
 
DEPARTMENT OF GEOLOGY 

180 COLCHESTER AVE 
BURLINGTON, VERMONT 05405 USA 

January 21, 2022 

 

Dear Mr. Gustin and members of the Burlington Conservation Board, 

 

 With this letter, we would like to express our concern over some potential alterations to 

the property boundaries on land located north of the Rock Point Property, Burlington.  

Specifically, we understand that the proposed sale of the Elks Lodge property on North Ave 

could result in the loss of public access to a part of the Eagle Bay shoreline south of the property. 

 

 The reason for our concern is that the Eagle Bay shoreline provides access to a unique 

geological feature that is of incalculable value to the educational community of Vermont, New 

England and elsewhere. The Champlain Thrust Fault, which is exposed along this shoreline, is 

unique because it represents one of only a few places in New England where a thrust fault of its 

type is directly observable at the Earth’s surface.   The features preserved at this site simply 

cannot be seen or accessed anywhere else.  As such the locality has become one of the most 

famous natural landmarks in all of Vermont.   

 

 The Rock Point Property is accessed regularly by many institutions inside and outside 

Vermont for both research and educational purposes.  UVM’s Dept of Geology, for example, has 

used this site to educate new generations of Earth and Environmental scientists for decades in 

classes ranging from the introductory to the graduate level.  Hundreds of students over the years 

have learned about Earth and Environmental Science by observing this feature along the 

shoreline, including by accessing the exposures near Eagle Bay.  We include with this letter 

copies of some published scientific articles, an example lab exercise completed by undergraduate 

classes, and links to a Masters (Merson, 2018) and an undergraduate thesis (Strathearn, 2015), 

which provide information on the importance of the site. 

 

 We would like to request that the board consider preserving educational access to this 

important site by opposing the potential dissolution of the property boundary between the 

shoreline portion of Parcel 033-3-008-000 and Parcel ID 032-4-001-000 and by opposing the 

creation of a property boundary between the shoreline portion of Parcel 033-3-008-000 and the 

portion east of the Burlington Greenway (owned by the Elks Lodge). 

 

 We would be happy to provide any additional information on the educational value of the 

site if this would be helpful. 

 

Sincerely,  

  
Dr. Keith Klepeis, 

(802) 656-0247, 

kklepeis@uvm.edu 

 
Dr. Andrea Lini, 

Chair Dept of 

Geology, 

alini@uvm.edu 

 
Dr. Beverley Wemple,  

Chair Dept of Geography 

Beverley.Wemple 

@uvm.edu 

 
Dr. Julia Perdrial, 

Julia.Perdrial@uvm.edu

 
Dr. Nicolas Perdrial, 

Nicolas.Perdrial@uvm.edu 

                  
Dr. Laura Webb, 

lewebb@uvm.edu 
             

Dr. Stephen Wright, 
Stephen.Wright@uvm.edu 

 
Dr. Andrew Schroth, 

Andrew.Schroth@uvm.edu 

https://scholarworks.uvm.edu/cgi/viewcontent.cgi?article=1896&context=graddis
https://scholarworks.uvm.edu/cgi/viewcontent.cgi?article=1093&context=hcoltheses


 
 

 

       January 25, 2022 

 

 

Dear Mr. Gustin and members of the Burlington Conservation Board, 

 

This is a letter from the current (Lini) and former (Mehrtens) Chairs of the Department of 

Geology at the University of Vermont, writing in response to the request for proposed changes 

to the property boundaries of land located north of the Rock Point Property in Burlington.   

 

Lone Rock Point, on the southern shoreline of Eagle Bay, provides access to the cliff exposures 

of one of Vermont’s most significant geological features: the Champlain Thrust.  Over the past 

decades, many hundreds of UVM students have visited this locality to study features visible in 

these rocks that record the forces that uplifted the Green Mountains over 450 millions of years 

ago.  The locality is also internationally known; for example, the International Geological 

Congress visited Lone Rock Point on their 1989 Conference tour of significant geological sites in 

New England. Our colleagues at other universities frequently bring students to Lone Rock Point 

as part of their summer field courses. 

 

Because of the educational and scientific significance of the exposures of the Champlain Thrust 

on the shoreline of Eagle Bay, we request that the board maintain free public access to this site. 

