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variable intensity and spacing of this cleavage (a solution
cleavage) in the Highgate limestones appear to depend on
both the argillaceous component of a particular bed and on
its height in the east-dipping section.

A number of minor reverse faults (Fig. 5d) cut the ex-
posed slates and limestones of the Morses Line and High-

gate formations in the Missisquoi River gorge (excluding the
Highgate Falls Thrust). They have thin fault zones, typically
about 1 cm thick or less, that are of short lateral extent as
many of these faults die out within the exposed outcrop, and
the displacements are estimated to be on the order of milli-
metres to < 1 m. Reverse sense is determined from steps in



© 2007 NRC Canada

164 Can. J. Earth Sci. Vol. 44, 2007

slickenfiber surfaces and en echelon fracture orientation and
rotation. A spectrum of faults with similar characteristics
range from planar thrusts to highly contorted faults; all are
marked by calcite-filled veins with slickenfiber slip surfaces
and are associated with calcite-filled, en echelon extension
fractures. Thin fractures with millimetre displacements link-
ing individual unrotated extension fractures appear to be
early, whereas later faults have up to 1 cm thick slickensided
veins and cut several generations of extension fractures, some
of which show variable amounts of rotation. Older, highly
contorted faults generally contain annealed calcite veins, but
some still show slickenfiber surfaces. These are also associ-
ated with sets of en echelon extension fractures that have
also been folded. Most folded fault surfaces have axial planes
parallel to cleavage in the surrounding rocks indicating that
shortening strain associated with cleavage generation was
responsible for folding. In contrast, the younger faults cross-
cut the penetrative cleavage in the slate and, although similar
to the earlier faults, may have formed from a separate event.

Disrupted beds of dismembered, orange-weathering, fine-
grained dolomite in the dark slates are displaced, at least in
part, by small normal faults that were developed pre-cleavage.
These faults were the primary evidence of Haschke (1994)
for a large-scale normal fault at the Highgate – Morses Line
contact, which we discount as soft-sediment slump-related
structures.

In the Missisquoi River gorge, the black slates extend lat-
erally �100 m east of their conformable contact with the
Highgate Formation to where they are truncated by the
Highgate Falls Thrust. Along strike to the north, they are
present west of a discontinuous ridge that forms the hanging
wall of the Highgate Falls thrust (locs. A, B, and D, Fig. 3).
The slaty beds of limestone of the Highgate Formation, and
the black slates (including dismembered dolomite beds) of
the lower Morses Line Formation, are then repeated on the
eastern flank of the thrust-floored ridge (loc. C, Fig. 3).
Based on this, and regardless of how the black slates are
designated, the depositionally continuous section (excluding
the Highgate Falls thrust) exposed in the Highgate gorge
continues across strike at least as far east as the along-strike
position of location C in Fig. 3.

The Highgate Falls Thrust in Vermont
The Highgate Falls Thrust is well exposed in the Missisquoi

River gorge (Fig. 5e) and emplaces dolomitic arenites and
sedimentary arenitic breccias of the lower Gorge Formation
over black slates containing intercalated bedded limestones
and limestone breccias of the lower Morses Lines Forma-
tion. The slip surface is undulatory but, on average, dips
shallowly to the east. The fault zone is cataclastic with a lo-
cally developed fault-zone foliation. Folds in the bedding of
the lower block and cleavage of both the upper and lower
blocks, as well as the orientation of the fault-zone fabric, in-
dicate a generally westerly transport direction for the upper
block. The Highgate Falls Thrust is a late, out-of-sequence
thrust and may possibly be coeval with many of the minor
thrusts seen in the underlying slates since slip surfaces along
the fault cut the penetrative cleavage in the lower block.

