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THE GEOLOGY OF THE ST. JOHNSBURY 

QUADRANGLE, 

VERMONT AND NEW HAMPSHIRE 
By 

LEO M. HALL 

ABSTRACT 

Metamorphosed sedimentary and volcanic rocks of Ordovieian, 
Silurian and/or Devonian age underlie the St. Johnsbury quadrangle. 
The Ordovician rocks are part of the New Flampshire sequence and have 
been assigned to two formations, the Albee and Ammonoosue. The 
Albee formation consists of 4,000 feet of slate, quartz-mica schist, 
micaceous quartzite, and quartzite. The Ammonoosnc volcanics are 
chiefly metamorphosed soda rhyolite tuffs and flows, with some black 
slate and quartz-mica schist. 

The Silurian and/or Devonian rocks are part of the \Termont sequence 
and have been assigned to three formations. The Waits River formation, 
the oldest of these, consists mainly of calcareous granulite, caleareous 
sehist, calc-silicate rock, quartz-mica schist and amphibolite; the 
apparent minimum thickness is 7,000 feet. One of the amphiholites 
displays well preserved pillow structure. The Standing Pond amphiholite 
is a member at the top of the Waits River formation. A series of mieaee-
ons quartzites, quartzites, and quartz-mica schists have been mapped 
separately as the Crow l-Iill member of the Waits River formation, The 
Gile Mountain formation consists mainly of 5,000 feet of interbedded 
quartz-mica schist, mieaceous quartzite, and minor amounts of feld-
spathic granulite and cale-silicate rock. The Meetinghouse slate, which 
is made up of black slates and minor thin beds of quartzite, ranges in 
thickness from zero to 2,000 feet. 

A eomagmatic series of granitic rocks consisting of granodiorite, 
leucogranodiorite, quartz monzonite, and porphyritie granodiorite crop 
out in eight isolated areas. The largest of these is along the western edge 
of the quadrangle and is the northeastern extension of a pluton that 
continues southwestward for twenty miles. 

Two stages of deformation have been recognized in the area. The 
earlier stage structural features are characterized by tight isoclinal folds 
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with an axial plane schistosity. The later stage folds, which have an 
axial plane slip cleavage, re-fold the earlier folds. Often major folds in 
the area, five were formed in the earlier stage of deformation and five 
in the later stage. Later minor folds far out-number the earlier minor 
folds. The Strafford-Willoughby arch, one of a series of domes that are 
present in eastern Vermont, is a later stage fold of regional extent. All 
other later stage folds in the St. Johnshury quadrangle are genetically 
related to this arch. They show a drag sense that is opposite to what is 
normally expected in anticlinal structures. The formation of this arch is 
apparently related to the emplacement of the granitie rocks in the area. 
The Monroe fault is a major fault that separates the Vermont and New 
Flampshire sequences in the St. Johnshury quadrangle. Southeast of 
this fault in the New Hampshire sequence, there is no evidence of the 
later stage structural features. 

All of the rocks in the St. Johnsbury quadrangle were metamorphosed 
during and slightly after their deformation. The metamorphic grade 
ranges from the chlorite zone through the staurolite zone to the silli-
manite zone. 

INTRODUCTION 
Location 

The St. Johnshury quadrangle, an area of approximately 219 square 
miles, is located in northeastern Vermont and northwestern New 
Hampshire (Fig. 1) between latitudes 44°13' N. and 44°30' N. and longi-
tudes 72 °  W. and 72°15' W. With the exception of 12 square miles in 
the southeast corner, all of the quadrangle lies in Vermont. 

Topography and Drainage 

According to Fenneman's (1938) physiographic subdivisions of the 
United States the St. Johnsbury quadrangle is in the New England 
Upland section of the New England Physiographic Province. 

In general, the central and northeastern portions of the quadrangle 
are characterized by low rolling hills with a few areas of marked relief. 
Topography in the vicinity of Coles Corner in the northeast and at The 
Knob immediately north of the village of St. Johnsbury are examples 
of this sharper relief. The remainder of the quadrangle consists of moder-
ately rugged topography. 

In the western part of the quadrangle a ridge that trends north to 

8 



C 	A 	N 	A 	D 	A 

Neao,( 

S 

	

2 	 3 	4 	
z 

St 

eingoo 	 H 	r 
JOanb.j/' 	. 

0 	 L(It(•IO 

- 

	

7 	 9 

ZF 

ROWnd 	

(3 

	

7 	 A 

: 	

,CflCOd 

Ui 

) 

( 

	

- 	 Manch•Ie' 

M A S S A C HL USE T - T 

	

Figare 	Indea Map, Ve,aont a Now Hompihi,. 