This would entail: (1) opposing the potential dissolution of the property boundary between the 

shoreline portion of Parcel 033-3-008-000 and Parcel ID 032-4-001-000 and (2) opposing the 

creation of a property boundary between the shoreline portion of Parcel 033-3-008-000 and the 

portion east of the Burlington Greenway (owned by the Elks Lodge). 

 

Thank you for your consideration and feel free to contact us for more information. 

 

 

 

Best Wishes 

 
Dr. Andrea Lini 

Chair, Department of Geology 

alini@uvm.edu 

 

 

 
Dr. Charlotte Mehrtens 

Professor Emerita of Geology 

Charlotte.Mehrtens@uvm.edu 
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Name___________________________________________________________ lab section____________________ 

   Please print 

 

Lab: LONE ROCK POINT 
 

PRE-LAB ASSIGNMENT 

Read through this lab and bring your typed responses to the following questions: 

 What are the definitions of  “fault,” “fold,” and “vein”? 

 What are at least two processes involved in the uplift of mountains? What does the 

concept of “shortening” have to do with the uplift of mountains? 

 If you are not familiar with trigonometry, be sure to read pages 7-10 carefully. You 

may wish to “google” “trigonometric functions” or visit 

http://en.wikipedia.org/wiki/Trigonometric_functions for a refresher. 

 

Be sure to bring pencils and a calculator on the field trip.  NOTE:  YOU WILL BE CLIMBING 

UP AND DOWN A STEEP WOODED PATH AND WILL NEED STURDY SHOES (NO 

SANDALS) AS WELL AS WADING THROUGH ANKLE-DEEP WATER.  YOU MAY WISH TO 

BRING TEVA’S OR OTHER IMMERSIBLE FOOTWARE FOR THIS.  NO BARE FEET!!!! 

ROCKS HURT! 

 

Purpose:  At the end of this lab you will be able to: 

(1) make observations and measurements that are important evidence for recognizing 

rock deformation  

(2) hypothesize about how the measurements of features associated with faults are 

related to processes that uplift mountains. 

(3)  Apply your quantitative skills by using basic trigonometric calculations to solve 

geologic problems.  

 

Introduction:  This exposure of rocks on Lone Rock Point, Burlington, is internationally 

famous and geologists come from around the world to see it.  It is an example of a type of 

geologic structure termed a fault, which is a fracture in rocks where there has been 

movement of one side relative to another.  Lone Rock Point is a special type of fault: a 

thrust fault, which is a type of reverse fault where the fracture and resulting surface of 

movement are at a low angle of incline and the sense of motion has placed older rocks on 

top of younger rocks (see figure on following page).  Here at Lone Rock Point the thrust fault 

has placed Lower Cambrian (550 million years ago) Dunham Dolostone on top of Middle-

Upper Ordovician (450 million years ago) Iberville Shale.  The fault, termed the Champlain 

Thrust, extends from southern Vermont northward into southern Quebec, about 250 miles.  

Thus, it is a major "break" in the Earth's crust in this region of New England.  We will 

examine the outcrop and determine the characteristics of what is termed a “fault zone.”  

The “fault zone” is the actual break in the rocks itself, the slip surface, plus the region 

around the fault where the rocks are deformed.  In next week’s lab we will examine a 

second fault zone and see if faults always produce the same features in the rock layers they 

cut. 

 

Why are faults important?  Stress builds up in rocks until they “fail” which means that they 

break.  At this time, all the stored energy is released in the form of an earthquake.  When the 

Champlain Thrust fault was active, this area of New England would have also been 

seismically active (the Champlain Thrust and others throughout Vermont haven’t been 
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active for nearly 100 million years).  Faults are also ideal pathways for fluid to move, since 

they are a fracture surface (remember the groundwater lab?).  Many Vermonters depend of 

fractured and faulted rocks below ground to supply them with well water.  Finally, faults 

like the Champlain Thrust are visible examples of the huge stresses that build up deep 

within the Earth’s lithosphere when mountains are uplifted.   Thrust faults are an important 

process in the uplift of the Earth’s surface. 

