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The Champlain thrust fault, Lone Rock Point, Burlington, Vermont 
Rolfe S. Stanley, Department of Geology, University of Vermont, Burlington, Vermont 05405 

LOCATION 
The 0.6 mi (1 km) exposure of the Champlain thrust fault is 

located on the eastern shore of Lake Champlain at the north end 
of Burlington Harbor. The property is owned by the Episcopal 
Diocesan Center. Drive several miles (km) north along North 
Avenue (Vermont 127) from the center of Burlington until you 
reach the traffic light at Institute Road, which leads to Burlington 
High School, The Episcopal Diocesan Center, and North Beach. 
Turn west toward the lake and take the first right (north) beyond 
Burlington High School. The road is marked by a stone archway. 
Stop at the second building on the west side of the road, which is 
the Administration Building (low rectangular building), for writ-
ten permission to visit the field site. 

Continue north from the Administration Building, cross the 
bridge over the old railroad bed, and keep to the left as you drive 
over a small rise beyond the bridge. Go to the end of this lower 
road. Park your vchicle so that it does not interfere with the 
people living at the end of the road (Fig. 1). Walk west from the 
parking area to the iron fence at the edge of the cliff past the 
outdoor altar where you will see a fine view of Lake Champlain 
and the Adirondack Mountains. From here walk south along a 
footpath for about 600 ft (200 m) until you reach a depression in 
the cliff that leads to the shore (Fig. 1). 
SIGNIFICANCE 

This locality is one of the finest exposures of a thrust fault in 
the Appalachians because it shows many of the fault zone fea-
tures characteristic of thrust faults throughout the world. Early 
studies considered the fault to be an unconformity between the 
strongly-tilted Ordovician shales of the "Hudson River Group" 
and the overlying, gently-inclined dolostones and sandstones of 
the "Red Sandrock Formation" (Dunham, Monkton, and Wi-
nooski formations of Cady, 1945), which was thought to be 
Silurian because it was lithically similar to the Medina Sandstone 
of New York. Between 1847 and 1861, fossils of pre-Medina age 
were found in the "Red Sandrock Formation" and its equivalent 
"Quebec Group" in Canada. Based on this information, Hitch-
cock and others (1861, p. 340) concluded that the contact was a 
major fault of regional extent. We now know that it is one of 
several very important faults that floor major slices of Middle 
Proterozoic continental crust exposed in western New England. 

Our current understanding of the Champlain thrust fault 
and its associated faults (Champlain thrust zone) is primarily the 
result of field studies by Keith (1923, 1932), Clark (1934), Cady 
(1945), Welby (1961), Doll and others (1961), Coney and others 
(1972), Stanley and Sarkisian (1972), Dorsey and others (1983), 
and Leonard (1985). Recent seismic reflection studies by Ando 
and others (1983, 1984) and private industry have shown that the 
Champlain thrust fault dips eastward beneath the metamor-
phosed rocks of the Green Mountains. This geometry agrees with 
earlier interpretations shown in cross sections across central and 
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Figure 1. Location map of the Champlain thrust fault at Lone Rock 
Point, Burlington, Vermont. The buildings belong to the Episcopal Di-
ocesan Center. The road leads to Institute Road and Vermont 127 
(North Avenue). The inferred change in Orientation of the fault surface is 
based on measured orientations shown by the dip and strike symbols. 
The large eastward-directed arrow marks the axis of a broad, late syn-
dine in the fault zone. The location of Figures 2 and 3 are shown to the 
left of "Lone Rock Point." The large arrow points to the depression 
referred to in the text. 

northern Vermont (Doll and others, 1961; Coney and others, 
1972). Leonard's work has shown that the earliest folds and faults 
in the Ordovician sequence to the west in the Champlain Islands 
are genetically, related to the development of the Champlain 
thrust fault. 

In southern Vermont and eastern New York, Rowley and 
others (1979), Bosworth (1980), Bosworth and Vollmer (1981), 
and Bosworth and Rowley (1984), have recognized a zone of late 
post-cleavage faults (Taconic Frontal Thrust of Bosworth and 
Rowley, 1984) along the western side of the Taconic Mountains. 
Rowley (1983), Stanley and Ratcliffe (1983, 1985), and Ratcliffe 
(in Zen and others, 1983) have correlated this zone with the 
Champlain thrust fault. If this correlation is correct then the 
Champlain thrust zone would extend from Rosenberg, Canada, 
to the Catskill Plateau in east-central New York, a distance of 
199 ml (320 km), where it appears to be overlain by Silurian and 
Devonian rocks. The COCORP line through southern Vermont 
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shows an east-dipping reflection that roots within Middle Proter-
ozoic rocks of the Green Mountains and intersects the earth's 
surface along the western side of the Taconic Mountains (Ando 
and others, 1983, 1984). 

