses the Aspy Fault on Cape Breton Island (and
also where it crosses Newfoundland's Cape Ray Fault) the platform
is upthrown by several metres.

Significantly, the feature is absent on the Nova Scotia coast
south of the Chedabucto Fault. Smaller scale faulting occurs in
cleavage slates near Yarmouth, implying deglacial elastic
rebound.

II.C.3
Grant (In press)

An extensive raised shore platform found at 7 m around northern
and western Cape Breton Island ends abruptly at a branch of the
Aspy Fault. It continues immediately south of the fault at 22 m.
The discontinuity represents a 15-m offset due to uplift of the
Aspy Basin relative to the Cape Breton Highlands block, sometime
within the last 125,000 years.

Of all possible causes, local isostatic adjustment linked to
deglaciation or erosional compensation are perhaps most likely.
However, deep seated crustal tectonics also may be involved.

II.C.4
NcLeod 1973

Thick accumulations of glacial and peat deposits southwest of the
Oak Bay Fault are absent on the northeast side. This apparent
change in surficial geology suggests that recent dip-slip
movement has occurred on the Oak Bay Fault.

II.C.5
Haale 1963a

Tilted, wavecut rock benches along the coast at Pollett Cove,
Cape Breton Island, are overlain by stratified fluviatile
deposits. The benches sit about 35 feet above sea level,
attesting to postglacial uplift. Faulting related to postglacial
uplift has slightly displaced both the bedrock of the benches and
the overlying fluviatile sediments.
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II.C.6
tleale 1963b

Tilted, wavecut rock benches are overlain by stratified
fluviatile deposits at Sugar Loaf in Aspy Bay, Cape Breton
Island. They can be traced from there northeastward along the
coast. As at Pollett Cove farther south, the benches sit about
35 feet above sea level, suggesting postglacial uplift. Faulting
related to postglacial uplift has slightly displaced both the
bedrock of the benches and the overlying fluviatile sediments.

II.C.7
Neale 1964

Near Cape North at the northern tip of Cape Breton Island,
wavecut rock benches range in elevation from 3 feet to 20 feet,
possibly due to postglacial faulting of an original beach at
about 20-foot elevation.

CHAPTER III; MASS SUBSIDENCE

A. KARSTS AND SINKHOLES

Mew Brunswick

III.A.I
Bailey 1904

This lengthy report provides lyrical accounts of the many caves
across New Brunswick. Most references are to solution caves in
gypsum and limestone, some measuring 30 m across and 15 m deep.
The ever-present possibility of mass subsidence notwithstanding,
these features have more spelaeological than neotectonic
application.

III.A.2
McAlpine 1983

All solution caves in New Brunswick are found in either
Precambrian limestones of the Greenhead Group, or Mississippean
limestones of the Windsor Group. One known tectonic cave in Fundy
National Park was formed by gravity sliding.

The paper list fifteen New Brunswick caves, and also cites other
references describing caves in the Atlantic Provinces.
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III.A.3
HcCutctaeon and Tbibault 1981

Sinkholes, believed to be postglacial, are common around the
Sussex region in the Upperton Formation (mainly gypsum and
anhydrite). The most potentially hazardous area is along the
Cougle Road, and south of Highway 111.

III.A.4
Schroeder and Arseneault 1978

Two small gypsum-anhydrite basins containing a confined *mero-
karst' are situated on the west side of Petitcodiac River south
of Moncton. The northern basin emcompasses sinkholes, dry
valleys, caves and sinks. Except for one sinkhole, which dates
back to a Wisconsin interstade, the karstic landforms are
Holocene.

Iir.A.5
Xarstic sinkholes also have been noted at the following
localities in New Brunswick.

Reference Location and Description

Hamilton 1962 A narrow belt of sinkholes lies in the
extreme southeast corner of the Codys
map area in south central New Brunswick.

Hamilton 1968 A line of sinkholes in limestone
delineates a fault found along Bonny
Road in the Nauwigewauk area. Kings
County, New Brunswick.

Manzer 1947 Numerous sinkholes are found near the
bend of the Hammond River near Upham,
Kings County. They occur in gypsum of
the Upham Formation.

White 1987 Several sinkholes in gypsum are situated
on the north side of Route 860 southwest
of Sussex. Some have attained dimensions
of about 3 m across and 1.3 m deep.

Wright 1950 Areas of limestone are common in the
Saint John district. They are
characterized by underground caves that
occasionally collapse and disturb
overlying structures.
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Mova Scotia

III.*.6

Karstic sinkholes have been noted at the following localities in
Nova Scotia.

Reference

Boehner 1981

Carter 1986

Crowdis 1969

Goodman 1952

Hilton 1953

Neale 1955

Norman 1935

Norman 1935

Wait 1959

Location and Description

A paleokarst or modern solution collapse
zone is located in Loch Lomond Basin,
Cape Breton Island, near the Kaiser
celestite mine.

Karst topography is found near the
Pugwash salt mine, Cumberland County.

Sinkholes occur in gypsum on the south
side of Antigonish Harbour.

Sinkholes occur at the Magazine Quarry
and Western Area in Little Narrows,
Victoria County; and near gypsum
quarries at Walton, Hants County.

Many sinkhole ponds are found in gypsum
in Williams Point area, Antigonish
County.

Karst topography occurs near North Pond
in Pleasant Bay map area.

Many sinkholes are found in gypsum on
Hood Island, and also near Glendyer
Station in the Lake Ainslie area.

A gypsum belt measuring 100 m to 120 m
wide extends for about 3.2 km along the
coast at the Mabou Mines, Lake Ainslie
area. It is broken by numerous sinkholes
throughout its length.

Karst topography is well developed in
gypsum belts at Finlay Point, Coal Mine
Point, West Mabou Harbour, Murphie
Point, Glendyer Station and between
Mabou Harbour Mouth and Northeast Mabou.
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B; KETTLES

Mew Brunswick

III.B.I

Kettles have been noted at the following localities in New
Brunswick.

Reference

Gadd 1971

Melvin 1966

Rampton and Paradis
1981a

Rampton and Paradis
1981b

Ruitenberg et al.
1975

Seaman 1982b

Seaman and Thibault
1986

Thibault 1983

Location and Description

deep kettles in gravel deposits near
Utopia Centre and Pennfield Ridge,
southwest N.£.

kettles in ice contact deposits in the
Ben Lomond area near Saint John

kame-and-kettle complexes near Arnfield,
Limestone, Plaster Rock, Tilley and
other locales

kame-and-kettle complex near Third Lake
at head of Loch Lomond system

kettles common in outwash deposits in
East Musquash watershed area

kettles found at UTM 438 481 in York
County

kettles in outwash deposits at UTM
504 681 in Kent County

kettles in outwash in Charlotte County,
UTM 615 300

Nova Scotia

III.B.2
Grant 1980b

A kettle is associated with a glaciomarine delta at Sandy Cove,
southwest Nova Scotia. Goldthwait (1924) and Dunlop (1952)
describe the same large kettle and several smaller ones on top of
a kame terrace in Sandy Cove, Church Point area.
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III.B.3
Vlgbtaan 1980

Two large kettles occur on the west side of the Portapique River.
One measures 1.4 km by 0.4 km, and is south of the highway. The
other is 0.8 km by 0.3 km, and lies just north of the highway.
Both are elongated in a north-south direction.

Wightman describes other kettle locations in the map area, along
the north shore of the Hinas Basin. These are plotted on maps
accompanying the report; several examples are listed below. All
are elongated east-west, unlike the Portapique occurrences.

Location Description

in outwash deposits east one kettle is 500 m long;
of Economy Point Foad another is 30 0 m by 75 m

in outwash delta near Diligent River two groups of kettles lie
along the Ramshead River;
one kettle is almost 11 m
deep

in deltaic deposits on west side one kettle measures 100 m
of Fox River across and 10 m deep;

another lies north of
highway in Wards Brook

C: MIME SUBSIDENCE

Hova Scotia

III.C.I
Anonymous 1983

Three instances of coal mine subsidence are reported near River
Hebert, Nova Scotia. Two occurred in December 1981: one over the
Cochrane Mine fan shaft, and the other over the Cochrane No. 1
Mine. A third subsidence took place in May 1983 on the property
of D. Martin.

III.C.2
Anonymous 1985

This report documents several hundred hazardous and potentially
hazardous mine openings across Nova Scotia, relating the data to
possible subsidence effects.
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III.C.3
Anonymous 1988

Several cases of mine subsidence involving the Springhill, Pictou
and Sydney coal mines occurred in the summer of 1987. Structural
damages resulted from subsidence at the latter two localities.

III.C.4
Coie ct al. 1963

On May 25 and November 15, 1956, subsidence affected ground
overlying the old Waverly gold mine workings. Both cave-ins
occurred over shafts of the No. 6 Lead.

III.C.5
Pictou County District Planning CoBBission 1981

Subsidence of old coal mines in Pictou County, Nova Scotia, has
caused minor to severe subsidence. Collapse of the Old Foord Mine
workings has affected populated areas in Stellarton. The Black
Diamond Mine near Westville is responsible for subsidence
adjacent to the CNR line.

III.C.6
Townsend 1960

Sometime in April 1960, ground above the old Minedar Mine
workings in Stirling subsided, leaving a hole about 12 m across.
The hole lay 36 m southwest of the original mine shaft.

D; LANDSLIDES. ROCKSLIDES AND OTHER SUBSIDENCE

Mew Brunswick

III.D.I
Chiasson et al. 1973

A major easterly-trending bedrock depression was discovered near
Saint John. It has been infilled with very fine, water saturated
clay or silt. Although no rapid subsidence has yet been detected,
the authors recommend that its foundation properties be
thoroughly assessed before any construction be considered over
the locality.

III.D.2
Hunter and Associates 1982

This four-part publication is a management study that comprises
photographs (both recent and historic), maps and a report on the
Fundy Coastal Zone. Volume IV, an atlas of 74 maps covering the
study region, contains summary descriptions of each map site.
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The descriptions include occasional references to landslides and
mudflows. These are listed below. The occurrences probably
resulted from normal gravity slumping and/or wave undercutting.
However, minor seismicity also can trigger such phenomena.

Map Mo. Map Maae

21

22

Taylor Peninsula

Saint John Harbour

features

Arcuate slumping, landslides,
mudflows and recent slumping
occur east of Sheldon Point.

South of Red Head, slumped
marine deposits are prevalent
along high bluffs. Continued
toe undercutting by waves,
combined with heavy rainfalls,
triggers renewed slumping.

Debris flows and slumping
occur in stratified marine
deposits east and west of Long
Beach Creek.

Slope failure, slumping and
gullying occur in elevated
marine deposits overlain by
outwash west of Martin Head.

III.D.3
Legget 1980

In 1973 a small landslide was noticed in Deep Cove Brook on Grand
Manan Island, about 0.8 km from the brook mouth. When revisited
in 1974, the former exposure had been obliterated by subsequent
landslides.

33

36

Salmon River

Martin Head

III.D.4
Rappol and Shilts (in press) and H. Rappol (pers. comn.)

A coarse diamicton overlies glaciolacustrine deposits of Glacial
Lake Hadawaska at St. Jacques on both sides of the Hadawaska
Valley.

The diamicton comprises large (over 1 cubic metre), very angular
blocks of slate and some diabase. It apparently formed as a rock
avalanche from glacially oversteepened rock walls of the valley.
Many larger clasts have one flat, striated surface, perhaps as a
result of having being fracturei from a glacially moulded
surface.
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The deposit occurs at the same stratigraphlc position on both
sides of the valley, but has differing compositions and flow
directions. It is suggested that some catastrophic event
triggered the failure at both places. A seismic event seems the
most plausible explanation.

XII.D.5
Ruffsan and Peterson (in press <•))

On 17 March 1870, an earthquake centred in eastern Halne, just
west of St. Stephen, precipitated a landslide at Sand Point,
southern New Brunswick. It carried the tip of the point out into
harbour. The point was formed of gravel overlying clay, and
aparently had been rendered unstable by a heavy storm one day
earlier. (See III.D.10.)

III.D.6
Ruitenberg et al. 1976

Gravity slides involving unusually large blocks of rock occur at
Devil's Half Acre, about 2.5 km southwest of Alma in Fundy
National Park. The rate of block sliding may well exceed 20 cm
per year.

Movement occurs mainly along a thin shale member that underlies
well jointed sandstone and other strata of the Boss Point
Formation. The bedding parting and perpendicular joints divide
the formation into large blocks susceptible to gravity sliding.
Minor seismic shocks, common along the Bay of Fundy, also may
help to initiate the rock slides.

III.D.6a
Rultcnbcrg and McCatcheon 1978

On 27 November 1977, a landslide took place in Lorneville Cove on
the Bay of Fundy, just southwest of Saint John. The slide
involved a wedge of marine clay, silt and minor sand overlying a
sloping surface of intensely fractured bedrock. It showed a well
developed arcuate surface, but differed from other rotational
slides in that failure originated above a sloping bedrock
surface.

