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The Grenville Province to the east of Val d’Or, Quebec:
a geological reconnaissance and a possible extension of the
Abitibi greenstone belt in the Grenville parautochthonous belt

Tyson C. Birkett, Nathalie Marchildon!,
Suzanne Paradis, and Robert Godue
Quebec Geoscience Centre, Quebec

Birkett, T.C., Marchildon, N., Paradis, S., and Godue, R., The Grenville Province to the east
of Val d’Or, Quebec: a geological reconnaissance and a possible extension of the Abitibi green-
stone belt in the Grenville parautochthonous belt; in Current Research, Part C, Geological Survey
of Canada, Paper 91-1C, p. 1-7, 1991.

Abstract

East of Val d’Or, gneisses with a dominant mafic and a widespread, minor ultramafic component
can be followed into the Grenville Province some 80 km eastward from the Grenville Front. These
gheisses are oriented east-west. This orientation may be inherited from Archean structures. Other
large areas are underlain by gneisses of intermediate to felsic composition with widespread subor-
dinate portions of complexly deformed and highly metamorphosed mafic and supracrustal rocks.
The Grenville Front can be observed in outcrop to juxtapose rocks of profoundly different meta-
morphic and structural history across a braided mylonite zone.

The mafic gneisses may be the highly metamorphosed extension of the Abitibi greenstone belt
within the Grenville paratochthonous belt. If further research supports this hypothesis, a large area
can be considered of interest for mineral exploration.

Résumé

A IEst de Val d’Or, des gneiss @ composantes mafiques et ultramafiques ont été observés dans
la province géologique de Grenville sur une distance de 80 km en direction est, a partir du front
de Grenville. Ces gneiss sont orientés est-ouest, signe qu’il puisse s’agir d'un héritage des éléments
structuraux archéens. D’autres secteurs importants sont occupés par des gneiss de composition inter-
médiaire a felsique. On retrouve également dans ces secteurs, en moindres proportions, des gneiss
mafiques et des roches supracrustales a hauts degrés de métamorphisme qui présentent des défor-
mations complexes, Les roches du front de Grenville forment une zone de mylonite anastomosée,
Juxtaposant des roches caractérisées par des empreintes métamorphiques et structurales distinctes.

Les gneiss mafiques représentent possiblement ’extension métamorphisée de la ceinture
de I’Abitibi dans la ceinture parautochtone de Grenville. Dans la imesure ou d’autres études
pourraient confirmer cette hypothése, cette région présente un intérét particulier au niveau de
"exploration minérale.

Gepartménl of chlogy. Rensselaer Polytechnic Institute, Troy, New York, U.S.A. 12180-35%0



INTRODUCTION

Within the last few years, ideas concerning the Grenville
Geological Province have evolved from the position that
the rocks of the Grenville are exotic with respect to the
neighboring Archean rocks, to the position of, for exam-
ple, Wynne-Edwards et al. (1966) that portions of the
Grenville consist of re-worked Archean or other older
rocks (e.g. summary by Moore, 1986). The present study
was conducted based on two ideas. First, the Archean
Abitibi greenstone belt, which is truncated by the
Grenville Front, hosts productive mineral deposits along
its entire east-west length. Second, the rocks near the
Grenville Front have been shown in general to be parau-
tochthonous. The area east of the Abitbi belt, however,
had not been previously mapped. So the question arises
“‘Can we identify portions of the former extension of the
Abitibi belt within the Grenville geological province?’’
If portions of the Abitibi belt can be identified within
the Grenville Province, how can we evaluate the mineral
potential of such areas?

This paper offers a brief summary of recent field
investigations in the previously unmapped area to the east
of Val d’Or, Quebec.

LOCATION AND ACCESS

The location and boundaries of the study area are illus-
trated in Figure 1. The western side of the study area is
located some 50 km to the east of the city of Val d’Or,
Quebec. Road access to the region is adequate for very

broad reconnaissance-style field investigations, but would
not presently support more detailed work except in areas
of active or recent logging. In the northeast, access is still
too limited for vehicle-supported field studies.