North of the Missisquoi River, the Highgate Falls Thrust
can be traced along the western base of a series of discontin-

uous low ridges underlain by limestones of the Highgate
Formation. At locs. A, B, and D (Fig. 3), limestone breccias
and bedded limestones and slates similar to those seen in the
Missisquoi River gorge are thrust over black slates of the
Morses Line Formation. At these locations, fault-zone brec-
cias containing carbonate slivers are present along the con-
tact between the two units. Approximately 200 m south of
the International Border, a thrust fault emplaces slates over
slates, and no rocks below the lower Morses Line Formation
are present. The along-strike change in the rocks of the up-
per plate (Gorge Formation in the Missisquoi River gorge to
Highgate Formation at locs. A and B (Fig. 4), to Morses
Line Formation near the border) suggests that the thrust as-
cends along-strike to the north, possibly along lateral ramps.

The Corliss Member of the Morses Line Formation is
present near the International Border

The Corliss Member (Fig. 3), a discontinuous, limestone
boulder conglomerate horizon within the Morses Line For-
mation, originally the Corliss Conglomerate of Schuchert
(1937), was named for a series of outcrops (Corliss ledge)
south of the Missisquoi River (not shown in Fig. 3). Because
we consider the slates beneath this limestone conglomerate
to be part of the Morses Line Formation, rather than the upper
Highgate Slate, we consider the conglomerate to be an inter-
nal member of the Morses Line Formation (Corliss Member).

Nearby and stratigraphically above the conglomerate in
Quebec is the “intermediate rhythmite” of the Stanbridge
Group. Haschke (1994) correlated this unit with
lithologically similar rocks in a railway cut on the northern
outskirts of the village of Highgate Center. We have ob-
served similar rocks there and along-strike to the north,
structurally below the Highgate Falls Thrust. Based on this
distribution, it is likely that the Corliss Member conformably
overlies the black slates seen in the Missisquoi River gorge,
although this cannot be demonstrated with certainty.

Southern Quebec
The area remapped in Quebec includes the rocks previ-

ously assigned to the Milton Dolomite and the adjoining
western slaty part of the “lower sequence” of the Stanbridge
Group (Fig. 6). All of the formations seen in Vermont are
present in Quebec and, additionally, the Dunham Formation
occurs in the western part of the area. It is proposed that the
name Milton Dolomite be dropped in recognition that the
dolomites and breccias of the Dunham, Saxe Brook, and
Gorge formations, which make up the lower part of the
Rosenberg slice of Vermont, can be delineated in Quebec
(Fig. 6). Furthermore, the name has been abandoned in Ver-
mont (Shaw 1958).

The dolomites of the Dunham Formation closely resemble
those of the Saxe Brook Formation, but are distinguished by
the absence of well-rounded quartz sand. Along the contact
between the two units, there are several alternating layers of
sandy dolomite and quartz-free dolomite, which represent a
section of at least several metres thickness. In many places,
the near-horizontal bedding makes placement of the formational
contact difficult, and consequently, its position in Fig. 6
should be viewed as an approximation. The Saxe Brook For-
mation typically contains abundant well-rounded white and
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Fig. 6. Geologic map, St. Armand Station area, southern Quebec. FM., Formation; Mb., Member. For geological unit abbreviations see Fig. 3.
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clear quartz sand. This unit is massively bedded but in places
display beds of 0.5 m or more thickness. Weathered surfaces
are generally smooth (excluding the quartz sand grains) and
brown to yellow in color.

Although well-bedded in the Missisquoi River gorge, the
Gorge Formation in Quebec is not. It comprises fractured,
variably arenaceous, massive dolomites and sedimentary brec-
cias composed of dolomitic clasts in an arenaceous dolomitic
matrix, with varying abundances of broken arenite beds and
rare cobbles of mature white quartz sandstone.

The Highgate Formation in Quebec comprises ribbon-bedded
slaty limestones but lacks the numerous breccia units seen in
Vermont (Fig. 4). Exposures of these beds are present at the
International Border and north to the Rock River, where they
are folded westward and dive beneath a thick blanket of till.
Northward, they do not reappear in definite outcrop until Le
Coin-chez-Desranleau, where good outcrops of bedded lime-
stones wrap around the northernmost exposures of the un-
derlying dolomitic rocks of the Gorge Formation and are
crosscut by the Rosenberg Thrust.