Movement occurred shortly after a period of heavy rainfall, which
saturated the sediment and lowered its shear resistance. There is
no evidence of accompanying bedrock movement. However, a
coincidental weak seismic tremor detected by a local resident
pos- f.bly may have triggered the slide.
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XII.D.7
Ttrralle 1972

Unstable clays have contributed to many landslides in the
vicinity of Red Head Cove, southern New Brunswick. Events in
1914, 1945, 1953, 1962, 1969 and 1970 affected areas ranging in
size from about 1350 to 4430 square metres. (See also III.0.11.)

III.D.8
tfhit* 1987

Between 1984 and 1986, a 10-m section of Route 860 southwest of
Sussex subsided about 1.2 m. Subsidence occurred near an
intersection with a known fault, and over an underlying gypsum
bed. Erosion of unconsolIdated soil from pre-existing solution
channels in the gypsum probably caused the instability.

III.D.9
•right 1950

During the night of January 25-26, 1949, a large landslide
occurred in the Lancaster Avenue area. Saint John, on the west
bank of the Saint John River. The failure was about 400 feet wide
and affected about 4.7 acres of land.

Sliding involved a thick deposit of unstable wet boulder clay
overlying a buried valley (xglen*) of glaciated bedrock. Evidence
suggests that the glen experienced an earlier landslide sometime
before 1889, and that the 1949 slide occurred over the old slide
site. The later slide probably resulted from a combination of
factors including removal of toe support by river erosion, and
excessive rainfall.

Fourteen earth tremors shook the area between January 22 and
January 30, breaking water mains, and cracking walls and
chimneys. While post-failure events probably were caused by the
landslide, pre-failure tremors may have been seismically related.
The trace of a fault situated on the east side of the Saint John
River passes close by the landslide edge.

III.0.10
Wright 1950

Sand Point lies on the west side of Saint John Harbour, about 1.6
km northeast of the Lancaster landslide (see III.D.9). On 17
March 1870, a large portion of the beach rapidly subsided by at
least 9 m. Around the same time, the ocean bottom in the harbour
centre was observed to rise by 6 m.

Although Wright did not attribute this subsidence to seismic
activity, a recent report relates it to a concomitant earthquake
(see III.D.5).
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III.0.11
Wright 1950

An annual report presented to the Common Council for the year
1870 reports "recent subsidence' that took place at Red Head east
of Saint John. Circumstantial evidence suggests the subsidence
occurred shortly after the Sand Point event (see III.D.10).

Mova Scotia

III.D.12
Cranton 1959

A cave-in occurred southeast of Northeast Margaree, Inverness
County sometime in 1959. The subsidence was correlated to
solution cavity collapse, as limestone and gypsum deposits are
found throughout the district.

III.D.13
Hutt 1984

Small scale slumping of red clay and associated debris is common
in the Avon River district. Sometime in mid-1945, a particularly
large slump swept away the rails at Mile 40.1 on the Dominion
Atlantic Railway line. Failure was attributed to a combination of
causes, including wet clays, tidal erosion, overloaded clay beds,
steep slope and traffic movement.

III.0.14
R. Boehner (pers. conn.)

Near Mew Water ford on Cape Breton Island, huge blocks of bedrock
have fallen down onto the shoreline. The scale of movement is
such that they are indicated as broken land on the 1:50,000
topographic maps. The bedrock is dissected by listric faults.
These apparently extend down into a smooth clay bed that
presumably lubricates the failures.

III.D.15
D. Grant (pers. comn.)

A large landslide measuring about 1.6 km across was noted on
airphotos of the Big Intervale area. Cape Breton Island. The
slide lies opposite Big Intervale, about 4 km from the Cabot
Trail, and just northwest of the Aspy Fault.

III.D.16
Ogden 1980

Slope failure occurred on a delta during construction of the
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Digby Tourist Bureau in southwest Nova Scotia. A large section of
the sand beds underwent slumping.

III.D.17
Ruff»an and Peterson tin press (a))

On 12 August 1832, an earthquake caused many rocks on the cliffs
of Brier Island, Bay of Fundy, to tumble down. The epicentre is
placed east of Windsor in Nova Scotia.

III.D.16
Ruffman and Peterson (in press (a))

An earthquake with its epicentre in the Moncton-Dorchester area
was felt on 8 February 1855. It initiated a large landslide on
the southeast side of Granville Mountain opposite Oigby, Nova
Scotia. Newspaper evidence suggests that slumping and downslope
movement continued for some time after the main event.
Liquifaction at the site may have triggered slow downslope
movement.

III.D.19
Ruffnan and Peterson (in press (b))

The 18 November 1929 Grand Banks earthquake caused a heavy
landslide on the Ross Ferry-Kempt Head road, one mile west of
Ross Ferry. Tons of debris from the south side of the road became
dislodged, shifting the highway northward 300 feet from its
previous position.

About 200 feet from the landslide, a fissure appeared in the
bank. A stream became temporarily diverted into the fissure. It
saturated the surrounding ground so greatly that another
landslide occurred a few days after the first landslide.

III.D.20
Ruffman and Peterson (in press (b))

The highway at Black River in Cape Breton Island subsided about a
foot for a distance of over a mile after the 1929 Grand Banks
earthquake. The earthquake also 'unearthed' an old well in
Sydney, Nova Scotia. Stonework was visible to a depth of about a
metre, and it took several hours to fill in the cavity.

III.0.21
Rappol and Shilts (in press)

Subbottom acoustic profiling work done in Temiscouata Lake
revealed a large slump of chaotic, fine grained sediments. The
disturbance occurred in the central portion of the profundal
plain, and was approximately 16 km across. Seismic triggering
could have moved the sediments down the steep sides of the lake.
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Alternatively, hydrologic or sedimentologic processes may have
caused slumping.

III.0.22
Smith and Bridges 1983

An earthquake that occurred in the Grand Manan/Saint John area on
1 June 1885 caused rocks to fall from an unspecified cliff
location.

III.D.23
Halt 1959

A large landslide scar lies midway between McKinnon Brook and
Sight Point on the west Cape Breton coast. The slides, which
occurred in the spring of 1930, completely removed several
hundred feet of a bushroad that crosses the area.

III.0.24
Halt 1959

Landslide topography and rockslide grooving were observed on and
near a steep hillside east of the point where McKinnon Brook
Fault enters the sea on the west coast of Cape Breton. Landslides
are seemingly common to the site, as evidenced by the series of
parallel grooves in the hillside, tracing the course of regular
rockslide descent.

Maine.

III.0.25
Novak 1988

Airphoto analyses in Cumberland County, Maine, reveal numerous
failures along slopes in rivers, estuaries and open bays.
Failures occur in the silty clay of the Presumpscot Formation.

Most of the smaller (50 to 300 linear feet) slides seem to be
recent. Although several larger ones (300 to 1200 linear feet)
occurred in historic times, only one - the 1983 Gorham landslide
- took place within the last century.

III.0.26
Novak et al. 1984

In September 1983, a seven-acre section of land slid and
fractured into blocks along the north side of the Stroudwater
River in Gorham, Maine. The slide moved southward, was 300 m long
from east to west, and was 95 m wide. It affected the
glaciomarine clays of the Presumpscot Formation.
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Surface overloading by buildings and vehicles, together with well
drilling activities in the area, may have triggered the slide.

III.D.27
Novak and Lepage 1986

The September 1983 landslide at Gorham, Maine initiated the
compilation of a ilaine landslide inventory. Information sources
Included engineers, geologists, public works directors and other
personnel, plus literature references from old newspapers and
additional archival data.

Thirty-three slides were discovered. Most occurred in the
Presumpscot Formation, where it is exposed along the coast and
streams. Slide widths ranged from 15 to 1000 feet, slide lengths
from 15 to 500 feet, and headscarp heights from 1.5 to 60 feet.
Slumps and soil flows were the most common slide type. Block and
rockslides, earth flows and complex slope failures also were
recorded.

III.0.28
Sandford 1988

The area around Westbrook. Maine, has experienced historic
landslides covering up to 8 hectares, and prehistoric landslides
covering up to 70 hectares. The slides occurred in the
Presumpscot Formation along the Presumpscot River, and spread
laterally for distances of up to 1000 m.

The slopes of Presumpscot Formation bluffs are unstable. Since
the last major landslide occurred about 100 years ago, the area
behind the bluffs has been very heavily developed. Analyses
indicate that future river erosion, earthquakes, land regrading
or other stresses could trigger a massive landslide.

CHAPTER IV; CHANGES OF SEA LEVEL

For the last 5000 years, most coastal areas of the Maritime
Provinces have been submerging. The fact is supported by abundant
evidence from the fields of geology, geodesy, hydrology,
paleobotany and archeology. Data also indicate that portions of
the Maritimes underwent some postglacial emergence, the ever-
shifting Quaternary sea reaching its upper marine limit around
14,000 to 11,5000 years B.P. (Wightman and Cooke 1378).

Submergence in the Maritimes is proceeding at about 30 cm per
century - five times faster than the worldwide average. The
greater rate is postulated to result at least partly from
subsidence of the crust following the collapse of a former
glacier-marginal bulge (Grait 1970b).
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Along the Bay of Fundy coastline, an additional factor may be
involved. As worldwide Quaternary sea levels rose, the Bay of
Fundy entrance became widened and deepened. The resultant altered
geometry amplified tidal ranges, and hence raised relative sea
levels in the Bay. Between 7000 and 4000 years B.P., the tidal
range increased by 30 to 50 per cent (Scott and Greenberg 1983).

A. SEA LEVEL CHANGES AND NEOTECTONISM

Sea level changes are critically, albeit indirectly, applicable
to neotectonics. Put simply, coastal submergence takes place
either because the land is subsiding, or because the sea is
rising, or both. One of several components capable of causing
land subsidence is deep seated tectonism. Grant (1970b) describes
this component, and its relationship to other sources of coastal
submergence:

"One source of subsidence is crustal deflection caused by
the Lincreased water load following the] postglacial
eustatic rise of sea level. This mechanism accounts for most
if not all of the submergence anomaly along the Atlantic
coast of Nova Scotia.

The Bay of Fundy, in contrast, owes about half of its
excessive rate to differential rise of the high tide datum
through increasing tidal range.... Tidal
ampl i£icat ion... commenced about 6000 years ago, but iiiost of
the differential accumulated during the last 4000-5000
years.

Even after allowing fully for tidal change and water-
loading, a residual submergence of 3-9 cm/century remains,
parts of which could be a combination of additional
subsidence due to geosynclinal downwarping and relaxation of
a former ice-marginal bulge. The inadequacy of all of these
factors combined seems to implicate additional regional
tectonism." (p. 687-688).

(Emphasis by present author.)

B. EVIDENCE FOR CRUSTAL SUBSIDENCE AND UPLIFT

Direct evidence for crustal uplift and submergence in the
Maritimes is available from tidal gauge records and geodetic
measurements. These references are detailed in Chapter VI, Part
B.

The indirect evidence - raised beaches, submerged salt marshes
and weathering profiles, inundated archaeological sites, drowned
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forests, fossil shells etc. - has been well documented and
compiled by Grant and others. An/ attempt to duplicate these
excellent summary articles would be pointless. Their references,
plus selected related papers, are provided below:

Amos 1977 , Harrison and Lyon 1963

Amos 1978 Kranck 1972

Amos et al. 1980 Herriam 1886

Goldthwait 1924 Prime 1980

Grant 1970a Quinlan and Beaumont 1981

Grant 1970b Scott and Greenberg 1983

Grant 1975b Scott, Medioli and Duffett

1984

Grant 1977 Scott, Medioli and Miller 1987

Grant 1980a Smith, Scott and Medioli 1984

Grant 1987 Stea 1987

Honig and Scott 1987 Wightman and Cooke 1978

CHAPTER V; OFFSHORE GEOLOGY

Submarine geological data derived from investigations of the
Canadian offshore can be used to expand our knowledge of onshore,
continental rocks. This is particularly true in neotectonic
studies. What submarine geology lacks in ease of access, it makes
up for in preservation of recent sedimentation.

Onland, effects of erosion have all too often masked or removed
signs of recent tectonic activity. The submarine environment,
however, tends to preserve more of its neotectonic past - hence
our ability to discern Cretaceous and Tertiary faulting over
areas of the offshore margin.

Most of the currently available evidence for offshore
neotectonism is in the form of slumps and slides. As mentioned,
recent faulting also has been detected.
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A. SUBMARINE SLUMPS AMD SLIDES

Eastern Offshore

V.A.I
Buckley 1981

Piston cores were taken from depths of between 11 m and 12.8 m
over an area measuring 10 square km on the Sohm Abyssal Plain.
The cores contained a sand fraction at the base of the sequence.
Benthic forair.inifera species not indigenous to the deep sea
environment occurred in the sand, indicating that turbidity
currents had transported the sediment from the continental shelf.