PREVIOUS WORK

Most of the area under study has no record of previous
geological mapping, mineral exploration, regional geo-
chemical or geophysical study. Figure 2 illustrates the
available geological maps in and adjacent to the study
area. The exceptions to the general observations on the
lack of mineral exploation are the limited work carried
out in the Echouani area by Camchib Resources Inc. and
reported in summary form by Sethuraman (1984), and
the geological reconnaissance carried out in part of the
area by Birkett (1981) for Shell Canada Resources Ltd.
Compilation by Avramtchev and LeBel-Drolet (1981)
indicated two occurrences of copper mineralization in the
southern part of the study area (NTS 31N/16). Ground
traverses in the areas of these reported occurrences were
unsuccessful in locating outcrop, let alone mineralization.
In the east, regions mapped by Wynne-Edwards et al.
(1966) and Laurin (1965) have been re-examined to allow
some basis for extending from known into unknown
areas. The area near the Grenville Front has been exam-
ined by Bell (1932) and by Lacoste et al. (1987). Many
of the outcrops in the study area were created by rela-
tively recent road construction to support logging activi-
ties, and thus were not available for examination by
earlier workers.
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Figure 1.

Location map of the study area with the city of Val d’Or indicated as a nearby geogra-

phical reference. 1 Granitoid and other rocks (undivided) of the Superior Province; 2 Metasedimentary
rocks of the Pontiac Subprovince; 3 Metavolcanic and associated rocks of the Abitibi greenstone
belt; 4 Bouchette anorthosite; 5 Réservoir Cabonga Terrane of Indares and Martignole (1990); 6 Rocks

of the Grenville Province (undivided).



PRESENT STUDY
Limitations — caveat emptor

The results of this work and of future prospecting are
limited by the lack of access in some areas, and by the
general lack of outcrop in the study area as a whole. Aside
from sporadic shoreline exposures, almost all bedrock
examined in the course of this study was uncovered by
logging or road-building activites. Away from these areas,
a continuous, if generally thin layer of sand and gravel
covers the bedrock surface. Locally eskers provide thicker
deposits of overburden. In general, outcrop is consider-
ably less than 1% in the study area. The outcrops found
are generally flat or of low relief, with local remnants
of glacial polish. Acquisition of both structural data and
samples was generally difficult.

Methodology

Data from the field investigations were compiled at the
scale of 1:50 000 for eventual publication at 1:250 000.
The reconnaissance-scale geological map presented as
Figure 3 has been drawn using the field observations with
much reliance on available aeromagnetic maps. Minor
structures such as small folds and mineral lineations have
been used to project the units across areas of limited out-
crop, with the realization that in a region of superposed
folding and without a stratigraphic context such exercises
are imprecise.

Results

An interpretive map of the large-scale features of the area
is given in Figure 4. Several features are noteworthy.

The rocks of the Grenville Province in this area were
metamorphosed under conditions of the amphibolite or
granulite facies and are strongly deformed.

The Archean autochthon to the northwest of the
Grenville Front contains areas of amphibolite to granu-
lite facies metamorphic rock, as well as regions of supra-
crustal rocks of medium metamorphic grade. Northwest
of the Grenville Front, within a distance of less than 1 km
from the Front, the Archean metamorphic rocks locally
show the effects of retrograde metamorphism, as well as
late structural events marked by small shear zones and
associated potassic alteration.

The Grenville Front is exposed in the west-central por-
tion of the study area as a profound tectonic structure
juxtaposing greenschist and granulite facies metamorphic
rocks across a braided mylonite zone as much as 2 km
wide. Progressive development of mylonite from various
protoliths can be observed. The last event interpreted in
the area is the local development of pseudotachylite in
the mylonites. Structural studies indicate a complex his-
tory of movement within this mylonite zone, dominantly
uplift of the Grenvillian side of the structure.
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Figure 2.