 

 
Figure 1.  Generalized cross section from Camel’s Hump west to Lake Champlain, illustrating the 

location of the Champlain Thrust.  Key: pC= Precambrian rocks; C = Cambrian rocks; O= Ordovician 

rocks; C-O = rocks spanning Cambrian through Ordovician. 

 
On the following page are illustrations of the three types of faults: reverse, normal and 

strike-dip. 

 

Before we look closely at the fault at Lone Rock Point, let’s review some terminology:  a 

reverse fault is a fault that has moved older rocks up and placed them on top of 

younger rocks.   A thrust fault is a reverse fault where the slip surface of the fault is at 

a low angle.   

 

In addition to viewing a reverse fault at Lone Rock Point, some of the rocks also exhibit 

folds.  A fold is a geologic structure that forms when originally flat lying rocks are 

bent.  Folds can occur on all different scales (the Green Mountains are one BIG fold, for 

example) and here at Lone Rock Point we can see small, outcrop-scale folds.  Folds are 

described on the basis of their overall shape and the orientation of the “limbs” or sides. 

 

If faults are the product of stressed rocks that break, folds are the product of stressed rocks 

that deform, or bend without breaking.  Faults are examples of brittle deformation 

(brittle=break) and folds are examples of ductile deformation (ductile = flow). 

 

When rock layers are stressed by the forces of plate collisions they will deform.  What 

determines if a rock deforms by brittle or ductile processes is too complicated to cover in 

this lab (however we will talk about it in class later this semester);at this point it’s 

important to understand that when you are standing at the Lone Rock Point outcrop you are 

really looking at the “guts” or “innards” of a mountain range.  As mentioned above, folds and 

faults occur at many different scales, so what you are seeing here is identical to what you 

would see in a cross section of the entire Green, Andes or Himalayan Mountains (see the 

illustration on page 2 for the Vermont example).   Let’s examine how folding and faulting 

play a role in uplifting the Earth’s surface to form mountains. 
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Figure 2:  TYPES OF FAULTS 

 

 
 

Figure 3:  types of folds I“A” illustrates an anticline: rocks are bent concave down.  Note 

that the oldest rock layer is in the “core” of the bend.   “B” illustrates a syncline: rocks are 

bent concave-up and the youngest rocks are in the “core” of the fold.  “C” illustrates a 

“monocline,” which is a fold which is not symmetrical like the anticline and syncline; only 

one limb is bent and the other is flat. 
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Procedure:  We should always start with observations about what we are looking at, and 

good observations often start with sketches.  So, in the space below, sketch the cliff face in 

front of you, labeling the Dunham Dolostone on top of the younger Iberville Shale, and the 

surface between them (the fault).   A good sketch should have some kind of scale (perhaps 

one of your classmates standing there).  

 

Sketch Here: 

Your sketch should show the Dunham Dolostone jutting out from the cliff more than the 

black Iberville Shale.   
 

1.  Why does the Dunham “stick out” as a cliff over the shale? (hint: all rocks are “hard” in 

that you don’t want to hit them, but might some be “less hard” than others).  What might 

control “hardness”? 
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Observations of small folds 

Your TA will show you some examples of small folds in the shale.  You will want to 

sketch one fold (with a scale!). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  Did you sketch an anticline, syncline or monocline?  How do you know? You can 

answer this by labeling your sketch with which layers are oldest and which are youngest. 

 

Why do we care about recognizing folds?  As the illustration below shows, a length of 

flat-lying rock will shorten in response to being compressed; the “shortening” is 

accommodated by the vertical height of the fold.  In this fashion we can uplift the Earth’s 

surface.  The Green Mountains are an example of a mountain chain generated in large 

part, by folding (see figure on page 2). 

 
 

 

In this illustration, two points on a 

rock layer are 10 meters apart 

when compressional stress is 

applied (arrows).  The distance 

between points x and x’ is now 

shorter and the shortening is 

accommodated by uplift of the 

rock layer by height h. 
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Observations about the fault zone: 

 

The slip surface is characterized by features which indicate the orientation and direction of 

movement of the fault.   In order to be able to tell how far the thrust has moved the Dunham 

Dolostone we need to measure the strike and dip of the slip surface.  It's a little tricky to do 

here because if you look at the cliff you’ll realize that you have to measure the orientation of 

the slip surface on the underside of the Dunham Dolostone . 