The Corliss Member of the Morses Line Formation ex-
tends into Quebec along a typical north-northeastern strike,
but north of the border turns to the east and passes off into a

series of low ridges in fields. Charbonneau (1980) noted
these outcrops on his map and showed them paralleling, and
beneath, his middle unit of the Stanbridge Complex.

Two significant conclusions arise from the distribution,
orientation, and contact relations of the rocks in Quebec and
are described as follows.

The conformable relationships in Vermont are likely
present in Quebec

In previous studies, the contact between the Gorge and
Highgate formations in Quebec (= base of “lower sequence”
of the Stanbridge Group) has been inferred to be a thrust
(Charbonneau 1980; Globensky 1981). However, at no place
is the contact between the Highgate and Gorge formations
directly observed, although the two formations are separated
by only a few metres, both in the north (Le Coin-chez-
Desranleau) and south (Rock River to International Border).
Furthermore, there is no evidence, in the form of slivers of
exotic material, mélange, fault rock, fault-zone-localized cleav-
age, or related deformational structures, of a fault contact.
The sedimentary breccias in the Gorge Formation of Ver-
mont (Mehrtens and Dorsey 1987; Landing 1983; this study)
are similar in nature in Quebec. Because the relationships
are clear in Vermont, and there is no evidence to the con-
trary in Quebec, we think it is reasonable to infer that no
thrust is present at the base of the Stanbridge Group.

In Vermont, the Corliss Member of the Morses Line For-
mation and rocks correlated with the “intermediate rhythmite”
unit of the Stanbridge Group occur within the Morses Line
Formation (Haschke 1994; this study). East of the Highgate
Falls thrust, beginning near the International Border, the Corliss
Member (see Fig. 3) and “intermediate rhythmite” unit lie
close to one another and are mapped in parallel for at least
2 km northeastward in Quebec (Fig. 7), suggesting that no
fault exists between the two. Also in Quebec, these two units
both turn sharply to the east, and while the conglomerate
disappears under cover, the “intermediate rhythmite” unit ex-
tends nearly to the eastern boundary of the Stanbridge Group
before turning north and finally trending back to the west
(Charbonneau 1980; Figs. 1, 7).

Based on this, most of the areal extent of the Stanbridge
Group (including the “lower sequence” and “intermediate
rhythmite” units) is likely a conformable sequence, although
definite evidence is lacking for the “upper sequence.”

The northern termination of the Gorge and Highgate
formations is an anticlinal hinge, truncated by the
Rosenberg thrust

The bedding relationships and the outcrop distribution at
Le Coin-chez-Desranleau show that the units are folded around
a large anticlinal fold, whose western limb is truncated along
the Rosenberg thrust (Fig. 6). The name Highgate Anticline
is proposed for this structure. In outcrop, the limestones of
the Highgate Formation wrap around the northernmost expo-
sures of dolomite and show extensive mesoscopic folding in
the macroscopic hinge area. The π-pole to bedding indicates
a north-northeast-trending fold hinge (Fig. 8a). Its axial sur-
face (assuming the cleavage is axial planar to this large-scale
fold,) dips to the east (Fig. 8b).