Previous geclogical mapping in and adjacent to the study area (heavy outline).
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Figure 3. A simplified lithological map of the study area.
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Figure 4. An interpretive map of the study area, indicating the major regions recognized to date.
1 medium-grade metasedimentary and metavolcanic rocks of the Abitibi greenstone belt; 2 intru-
sive and high-grade metamorphic rocks of generally intermediate to felsic composition and of
Archean age; 3 high-grade metamorphic rocks with a major component of rocks of mafic composi-
tion, age of last metamorphism unknown (Archean or Grenvillian); 4 high-grade metamorphic rocks
with a major component of rocks of mafic composition showing the effects of Grenvillian meta-
morphism and deformation; 5 high-grade metamorphic rocks dominated by gneisses of interme-
diate to felsic composition with a minor but widespread component of complexly deformed mafic
rocks and supracrustal rocks, polymetamorphic, last metamorphosed in the Grenvillian event;
6 high-grade metamorphic rocks with subequal amounts of mafic and intermediate compositions,
minor supracrustal rocks, possibly monocyclic, metamorphosed in the Grenvillian event; 7 inter-
mediate to felsic intrusive rocks, deformed and metamorphosed in the granulite facies.



In the Archean autochthon, granitic and tonalitic
rocks are exposed in the central portions of the area, and
high-grade metavolcanic and associated supracrustal
rocks in the east. It is assumed that these rocks are
Archean in age, based on the prominent north-trending
structural grain, although geochronological support for
this hypothesis is presently lacking.

Near the Grenville Front, within the Grenville Prov-
ince, gneisses of mafic composition are an important part
of the lithological assemblage. These rocks display a gen-
eral east-west orientation of lithologies and of the gneis-
sosity. This general rock package can be followed some
80 km in an east-west direction. No primary structures
allowing the assignment of a volcanic or sedimentary
origin to the protoliths have been recognized. A small but
significant proportion of the rocks in this area are of
ultramafic composition. These are recognized in the field
by the common presence of abundant orthopyroxene por-
phyroblasts. Chemically, the hypothesis of an igneous
origin for these ultramafic rocks is supported by their
tenors of Cr and Ni, which are in the range of hundreds
to thousands of ppm.

In the eastern part of the study area, a zone of com-
plex, poorly exposed geology separates two major rock
packages, the east-west trending lithologies referred to
above, and northeast-directed lithologies to the east. The
zone is marked by distinct pattern changes in the airborne
magnetic survey maps, and by overprinting of one gneiss-
osity by another. This zone may be a terrane boundary.
The area requires more study.

Rocks of intrusive aspect are not rare in the region
under study, although areally subordinate. Most outcrops
within the Grenville Province contain a mobilizate of local
derivation now crystallized as coarse grained quartz-
feldspar rich rock. These pegmatites form a few per cent
of the rocks in the amphibolite facies, 15 per cent or more
in the granulite facies. In the south and the north of the
study area, small bodies of gabbro have been mapped.
These rocks are syn- to late tectonic, locally massive and
locally foliated (within single continuous outcrops) and
commonly display corona textures indicative of reaction
between plagioclase and olivine or pyroxene. A metamor-
phosed syenite of small extent has been identified in the
central part of the area. Alkali granite in the eastern part
of the region reported by Wynne-Edwards et al. (1966)
has not yet been seen in the field. Diatexites have been
seen in the north-central part of the study area. In the
western portion of the study area, a substantial body of
tonalitic rock is exposed. Its limits are not yet known ade-
quately. This body may be of Grenvillian age, as it is less
deformed than the large majority of rocks in this region.
Within the Superior Province, granitic and tonalitic rocks
dominate in the northwestern part of the study area, to
the north of the Abitibi greenstone belt.

DISCUSSION AND CONCLUSIONS
Geology

The assignment of some of the mafic rocks of the study
area to the metamorphosed extension of the Abitibi
greenstone belt is based on the juxtaposition of the west-

6

ern portion of these rocks with the eastern portion of the
Abitibi belt within the Superior Province. Unless this
juxtaposition is fortuitous, there is thus no evidence for
major lateral offset across the Grenville Front in the study
area. Instead, the Grenville Front marks a zone of pro-
nounced uplift of rocks which were probably tectonically
buried earlier in the Grenvillian orogeny.