Figure 1. Index map: 

1—St. Johnsbury quadrangle 

2—Hardwick quadrangle 
3—Lyndonville quadrangle 
4--Burke quadrangle 
5--Plainfield quadrangle 

6—Littleton quadrangle 

7—East Barre quadrangle 
8—Woodsville quadrangle 
9—Moosilauke quadrangle 



Figure 2. Looking west across the St. Johasbury quadrangle from the east edge, 
north of the village of St. Johnsbury. The Kittredge Hills form the ridge in the 
background. 

north-northeast contrasts strikingly with the low hills in the central 
region. This ridge consists of the Kittredge Hills (Fig. 2) in the north-
west and Cow Hill, Lookout Mountain, Macks Mountain, Morse 
Mountain, Devils Hill, Jennison Mountain, and Jerry Lund Mountain 
in the west and southwest. 

The total relief in the quadrangle is 2,126 feet, between the top of 
Cow Hill, 2,566 feet, the highest point, and 440 feet in the Connecticut 
River valley in the southeast corner of the area. The greatest local 
relief is 1,503 feet, between the top of Hunt Mountain, 1,943 feet, and 
the Connecticut River, in the southeast corner of the quadrangle 
(Fig. 3). 

The topography bears a fairly close relationship to the bedrock in the 
area. Areas of low relief are generally underlain by the Waits River 
formation, which consists mainly of calcareous rocks. Moderately 
rugged topography characteristically occurs in areas that are underlain 
by granite or the highly resistant schists and quartzites of the Gile 
Mountain formation. 

The Connecticut River system and Winooski River system are the 
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Figure 3. Looking east across the Connecticut River toward Hunt Mountain in the 
center background. The type locality of the Monroe fault is on the west side of the 
ridge in the foreground and the fault crosses the river below the white house in the 

left center of the picture. 

two major drainage basins in the St. Johnsbury quadrangle. That part 
of the quadrangle in the Winooski basin is drained westward to the 
Winooski River which in turn empties into Lake Champlain. Ninety-five 
percent of the area drains southeast into the Connecticut River and from 
there south to the Atlantic Ocean. The New Hampshire portion of the 
quadrangle drains west to southwest into the Connecticut River. The 
drainage divide is near the west boundary of the map where two separate 
areas are in the Winooski basin. One area lies west of the divide which 
trends southeast, between Joes Pond and Mollvs Pond, from Cabot 
Plains to Cow Hill; from here it trends over Lookout and Macks Moun-
tains to Morse Mountain where it turns westward and leaves the quad-
rangle. The other area in the Winooski basin is in the northwest corner 
of the quadrangle. In this vicinity the divide trends north from Walden 
Four Corners school into the Lyndonville quadrangle and southwest 
from Walden Four Corners school into the Plainfield quadrangle. 

The two major streams in the quadrangle are the Connecticut River 
in the southeast and the Passumpsic River along the east border. Both 
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of these rivers flow south. The Sleepers River, Water Andric, Joes Brook, 
and the Stevens River are important streams that flow east or southeast. 
At present, the United States Department of Agriculture is conducting a 
detailed study of the ratio of runoff to precipitation in the Sleepers 
River drainage basin. 

No streams of major importance in the quadrangle belong to the 
Winooski drainage system. Mollys Brook and Kidder Brook are the 
only streams in this system that are large enough to be named on the 
map. 

Purpose 
The purpose of this study was to map and interpret the bedrock 

geology of the St. Johnsbury quadrangle. It was carried out as part of 
the program, sponsored by the Vermont State Geological Survey, which 
is aimed toward mapping the geology of the state on a 1/62,500 scale. 

Field Procedure 

A total of 42 weeks were spent in the field during the summers from 
1955 to 1958. The 15-minute U.S. Geol. Survey topographic map of the 
St. Johnsbury quadrangle, enlarged to a scale of 3 inches to the mile, 
was used as a base map. Outcrops were located directly on the enlarged 
topographic base map in the field. Topography, culture, aneroid barome-
ter readings, aerial photographs and pace and compass traverses were 
employed in locating the position of outcrops. Field sketches and 
detailed maps were made where the outcrops were abundant enough 
and the geology warranted them. 
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Dr. W. M. Cady and Dr. A. Chidester of the U. S. Geol. Survey. Malcolm 
Elias was a helpful field assistant in 1958. 