Fig. 7. Generalized geology and structure of southern Quebec
and northwestern Vermont. CT–PT, Champlain–Phillipsburg
Thrust; HA, Highgate Anticline; HFT, Highgate Falls Thrust;
HT, Hinesburg Thrust; IR, intermediate rhythmite unit of the
Stanbridge Group, PS, Phillipsburg slice; RS-C, Carbonates of
the Rosenberg slice (up to the top of the Highgate Formation);
RT, Rosenberg Thrust; SS, Saint Sabine windows; SW,
Sweetsburg, Dunham, and Cheshire formations east of the
Hinesburg Thrust. Adapted from Doll et al. (1961); Charbonneau
(1980); Globensky (1981); Avramtchev (1989); this study.
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Discussion and implications

The evidence in Vermont and southern Quebec indicates
that most of the Stanbridge Group, relative to the carbonates
of the Rosenberg slice, is not part of a continental rise-
derived allochthonous nappe but was deposited as the upper
part of the continental shelf- and upper slope-derived
Rosenberg slice (after Landing 1983; Mehrtens and Dorsey
1987). Regardless of the accepted position of the Gorge–

Highgate–Morse Line formation contacts, the rocks in the
Missisquoi River gorge are a fully exposed section that is
depositionally continuous from Late Cambrian sandy dolomites
of the Gorge Formation, through the Early Ordovician lime-
stones of the Highgate Formation, and into black slates be-
neath the Highgate Falls Thrust. Consistent with this
interpretation is (1) the Early to Middle Ordovician age of
the black slates relative to underlying Cambro-Ordovician
strata (Gorge and Highgate formations), which contrasts with
all of the other allochthons in Quebec that place older trans-
ported rocks on younger rocks of the Laurentian shelf; and
(2) a lack of mélange or flysch associated with transport.
Charbonneau (1980) considered the entire Stanbridge Group
to be a complete, relatively unfaulted lithostratigraphic unit,
and with no evidence to the contrary. We propose that the
entire Stanbridge Group is a part of the parauthochthonous
domain and not part of the Quebec Taconic Allochthons.

While no evidence was observed in Quebec to support the
existence of a major thrust fault at or near the basal contact
of the Stanbridge Group, thrust faults between internal slates
of the Stanbridge Group and other units are seen in Quebec.
In the Graymont quarry (Fig. 1), west of Bedford, an inlier
of Stanbridge Group rocks is thrust over the Corey Forma-
tion of the Phillipsburg slice (Globensky 1981). This fault
occurs 4 km north of Le Coin-chez-Desranleau (Fig. 6) and
is most likely the northern extension of the Rosenberg
Thrust that imbricates the Laurentian shelf and shelf edge
rocks. Charbonneau (1980) reported Stanbridge Group rocks
thrust over Middle Ordovician turbidites (bedded slates and
calcareous slates and mudstones) of the Saint Sabine Forma-
tion (Fig. 1), previously Iberville Shale, along the northward
extension of the Phillipsburg Thrust (Logan’s Line according
to Riva 1974), which is in turn thrust over Iberville Shale to
the west. Charbonneau (1980) indicated that the St. Sabine
Formation might be either an allochthonous nappe or a slice
of the parauthochthonous foreland (see his figs. 68, 75 and
p. 77) and correlated it with the Courval Formation and
St. Germaine Complex father north. These rocks are now
considered to be part of the autochthonous and parautho-
chthonous St. Rosalie Group (Globensky et al. 1993;
Stephan Séjourné, personal communication, 2005), and thus
the Stanbridge Group need not be allochthonous, but more
likely it is part of the imbricated continental shelf and slope.

An alternative hypothesis, in which the Phillipsburg thrust
is an out-of-sequence thrust that post-dates emplacement of
an allochthonous St. Sabine Formation, is unlikely since the
allochthonous Granby Nappe that occurs farther north
(Fig. 1) crosscuts the Phillipsburg Thrust. The Cambrian
Granby Nappe contains volcanic horizons, is probably re-
lated to the Sillery Group, and is thrust over the younger
Stanbridge Group and St. Sabine Formation (St.-Julien and
Hubert 1975; Charbonneau 1980).

Hayman and Kidd (2002) suggested that the normal fault
interpreted by Haschke (1994) at the contact between High-
gate and Morses Line formations in the Missisquoi River
gorge (loc. A, Fig. 4) is correlative with the normal-sense
Mettawee Fault that cuts the Champlain Thrust system in
west-central Vermont. However, the depositional contact ex-
posed in the Missisquoi River gorge does not support this in-
terpretation.