The relations described in the foregoing paragraphs suggest 
that the Champlain thrust fault developed during the later part of 
the Taconian orogeny of Middle to Late Ordovician age. Subse-
quent movement, however, during the middle Paleozoic Acadian 
orogeny and the late Paleozoic Alleghenian orogeny can not be 
ruled out. The importance of the Champlain thrust in the plate 
tectonic evolution of western New England has been discussed by 
Stanley and Ratcliffe (1983, 1985). Earlier discussions can be 
found in Cady (1969), Rodgers (1970), and Zen (1972). 
REGIONAL GEOLOGY 

In Vermont the Champlain thrust fault places Lower Cam-
brian rocks on highly-deformed Middle Ordovician shale. North 
of Burlington the thrust surface is confined to the lower part of 
the Dunham Dolomite. At Burlington, the thrust surface cuts 
upward through 2,275 ft (700 m) of the Dunham into the thick-
bedded quartzites and dolostones in the very lower part of the 
Monkton Quartzite. Throughout its extent, the thrust fault is 
located within the lowest, thick dolostone of the carbonate-
siliciclastic platform sequence that was deposited upon Late 
Proterozoic rift-clastic rocks and Middle Proterozoic, continental 
crust of ancient North America. 

At Lone Rock Point in Burlington the stratigraphic throw is 
about 8,850 ft (2,700 m), which represents the thickness of rock 
cut by the thrust surface. To the north the throw decreases as the 
thrust surface is lost in the shale terrain north of Rosenberg, 
Canada. Part, if not all, of this displacement is taken up by the 
Highgate Springs and Philipsburg thrust faults that continue 
northward and become the "Logan's Line" thrust of Cady 
(1969). South of Burlington the stratigraphic throw is in the order 
of 6,000 ft (1,800 m). As the throw decreases on the Champlain 
thrust fault in central Vermont the displacement is again taken up 
by movement on the Orwell, Shoreham, and Pinnacle thrust 
faults. 

Younger open folds and arches that deform the Champlain 
slice may be due either duplexes or ramps along or beneath the 
Champlain thrust fault. To the west, numerous thrust faults are 
exposed in the Ordovician section along the shores of Lake 
Champlain (Hawley, 1957; Fisher, 1968; Leonard, 1985). One of 
these broad folds is exposed along the north part of Lone Rock 
Point (Fig. 2). Based on seismic reflection studies in Vermont, 
duplex formation as described by Suppe (1982) and Boyer and 
Elliot (1982) indeed appears to be the mechanism by which 
major folds have developed in the Champlain slice. 

North of Burlington the trace of the Champlain thrust fault 
is relatively straight and the surface strikes north and dips at about 
150 to the east. South of Burlington the trace is irregular because 
the thrust has been more deformed by high-angle faults and broad 
folds. Slivers of dolostone (Lower Cambrian Dunham Dolomite) 
and limestone (Lower Ordovician Beekmantown Group) can be 
found all along the trace of the thrust. The limestone represents 
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Figure 2. A sketch of the Champlain thrust fault at the north end of Lone 
Rock Point showing the large bend in the fault zone and the slivers of 
Lower Ordovician limestone. The layering in the shale is the SI cleav-
age. It is folded by small folds and cut by many generations of calcite 
veins and faults. The sketch is located in Figure I. 

fragments from the Highgate Springs slice exposed directly west 
and beneath the Champlain thrust fault north of Burlington (Doll 
and others, 1961). In a 3.3 to 10 ft (1 to 3 m) zone along the 
thrust surface, fractured clasts of these slivers are found in a 
matrix of ground and rewelded shale. 

Estimates of displacement along the Champlain thrust fault 
have increased substantially as a result of regional considerations 
(Palmer, 1969; Zen and others, 1983; Stanley and Ratcliffe, 
1983, 1985) and seismic reflection studies (Ando and others, 
1983, 1984). The earlier estimates were less than 9 mi (15 km) 
and were either based on cross sections accompanying the Geo-
logic Map of Vermont (Doll and others, 1961) or simply trigon-
ometric calculations using the average dip of the fault and its 
stratigraphic throw. Current estimates are in the order of 35 to 50 
ml (60 to 80 km). Using plate tectonic considerations, Rowley 
(1982) has suggested an even higher value of 62 ml (100 km). 
These larger estimates are more realistic than earlier ones consid- 
ering the regional extent of the Champlain thrust fault. 
Lone Rock Point 

At Lone Rock Point the basal part of the Lower Cambrian 
Dunham Dolostone overlies the Middle Ordovician Iberville 
Formation. Because the upper plate dolostone is more resistent 
than the lower plate shale, the fault zone is well exposed from the 
northern part of Burlington Bay northward for approximately 
0.9 mi (1.5 km; Fig. 1). The features are typical of the Champlain 
thrust fault where it has been observed elsewhere. 