The general description of the relations across the
Grenville Front parallels that of Ciesielski (1988) from
the Chibougamau area.

The Grenville Front, in the western part of the study
area, has juxtaposed rocks of similar composition but dif-
fering metamorphic histories. The main effect of the
Grenvillian events on the rocks to the west of the Front
has been limited retrogressive metamorphism and brittle
strurctural development. Major domains can be outlined
within the Grenville Province, based on proportions of
rock types, structural trends and metamorphic grade and
history. In particular, major packages of rock with an
important component of mafic composition and a per-
sistent component of ultramafic composition can be
followed some 80 km into the Grenville Province.

Metallogeny and implications for mineral exploration

The only previous significant mineral exploration
reported work in this area was by Sethuraman (1984).
After area selection, an exploration program of airborne
surveys with ground follow-up and diamond drilling was
carried out. Minor base metal (Cu) and precious metal
(Au) mineralization was encountered over narrow widths.
The interpretation concerning the geological context of
the mineralization provided by Sethuraman (1984) was
that of a mafic-felsic contact in a setting of metamor-
phosed volcanic rocks, with intercalated chemical sedi-
ments (sulphide and oxide facies iron formation).

Although mineral deposit models appropriate to
Archean greenstone belts were assumed in the area
Sethuraman (1984) reported on, the terrane analysis of
Indares and Martignole (1990), extended to the northeast
here, suggests that the work discussed by Sethuraman
(1984) might have been mostly or entirely in rocks of the
monocyclic metamorphic terranes, possibly of Protero-
zoic age. Indares and Martignole (1990) assigned the
Bouchette anorthosite and the Réservoir Cabonga
Terrane to the monocyclic belt (Fig. 1). It seems that the
rocks possibly of original Archean age, in the west of the
present study area, have not yet been explored.

The rocks of mafic composition indicated as unit 4
in Figure 4 underlie some 1200 km? of the study area.
These rocks may be of original Archean age, may be a
metamorphosed extension of the Abitibi belt, and are,
from available data, unexplored. Other areas of supra-
crustal rocks may also be prospective for base or precious
metals.

The lack of outcrop renders traditional prospecting
methods of littie value in this area. The generally trans-
ported nature of the post-glacial deposits and the high
proportion of sand in the overburden lead to the sugges-
tion that direct regional geochemical study may not be



an appropriate tool here for mineral exploration. The
unconsolidated sediments show a general reverse grading
from sand in the lower areas to gravels on the tops of
the lower hills in the region. This sequence suggests that
most of these materials are reworked shore deposits, with
little immediate application for mineral exploration. On
the higher hills, above the level of post-glacial lakes,
sandy, blocky tills may still be locally present. The over-
burden, although nearly continuous and of varying thick-
ness, is, however, generally poor in clay and geophysi-
cally transparent. Given the almost complete lack of
outcrop, airborne geophysical methods may be the most
appropriate tool for mineral exploration once intitial area
selection has been carried out,

FUTURE STUDIES

Geological investigations in this area will now be directed
to testing the hypothesis that the Abitibi belt can be iden-
tified and followed in the Grenville Province. The
methods envisaged include (1) improving the lithological
and structural map, (2) studies of the metamorphic his-
tories of the different regions to constrain theories of
various terranes, (3) isotopic age dating better to eluci-
date the development of the region, (4) isotopic tracer
and chemical studies to test correlations across the
Grenville Front, and (5) structural analysis to allow more
confidence in the interpretation of local and regional
geological patterns.

Nature hints at secrets here, but scarcely reveals them.
In the area we have examined, the topography reflects
poorly the geology, and the sands of postglacial Lake
Ojibway-Barlow blanket an area as complex as it is
unknown. Yet there is hope, not only of scientific knowl-
edge, but of practical reward from further study.,
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Abstract

For the first time, an earthquake in eastern North America is confirmed to have produced surface
Saulting. The rupture was found as a result of locating aftershocks during a field survey (in July
1990) of the magnitude (Ms) 6.3 earthquake of 25 December 1989 in northern Quebec. It is centred
at 60.12°N, 73.60°W and extends 8.5 km along an average trend of 038° (concave to the north-
west). The fault appears to dip steeply to the southeast and the sense of faulting is reverse with
the southeast side upthrown. The maximum throw is 1.8 m and tapers to less than 0.3 m at each
end. Surface effects include: deformed lake shorelines, discontinuous fault scarps, a left-lateral
strike-slip fault, torn muskeg above some traces, sand volcanoes, freshly cracked boulders, and
a partly-drained lake. Two lakes were discoloured by silt.