Fig. 8. Structural data from Vermont and Quebec. (A) poles to
bedding; (B) poles to penetrative cleavage.
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According to some workers (e.g., St.-Julien and Hubert
1975), Logan’s Line is defined as the western boundary of
the “nappes emplaced by gravity sliding”, but not the “west-
ern limit of the outer belt of the thrust-imbricated structures”
(p. 351). They drew this line at the western limit of the
Stanbridge Nappe (their figs. 1, 2). Regardless of the mecha-
nism of nappe emplacement, we do not consider the Stan-
bridge Group a far-traveled nappe. Accordingly, our study
implies that Logan’s Line does not extend south of the Granby
Nappe. This is, especially historically, a rather unsatisfying
interpretation, and therefore we suggest that Logan’s Line
should be placed at the significant structural break that oc-
curs along the Champlain and Highgate Springs thrusts in
Vermont, and their continuation as the Phillipsburg Thrust in
southern Quebec. Only where the internal slates of the Stan-
bridge Group are thrust over the St. Sabine Formation does
the western limit of the Stanbridge Group delineate Logan’s
Line. This interpretation acknowledges that Logan recog-
nized the presence of a significant break in the faunal record
of the Taconic foreland between Logan’s Quebec Group
(= Highgate Springs, Phillipsburg, and Rosenberg slices) and
Ordovician shales (Logan 1861).

The distribution of the Stanbridge Group in southernmost
Quebec is anomalous compared with the typical north-north-
eastern strike of units in Vermont, as shown by the meander-
ing nature of the outcrop belt of Charbonneau’s (1980)
“intermediate rhythmite” unit of the Stanbridge Group and
Corliss Member of the Morses Line Formation (Fig. 7). The
Corliss Member strikes north-northeast in Vermont but bends
to the east-northeast just north of the International Border
and parallels the intermediate rhythmites for about 2 km be-
fore disappearing under cover. The rhythmites then continue
to the northeast until they bend around a window of the St.
Sabine Formation and are finally truncated at the Rosenberg
Thrust. This distribution is generally parallel to the Highgate
Anticline (Fig. 8), but the atypical change in strike (NNE to
ENE) north of the International Border may be the result of
west-directed displacement of the upper block of the High-
gate Falls Thrust. Stratigraphic throw, and thus displacement
on the thrust, decreases northward and dies out near the In-
ternational Border forming a hinge point at the termination
of the Highgate Falls Thrust (Fig. 7). The progressive de-
crease in upper block displacement, indicated by the rise in
stratigraphic level of the upper block cut by the thrust in
Vermont, suggests a gradual bending of the upper plate stra-
tigraphy may be more likely. The relative strike position of
the “intermediate rhythmite” unit near the International
Border to its position southwest of the St. Sabine window sug-
gests a minimum of �2 km of displacement along the Highgate
Falls Thrust in Vermont (Fig. 7).

The interpretation that the Stanbridge Group is part of the
parauthochthonous Rosenberg slice has significant implica-
tions for its eastern boundary. Clark (1934) and Charbonneau
(1980) drew this boundary at the Oak Hill Thrust, separating
the Stanbridge Group to the west from the Sweetsburg For-
mation to the east (Fig. 7). In contrast, Doll et al. (1961)
show the equivalent contact in Vermont to be conformable.
The Hinesburg Thrust occurs a short distance to the east, un-
derlying the Cheshire Formation in Vermont and Quebec
(Doll et al. 1961; Avramtchev 1989; Rickard 1991). Accord-
ing to our work, the eastern contact of the Stanbridge Group

and equivalent Morses Line Formation is conformable, with
the Morses Line Formation forming the core of the St. Al-
bans Synclinorium (Fig. 1) and the Sweetsburg Formation
occurring along its eastern limb, although it is possible that
other, unrelated thrusting may have occurred there.
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