The sand, which was dated at about 10,000 years B.P., also
contained coal fragments. The fragments, plus the forams and
heavy mineral analyses, suggest that the sand deposits resulted
from a very active turbidity flow originating in the Scotian
Shelf-Laurentian Fan area perhaps 10,000 years ago.

V.A.2
Burgess 1983

Thermal conductivity measurements were made over an area on the
Sohm Abyssmal Plain. Survey results revealed substantially higher
conductivities at the base of the piston cores. These correspond
to a coarse sand-silt layer deposited by a major turbidity flow
from the Grand Banks, possibly 10,000 years ago (see V.A.I). The
sand-silt layer is more thermally conductive because it contains
more siliceous detrital material.

V.A.3
Danuth et al. 1979

A 3.5 kHz echo sounding survey was made over the Nova Scotian
continental rise at 39-42°N, 59-94°W. The upper portion of the
lower rise (3700 m to 4000 m) produced prolonged echos at some
sites, suggesting the presence of slump and/or debris flow
complexes.

V.A.4
Embley and Jacobi 1986

J. Damuth (pers. comm., An. Embley and Jacobi) reported three
large submarine slide complexes detected during the HEBBLE (High
Energy Benthic Boundary Layer Experiment) studies. Complexes are
located at 40.5<>N, 65©W; at 41.5°N, 64<>W; and at 41©N, 63<>W. The
eastern complex is the largest of the three (1 km by 10 km), and
comprises acoustically transparent wedges that probably are
debris flow deposits. The western and central complexes are
primarily block slide material.
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(Damuth's pers. comm. in this entry may document the same slide
complexes referred to in V.A.3.)

V.A.5
Finley 1978

Offshore sedimentary structures were surveyed southwest of Nova
Scotia using seismic reflection profiling. Both slumping and
faulting were recognized in the profiles. Slumping seems to have
occurred only where the slope gradient was at least 4°; slumped
material usually is deposited where the gradient decreases to
about 2°.

V.A.6
Heezen and Drake 1964
(With additional notes from Heezen and Ewing 1952)

Following the 1929 Grand Banks earthquake, submarine cables lying
downslope of the epicentral area broke sequentially from north to
south over the next 13 hours and 17 minutes. Cables in the
epicentral area, however, broke almost immediately.

Seismic reflection profiles were run in 1961 across the
epicentral area of the earthquake. A large gravity slump was
detected in the vicinity of the cable breaks.

It is believed that two separate events occurred: (1) the
earthquake triggered a slump, which in turn caused immediate
failure of cables in the epicentral area (2) the earthquake also
initiated turbidity currents, which flowed downslope and created
the later, sequential cable breaks described in Heezen and Ewing
(1952).

Whether the turbidity currents resulted directly from the
earthquake, or were slump induced, is uncertain.

V.A.7
Hill 1983
(With additional notes from Hill 1984)

Detailed bathymetric, seismic, and sidescan surveys were done
over a small area in the Nova Scotian continental shelf at
42°50'N, S3°30'W. Survey results reveal a complex surficial
morphology.

On the upper slope, large scale mass movements up to several
kilometres in diameter have created a steep escarpment 150 m
high. The accumulated debris below contains large coherent blocks
of sediment up to 50 m thick. The midslope area is characterized
by medium scale mass movements with relief on the order of tens
of metres.
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A small turbidity current channel also was Identified in the
study area. Piston coring suggests that mass movements and
turbidity current activity occurred primarily in the Late
Wisconsin, and ceased around 18,000 years B.P.

The author draws a direct relationship between slumps and
turbidites, suggesting that turbidity currents and mass movements
were active concurrently. Turbidite sands are often found within
slump units, and the sudden deposition of sediment from turbidity
currents may have caused slope instability. Significantly, Hill
(1984) adds: "The problem of instability on a slope of such low
angle (2°) has not been clearly resolved" (p. 307).

(See V.A.15 for discussion of observations.)

V.k.B
Hill et al. 1983

Two submersible dives were made over a 15 km by 20 km area on the
upper Scotian Slope. The zone lies immediately seaward of a deep
water saddle on the shelf between the Emerald Bank and LaHave
Bank. Evidence of surficial slumping was observed in the form of
allochthonous blocks and slump scars. (See V.A.15 for discussion
of observations.)

V.A.9
King 1975

King describes a large, fairly recent slump and other major slump
blocks in Hesozoic-Cenozoic sediments in unspecified sites on the
continental margin south of Nova Scotia.

V.A.10
HacLean and King 1971

A terrace located at depths of between 115 m and 120 m is found
in the Halifax-Sable Island map area. It relates to an old
shoreline developed during a Late Pleistocene lowering of sea
level about 15,000 to 19,000 years B.P.

Sediment distribution patterns indicate that the old shoreline
also crossed the Banquereau-Mlsaine Bank map region. However, the
terrace in that locale is practically absent. Terrace features
may have been obliterated by slumping down the steep slopes found
across the region.

V.A.ll
Marlowe 1967

Core and dredge samples, and echo sounding records were obtained
from the continental slope in an area located east and southeast
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of Sable Island. The composition of cores obtained from the area
suggests that some submarine sliding or slumping has occurred.

V.A.12
O'Leary 1986

A large compound slide is located between Munson and Nygren
canyons below the 1900-m depth on the continental slope of
Georges Bank. It is flanked by displaced and disrupted strata for
about 20 km laterally, and at least 35 km downslope. Similarly
disrupted sediments are common along the lower slope off Georges
Bank.

The Munson-Nygren slide is genetically unrelated to adjacent
canyons, and may postdate Munson Canyon. Failure is not believed
to have resulted from progressive depositional loading.

Certain features of the slide resemble those seen on the
Laurentian Rise, and attributed to the 1929 Grand Banks
earthquake. The Munson-Nygren slide may also be related to a
large recent (Late Pleistocene?) earthquake.

V.A.13
Piper and Normark 1982a

The 1929 Grand Banks earthquake is believed to have triggered
large slumps, and also a turbidity current that broke submarine
cables crossing the Laurentian Fan (see V.A.6). Debris flow
deposits over 100 m in thickness, and turbidite deposits have
been detected on the Laurentian Fan and Sohm Abyssal Plain below
the 1929 epicentre.

The 1929 event was not isolated, as evidenced by seismic, coring
and other data obtained in 1978 and 1981. Data confirm that
sediment slumping is common within 100 km of the 1929 epicentre.

One particularly major event occurred in the Late Holocene (about
100,000 years). It is thought to be equivalent in scale and
extent to the 1929 earthquake. The event affected the continental
slope, Laurentian Fan and Sohm Abyssal Plain, causing widespread
slumping and turbidity currents. Earlier episodes of major
slumping and debris flowage also occurred. Late Pleistocene
turbidites are ubiquitous, and may have been formed by
seismically-triggered slumping.

Grand Banks-scale earthquakes probably have a recurrence interval
of hundreds of thousands of years, but significant lesser events
are considerably more frequent.
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V.A.14
Piper and Normark 1982b

Several authors have attributed disturbed topography on the upper
Laurentian Fan to giant slump blocks released by the 1929 Grand
Banks earthquake. (Heezen and Ewing 1952; Heezen and Drake 1964;
and Emery et al. 1970 describe slump blocks, turbidity currents
and submarine landslides associated with the 1929 earthquake.)

Piper and Normark, however, conducted more recent detailed
seismic surveys that uncovered no evidence of large slumps in the
study area. Slump-like masses were observed, but appeared in
depositional continuity with autochthonous sediments. Surfaces
previously interpreted as slide planes are either facies changes,
or the result of valley wall erosion.

A few small slump blocks of relatively consolidated material were
found on the uppermost Fan. Also, a major slump scar has been
reported as lying immediately east of the survey area (D.G.
Roberts, pers. comm. in. Piper and Normark 1982b). Roberts relates
the scar to slumping that followed the 1929 earthquake.

V.A.15
Piper and Sparkes 1987

A detailed survey was made of one small area on the Scotian Slope
at 63°20'W. Features interpreted by Hill (1983 and 1984) as being
allochthonous blocks preserved within a slide debris mass are
shown instead to be autochthonous material stratigraphically
continuous with the seabed (see V.A.7).

Sediment failure and mass movement is believed to be less
extensive than inferred. Hill's slide blocks are re-interpreted
by Piper and Sparkes as erosional features.

The area, however, has undergone some widespread surficial
sediment deformation. Late Tertiary and Early Quaternary
sediments are folded ar.d, around 1200 m below water surface, form
an elongate zone of shale diapirs. Folding may be related to
slumping or intraformational deformation. Strata deposited 20,000
years B.P. show local failure.

V.A.16
Piper et al. 1985a

A 50 km by 50 km area on the Scotian Slope just west of Verrill
Canyon was surveyed using sidescan sonar, high resolution seismic
reflection profiles and piston cores. The site has a gradient of
approximately 2.5°, and is crossed by two small valleys that are
1 km wide and 100 m deep.
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The seabed shows scars caused by surficial slides that removed 10
m to 20 m of sediment. Two zones of disturbed sediments are
detected between the 600 m and the 1800 m isobaths. The disturbed
zones appear to be rotational slide deposits, with true debris
flows only at their distal limits. Erosional depressions observ/ed
further downslope may have resulted from turbidity currents
associated with the debris flows.

Such widespread sediment failure on relatively low slopes
probably resulted from a large earthquake. Faunal and floral
evidence from cores date the seismic event as having occurred
between 5000 and 12,000 years B.P.

(This paper is a composite, updated version of Piper and Wilson
1983; and Piper et al. 1983).

V.A.17
Piper et al. 1985b

The Laurentian Fan is located off the eastern continental shelf,
between the rifted continental margin of Nova Scotia and the
inactive margin of the southwest Grand Banks. It contains two
major erosion valleys that developed in the Late Quaternary, and
also encompasses the epicentre of the 1929 Grand Banks
earthquake.

Much of the Late Quaternary sediment on the Fan derives from
slumping of glaciomarine sediment off the upper slope. Some
slumping probably is seismically induced: a zone of recent
seistnicity extends east-west across the Laurentian Channel and
eastward. Turbidites were more frequent during glacial periods
than at present, suggesting that Quaternary slumping might also
have resulted in part from rapid sediment overload.

Within 100 km of the epicentre, surface strata are highly
discontinuous, reflecting widespread surface slumping and sliding
within the zone. A large debris flow lies just downslope from the
epicentre. As well, slide blocks measuring up to hundreds of
metres in dimension are present, although rare.

(This paper summarizes several of the other reports on the
Laurentian Channel and Fan mentioned in the present chapter.)

V.A.18
Stanley and Silverberg 1969

The Sable Island Bank lies on the outer Nova Scotian Shelf. The
continental shelf southeast of the Bank is scalloped by many
large depressions one to five (or more) miles across, and 550 m
to 732 m in relief. Bottom and subbottom profiles reveal large
slide blocks on the lower slope and rise in the area, suggesting
that mass gravity processes may have caused the depressions.



47

Gravity slides probably occurred throughout the Tertiary, but
increased in scale and rate during the Pleistocene. Cores
penetrating Pleistocene and Holocene glaciomarlne sediments
indicate that mass movements continue up to the present time.
Slumping could be triggered by depositional conditions, or by
deep seated tectonism.

V.A.19
Stow 1975

Sediments obtained from Facies D of the Laurentian Fan channel
deposits show a distinct overall grading visible in the upper
metre or so of cores. These topmost graded sequences may have
been deposited from a turbidity current initiated by the 1929
Grand Banks earthquake.

V.A.20
Uchupi and Austin 1979

Stratigraphy and structure of the Laurentian Cone was analysed
using seismic reflection profiles, geophysical and well data.

The morphology of the Laurentian Cone seems related primarily to
turbidity current activity. Slump structures are less common than
previously thought. Turbidity currents following the 1929 Grand
Banks earthquake probably had more influence on sedimentary
deposition in the region than did the slumping which caused the
currents.

Sediment continues to move down-cone in response to sporadic
seismic activity.

Bay of Fundy

V.A.21
C. Amos (pers. comra.)

Seismic reflection work was done in Chignecto Bay at the head of
the Bay of Fundy. Profiles detected highly contorted sediments,
including a large submarine slump that measures about 3 km to 4
km long and 1 km wide.

The slump is situated off Cape Enrage, along an extension of the
Cobequid Fault. Failure is estimated to have occurred between
3000 and 4000 years B.P., suggesting that some recent movement
may have occurred along the fault.
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V.A.22
Oalryaple 1979

Soft sediment deformation features are common in intertidal sand
bodies in Cobequid Bay, Bay of Fundy. These slump-like features
are one to three cubic metres in area, and occur when liquified
sand slumps and flows down the megaripple stoss side.