Résumé

Pour la premieére fois, dans [’est de I’Amérique du Nord, il a été confirmé qu’un séisme avait
généré des failles en surface. On a découvert cette rupture du sol durant une étude sur le terrain
(juillet 1990) entreprise pour situer les répliques sismiques du séisme de magnitude (Ms) 6,3 sur-
venu le 25 décembre 1989 dans le nord du Québec. La rupture est centrée a 60,12°N et 73,60°0
et 5’étend sur 8,5 km selon une direction moyenne de 038° (concave au nord-ouest). La faille semble
s'incliner fortement vers le sud-est, et les failles sont de type inverse, le compartiment sud-est étant
soulevé. Le rejet vertical maximum est de 1,8 m et s’amincit @ moins de 0,3 m a chaque extrémité.
Les effets observés en surface sont en particulier: les rivages lacustres déformés, les escarpements
de faille discontinus, un décrochement latéral senestre, le déchirement du muskeg au-dessus de quel-
ques lignes de faille, des injections de sable, des blocs fraichement fissurés, et un lac partiellement
drainé. Deux lacs étaient décolorés par le silt en suspension.



INTRODUCTION

The Geological Survey of Canada (GSC) originally
located the epicentre of the Ungava Earthquake at
60.02°N 73.63°W + 20 km in the middle of the unpop-
ulated Ungava Peninsula of northern Quebec (Fig. 1A),
and concluded that the focal depth was shallow. From
the position of the midpoint of the fault rupture, the epi-
centre should be revised to 60.12°N 73.60°W + 5 km
with the uncertainty representing whether the rupture
initiated at the middle or at one end of the fault.

The mainshock was preceded by a my; ,= 5.1 (GSC)
foreshock 10 hours earlier (04:25 UT). There were 5 earth-
quakes of M >3 between the foreshock and the main-

shock, and at least 8 M > 3 aftershocks in the two weeks
after the mainshock, the largest being my,; , = 4.4. There
have been very few subsequent aftershocks detected by
the Canadian Seismograph Network.

The mainshock was felt quite strongly in Kuujjuaq
(Fort Chimo) at 360 km, but not felt at Iqaluit (Frobisher
Bay) at 500 km. Although not well established, it is likely
that the felt area was considerably smaller than for the
m,=5.9, my,=6.5 Saguenay Earthquake of 1988
(North et al., 1989; Drysdale, 1990). Other magnitudes
for the Ungava Earthquake are: my, =6.2 (from the U.S.
Geological Survey National Earthquake Information Ser-
vice), and my; ,=6.1 (GSC). The seismic moment of
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1.1 x 10' N-m (National Earthquake Information Ser-
vice) gives a moment magnitude of 6.0. The felt area of
the Ungava relative to the Saguenay earthquake is con-
sistent with their relative my; ,’s, but not with their rela-
tive teleseismic magnitudes,

The epicentral area is typical of the ~2 Ga old
Superior Province of the Canadian Shield. It lies within
the area of continuous permafrost in northern Canada
and is north of the tree-line. The gneiss bedrock has been
heavily glaciated and attains a maximum elevation of
250 m with local relief of only 70 m. The ground surface
generally consists of muskeg, boulders, till, or outcrop.
About 50% of the region is covered by water, with a large
lake, Lac Bécard, originally surrounding the epicentre on
three sides; the presence of these lakes is fortuitous as
it makes possible much of our analysis.