The Department of Mineralogy and Petrography at Harvard Uni-
versity provided most of the thin sections studied and others were paid 
for through a grant from the Nevin M. Fenneman Fund at the University 
of Cincinnati. Field expenses incurred during the summer of 1958 were 
paid for largely through a generous grant from the R. A. Daly Fund at 
Harvard University. 

It is a pleasure to extend thanks to the local residents of the area for 
their interest and kind hospitality. Appreciation is extended to Mr. and 
Mrs. Ralph Hastings and Mrs. Charles Cole of West Danville, Vermont, 
who especially went out of their way to be helpful. 

Previous Work 
Hitchcock (1861) and Richardson (1902, 1906) conducted early 

geological investigations in the area. Richardson (1906) discusses many 
outcrops in the St. Johnsbury quadrangle and illustrates several of 
these with photographs. 

Several persons have worked in the St. Johnsbury quadrangle in more 
recent years. Billings did field work in the New Hampshire portion of the 
quadrangle in 1935. Much of the information gained through his field 
work is contained in this paper. Eric (1942) included the New Hampshire 
portion of the St. Johnsbury quadrangle on his geologic map and also 
did reconnaissance work elsewhere in the quadrangle. Eric (1942 and 
1958) measured and described a section in the Waits River formation 
at the falls in the Sleepers River west of the village of St. Johnsbury, 
near the United States Fish Hatchery. White (1946) did reconnaissance 
work in the area and some of his detailed maps include outcrops in the 
southernmost portion of the quadrangle. The Monroe fault in the south-
eastern part of the quadrangle was described by Eric et. al. (1941). 
Reconnaissance work, including a description of pillow lava and a 
petrofabric study of a specimen from the St. Johnsbury quadrangle, 
was done by Dennis (1956). 

STRATIGRAPHY 
General Statement 

Two stratigraphic sequences, the "Vermont sequence" and "New 
Hampshire" sequence (White & Billings, 1951), are present in the St. 
Johnsbury quadrangle (Fig. 4). Their relationship and the nature of the 
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break that occurs between them is a problem that has not yet been 
conclusively resolved. Although there is regional evidence that the 
sequences are separated by either a fault or an unconformity, the 
evidence in the St. Johnsbury quadrangle favors faulting, at least 
locally. 

All of the rocks in both sequences have undergone various degrees of 
metamorphism, ranging from the chlorite zone to the staurolite zone, 
and locally the sillimanite zone. The rocks are chiefly schists, calcareous 
granulites *, calcareous schists, volcanics, quartzites, and slates. These 
rocks have been assigned to six mappable units which range from 
Ordovician (?) to Silurian and/or Devonian (?). In order of decreasing 
age, these units are the: Albee, Ammonoosuc, Waits River, Standing 
Pond, Gile Mountain, and Meetinghouse formations. Silurian and/or 
Devonian (?) rocks of the Vermont sequence comprise the stratigraphy 
from the Waits River formation through the Meetinghouse slate. The 
Middle or Upper Ordovician (?) Albee formation and Ammonoosuc 
volcanics are part of the New Hampshire sequence. All of the formation 
names are those conventionally used by geologists working in Vermont 
and New Hampshire. The origin of these names and their type localities 
are discussed individually below. 

Ordovician (?) 

ALBEE FORMATION 

Name 

The name Albee formation was first proposed by Billings (1934). 
Later the rocks in this unit were described in detail by him (Billings, 
1935 and 1937) as a group of slates, argillaceous quartzites, and quartz-
ites that crop out in the Littleton and Moosilauke quadrangles in 
New Hampshire. 

Distribution 

The Albee formation crops out in the southeast corner of the St. 
Johnsbury quadrangle. It is restricted to New Hampshire, with the ex-
ception of a small area in and south of Mclndoes Falls and another north 
and west of the Frank D. Comerford dam. 

*The term granulite is used in this paper in a textural sense and has no significance 
as to metamorphic grade. 
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Figure 4. Columnar section for the St. Johnsbury quadrangle. 

15 



Lithology 

The Albee formation consists mainly of light-green, quartz-muscovite-
chlorite slates and schists, which commonly contain pyrite cubes up to 