Field and laboratory evidence strongly indicate that liquifaction
is triggered, not by earthquake shock, as has been suggested, but
rather by waves 10 cm to 30 cm high, breaking against the
megaripple lee faces. Have induced soft sediment liquifaction
should be expected wherever freshly deposited, crossbedded sands
are exposed to wave action.

V.A.23
Dalryaple et al. 1982

A fossil community of subtidal oysters was discovered near Grand
Pr4 in Nova Scotia. The oysters immediately overlie a salt marsh
community, and are perfectly preserved, implying a sudden
transition from a salt marsh to a subtidal environment through
rising sea level or bottom subsidence.

The oysters are dated at about 3700 years B.P. Coincidentally, a
large submarine slump of comparable age (see V.A.21) has been
detected by seismic reflection at Chignecto Bay. Some
catastrophic event such as rapid bottom subsidence, perhaps
triggered by seismicity, may have caused both the slumping and
oyster deaths.

B. BECENT FAULTIMG AMD REGIONAL UPLIFT/SUBSIDENCE

Eastern Offshore

V.B.I
Atlantic Gcoccience Centre 1985

The following quote is from a technical review of the Hibernia
Development Project's environment impact statement.

"The Environmental Impact Statement shows faults bounding
the Hibernia structure that cut Tertiary rocks. While growth
faults in non-indurated strata cannot generate even moderate
earthquakes, proprietory deep seismic data available at
Atlantic Geoscience Centre [in Bedford, Nova Scotia] show
the boundary faults extending down to about 15 km; at such
depths the faults could easily be seismogenic" (p. 4).
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V.B.2
Durling and Fader 1986

A seismic risk assessment was carried out in the eastern Scotian
Shelf and Laurentian Channel area, preparatory to Venture
hydrocarbon development near Sable Island. The authors analysed
over 12,000 km of airgun seismic reflection profiles and Huntec
DTS high resolution seismic reflection profiles.

Considerable tectonic deformation was detected in the study area.
Forty-two faults intersect Tertiary, Cretaceous or older bedrock,
with the largest measured throw being 35 m. Only two faults
clearly offset Quaternary sediments. Relationships between
bedrock and surficial faulting could not be determined, due to
insufficient data.

Bo*h Quaternary faults occur on slopes greater than 6°. One is
located near Artimon Bank (44°50'N, 58°40'W) in an area of high
relief. It offsets the Emerald Silt Formation, and has a throw of
abo- j one metre.

The second recent fault lies at 45°14'N, 57O52'W. It occurs in
lift-off moraines. Interpretation of faults in such sediments is
questionable.

The apparent paucity of Quaternary faulting may possibly be
misleading. The seismic source (an airgun) used to obtain most of
the data creates a pulse that renders the first 10 m to 15 m of
geology unresolvable. Because the most recent Quaternary
sediments in many areas are thinner than 15 m, their structure
can not be accurately determined.

V.B.3
Finley 1978

Offshore sedimentary structures were surveyed southwest of Nova
Scotia using seismic reflection profiling. Both slumping and
faulting were detected.

Several diapiric belts were discerned on the middle to lower
continental slope, and continental rise. In places, upward
movement of the diapirs has deformed the overlying strata with
normal faults. Some diapirs apparently are still migrating, as
the faults can be traced right up to surface.

Finley believes the diapirs are composed of salt. Keen et al.
1975, however, consider them as part of a mudstone ridge complex
(see V.B.6).
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V.B.4
Jansa and Hade 1975

During the Late Cretaceous or Early Tertiary, rapid regional
tilting affected the Scotian Shelf area. The hinge zone
apparently lay just north of Sable Island (Wade 1981).
Faults also developed at this time, including numerous growth
faults that formed parallel to the shelf edge. Both types of
deformation were related largely to salt diapirism and the
associated plastic seaward migration of sediments.

Salt domes have, in places, apparently pierced as much as 30,000
feet of sediments. Tertiary and Quaternary sediments show locally
thick accumulations adjacent to diapirs, indicating that at least
some diapiric movement has occurred relatively recently.

V.B.5
Keen 1978

Biostratigraphic data from 11 deep exploratory wells off Nova
Scotia (and from wells off Labrador and Newfoundland) were
examined to determine subsidence histories of the Labrador and
Nova Scotia rifted continental margins.

When subsidence rates were 'corrected* to remove the effects of
sediment loading and eustatic sea level changes, a significant
subsidence component remained - namely that caused by thermal
contraction of the lithosphere, or other deep seated tectonic
process.

V.B.6
Keen et al. 1975

In 1972 and 1973, seismic refraction measurements were made on
the continental margin off Nova Scotia to investigate the
transition region between oceanic and continental crust. Transit
lines also intersected what Keen et al. interpret as a
sedimentary ridge complex comprising diapiric pre-Late Cretaceous
mudstones.

Emery et al. (1970) suggested that the complex formed during
initial rifting of the continents. Keen et al., however,
attribute it to sediment migration caused by differential
downwarping of crustal rocks. Seismic reflection measurements
show that the complex intrudes Middle Tertiary to Pleistocene
sediments, thus dating it as a relatively recent feature.

V.B.7
King and MacLean 1976
(With additional notes from King aiid HacLean 1970)
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The Orpheus Basin extends from Chedabucto Bay in Nova Scotia
seaward across the northeast the Scotian Shelf, and into the
Laurentian Channel. It is fault bound, filled with low density
sediments, and is associated with a major negative gravity
anomaly.

Cretaceous beds along the northern boundary of the Orpheus Basin
are faulted and folded. Deformation may have been Tertiary or
earlier.

Cretaceous strata within the basin are faulted and folded due to
salt tectonism, and to movement along an eastward extension of
the Cobequid-Chedabucto Fault System. Final major adjustments
along the system probably occurred during the Late Cretaceous or
Early Tertiary, as Tertiary strata are not folded. Regional
tilting also affected the area, possibly as late as the Late
Pliocene.

The Cobequid-Chedabucto Fault System crosses Nova Scotia from the
Bay of Fundy to Chedabucto Bay and perhaps continues eastward
along the south side of the Orpheus anomaly toward the
continental slope. Earthquake epicentres plot near where the
proposed trace crosses the continental slope. Seismic events
could be related to minor adjustments along the old fracture
system.

V.B.8
Mann 1977

Biostratigraphic data from twenty wells reveals that subsidence
rates on the Scotian Basin have decreased exponentially with time
from the Jurassic to the present.

Subsidence proceeded rapidly during the early development of the
basin from the Jurassic to Middle Cretaceous. Rates were about 1
cm to 2.5 cm per thousand years (Keen 1973). They slowed down
gradually, then experienced a major upsurge during the Early to
Middle Tertiary, perhaps due to a local tilting of the
continental shelf edge. Subsidence and sedimentation rates
decreased in the Middle to Late Tertiary.

Subsidence is ascribed to a combination of several phenomena. The
major components are thermal contraction and sediment loading.
Changes in paleobathymetry and sedimentation rates are less
significant factors.

V.B.9
Smith 1973

Orphan Knoll is a continental plate remnant located in deep water
northeast of Newfoundland. Sedimentologic and tectonic analyses
of the Orphan Knoll fragment indicate that it began to separate
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from North America in the earliest Middle Cretaceous, but did not
sink until the Early Tertiary.

V.B.10
Swift 1987

A diapir province measuring 40 km to 110 km wide lies on the
outer continental margin off Nova Scotia. In a study area located
between 61°W and 64°W, closely spaced diapiric stocks of beween 5
km and 10 km in diameter appear to be rooted in deep linear salt
ridges that are 70 km to 120 km long. Fault deformation above
these stocks extends up to the sea floor, indicating significant
Quaternary activity.

V.B.ll
Webb 1973

Shallow seismic traverses were run across the western Grand Banks
area near the Tors Cove uplift. Structures detected in the
vicinity indicate that some salt diastrophis^ occurred as
recently as Late Tertiary to Quaternary times.

Bay of Fundy

V.B.12
Paterson and Jagodits 1966

The Minas Passage Scour Trench is an apparently erosional feature
that drops from the 100-feet level down to depths of 300 feet and
locally 450 feet. The deepest part of the scour trench is
believed to mark the location of a major fault.

C. POCKMARKS

Eastern Offshore

V.C.I
Josenhans et al. 1978

Pockmarks are cone shaped depressions that occur in
unconsolidated fine sediments on the seabed. They are generally
considered to be formed by gas ascending from underlying
sediments.

Pockmarks have been found in several basin areas of the Scotian
Shelf. Their size ranges from 15 m to 45 m in diameter and 5 m to
10 m in depth.

Active pockmarks apparently exist in the North Sea and Gulf of
Mexico. The Scotian Shelf features, however, seem to be relict.



53

v.c.a
Jacqaes/HcLelland Geosci«nces Inc. 1982

Pockmarks are erosional features formed by fluid expulsion. The
fluid may be either gas or water. Pockmarks could be hazardous to
overlying structures (e.g. oil rigs) if they form
catastrophically through high pressure emissions.

The Scotian Shelf pockmarks probably resulted from low pressure
emissions. However, seismic shaking from earthquake shocks could
allow excess pore pressures to build up, causing fluids to escape
at greater than normal pressures.

V. C. 3
Fader et al. 1982

Pockmark-like depressions were found at several sites in the
Laurentian Channel/western Grand Banks area. Some occurred in
LaHave Clay in the deepest part of Cabot Strait between Cape
Breton Island and Newfoundland. Also, gas-charged zones were
detected within LaHave Clay in the fiords and inner bays along
the south coast of Newfoundland.

PART II. MEASURING MEOTECTOHISM:
Direct and Indirect Measurements
of Meotectonisa In the Maritime Provinces

CHAPTER VI; DIRECT MEASUREMENTS OF MEOTECTOitISM

A; GEODETIC SURVEYS

Mew Brunswick and Nova Scotia

VI.A.I
Carrera 1984

Two generations of geodetic levelling were performed in the
Maritime Provinces, one between 1909 and 1923, and the other
between 1952 and 1978. Results indicate that significant and
anomalous misclosures exist in the height of lines connecting
various locations in Nova Scotia, New Brunswick and the Gasp*
region.

There appears to be a significant relationship between levelling
lines delineating the misclosure loops, and epicentres of seismic
activity. Carrera writes: "it is not adventurous...to suggest
that some of the large misclosures...may very well be a
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consequence of VCM [vertical crustal movement] discontinuous in
time and space" (p. 125). Seismic activity could be related to
differential crustal movement occurring near the 'boundaries'
between the levelled areas.

VI.A.2
Grant 1980a

Geodetic relevelling across the Maritimes shows that, between the
time periods 1909-1915 and 1968-1971, the southern part has sunk
20 cm to 30 cm relative to the north. The Sackville area in New
Brunswick subsided about 12 cm more than did the Fredericton
area, and 17 cm more than did the Edmundston area.

VI.A.3
M. Pedroza (pers. comm.)

A geodetic survey is presently underway in the vicinity of The
Rocks, Fundy National Park, New Brunswick. Twenty-six object
points were emplaced along the coast, and monitored by twelve
geodetic stations.

Measurements collected between June and September 1987 revealed
no significant movement. These results, however, are only
preliminary, as the survey is in its initial stages.

VI.A.4
Vanicek 1975

Vertical crustal movements in Nova Scotia were estimated from
geodetic relevelling of one hundred points scattered about the
province, together with sparse tidal gauge information (see
VI.B.l). Subsidence rates in the Minas Basin area are
significantly faster than those elsewhere around the coast.

VI.A.5
Vanicek 1976

Vertical crustal movements in Nova Scotia were assessed using
geodetic relevelling of 308 points from across the province,
together with data from 8 tidal gauges (see VLB.2). Results
confirm that a belt of faster subsidence trends west-northwest
across the eastern end of the Bay of Fundy. They also suggest
(but do not confirm) a region of rapid uplift in northeast New
Brunswick and the Gaspg Peninsula.

VI. A. 6
Vanicek and Nagy 1981

Some 5046 relevelling segments plus water and tidal gauge data
were used to create the first vertical movement map of Canada. In
the Maritimes, the earlier-implied centre of uplift in northeast
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New Brunswick (see VI.A.4) is relocated further east nearer
Anticosti Island.

Maine

VI.A.7
Anderson et al. 1984

This report summarizes unpublished results from five years of
multi-disciplinary investigations into the potential relationship
between seismicity, sea level rise and crustal movement in Maine.
Results indicate that parts of the Maine coast are subsiding at
the rate of 9 mm per year, and that subsidence is associated with
seismic activity. Additional evidence for subsidence comes from
archaeological, historical, tidal gauge and geomorphological
observations.

VI.A.8
Brown 1978

A detailed profile of apparent vertical crustal movements was
produced from precise levelling data obtained by the National
Geodetic Survey in the United States. The profile correlates
weakly with topographic, gravity and seismic data. However, there
is a strong regional correlation between vertical movement, and
tectonic and geomorphic features. It is therefore believed that
the observed vertical movements are tectonically related, at
least in the locations in which the correlation exists.