Temperatures of —35°C, snow cover, short daylight
(<3 hr/day), and remoteness precluded an immediate
field study to record aftershocks. Instead, the GSC car-
ried out an aftershock survey from 7-25 July 1990. During
this survey the aftershock zone was located and then the
surface faulting described below was discovered. At the
time of discovery, the unnamed lake paralleling the fault
scarp was coloured turquoise, distinct from all other lakes
in the region. The colouration was due to a large amount
of silt suspended in the water and was an indirect effect
of the earthquake. Thus the fault scarp has been named
““The Lac Turquoise Fault Scarp”’. Lac Turquoise and
Lac Sorcier are informal geographic names. Lac Sorcier
(‘Wizard’) is named for the shape of the wizard’s hat.

The observations reported in this paper were made
during four visits by helicopter during routine servicing
of the field seismographs, with a total of only 17 hours
on the ground. The ground examination was supple-
mented by direct observation from the helicopter and by
subsequent examination of extensive videotape.

SURFACE FAULTING

Unlike many modern fault scarps, the Lac Turquoise
Fault Scarp did not often present itself as a vertical free

face, most probably because the bouldery muskeg and
till hindered direct propagation of the fault to the sur-
face. The line of the fault was easily seen, however, by
the torn and buckled muskeg, which appeared to have
failed in a brittle manner (it would have been frozen at
the time of the earthquake). Some of the failure modes
resemble those described by Gordon (1971). However we
observed several places (e.g. A and B in Fig. 1B) where
a scarp could be measured (Fig. 2), and many places
where large differences in shoreline elevation occurred
within a short distance (about 10 m; Fig. 3). In all cases
the upthrown block was found to be on the southeast side
of the fault.

Left-lateral faulting

Towards the southern end of the main rupture, a surface
crack striking 174° through the bouldery muskeg was
observed to have systematic left-lateral offset of 110 mm
(4 observations, e.g. Fig. 4). This was the only place we
saw faulting across bedrock. At one point along this rup-
ture, thrusting on a 70° plane dipping east produced a
throw of 65 mm. We consider the crack to be a rupture
associated with the main fault because: i) The displace-
ments were systematic along the crack and represented
predominantly lateral movement, while superficial
ground cracking due to subsidence would probably have
produced uneven widening. ii) At the time of the earth-
quake (25 December) the muskeg was probably frozen
solid, and so could be expected to fail in a brittle manner
despite its peaty appearance. iii) The left-lateral fault
makes an angle of 106° with the reverse fault at their
intersection. After including the small amount of con-
vergence across the left-lateral fault, its slip direction is
within 4° of being normal to the reverse fault, suggest-
ing a clear structural relationship. iv) We observed clear
uplift of the shoreline on video images of the south side
of the bay (as shown in Fig. 1B). The observed left-lateral
fault has the correct sense to transfer reverse motion to
this segment.

The left-lateral slip of 110 mm combined with differ-
ential uplift of 300 mm (Fig. 1B) on the reverse fault yields

Figure 2. Fault scarp in peat, about 0.6 m high, in the
saddle between Lac Turquoise and Lac Sorcier. Scarp
trends into the distance behind and left of the man. Some
collapse of the scarp has apparently occurred.

Deformation of old lake shoreline at the north
end of Lac Turquoise by the fault scarp. Note the down-
warping of the dark, stained band, which marks the rock
just below the old lake level (arrows). The unstained rock
below it is visible only to the right (east) of the fault.
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Figure 3.



Figure 4. Fault offset of 110 mm between a boulder and
formerly-adjacent peat along the left-lateral fault near the
south end of the rupture.

a dip of 70° for the main fault. While this value need
not apply to the remainder of the fault, it suggests that
the main rupture dips steeply.

SHAPE OF THE FAULT

The primary feature of the Lac Turquoise scarp is its con-
cave plan; concave to the northwest away from the
upthrown block. The sense of curvature in relation to the
upthrown block is the opposite to that found for the
Australian surface faults at Meckering (Gordon, 1971;
Gordon and Wellman, 1971) and Tennant Creek (Choy
and Bowman, 1990). In detail, the trace of the fault
appears to follow the shorelines of lakes Bécard,
Turquoise and Sorcier quite closely, at places deviating
through angles of up to 25° from the smooth concave
curve. We infer from this that the rupture was controlled
by a pre-existing fault in the bedrock structure, the fault
that also controlled the glacial erosion which produced
the present topography and hence lake shores. At this
time we have no evidence whether or not the Lac
Turquoise scarp represents the only surface rupture at this
site since the deglaciation.