Y4  inch on an edge. Modal analyses are not given for the Albee formation. 
Modes of rocks in the Albee formation in the Littleton and Moosilauke 
quadrangles, adjacent on the east and southeast, (Billings, 1937) and 
in the Woodsville quadrangle, adjacent on the south, (White and 
Billings, 1951) have been published. Some of the schists contain granular 
minerals in great enough proportion to yield a somewhat "sandy" 
texture to the dominantly schistose rocks. These "sandy" schists and 
slates weather reddish-brown locally. Greenish-gray micaceous quartzite 
that weathers brown, green feldspathic schist, gray to black slate, gray 
quartzite, and white, fine-grained quartz-muscovite-feldspar schists are 
also present in the Albee. The white, fine-grained schist is probably 
volcanic in origin and is believed to represent a metamorphosed felsite. 
Beds of green and gray quartzite, 3 inches to 5 feet thick, are the most 
distinctive rocks of the Albee formation. Although they are commonly 
found interbedded with light-green slates or schists (Fig. 5) throughout 
the formation, they are generally found in greater abundance near the 

top. 
On the hill south of Mclndoes Falls, at the south edge of the map, 

the Albee formation consists of gray-green to green quartz-muscovite-
chlorite schist, locally very rich in feldspar, as well as thin interbedded 
quartzite and green slate, and minor amounts of greenish-blue schist, 
gray slate, and white quartzite. The Albee formation is locally composed 
of almost 35% quartzite. An example of such an area is in the vicinity 
of Hunt Mtn. at the southeast corner of the map. 

Thickness 

According to Hadley (1942) the base of the Albee formation is exposed 
in the New Hampshire portion of the Mt. Cube quadrangle and he 
estimates the thickness to be approximately 5,000 feet. Billings (1937) 
estimated the thickness of the Albee exposed on Gardner Mtn. in the 
Littleton quadrangle, to be 4,000 feet. This same thickness is exposed 
on Gardner Mtn. in the St. Johnsbury quadrangle. 

Correlation 

The Albee formation can be traced continuously 4.5 miles along strike 
to its type locality at Albee Hill in the Littleton quadrangle. 
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Figure 5. Interbedded greenish-gray quartzite and green schists involved in north 
plunging minor fold. Photograph was taken under the power line east of Hunt Mtn., 
New Hampshire, looking north at an essentially vertical outcrop face. 

Age 

No fossils have been found in the Albee formation. It underlies the 
Ammonoosuc volcanics and Part ;ridge formation; these, in turn, are 
unconformably overlain by the ilurian Clough and Fitch formations 
(Billings, 1937 and Boucot et. al., 1958). Hence, the Albee formation is 
pre-Silurian and is thought to be Middle Ordovician or possibly older 

(Billings, 1956). 

AMMONOOSUC VOLCANICS 

Name 

The name Ammonoosuc volcanics was proposed by Billings (1934). 
Later, these rocks were described in detail by him (Billings, 1935 and 
1937), as a series of greenstones, rhyolite tuffs, flows, and volcanic 
conglomerates that are interbedded with minor amounts of slates, 
schists, and quartzites in the Littleton and Moosilauke quadrangles in 

New Hampshire. 
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Distribution 

The Ammonoosuc occurs in the southeast corner of the St. Johnsbury 
quadrangle. 

Lithology 

In this area the Ammonoosuc consists mainly of fine-grained white 
quart z-sericite-feldspar schist and gray feldspathic granulite. These 
rocks represent soda rhyolite tufts and flows (Billings, 1937). Light-gray 
schists, green quartz-muscovite-chlorite slates and schists, and gray 
quartzite are present in subordinate amount. Modal analyses are not 
given for rocks in the Ammonoosuc volcanics. Modes of rocks in the 
Ammonoosuc, in the Littleton and Moosilauke quadrangles, adjacent 
on the east and southeast have been published (Billings, 1937). 

The fine-grained white schist weathers to a buff color and has a greasy 
luster and feel. It commonly contains quartz grains, many of which are 
blue, and are as much as V4  inch long; feldspar crystals are less common 
than quartz. Pyrite is extremely abundant locally and, in some places, 
comprises five to ten percent of the rock. Chalcopyrite and galena were 
also found in this rock, but not in economically valuable amounts. 
Nevertheless, the presence of these minerals has inspired some to open 
prospect pits. Two of these old pits were seen. One is at an elevation of 
approximately 740 feet, 1.0 mile N. 25° B. of the road intersection at 
571 feet near the village of Monroe. The other is at an elevation of 
approximately 1280 feet, 1.5 miles N. 40° E. of the same road inter-
section. 

Quartz and feldspar crystals are common in the gray feldspathic 
granulite and a porphyritic texture is evident where these crystals are 
prominent. This is the same type of rock that Billings (1937) considered 
distinctive of the Ammonoosuc and it was determined as soda rhyolite 
by him. Feldspathic granulite is present throughout the Ammonoosuc, 
but is much less abundant than the fine-grained quartz-sericite-feldspar 
schist. 