 

3. The strike and dip of the fault surface is: 

 

 

 

 

 

 

Your TA will walk you over to a portion of the cliff where you can see a feature of the fault 

zone termed “fault gouge.”  Fault gouge is the name we give to the pulverized rock material 

within the slip surface.   

 

4.  Why might you expect to see broken up and crushed pieces of rock jumbled together in a 

fault zone? 

 

 

 

 

 

 

 

 

5.  Based on the thickness of the fault gouge, how wide would you say the fault zone is? (you 

might need to define a range of meters for this). 

 

 

 

 

 

 

 

Let’s turn our attention back to the black rock – the Iberville Shale- at the bottom of the cliff.  

The white colored mineral present  here is calcite.  This mineral precipitated out of fluids 

generated from the stress involved in fault movement. The calcite is present in veins in the 

host rock.  A vein is defined as a layer of minerals precipitated from solutions present 

in a rock.  Veins can be composed of many different minerals (the really valuable ones are 

veins of ores, like gold).  The fact that the veins here are calcite tell us that a lot of CaCO3 was 

dissolved in the pore fluid in this rock and the source of the calcite was probably the thin 

layers of the sedimentary rock type limestone that are present in with the shale.  The stress 

generated from moving a thick pile of rock along a fault actually dissolved some of the 

limestone layers, producing the fluid.  So, the presence of lots of calcite veins is another 

indication that a fault is present. 
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6.  Based on the thickness of the shale beds containing calcite veins, how wide would you 

say the fault zone is?  (note: this is a minimum value due to the lake shore coverage of rock). 

 

 

 

 

 

7.    The rocks we have seen on other lab field trips, such as Salmon Hole, all displayed 

contacts between rock layers that were the result of normal sediment accumulation, or 

what we would call “depositional contacts".  Compile a list of fault zone features and 

summarize how they are different from depositional contacts.  This list will help you 

identify faults in future labs. 

 

 

 

 

 

 

 

 

 

 

 

 

Interpretations: 

 

Now that you have some data about this thrust fault we can make some simple calculations 

that will help you visualize how far the Dunham Dolostone may have traveled to get to 

where we see it at Lone Rock Point. 

Reviewing some basic trigonometric relationships: For a right triangle: 

 

                      B                 

                               z 

                               y 

                       A                                   C 

                                                 X 
 

sine c =  opposite/hypotenuse  = y/z       cosine c = adjacent/hypotenuse   = x/z 

 tan c = opposite/adjacent = y/x 

 

 

 

Sample Problem:  examine the figure on the following page.  If we wanted to know how far 

the Dunham Dolostone seen here at Lone Rock Point has been carried westward by the 

Champlain Thrust, how would we figure that out?  

First, what do we know?  We know the dip of the fault surface (let’s say you measured 11).  

We also know that the normal rock layering has the Dunham Dolostone 2700 meters 

beneath the Iberville Shale, in other words, here at Lone Rock Point the Dunham “slid up” ~ 

2700 meters to sit on top of the Iberville: 
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      Dunham  

      Dolostone 

 

    Iberville Shale 

      Iberville Shale 

 

 

 

  
Dunham Dolostone     Dunham Dolostone 

 
    

        Normal stratigraphy           Lone Rock Pt 

 
Therefore, one leg of our triangle is going to be the vertical distance of 2700 meters. 

 

In order to solve this problem we must first figure out how to draw the correct right 

triangle and label what you know (angles and lengths of legs of the triangles, and which leg 

is your unknown).  If we do this correctly we will know which trig function to use.   

 

Remembering what it is you are trying to solve, draw a series of different triangles and see 

which one makes sense: 

 

 

 

 

 

 

 

 

 

 

 

 
 

Try this one (refer to the figure on the following page): 

 

8.  Vermontco Oil Company sank a well at site A and discovered an oil reservoir at a depth of 

4000 meters.  They own the drilling rights to a site 7 km away where they want to drill 

another well.  An observant geologist recognized that a reverse fault occurred between the 

two wells, and by matching the rock layers that well A passed through to those seen in a test 

well at B, she determined that the rocks along the fault slid 750 meters.  Using the proper 

trigonometric solution, calculate how far upwards towards the Earth’s surface the oil 

reservoir was offset by the fault. 
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Step one:  draw a right triangle that illustrates what “leg” you are trying to solve for and 

which angle(s) you know: 

 

 

 

 

Step two:  choose the proper trigonometric function: sine, cosine or tangent of the dip of the 

fault surface, and solve the equation. Show the equation you set up. 