VI.A.9
Reilinger 1987

An uncorrected systematic error was perpetuated in the critical
geodetic survey used to estimate rapid contemporary crustal
subsidence in Maine as being 9 mm per year (see VI.A.7 and
VI.A.11). Re-analysis of levelling observations indicates a
slower subsidence rate of about 1 mm to 2 mm per year. The rate
is more in keeping with information derived from tidal gauge data
and other sea level indicators.

VI.A.10
Tyler et al. 1979

Comparisons of vertical levelling data from the U.S. Coast and
Geodetic Survey indicate that between 1942 and 1966, the
differential downwarping of the Maine coast reached as high as
175 mm.
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VI.A.11
Tyler and Ladd 1980

Vertical crustal motion in Maine was studied through analyses of
repeated first order levelling data. Results show substantial
changes in observed height differences within the approximately
fifty years of records.

Easternmost Maine is subsiding at a rate of up to 9 mm per year.
Southern Maine is subsiding more slowly, at up to 3 mm per year.
Analyses of eustatic sea level change, salt marsh growth, and
inundated historic structures support the hypothesis of
subsidence.

(See VI.A.9 for discussion of these results.)

VI.A.12
Tyler and Leick 1985

In spring 1982, an engineering firm informed the Maine Gsological
Survey that they suspected horizontal crustal motion near the
Grand Falls Dam on the St. Croix River. The dam site had been
suffering foundation problems. Furthermore, a re-survey of
International Boundary Commission stations indicated movement on
the order of 11 feet since about 1900. The Survey decided to
undertake a geodetic investigation of the area.

Only one single triagulation study was performed using Macro
satellite receivers. However, results did suggest the strong
possibility of significant crustal motion.

B: TIDAL GAUGE DATA

Hew Brunswick and Nova Scotia

VI.B.l
Vanicek 1975

Relative sea level data from three tidal gauge records Cone each
in Halifax, Saint John and Charlottetown) were recalculated to
supply information on vertical crustal movements in Nova Scotia.
After subtracting the eustatic water rise of 10 cm per century,
the following absolute crustal subsidence rates were obtained:

Halifax: 28.7 ± 1.5 cm/century
Charlottetown: 19.6 * 3.4 cm/century
Saint John: 29.0 • 2.4 cm/century
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VLB. 2
Vanlcek 1976

Relative sea level data were obtained from eight tide gauge
stations across the Maritimes. The figures were recalculated,
taking into account standard deviation and eustatic water rise,
to produce the following crustal velocities of uplift or
subsidence.

Maine

VLB.3
Reilinger

Saint John
Yarmouth
Boutilier
Halifax
Pictou
Charlottetown
Point Sapin
Father's Point

1987

-29
-19
-44
-30
-26
-24

+ 113
+7

.2

.9

.6

.4

.1

.1

.2

.9

cm/century
cm/century
cm/century
cm/century
cm/century
cm/century
cm/century
cm/century

Tidal gauge records from Eastport, Maine between 1930 and 1985
show a mean relative sea level rise of 2.8 mm per year.
Subtracting the eustatic sea level rise (1.0 mm to 1.5 mm per
year} gives an absolute subsidence rate at Eastport of about 1.3
to 1.8 mm per year. This figure supports recent relevelllng data.

C; GRAVITY AMD TILTMETER OBSERVATIONS

Hew Brunswick,

VI.C.I
Burke et al. 1982

The Devonian North Pole pluton lies in the epicentral region of
the 1982 Miramichi earthquakes, and has intruded deformed Cambro-
Ordovician metamorphic rocks. A large gravity low coincides with
the pluton, reflecting a density contrast between it and the
country rocks.

Initial thickness estimates from gravity anomalies indicate that
the relatively shallow Miramichi earthquakes are confined to the
plutonic body. This may reflect the fact that the brittle
plutonic rocks are weaker than the surrounding, stronger
metamorphic country rocks, and would respond differentially when
exposed to the same stress regime.
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VI.C.2
Lambert and Beaumont 1977

Six nanogravity surveys performed in Cap Pel£, New Brunswick and
York Point, Prince Edward Island determined how gravity changes
are affected by seasonal groundwater fluctuations.

Normal groundwater variations may obscure gravity changes
associated with tectonic movements and earthquake precursory
effects. When normal variations are known or are insignificant,
however, tectonic gravity changes as small as 2 ugal to 3 ugal
may be detected at 90 per cent confidence. This corresponds to a
x f ree air1 elevation change of about 1 cm.

VI.C.3
Pagiatakis and Vanicek 1985

About two years' worth of bedrock and atmospheric temperatures,
air pressure and water table level data were used to study the
response of tilt and gravity data to these phenomena. Analyses
showed that atmospheric effects, groundwater level changes and
ocean tide loading significantly affected the tilt and gravity
records as measured from an earth tide station in Fredericton.

Nova Scotia

VI.C.4
Beaumont and Boutilier 197S

A re-examination of tilt observations from Nova Scotia confirms
that the crust beneath the province is transitional between
oceanic and thickened continental crust. It thus deforms more
easily than most other crustal types.

VI.C.5
Beaumont and Quinlan 1977

A relationship exists between an earthquake's timing, and the
maximum of the solid earth tide shearing stress on the active
fault plane. A Fundy tidal power project would cause an increase
in pore fluid pressure and load induced stress on crust beneath
the Bay of Fundy.

Under certain circumstances, increased pore pressure amplifying
the earth tide stresses could trigger earthquakes, but only if
the crust is under critical tectonic stress. It is unknown
whether this description applies to the Bay of Fundy region.
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VI.C.6
Lambert 1969

An eight month series of tiltmeter measurements were made in an
abandoned mine at Rawdon Centre, Nova Scotia to study the earth's
tilt response to diurnal and semi-diurnal constituents of the
ocean tide.

Results indicate that (1) the Bay of Fundy tilt fits a simple two
layer elastic model having rigidities compatible with seismic
models for the area, and (2) tilts caused by the more extensive
tides outside the Bay of Fundy are not compatible with any
laterally homogenous elastic model.

The anomalous open ocean tilting may reflect a large scale
continental structure that is responding coherently to tidal
loading in the Gulf of St. Lawrence and on the continental shelf.

VI.C.7
Rouleau 1984

Two tiltmeters were installed in a shallow .ault at Shelbourne,
Nova Scotia. Tidal analysis shows that, for the principal
semidiurnal constituent M2, the west component of the observed
deflection differs by 12 per cent from the theoretical value.
This discrepancy increases westward, suggesting the influence of
lateral heterogeneities beneath the Gulf of Maine.

VI.C.8
Stevens 1977

The Nova Scotia crust is 10 km thinner south of the Cobequld-
Chedabucto fault system than north of it. It also is 13 km
thinner than crust in New Brunswick, and shows a pronounced
negative gravity anomaly. As well, seismic velocities in the
south block are lower than in blocks further north and west; the
deep seismic zone is totally absent.

Differential isostatic unloading of the dissimilar crustal blocks
following glaciation may account for minor earthquakes in the
region. Triggering also could arise from the blocks' differential
response to diurnal earth tides.

VI.C.9
P. Vanicek (pers. conn.)

A recently published map - UNB December 1986 Geoid Referred to GR
580 (1:7.5 million, compiled by Andr« Mainville) - shows
significant disturbances in the gravity fields across upper Nova
Scotia. One disturbed zone appears to overlie the Chedabucto-
Cobequid Fault System. These disturbances are symptomatic of
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density contrasts that in turn could signify differential
movement of the crust.

VX.C.1O
G«t«v 1978

A pronounced Bouguer gravity high of +35 mgals along coastal area
of Machlas-Eastport reveals underlying mafic rock. A gravity .Tow
of -30 mgals coincides with granite plutons 25 km inland to tht
northwest.

Minor isostatic adjustments to this difference of mass within a
short distance could cause crustal movement along nearby faults.
It could account for historic and current seissnic activity in the
area.

CHAPTER VII; IMDIBECT MEASOKEHEliTS Of MEOTECTOIIISH

A. IM SITU ME.A.gtfREfflHTff

Umv Brunswick

VII.A.l
Cox 1983

Oil well breakout data from the Gasp* and Maritime Provinces
indicate regional east-west to northeast-southwest compression.

VILA.2
J. Gilby (pcrs. no—.)

Golder Associates made several in situ stress measurements at
coal mines on Cape Breton Island. Results are given below. All
readings are oriented according to true north.

Llngln Mine; (tested in 1986 using overcoring)

Principal Stress Azimuth/Dip

51 - 33.8 MPa 088°/04°
52 = 14.5 MPa 355°/35°
53 - 12.2 MPa 004°/-55©
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Prince Mine: (tested in 1985 using overcoring and
hydrofracturing)

Principal Stress Azimuth/Dip

51 = 11.B MPa (0) 263°/14°
= 13.2 MPa (H)

52 = 09.5 MPa (0) -7.80/05°
• 10-12 MPa (H)

53 - 05.1 MPa (0) 64°/-7.5°
» 5.4-5.9 MPa (H)

VILA.3
J. Gilby (pers. coram.)

In 1984, Golder Associates recorded in situ stress measurements
for the No. 26 Colliery of the Sydney coalfield, Cape Breton.
Overcoring holes were located about 300 m from the boundary of
current mine development, at the north end of the main deeps.

Magnitudes and directions of the principal stresses were
calculated from five biaxial tests. Azimuths are referenced to
the mine's grid coordinate system, which is 1° east.

Principal Stress Azimuth/Dip

51 = 26.30 MPa 270°/-25°
52 * 24.05 MPa 009°/-13°
53 = 23.20 MPa 278©/ 64<>

VII.A.4
McKay et al. 1985

Stress data obtained by Golder Associates from a depth of 1 km in
the Brunswick Mining and Smelting No. 12 Mine in Bathurst show
the following values. (Data was obtained from a letter written to
J. Adams by C. Pagel.)

Principal Stress A£imuth

51 = 55 MPa 303°
52 = 37 MPa 033°
53 = 23 MPa 196<>

VII.A.5
McKay et al. 1985

In situ rock stress measurements were made in six separate
boreholes drilled down about 30.5 m at the Miramichi earthquake
site in the summer of 1984. Measurements in five of the six
borings give trends ranging from 055° to 095° for the principal
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secondary stress in the horizontal plane. Stress measurements
directions for Borehole 4 average 274°. P stresses summarized
from all six boreholes range from -4.89 MPa to 22.74 MPa.

Only results from Borehole 4 support the presumed existence of
east-west horizontal compressive stresses being active in the
area. Several borehole stress measurements produced tensional
stresses in at least one component direction.

According to Adams et al. (1984), the wide scatter in stress
magnitude and direction results indicates that the near surface
is partly decoupled from regional stresses. McKay et al. suggest
that the relatively relaxed post-earthquake conditions would
allow local structural features to dominate post-quake stress
fields in the rock.

Nova Scotia

VII.A.6
Bell and Podrouzek 1985

Principal stress magnitudes from depths between 750 m and 6000 m
have been estimated from information gathered in Scotian Shelf
exploration wells. Wellbore breakout azimuths from 38 wells
indicate that the region is presently subjected to anisotropic
horizontal stresses. The larger horizontal principal stress
trends northeast-southwest, and the smaller horizontal principal
stress trends at right angles to this direction.

Tertiary and earlier growth faulting suggest that local
extensional regimes have existed periodically on the Scotian
Shelf during its depositional history.

VII.A.7
Ervine and Bell 1987

Stress magnitudes were estimated for 44 depth intervals in four
wells drilled over the Venture structure on the Scotian Shelf.
The maximum principal stress is horizontal below 815 m. The
minimum principal stress is horizontal to depths of about 6000 m.
Thus, a strike-slip potential conjugate fracture regime exists
between 815 m and approximately 6000 m, perhaps passing downward
into an area in which preferred fractures would be subhorizontal.

As the 6000 m depth is approached, formation-fluid pressures
approach lithostatic levels. The stress threshold for deformation
or fault movement is very small at that depth. If minimum
principal stresses are indeed vertical below about 6000 m,
subhorizontal offsets along faults could easily be generated.
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VII.A.8
Plumb and Cox 1987

Borehole elongations observed in 25 wells to depths of about 2 km
suggest that eastern Canada is being compressed moderately in a
northeast-southwest direction, as a result of subcrustal drag due
to westward plate drift. Average maximum horizontal stress
directions are 54<> ± 7°.

Maine

VII.A.9
Lee et al. 1979

Overcoring tests were performed at three sites in granite and
gneiss in the Mount Waldo area, Maine. The average maximum
horizontal stresses ranged from 2.29 MPa to 9.49 MPa. Azimuth
readings ranged from 4.5° to 60°.

B; HICROSTRUCTURES

VII.B.I
M. Lodin (pers. comm.)

Granite, aplite and mylonitic zone samples were collected from
outcrops located close to a north-south lineament near the
Miramichi epicentral area. The lineament had been detected
earlier from composite analyses of satellite imagery, aerial
photographic, aeromagnetic, topographic and VLF data.