COSEISMIC DEFORMATION

Deformed lake shorelines provided the best evidence of
the earthquake deformation. Uplift of the lake shoreline
near the fault was readily apparent because the previously
submerged rocks were stained black and coated with red-
dish algae rather than moss and lichen. The reddish and
black colours of the emerged rocks were very distinctive,
even from the air, and allowed a quick estimate of
uplifted shorelines. The position and throw of the north-
ern 2 km and southern 1 km of the fault rupture (mapped
in Fig. 1B) are based on clear evidence of uplifted shore-
lines observed from the air, as time did not permit a
ground examination.

On single large boulders, such as are very common
along the shorelines of all the lakes, the colour contrast
allowed the level of the old lake to be determined to
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within a few centimetres. Figure 5 shows a typical boulder
on the uplifted shoreline of lac Bécard. When making the
shoreline measurements relative to the current lake level,
it was seldom possible to make a direct measurement
as in Figure 5. Instead, short leveling surveys were
performed (Fig. 6).

The method involved an Abney hand level, resting on
a 1.63 m staff, and sighting to a 1.8 m rod. Where the
shoreline was uplifted more than 1.63 m, a second level-
ling was made from an intermediate point. For the larger
shoreline displacements, the sight lengths were sometimes
as much as 10 m, but normally a careful choice of pro-
file limited the sight lengths to less than 5 m. The Abney
level was checked after the field experiment and found
to have essentially negligible bias, when set at zero. Read-
ing precision under office conditions (including setting
the zero) amounted to 16 mm (1o) over a sight length of
15 m.

Figure 5. Shoreline uplift of 0.42 m on Lac Bécard near
the southern end of the Lac Turquoise fault scarp. Pre-
earthquake water level on this large boulder is indicated
by black arrow, July 1990 water level by the white arrow.

Figure 6. Shoreline change of —2.6 m on Lac Turquoise.
Pre-earthquake water level is shown by the horizontal
arrow. Of the 2.6 m, about 1.2 m represents drainage of
the lake (see text) and 1.4 m is coseismic uplift. The fault
rupture follows the far (northwest) side of Lac Turquoise.



Boulder movement by ice push in winter was recog-
nized and avoided. Special care was taken to choose large
boulders with clear colour banding, and as close horizon-
tally to the lake as possible, so as to minimise the errors
involved in longer sight lengths. All measurements are
relative to water levels on 20-22 July. Repeated measure-
ments at a few sites, and consistency of levels along a
few kilometres of shoreline, suggest that the measure-
ments are precise to about 0.1 m for the larger shoreline
displacements (>1 m) and 0.05 m for the smaller ones
(<0.5 m).

On a single lake, such elevation measurements provide
a direct measure of relative uplift. Because Lac Bécard
extends for 20 km to the south and west of the epicentre,
it is a large lake relative to the extent of the coseismic
deformation and so the shoreline uplift near the epicentre
represents very closely the absolute elevation change rela-
tive to the rest of the earth.

The deformed region involved three lakes (Bécard,
Sorcier, and Turquoise), and so their shoreline measure-
ments must be tied together. From aerial photographs
flown in July 1955 which show shallow water in the strait
between Bécard and Sorcier (Fig 1B, arrow C) and the
elevation of the old shoreline on Lac Bécard we believe
Lac Sorcier was sometimes a bay of Lac Bécard. We have
little information on the seasonal variation of lake levels
in this region, though a second set of aerial photographs
flown in August 1957 shows the strait to be dry. This sug-
gests variation of >0.4 m and that the separation of the
two lakes may have been a seasonal phenomenon, The
1989 Ungava Earthquake uplifted the strait 0.67 m
(Fig. 1B), perhaps sufficient that Lac Sorcier will never
again become a bay of Lac Bécard. Irrespective of the
seasonal variation, the clear colour banding of the raised
shoreline suggests that the former high water level was
a stable reference level, and in any event the relative
shoreline change measurements used here are unaffected
by seasonal level variations.