To help you:    sine of 30 = 0.5; sine of 60= 0.866  

 cos of 30= 0.866;  cos 60 = 0.5 

             tan of 30= 0.577  tan 60° = 1.732 

 

 

 

 

 

 

 

 

You calculated the amount of offset of the oil-bearing bed.  Remember that in well A it was 

4000 meters down, so take your answer to the above and determine how far down well B 

will need to go to hit this oil reservoir. 

 

 

 

 

Ok, back to the real world: 
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9.  Using the drawing of Champlain Thrust at Lone Rock Point below, how high would the 

fault surface be above the ground on the New York side of the lake, 14 miles to the west if 

the dip of the fault was 14°? 

 

 

 

 

 

 

 

Again, you need to draw a right triangle where you label the angle you know, the lengths of 

the legs you know, and which leg of the triangle is the unknown.  Which trig function do you 

use? 

 

Show your work: 

 

 

 

 

 

 

 

 

 

 

10.  Assuming that the ground is fairly flat, and using the dip of the fault surface you 

measured on the board, how far below the Ethan Allen homestead, 4.5 miles to the east, is 

the Champlain Thrust?  Show your work. 

 

 

 

 

 

 

 

 

 

 

 

  

11. Again, you need to draw a label a right triangle to figure out which trig function you 

need to use. In other words, which leg of the triangle is now your unknown? 

 

 

 

 

12.   In your answer to Question 10 you probably determined that there was a considerable 

thickness of rock thrust over to New York, yet when we go over there and look at the 

geology we do not see any of the Dunham Dolostone or other units above the thrust fault.  

Instead, we see very old basement rock that is well beneath (= much older than) the 
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Dunham Dolostone.  Where did all the rock thrust over to New York State go? Why aren’t 

these rocks there today? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Apply your knowledge: 

13.  A retired UVM geologist, Dr. Rolfe Stanley, published a paper on the Champlain Thrust 

and determined that the Dunham Dolostone was transported approximately 80 km to the 

west.  Prof. Stanley measured the dip of the fault surface at many locations, and determined 

an average value of the dip what he used in his trigonometric calculations.  Was his average 

dip greater or less than what you measured?  Demonstrate how you determined this. 

 

TO TURN IN:  This completed worksheet 
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Lone Rock Point Rubric 

 

 
 

 

 

 

 

 

 

4 

The student has communicated a 

complete and detailed understanding of 

the information important to the topic of 

Rock Deformation (particularly the 

field evidence for the existence of 

faults and folds, and their relationship 

to mountain building. 

 

3 

The student has communicated a 

complete understanding of the 

information important to the topic of 

Rock Deformation but not in great 

detail. 

 

2 

The student has communicated an 

incomplete understanding of Rock 

Deformation and/or misconceptions 

about some of the information (or 

poorly communicated a complete 

understanding).  However, the student 

has communicated a basic 

understanding of the topic. 

 

1 

The student’s communicated 

understanding of Rock Deformation is 

so incomplete or has so many 

misconceptions that the student cannot 

be said to understand the topic.  

 

0 

No judgment can be made about the 

student’s understanding of Rock 

Deformation. 

 

2 

The student has shown they can use 

basic trigonometric calculations to 

solve geologic problems without 

significant errors.  The student is 

able to choose the correct function 

and apply it correctly.  

 

1.5 

The student has shown they can use 

basic trigonometric calculations to 

solve geologic problems without 

significant errors.   

 

1 

The student has made some 

significant errors when using basic 

trigonometric calculations to solve 

geologic problems, but still 
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accomplishes a basic approximation 

of the process. 

 

0.5 

The student makes so many errors 

that they have not shown they are 

capable of using basic 

trigonometric calculations to solve 

geologic problems.  

 

0 

No judgment can be made about the 

student’s ability to use basic 

trigonometric calculations to solve 

geologic problems 

 

 

1 pt  pre-lab assignment on time and  

correct; 0.5 pt for on time but with errors 
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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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