Microstructural analyses of six samples reveal both healed and
fresh fractures. Very preliminary results suggest a primary
fracture orientation of 125<> to 140°, with healed fractures being
marginally more plentiful than fresh ones. A second dominant
orientation occurs at 05° to 20°. In this field, fresh cracks
exceed the healed ones.

VII.B.2
Mawer and Williams 1985

The North Pole granite crops out at the epicentre of the 1982
Miramichi earthquake. Granite specimens collected from the site
show a distinctive assemblage of microstructures.

The microstructures are interpreted as having resulted from
episodic and extensive fluid-assisted microfracturing, followed
by fracture healing. The unhealed fractures may be tensile
features. One possible trigger for each fracturing episode is
paleoseismic activity that continues to the present day.
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VII.B.3
O'Neill 1985

Granodiorite samples taken from the 1982 Miramichi epicentral
area reveal a parallel network of tensile fractures. The
microfractures are believed to have formed in response to a
stress regime whose maximum principal stress orientation is
horizontal and trends east-west, and whose minimum principal
stress is vertical.

H I . EXPERIENCING NEOTECTONISM;
Historical and Current Seismicity
in the Maritime Provinces

CHAPTER VIII: HISTORICAL SEISMICITY

A: COMPILATIONS OF HISTORICAL SEISMIC EVENTS

New Brunswick

VIII.A.I
Burke et al. 1985

Burke and others compiled reports of seismicity in northern and
eastern New Brunswick between 1867 and 1943. Information sources
were old newspapers and other archival sources.

VIII.A.2
Burke and Coneau (in press)

This second archival study of historical seismicity in New
Brunswick concentrates on the Passamaguoddy Bay area. It covers
the years between 1900 and 1961.

VIII.A.3
Kain 1898

Kain lists recorded earthquakes in New Brunswick from February
1663 to January 1898.

VIII.A.4
Kain 1904

Kain's second list records earthquakes in New Brunswick and
covers the time period from August 1898 to March 1904.
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VIII.A.5
Leblanc and Burke 1985

Earthquakes that occurred in 1817, 1855, 1869 and 1904 may be the
four largest seismic events affecting Maine and New Brunswick in
the 165 years before the 1982 Miramichi earthquake.

The 1817 and 1904 events, and most probably the 1869 event, are
believed to have originated in the Passamaquoddy Bay area. The
1855 event can be clearly placed in the Moncton-Dorchester
region, southwest New Brunswick.

Magnitude estimates for the 1869 and 1904 earthquakes are
substantially higher than estimates presently listed for the
events in the Canadian Earthquake Epicentre File. The similar
intensity patterns of the two events suggest a common source
zone. Felt data for the 9 January 1982 Miramichi earthquake
(known to be of magnitude mb = 5.7) and for the 1869 and 1904
events also are similar, suggesting a common magnitude range for
all three events.

Nova Scotia

VIII.A.6
Adams et al. 1984

Historic records document seismic activity on the eastern
offshore perhaps as far back as 1864. (Marine geological evidence
suggests events have taken place for thousands of years before
that: see Chapter V).

Earthquakes occurred in 1951, 1952, 1975 and 1983, but were not
felt on land. By far the largest documented earthquake (Ms 7.2)
took place in 1929 on the Grand Banks.

VIII.A.7
Ruffman and Peterson (in press (a))

Although this report deals primarily with historical seismicity
of Nova Scotia between 1752 and 1867, it includes references to
other Atlantic Region earthquake events. The study records dozens
of newly documented earthquakes and several newly documented
tsunamis.

VIII.A.8
Ruffman and Peterson (in press (b))

This compilation of newspaper articles documents the felt effects
(both cultural and geological) of the 18 November 1929 Grand
Banks earthquake. The earthquake affected not just Newfoundland,
where the resultant tsunami destroyed property and killed 26
people, but also Nova Scotia and Bermuda.
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VIII.Ik.9
Smith 1962

Smith lists earthquakes recorded from eastern Canada including
New Brunswick and Nova Scotia, as well as from Maine, between the
years 1534 and 1927.

Mains.
(See also New Brunswick entries in this chapter.)

VIII.A.10
Foley et al. 1984

Recent earthquakes in eastern Maine near Passamaquoddy Bay
prompted research into historic seismic activity in the region.
Examination of archival records revealed frequent earth tremors
and sporatic events of stronger seismicity throughout the 111
years covered.

VIII.A.11
Smith and Bridges 1983

This account lists several dozen earthquakes recorded in the
Passamaquoddy Bay area between 1663 and 1900.

VIII.A.12
Thompson 1981

Thompson documents six earthquakes recorded in the vicinity of
the Norumbega Fault Zone between 1874 and 1938. Their intensities
ranged from IV to VII on the Modified Mercalli scale.

B; SEISMOTECTOHICS

This section provides selected references equating historical
(and current) seismicity with known tectonics for the entire
region encompassing the Maritime Provinces and Maine.

VIII.B.I
Adams et al. 1985

Examination of seismograms covering the years 1975 to 1985 has
revealed over twenty new offshore earthquakes. About half of
these events (plus relocated earlier-known earthquakes including
the 1929 Grand Banks earthquake) lie in a definable zone at the
mouth of the Laurentian Channel (44.7ON, 56.5<>W). The zone trends
east-west for about 110 km and is 30 km from north to south.

Smaller earthquakes seem to occur nearer the ends rather than the
centre of the zone. They could represent delayed aftershocks.
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which are releasing stresses concentrated at the ends of an east-
west fault that ruptured in 1929.

The Northern Grand Banks demonstrate a higher level of seismic
activity than was previously assumed. Seismicity also affects two
other offshore locales: along the ocean-continent boundary south
of Nova Scotia, and along the Laurentian Fan.

VIII.B.2
Barosh 1978

The Penobscot lineament trends northward for about 300 km through
Maine, and may be a branch of the right-lateral strike-slip £ault
in Penobscot Bay. This fault has shown possible Holocene movement
on Sears Island, and might be related to the lineament.

The lineament joints the Norumbega Fault Zone to the northeast.
Both Penobscot Bay (Barosh 1979) and the Norumbega Fault Zone
(Thompson 1981) are areas of higher seismicity.

VIII.B.3
Barosh 1981a

The Passamaquoddy Bay area on the Maine-New Brunswick border has
experienced about fifty earthquakes since 1870. Since a
microseismic network was established in the region in 1975,
events are being recorded at the rate of about seven per year.
Many occur near the north-northeast-trending Oak Bay Fault that
cuts the bay; others originate adjacent to the northeast-trending
Fundy Fault.

Subsidence has been documented in the region, possibly as a
result of minor rifting associated with two graben structures
that underlie the Bay of Fundy and Passamaquoddy Bay. The
subsidence could be initiating minor fau?.,: movement and hence the
observed seismicity.

VIII.B.4
Barosh 1981b

Seismicity in the eastern United States and adjacent Canada seems
to be related to neotectonic movement from a single stress field
created by continued opening of the Atlantic basin. Evidence
suggests that seismicity is associated with subsiding embayments
and bays on the Cretaceous continental margin, adjacent rising
upland areas plus the north- to northwest-trending faults and
grabens found inland from the margin.

Most seismic events take place in lowlands along inland edges of
embayments, where the crust is believed to be subsiding. The
magnitude of past earthquakes apparently relates directly to the
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size of the embayment they occur In. The only major upland areas
of seismicity lie in zones that are apparently rising.

(Barosh (1S80) and Barosh (1987) are slightly altered variations
of this paper.)

VIII.B.5
Barosh 1985

Major northeast-trending fault zones have been revealed in the
northeastern United States by geophysical and LANDSAT data, and
detailed geological studies. They can be grouped into long
fracture zones, ranging in age from Precambrian to post-
Cretaceous. Many younger zones are probably reactivated buried
older fracture zones.

Movement along the fracture zones has controlled formation of the
northwest-trending Late Cretaceous and Tertiary basins and
embayments in the coastal plain deposits. Present day movement,
as revealed by earthquakes, tends to occur locally along the
fractures. This is particularly evident where they cross
northeast-trending belts that are affected by vertical movement.

VIII.B.6
Barosh 1986

An eight-year New England Seismotectonic Study has resulted in
the production of an earthquake zonation map for the northeastern
United States.

Most earthquakes are associated with northwest-trending faults,
along which movement is mainly transcurrent. Some earthquakes
occur along north-trending faults that show extensional movement.
Relatively few seismic events are seen along northeast-trending
faults.

A regional tilt to the north, and any residual effects of glacial
rebound, appear not to affect seismicity. Rather, the movements
producing seismic events seem related to the continued opening of
the North America basin. These movements are controlled by a
maximum horizontal compressive stress oriented about north-south.

VIII. B. 7
Burke 1984

Earthquakes have been felt or reported in the Maritime Provinces
for over two hundred years. Epicentral areas of the more recent
events - the Grand Banks, Bay of Fundy, Moncton-Dorchester area
(N.B) and Central Highlands (N.B.) - coincide with those of the
larger, historic earthquakes. Reactivation along old fault
lines, concentration of stress at pluton boundaries, and
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isostatic rebound all have been hypothesized to cause regional
earthquakes.

VIII.S.8
Ebel (in press)

Recent seismicity in Maine generally occurs in the same areas
that were active historically, namely east, central, coastal and
west Maine. Estimated return times for earthquakes of magnitude
5, 6 and 7 are about 50 years, 350 years and 2600 years
respectively in the state.

Earthquakes probably result from reactivation of old zones of
weakness in the present tectonic stress field; however, no
individual faults or other structural features have yet been
confirmed as being seismically active.

VIII.B.9
Gates 1978

Historical records document ten earthquakes in the Machias-
Eastport area of Maine within the last century. The earthquakes
are roughly aligned along the Oak Bay Fault and its extension
into the Bay of Fundy.

VIII.B.10
Hussey 1985

In the Portland district of Maine, several historic earthquake
epicentres appear to lie close to the intersections of the
Nonesuch River and Flying Point faults. In the Bath area, the
April 1979 epicentre lies close to the Phippsburg Fault. This
suggests that some faults of the Norumbega system may still be
active.

VIII.B.11
Ouinlan 1984

Quinlan developed a detailed numerical model of postglacial
rebound for eastern Canada, particularly the Arctic. The model
predicts variations in uplift as a function of time and space
since deglaciation, and can be used to estimate temporal
evolution of lithospheric stress following deglaciation.

Based on the model, Quinlin predicts that postglacial rebound is
capable of initiating earthquakes of up to 10 MP? .- but cannot
dictate the method of seismic failure. At best, it can trigger
the release of pre-existing stress accumulations that have their
origins in other processes.
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VIII.B.12
Rast et al. 1979

Three hypotheses have been advanced to explain the historic
earthquake pattern in Atlantic Canada: (1) movement on faults (2)
association with igneous intrusions, and (3) glacial rebound.

Only one of the five major fault episodes in the area reveals any
signs of post-Triassic movement. Small scale vertical faults in
Triassic rocks around the Bay of Fundy are oriented parallel to
the Chedabucto Fault. The faults' strike-slip displacement
suggests a component of movement similar to that along the
Chedabucto Fault Zone. Also, disturbed glacial deposits were
observed to overlie the Oak Bay Fault on Campobello Island,
implying syn- or post-Pleistocene movement (see II.C.4).

Although earthquakes are not associated with igneous intrusions
as such, they may be related to channels that led magma to the
surface. Repeated movements along these deep conduits is
provisionally attributed to cooling of the existing thermal high
that underlies Atlantic Canada.

The effects of glacial rebound upon Atlantic Canada earthquakes
are considered to be secondary.

VIII.B.13
Vang et al. 1979

An active seismic zone extends along the passive margin of
eastern North America from Baffin Island to the Newfoundland
Grand Banks. The authors postulate that earthquakes occurring
along the shore, continental shelf and slope in this region are
induced by deglaciation. Lithospheric flexure following
deglaciation may have reactivated old basement faults associated
with rifting of the Labrador Sea, Atlantic Ocean and Baffin Bay.

CHAPTER IX : CURRENT SEISMICITY

A. REGIONAL SEISMIC DETECTION

The Maritime Provinces possess seven stations capable of
monitoring seismic events. Monitoring capabilities include both
regional and ECTN stations.

The three regional stations are located in Halifax, Guysborough
and Fredericton. All four ECTN systems are in New Brunswick: at
St. George near Passatnaquoddy Bay, Caledonian Mountain near
Moncton, McKendrick Lake near the Miramichi epicentral area, and
Edmundston.
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Data recorded by the Canadian seismic stations are published four
times annually as Canadian Earthquakes: National Summary. The
reports are released by the Seismological Service, Geophysics
Division of the Geological Survey of Canada.