On 22 July, the water level on Lac Sorcier was 0.25 m
higher than on Lac Bécard as measured by Abney level
over a 65 m sight length. Thus for Lac Sorcier the new
water level is 0.25 m higher than it would have been if
still connected to Lac Bécard. Therefore measured shore-
lines elevations on Lac Sorcier need to have their displace-
ments increased by 0.25 m to convert them to elevations
relative to Lac Bécard. The water level increase also
accounts for the unusual amount of apparent subsidence
(Fig. 1B) along the northwestern shore of Lac Sorcier
{downthrown side of the fault) and the apparent absence
of uplift along the eastern shore (upthrown side).

Lac Turquoise was always higher than Lac Bécard. In
July the water level of Lac Turquoise was 1.8 m below
its outlet into Lac Bécard. This was partly due to
coseismic uplift and partly to drainage. Because the earth-
quake occurred in winter, we do not know the lake level
immediately after the earthquake. We suspect that the
lake drained through surficial deposits at the north end
of the lake, and emerged in an area of extensive sand
volcanoes (see below) near Lac Sorcier. From a mean
shoreline elevation of 2.2 m above current water level of
Lac Turquoise and a lake area of about 5 X 105 m?,
the volume of water that drained away was at least
1 x 106 m3,

The lowest shoreline measured on Lac Turquoise was
on the downthrown side of the fault and was 0.65 m
above the July water level. This represented the minimum
amount of lake drainage and supposes that the uplifted
block was uplifted relative to a stable ‘‘downthrown’’
block. We estimate the amount of net drainage in July
in two ways. Firstly, if, as is shown later by our ground
deformation modelling program, one block was uplifted
by about two-thirds the fault offset and the other down-
thrown by one-third, then from the highest (2.6 m) and
lowest (0.65 m) shoreline measurements the mean level
of the lake before drainage was 0.65 + (2.6 — 0.65)/3 m
or 1.3 m above the current lake level. Secondly the shore-
line elevation changes of 1.8 m on Lac Turquoise at the
outlet and 0.5 m on nearby Lac Bécard suggest about
1.2 m, after allowing for 0.1 m of extra uplift for the out-
let which is 200 m closer to the fault.

With a correction of — 1.2 m for Lac Turquoise and
+0.25 m for Lac Sorcier, the shoreline changes on all
three lakes can be analyzed together.

The pattern that was derived is rather simple, an elon-
gate half dome of uplift on the upthrown side (Fig. 1B),
and localized observations of subsidence on the down-
thrown side (where little time was spent in the field). From
the contours, the maximum uplift exceeds 1.4 m and the
maximum subsidence is 0.55 m. The largest elevation
changes are restricted to the central 1 km of fault and
the uplift tapers to 0.3 m over 3 km to the south and 0.4 m
over 4 km to the north.

We made a few direct measurements of scarp height
and these and the fault throw inferred from the shore-
line elevation near the fault are shown as a profile along
the fault in Figure 7. As is evident, the maximum throw
is restricted to a short portion of the fault. The mean
uplift averaged along the length is 0.8 m.

Deformation modelling results

We used the Mansinha and Smylie (1971) formulation to
compute the expected vertical deformation from the
earthquake. In plan view, the concave surface fault was
modelled by three 3-km fault segments of strike 048°,
038°, and 028° and throws of 0.7, 1.8, and 0.7 m. Fault
dip was taken to be 70° to the southeast, and fault width
to vary over 3, 4, 5, and 6 km. For a 3-km fault width

Distance to NNE (km)

Figure 7. Profile along the Lac Turquoise fault scarp,
showing measured or inferred throw across the fault and
the throw implied by the maximum difference in shore
elevation across Lac Turquoise. Dashed envelope line
suggests the trend. i
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