The Champlain fault zone can be divided into an inner and 
outer part. The inner zone is 1.6 to 20 ft (0.5 to 6 m) thick and 
consists of dolostone and limestone breccia encased in welded, 
but highly contorted shale (Fig. 3). Calcite veins are abundant. 
One of the most prominent and important features of the inner 
fault zone is the slip surface, which is very planar and continuous 
throughout the exposed fault zone (Fig. 3). This surface is marked 
by very fine-grained gouge and, in some places, calcite slicken-
lines. Where the inner fault zone is thin, the slip surface is located 
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Champlain Thrust Fault, Lone Rock Point 
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Figure 3. View of the Champlain thrust fault looking east at the southern end of Lone Rock Point (Fig. 
1). The accompanying line drawing locates by number the important features discussed in the text: 1, the 
continuous planar slip surface; 2, limestone slivers; 3, A hollow in the base of the dolostone is filled in 
with limestone and dolostone breccia; 4, Fault mullions decorate the slip surface at the base of the 
dolostone; 5, a small dike of shale has been injected between the breccia and the dolostone. 

SHALE 

DO 10 S TONE 

along the interface between the Dunham Dolomite and the Iber-
yule Shale. Where the inner fault is wider by virtue of slivers and 
irregularities along the basal surface of the Dunham Dolomite, 
the slip surface is located in the shale, where it forms the chord 
between these irregularities (Fig. 3). The slip surface represents 
the surface along which most of the recent motion in the fault 
zone has occurred. As a consequence, it cuts across all the irregu-
larities in the harder dolostone of the upper plate with the excep-
tion of long wave-length corrugations (fault mullions) that 
parallel the transport direction. As a result, irregular hollows 
along the base of the Dunham Dolomite are filled in by highly 
contorted shales and welded breccia (Fig. 3). 

The deformation in the shale beneath the fault provides a 
basis for interpreting the movement and evolution along the 
Champlain thrust fault. The compositional layering in the shale of 
the lower plate represents the well-developed SI pressure-
solution cleavage that is essentially parallel to the axial planes of 
the first-generation of folds in the Ordovician shale exposed 
below and to the west of the Champlain thrust fault (Fig. 4). As 
the trace of the thrust fault is approached from the west this 
cleavage is rotated eastward to shallow dips as a result of west-
ward movement of the upper plate (Fig. 4). Slickenlines, grooves, 
and prominent fault mullions on the lower surface of the dolo-
stone and in the adjacent shales, where they are not badly 
deformed by younger events, indicate displacement was along an 
azimuth of approximately N60 1W (Fig. 4; Hawley, 1957; Stanley 
and Sarkesian, 1972; Leonard, 1985). The SI cleavage at Lone 
Rock Point is so well developed in the fault zone that folds in the 
original bedding are largely destroyed. In a few places, however, 
isolated hinges are preserved and are seen to plunge eastward or 
southeastward at low angles (Fig. 4). As these Fl folds are traced 
westward from the fault zone, their hinges change orientation to  

the northeast. A similar geometric pattern is seen along smaller 
faults, which deform Si cleavage in the Ordovician rocks west of 
the Champlain thrust fault. These relations suggest that Fl hinges 
are rotated towards the transport direction as the Champlain 
thrust fault is approached. The process involved fragmentation of 

N 

Figure 4. Lower hemisphere equal-area net showing structural elements 
associated with the Champlain thrust fault. The change in orientation of 
the thrust surface vanes from approximately N20°W to N14°E at Lone 
Rock Point. The orientation of SI cleavage directly below the thrust is 
the average of 40 measurements collected along the length of the expo-
sure. SI, however, dips steeply eastward in the Ordovician rocks to the 
west of the Champlain thrust fault as seen at South Hero and Clay Point 
where Fl hinges plunge gently to the northeast. Near the Champlain 
thrust fault Fl hinges (small circles) plunge to the east. Most slickenlines 
in the adjacent shale are approximately parallel to the fault mullions 
shown in the figure. 
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the Ft folds since continuous fold trains are absent near the thrust. 
Much of this deformation and rotation occurs, however, within 
300 ft (100 m) of the thrust surface. Within this same zone the Si 
cleavage is folded by a second generation of folds that rarely 
developed a new cleavage. These hinges also plunge to the east or 
southeast like the earlier Fl hinges. The direction of transport 
inferred from the analysis of F2 data is parallel or nearly parallel 
to the fault mullions along the Champlain thrust fault. Stanley 

and Sarkesian (1972) suggested that these folds developed during 
late translation on the thrust with major displacement during and 
after the development of generation 1 folds. New information, 
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