Maine has about one dozen seismic stations, all of which are
monitored by Weston Observatory of Boston College. Data from the
Maine seismic stations (plus stations across northeastern U.S.A.
and eastern Canada) are published quarterly as Northeastern U.S.
Seismic Network Bulletin of Selsmicltv of the Northeastern United
States. Reports can be obtained from Weston Observatory.

B; FOCAL PLANE MECHANISMS

Mew Branswick

IX.B.I
Adams 1987

Adams gives focal mechanism measurements for two earthquakes in
New Brunswick. One, near Moncton (latitude 46.00° longitude
64.880) took place on 23 September 1984. Depth estimate for the
shock was 12 km, and the P axis azimuth was 238°. The second
seismic event, near Doaktown (latitude 46.54° longitude 66.15°)
had a depth estimate of 11 km, and a P axis azimuth of 061°. It
occurred on 9 May 1986.

Adams also cites the latitude, longitude and P axis azimuth for
the various focal mechanisms, well elongation or borehole data
points recorded in Plumb and Cox 1987, McKay et al. 1985,
Podrouzek and Bell 1985, Saikia and Herrmann 1985, and Hetmiller
et al. 1984.

IX.B.2
Adaas and Sharp 1986

Based on the information from thirty derived fault plane
solutions and about twenty existing ones, it is concluded that
thrust mechanisms dominate eastern Canadian earthquakes down to
20 km. However, P axes reveal a discontinuity in the direction of
maximum compression. Above about 9 km, the gently dipping P axes
lie in the northeast quadrant; deeper, they appear to possess no
consistent orientation.

Possibly, regional horizontal stresses become almost isotropic
below 10 km, thus allowing minor local features to disturb the
compression direction. For three eastern Canada seismic zones,
one of which is the Miramichi area, P axes are rotated about 40°
clockwise from the regional trend.
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IX.B.3
Adams and Wetniller 1983

Field surveys measured 265 aftershocks in 1982 following the
January 9, January 11 and March 31 Miramichi earthquakes. In
east-west cross section, the shocks suggest a *V shaped fault
plane solution with limbs about 2 km thick. The right angle *V
steepens towards the surface to produce an angular %U' shape.
Composite first motion studies reveal thrusting on north- to
northeast-trending faults controlled by an east-west horizontal
regional stress.

IX.B.4
Basham 13S6

Digital broad band seismic data and reflectivity-method
theoretical P wave modelling provided additional information on
focal depths and source orientations for the four principal 1982
Miramichi earthquakes.

Earthquake Intensity(mb) Depth Dip

main shock 5.7 7 km ± 1 km 60© W

first aftershock 5.1 6 km ± 0.5 km:
near lower portion
of mainshock
rupture

second aftershock 5.4 6 km ± 0.5 km: SO©
ruptured conjugate
east-dipping focal
plane

third aftershock 5.0 2.5 km:
in shallow region
of mainshock

IX.B.5
Basham et al. 1984

Analyses of the four principal Miramichi earthquakes and
aftershocks indicate thrust faulting with the rupture forming a
conjugate V-shaped, north-trending structure beginning at a depth
of 7 km.

Composite P nodal solutions from smaller aftershocks suggest that
both planes steepen towards the surface. However, it is unclear
from aftershock distribution whether the ruptures occur on single
planes, or on shallow dipping principal faults that splay into
steeply dipping faults nearer the surface.
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XX.B.6
Bark* «t «1. 1986

An onsite microseisinic survey was Made of the continuing activity
in the 1982 Mlramichi earthquake epicentral area. Results suggest
that activity may be episodic, with days of few earthquakes being
followed by mini-swarms of seismic events. The highest rate of
activity is associated with a northeastern block east of the
previously established (1982) aftershock zone.

Thrust fault plane parameters were calculated from composite P
nodal solutions for this eastern block. They place the plane at a
strike of 162<> and a dip of 82° west, at depths above 4 km. Below
this depth, the plane is estimated to trend 197° and dip 42°
west. Tentative solutions for the west limb suggest a plane
trending 157° and dipping 55 east. Both solutions support the
conjugate pattern of north-trending thrust faults obtained from
previous studies.

IX.B.7
Ebel and Vudler 1982

Seismic stations in northern Maine detected three foreshocks
prior to the 9 January 1982 Miramichi earthquake: two were about
nine hours before, and one was 42 minutes before the main shock.
During the first week after the main shock, almost 1000
aftershocks were detected including the large January 11 event.

A small earthquake had been recorded earlier from near the same
area on 1 September 1977, but may have originated in a slightly
different location.

IX.B.8
Lodin 1984

A detailed analysis was made of remote sensing information for
the Miramichi earthquake epicentral area. The study integrated
the remote data - NOAA, multi-date LANDSAT MSS and airborne MSS -
with conventional geological and geophysical data to produce a

digital database for the area.

The MOAA image detected several regional lineaments, two of which
had not been previously mapped. The LANDSAT MSS imagery of the
epicentral area revealed five north-trending lineaments, also
unmapped. As well, it extended the trace of a mapped shear zone.

Microseismic data obtained from onsite readings (see IX.B 6) were
plotted onto east-west cross sections of the five detected north-
trending lineaments (M. Lodin, pers. comm.). Aftershock source
points reveal a significant correlation with two of the five
lineaments. Three of the five lineaments were subsequently tested
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by a ground based VLF survey. All three responded as strong
conductors.

IX.B.9
Nguyen and Herraann 1984

Five earthquakes from eastern North America, including the three
January 1982 Miramichi earthquakes, have been analysed using the
null-centroid technique to determine surface wave focal
mechanism. Results for the mainshocks show nearly horizontal
compressive stress with an axis trending east-northeast.

New Brunswick aftershocks also have east-west trending pressure
axes, but with a component of oblique motion. Focal mechanism
results indicate the events result from high angle thrust
faulting, and support P wave first motions.

IX.B.10
Saikia and Herraann 1985

Waveform modelling was applied to determine the focal mechanisms
of four 1982 Miramichi aftershocks. The results produced focal
mechanisms and synthetic waveforms that closely resembled the
observed aftershock waveforms.

Two groups of focal mechanisms were obtained. Two aftershocks
possessed a reverse fault geometry, similar to that of the main
event on 9 January 1982. The remaining two aftershocks showed
similar components of strike-slip motion on a dipping plane.

IX.B.ll
Weichert 1985

Strong motion recorders installed shortly after the January 1982
Miramichi earthquake registered peak acceleration over 50% of
gravity at high frequencies close to an H 5.0 aftershock. This is
an order of magnitude higher than expected from the reported
intensities and from the minimal damage experienced. Peak ground
velocities, however, plus the low frequency Fourier components of
acceleration, are consistent with accepted ground
motion/intensity relations.

IX.B.12
Hetniller et al. 1984

All eight composite focal mechanisms for the Miramichi
aftershocks and the Trouser Lake earthquake have near horizontal,
east-west directed P axes, suggesting an east-west compressive
strain.
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Haine.
IX.B.13
Adams 1987

Focal mechanism stress measurements were calculated for an
earthquake centred in Maine near Passamaquoddy Bay at latitude
44.895° and longitude 67.331°. The event took p'^ce on 19 January
1984. Depth estimate for the shock was 12.1 km, and the P axis
azimuth was 180°.

IX.B.14
Foley et al. 1984

Passamaquoddy Bay on the Maine-New Brunswick border is believed
to be subsiding at a rate of 9 mm per year. The nearby Oak Bay
Fault trends nearly perpendicular to the subsidence axis. Five
seismic events in the magnitude 3 to 4 range took place near the
border in 1983-1984. They occurred at four separate epicentres,
all of which lay west of Passamaquoddy Bay and south of the Oak
Bay Fault.

A fault plane solution for the largest event (Mn 3.8) indicates a
thrust mechanism striking west-northwest.

CHAPTER X; MISCELLANEOUS INDICATORS OF HEOTECTOHISH

A; GROUHDWATER PHENOMENA

Mew Brunswick

X.A.I
Bailey 1904

At Newcastle in Queens County, New Brunswick, a diamond drill was
excavating for coal through the 'millstone grit formation'
(probably Carboniferous sandstones). Between 100 feet and 200
feet below surface, the drill suddenly dropped. Upon withdrawal,
it was followed by a fountain of water several feet high that
continued to 'play' for some months.

Bailey implies the event was not isolated, and cites it as among
several instances of differential movements in the sandstone
formation. No mention is made of what other tif any) instances
exist.
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X.A.2
Brinsaead 1983

Inspection of several continuously monitored observation wells
across New Brunswick revealed that the January 9, 1982 main
earthquake shock affected ground water level.

Hater level in a Chatham well (80 km from the epicentre) dropped
150 cm in the five days following the earthquake. Other wells
showed a marked flow increase. These opposite reponses suggest
that large bedrock blocks may have moved relative to one another,
causing the opening of some interblock fractures, and the closing
of others. This in turn would cause water levels to drop and rise
respectively.

It appears that there were no significant water losses during the
level changes; rather, there were local changes in hydraulic head
as the water redistributed itself through interconnected
fractures.

Hater levels returned to normal around April 15, probably as a
result of spring runoff. It has been suggested that the gradual
recharging of earthquake induced water levels may have triggered
the June 16, 1982 event in the Miramichi area (J. Adams, pers.
comm.).

X.A.3
McKay et al. 1985

Following a rockburst on 20 May 1984 (see I.C.2) a previously dry
fracture began to produce one to two litres of water per minute.
It alternately ran dry and flowed throughout the afternoon, as
subsequent rockbursts erupted.

X.A.4
Kuffun and Peterson (in pritss (a))

On 8 February 1855 an earthquake centred in the Moncton-
Dorchester area in New Brunswick caused landslides on Granville
Mountain in Digby, Nova Scotia. The movement apparently was
accompanied by unusual groundwater flow.

Shortly after the event, large quantities of steam were observed
on the mountain. A visiting geologist concluded that the steam
was condensed vapour created when warm groundwater, discovered
flowing from a newly formed hole, hit the cold winter air.

X.A.5
Heston Geophysical Corporation 1983

Logs of boreholes drilled in the 1982 Miramichi epicentral area
recorded weathered and fractured bedrock, mantled by 23 feet of
extremely weathered till overburden. At 75 feet below surface.
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groundwater inflow increased in an Intensely fractured interval.
The hole correlates with a north-south lineament, suggesting that
the lineament and fractured zone are related.

B; TSUNAMIS

X.B.I
Poirier 1985

A computer program was designed to simulate wave refraction
patterns in the Bay of Fundy, to assess what damage might occur
from tsunamis originating at known epicentres.

Results indicate that the bay would be protected to the east by
Nova Scotia and to the south by Georges Bank. Any incoming
tsunamis theoretically would be reduced to safe amplitudes.

X B 2
Ruffman 1987

Eight tsunami, six of which were previously unrecognized, have
been identified in Atlantic Canada (including Newfoundland). They
are cited below:

Date

I November 1755

19 January 1813

18 April 1843

24 September 1848

27 June 1864

II September 1908

undated May 1914

18 November 1929

Places Affected

east coast, Nfld

Liverpool, U.S.

Yarmouth, N.S.

east coast, Nfld
south Labrador

St. Shotts, Nfld

Gulf of St. Lawrence
northern Cape Breton

northern Cape Breton

south coast, Nfld
Cape Breton, N.S.
Country Harbour, N.S.
St. Margaret's Bay, N.S.

Comments

probable
tsunami

see VIII.A.8
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C; 80UMD PHgMOMtMA

X.C.I
Ganong 1696

Deep booming sounds resembling cannon reports occasionally were
heard off the south coast of New Brunswick in several areas
including Passamaquoddy Bay; forty miles offshore between Grand
Manan Island, the Georges Bank and Mount Desert Rock; and
southwest of Kennebecasis. The author attributed the phenomenon
to either atmospheric or tectonic disturbances.

X.C.2
McKay et al. 1985

On 2 June 2 1984, individuals working in the Miramichi epicentral
area detected an audible boom accompanied by a small tremor. A
second boom occurred eleven minutes later, with no detectable
vibration. Both events nay have been aftershocks of the 1982
earthquake series.

Dt ROAD CRACKS

Road cracks caused by seismic events belong to a broader topic
that could be entitled 'Response of Cultural Features to Seismic
Events1. Damages to masonry, roads, crockery, chimneys etc.
encompass some of the Modified Hercalli Intensity Scale (MM)
indicators used to determine magnitudes of given events.

Many references in Chapter VIII note minor damage to cultural
features. The examples are so numerous as to preclude detailed
annotation. Interested readers can examine the original papers.

More significant to neotectonic assessment is the far rarer
information on cracks in road and sidewalks. Occasionally, it
provides some indication of regional stress regimes.

Mova Scotia

X.D.I
Burke and Coaeau (in press)

An earthquake estimated to have its centre around St. Andrews
struck southwestern New Brunswick on 30 January 1851,
Contemporary newspaper accounts reported that a crack appeared in
the earth shortly thereafter, near Friar's Head on Campobello
Island. It measured one inch in width and about half a mile in
length.
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X.D.2
Ruffman and Peterson (in press (b))

The 18 November 1929 Grand Banks earthquake caused cracks to
appear in several highways in Sydney, Nova Scotia. The earthquake
also damaged bridges and created leaks in the city's water mains.

At Black River, Cape Breton Island, the highway developed large
cracks following the earthquake.

Bains.
X.D.3
Barosh 1983

Fresh road cracks were observed in Presquile, Maine following the
9 January 1982 Miramichi earthquake. Unusually cold weather at
the time may have created tension that aided in forming the
cracks. Most observed fractures trended northerly.

E: WARM SPOTS

X.E.I
Ganong 1903

Guides in the Tobique River area, northern New Brunswick,
reportedly knew of a small *hotspot' at Blue Mountain, on which a
person could sleep without shelter, even in winter. The ground
apparently felt warm to the touch. As Ganong suggested, "the
investigator of the legend must go to its solution armed with
delicate thermometer."

X.E.2
Ganong 1904

Further to the 1903 *hotspot' report, a reliable guide informed
Ganong that the phenomenon indeed existed. The mountain could be
reached 'eight miles up on the southwest side of a portage road',
and was locally dubbed the Rumbling Mountain, due to thunder-like
noises that occasionally emanated from it on clear days.

X.E.3
Jones 1961

A large number of people in the Watson Mountain area in northwest
New Brunswick believe that the mountain top remains warm enough
year around to prevent snow from blanketing the summit.
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1982 HIBAMICHI EARTHQUAKES AMD BELATED AFTERSHOCKS

The 9 January 1S92 earthquake centred in the Miramichi area of
northern Mew Brunswick created thousands of micro- and several
macro-aftershocks. It also triggered a (not quite equal) number
of articles, papers, reports, abstracts and unpublished
speculations as to its source, effects and other parameters.
Perhaps the most salient of the many titles to appear was the one
by Basham et al. (1984): Miramichi Earthquakes Two Years Later -
What Have He Learned?

The following pages cite by no means all unannotated articles on
the earthquake and its aftershocks. They do, however, provide a
partial reading list for persons interested in further research
on the Miramichi seismic events.

MiraMicbi Earthquake References

Adams, J. and Vetmiller, R.J. 1984: The Mir&michi earthquake
sequence of 1982-1984 and its relation to regional
crustal stresses in New Brunswick. Abstract in Joint
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June 1984.
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aftershocks of the 1982 New Brunswick earthquake.
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Burke, K.B.S. and Chandra, J.J. 1983: Preliminary interpretation
of gravity and magnetic results from the epicentral
region of the 1982 Miramichi earthquakes. Abstract in.
Atlantic Geoscience Society Symposium, January 28-29,
1983, Fredericton, New Brunswick.
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SIIIC POST TRIASSyC
BEDROCK FAULTIIIG OF IMDETERWIMATE UPPER AGE

The following references describe post-Triassic faulting for
which the upper age has not yet been clearly determined.

Mew Brunswick

Adaas (unpublished report)

An outcrop in the Hiramichi earthquake epicentre shows horst and
graben type deformation. Nine blocks, each 3 m wide, are
alternately upthrown and downthrown on the order of approximately
100 mm. At the east end of the outcrop, evidence suggests a much
larger displacement of perhaps 600 mm.

CrtlMr 196S

The Bonaventure Formation occurs in the Charlo map area on the
south shore of Chaleur Bay. It is lithologically similar to
Triassic redbeds in the Bay of Fundy, and is tentatively assigned
a post-Triassic and perhaps Cretaceous age. Rocks of the
Bonaventure Formation have been sheared in an area west of Parent
Point.
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Greiner later (1970) describes a siliclfled limestone breccia
that contains fragments possibly derived from the Bonaventure
Formation. The breccia was found along a railway line 400 feet
west of the road leading to Parent Point, suggesting it may be
the outcrop referred to above.

The Bonaventure Formation thus could pre-date the latest
structural movements in the region. If so, and if the formation
is indeed Cretaceous, then the latest deformation is also of that
age.

MacKenzie 1940

"Some faults are to be discerned along the shores of Oak Bay and
a major fault underlies the bay. These are of post-Devonian, and
possibly of Mesozoic or even younger age..." (p. 24). No clear
substantiation is given for this cryptic statement.

Rultenberg 1970

Rocks in the Black River area, southern New Brunswick, have been
affected by small east-northeasterly trending faults. The faults
appear to be the latest structures in the area, and in most
instances dip steeply. Slickensides on hematite coatings, and
small drag folds associated with the faults, indicate that normal
movement took place sometime after the hematite was deposited.

Movi Scotia

Dickie 1966

Tectonic block faulting occurred in the vicinity of the
Musquodoboit and Shubenacadie valleys, as evidenced by the
remnant Cretaceous sand and clay deposits preserved in those
areas. Block faulting is believed to be Albian (mid-Cretaceous)
in age.

Donohoe and Hallace 1979a

North-south trending faults in the Cobequid Highlands offset all
other faults and the Early Jurassic Fundy Group strata. Movement
is therefore thought to be post-Early Jurassic. Examination of
the detailed 1:50,000 maps suggests that the north-south trending
faults have had several episodes of movement (Donohoe and Wallace
1980).

Donohoe and Wallace 1979b

Faults parallel to the Cobequid Fault displace Late Triassic-
Early Jurassic basalt by 3 km of right lateral displacement.
Burton (1973) speculates that displacement on the Cobequid Fault
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itself included Triassic dextral Movement, and post-Triassic
transform movement.

Doyle 1979

A post-Triassic fault trending northeast occurs at Thorn Cove on
North Mountain, 9 km north of the mouth of Bear River. Many
faults in the Bear River area have similar trends, indicating
that they also might be post-Triassic.

Hwang 1985

High angle, north-northeast trending faults occur in lower
Paleozoic rocks of the Meguma Group and White Rock Formation near
Yarmouth. These rocks are also affected by post-Acadian deztral
kink band deformation. The high angle faults displace the kink
banding, and are very tentatively suggested as being Cretaceous.

Lollis 1959

Repetitive faults along the Bay of Fundy coast between Digby Neck
and Scots Bay cut and offset Early Jurassic rocks of the Scots
Bay Formation (see also Thompson 1974, Liew 1976 and Stevens
1987.)

The fault zone running through Petit Passage is of particular
interest. Cables formerly linking Boar's Head lighthouse with
Digby Neck apparently required periodic replacement. Hires lying
over the fault zone in the centre of the passage tended to become
green and corroded after(phly a few yearV)underwater. L

Weeks 1948 J

Five faults believed to be post-Triassic have been located in the
Londonderry-Bass River nap areas on the north side of the Minas
Basin. Only one continues south of Cobequid Bay. All trend north-
south and are downthrown on the east side.

Weeks 1954

Block faulting of Carboniferous rocks in southeast Cape Breton
Island occurred sometime before formation of the Cretaceous
peneplain. It also occurred after deposition of the (probable)
Middle to Upper Triassic Annapolis Formation. This places the
block faulting at sometime between the Late Triassic and
Cretaceous.
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MtOTKCTOMIC riATUBES IM THE

Neotectonic features are often overlooked in the field. This is
partly because they are not anticipated. Neotectonisn. is as new a
concept as it is geologically recent, and is only just beginning
to acquire a small following of specialists. They, more than most
geologists, must be well versed in a variety of earth sciences.
Geomorphology, structural geology and geodesy are not commonly
assembled in one person. Yet a working knowledge of these and
other sub-disciplines must be mastered by the would-be
neotectonist.

The other reason for field neglect of neotectonic features is
that they so often resemble non-neotectonic features. The reading
list below will begin to help geologists distinguish the two. It
is not complete, nor foolproof. At best, the references show
reason to pause before automatically slotting a given field
observation into non-neotectonic structural or geomorphologlcal
categories.

Neotcctonics Beading List

Adams, J. 1981: Postglacial faulting: a literature survey of
occurrences in eastern Canada and comparable glaciated
areas. Atomic Energy of Canada Ltd., Technical Record,
TR-142, 63 pp.

Adams, J. 1982a: Deformed lake sediments record prehistoric
earthquakes during the usglaciation of the Canadian
Shield. EOS, £2 (17), 436.

Adams, J. 1932b: Stress-relief buckies in the HcParland quarry,
Ottawa. Canadian Journal of Earth Sciences, 12. (10),
1183-1187.

Alexander, S.S. 1978: Combined use of seismic and remote sensing
observations to relate present crustal stresses und
geologically recent deformation. EOS, 5_9_ (4), 330.

Allen, C.R. 1978: Quaternary geology - an essential clue to
evaluating seismicity. Earthquake Information Bulletin,
12. (1), 4-12.

Barosh, P.J. and Smith, P.V. 1979: Frostquakes and associated
ground breakage in New England. Earthquake Notes, 5_
(3), 12.

Beck, B.F, and Jenkins, D.T. 1985: Damage caused by long-term,
gradual karstic subsidence. Abstracts with Programs,
Geological Society of America, 17. 521.
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Broster, B.E. and Clague, J.J. 1987: Advance and retreat
glaclgenlc deformation at Williams Lake, British
Columbia. Canadian Journal of Earth Sciences, 24. 1421-
1430.

Croot, D.G. 1987: Glacio-tectonic structures: a mesoscale model
of thin-skinned thrust sheets? Journal of Structural
Geology, 9_ (7), 797-806.

Doig, R. 1986: A method for determining the frequency of large-
magnitude earthquakes using lake sediments. Canadian
Journal of Earth Sciences, 2_3_, 930-937.

Doornkamp, J.C. 1986: Geomorphological approaches to the study of
neotectonics. Journal of the Geological Society,
London, 142, 335-342.

Gendzwill, O.J., Horner, R.B. and Hasegawa, H.S. 1982: Induced
earthquakes at a potash nine nPdr Saskatoon, Canada.
Canadian Journal of Earth Sciences, 19_, 466-475.

Hempton, M.R. and Dewey, J.F. 1983: Earthquake-induced
deformational structures in young lacustrine sediments.
East Anatolian Fault, southeast Turkey. Tectonophysics,
9JB, T7-T14.

Hicock, S.R. and Drelmanis, A. 1985: Glaciotectonic structures as
useful ice-movement indicators in glacial deposits:
four Canadian case studies. Canadian Journal of Earth
Sciences, 22. 339-346.

Keefsr, D.K. 1982: Relations between earthquake magnitude, levels
of shaking, and landslides. Geological Society of
America, Abstracts with Programs, 14. 526.

Keefer, D.K. 1984: Landslides caused by earthquakes. Geological
Society of America Bulletin, 9_5_, 406-421.

McDonald, B.C. and Shilts, H.H. 1975: Interpretation of faults in
glaciofluvial sediments, p. 123-131 in Society of
Economic Paleontologists and Mineralogists, special
publication no. 23 (Glaciofluvial and glaciolacustrine
sedimentation).

Obermeier, S.F., Gohn, G.S. and Weems, R.E. 1984: Geologic
evidence for prehistoric earthquake-induced
liquifaction and ground deformation near Charleston,
South Carolina. Earthquake Notes, 5.5. (3), 6.

Obermeier, S.F., Jacobson, S.F. Heems, R.E. and Gohn, G.S. 1986:
Holocene and Late Pleistocene C?) earthquake-induced
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sandblows in coastal South Carolina. Earthquake Notes,
52 <1>» 17.

Oliver, J., Johnson, T. and Dorman, J. 1970: Postglacial faulting
and seisaicity in New York and Quebec. Canadian Journal
of Earth Sciences, "]_, 577-590.

Saxov, S. and Nieuwenhuis, J.K., ed. 1980: Marine slides and
other mass movements. Proceedings of a NATO workshop on
marine slides and other mass movements, Algarve,
Portugal, December 15-21, 1980. NATO Conference Series,
part IV, volume 6, Plenum Press, New York, 353 pp.

Seeber, L., Thorson, R.M. and Clayton, V. 1985: Liquifaction and
clastic injection in postglacial sediments of eastern
Connecticut: evidence for large prehistoric
earthquakes? Earthquake Notes, 5£ (3), 70.

Shilts, N.H. 1984: Sonar evidence for postglacial tectonic
instability of the Canadian Shield and Appalachians.
Geological Survey of Canada, Paper 84-1A, 567-579.

Sims, J. 1979: Records of prehistoric earthquakes in sedimentary
deposits in lakes. Earthquake Information Bulletin, JJL
(6>, 228-233.

Sims, J.D. 1982: Earthquake-induced deformation in sediment as a
paleoseismic indicator. EOS, £2 (18), 435.

Stow, D.A.V. and AScsu, A.E. 1978: Disturbances in soft sediments
due to piston coring. Marine Geology, 2JLr 135-144.

Hyss, M. 1978: Sea-level changes before large earthquakes.
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