Some of the subordinate rocks enumerated above are nonvolcanic in 
origin. Many of these rocks are identical to varieties found in the Albee 
formation. Although the Albee types are generally found near the contact 
of the Ammonoosuc, there are a few small areas within the Ammonoosuc 
where Albee types are dominant over Ammonoosuc types. The out-
standing example of this is on the hill west of North Monroe Church. 
Elsewhere, the Albee types are absent or subordinate to Ammonoosuc 
types. Similar occurrences of Albee types are found in the type locality 
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of the Ammonoosuc volcanics and their presence indicates the grada-
tional nature of the contact between the two units. 

Correlation 

The belt of Ammonoosuc volcanics that crops out in the St. Johnsbury 
quadrangle cannot be traced continuously to the type locality in the 
Littleton quadrangle. However, these rocks are the same as those at the 
type locality. Furthermore, this belt of Ammonoosuc is continuous with 
rocks in the Littleton quadrangle that are classified as Ammonoosuc in 
the original description (Billings, 1937). 

Age 

The Ammonoosuc volcanics overlie the Albee formation and are pre-
Silurian. They are generally considered to be Middle or Upper Ordovician 
(Billings, 1956). This age is based on the same reasoning as the age of the 
Albee formation, since no fossils have yet been found in the Ammonoosuc. 

Silurian (?) and/or Devonian 

WAITS RIVER FORMATION 

Name 

Richardson (1906) proposed the name Waits River limestone for the 
calcareous rocks in central Vermont that crop out along that river in 
Orange county. Currier and Jahns (1941) proposed that this series of 
rocks be called the Waits River formation. 

Distribution 

The Waits River formation is present in two regions within the St. 
Johnsbury quadrangle. It occupies more of the surface area than any 
other formation. The largest area is the belt 4 to 9 miles wide that trends 
northeastward through the quadrangle. A smaller area is located in the 
northwest portion. 

Subdued topography is characteristic in both of these areas. This 
topography results from the susceptibility of the rocks in this unit to 
weathering and erosion. The general low-dipping attitude of the beds 
is also a contributing factor. 

Lit hology 

Calcareous granulite, calcareous schist, and calc-silicate rocks, inter-
bedded with quartz-mica schist and minor amounts of micaceous quart- 

19 



a 3 

5 

769 

411/ °20 

72D15I 	721/0' 	 72000' 

Figure 6. Specimens listed in the modes are located on the basis of a coordinate 
system as shown in this diagram. The quadrangle is separated into 5-minute ninths 
which are labeled from 1 through 9 as shown. Each of these numbers is the first 
numeral appearing in the coordinate code and indicates which ninth of the quad-
rangle the specimen came from. The first numeral is followed by a dash and four more 
numerals. The first two numerals of the four indicate the distance in tenths of miles 
measured east from the southwest corner of the ninth; the second two numerals 
indicate the distance measured north from the south edge of the ninth. For example, 
the coordinates 1-2520 locate a point in the northwest ninth of the quadrangle, 
which is 2.5 miles east of the southwest corner of that ninth and 2.0 miles north of the 
south edge of that ninth. 

zite make up most of the Waits River formation (Table 1). In the 
northeastern part of the quadrangle, a series of interbedded quartzites, 
micaceous quartzites, gray quartz-mica schists, quartz-feldspar granu-
lites, and minor calcareous rocks is distinct from the typical Waits 
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TABLE 1 

MODES OF THE WAITS RIVER FORMATION 

Specimen 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 

Quartz 42 20 70 55 	48 65 80 58 50 	49 
Muscovite 4 33 33 	32 
Biotite 6 19 x 3 10 6 15 	8 
Chlorite 1 6 1 1 1 
Plagioclase x x 14 x 7 5 2 11 
Microcline 25 	1 
Carbonate 50 52 4 20 25 
Garnet 3 x 
Staiirolite x x 
Andalusite 
Sillimanite 
Hornblende 7 
Actinolite 1 x x 
Diopside 12 31 
Epidote x 	3 2 
Zoisite x x 
Idocrase 1 
Scapolite 5 
Sphene x 	x 	x x x 	x 	 x 
Zircon x 	x 	x x x 	x 	x 	x 	x 	x 
Tourmaline x x 	 x 	x 
Apatite x 	 x x x 	 x 	x 	x 	x 
Graphite x 	 x x 	x 	2 	x 
Metallic opaque x 	x 	1 x x 	x 	x 	 x 

1. Calcareous granulite, plagioclase is andesine, 6-3915 
2. Calcareous schist, plagioclase is oligoclase, 4-0518 
3. Calcareous quartzite with hornblende and garnet, plagioclase is andesine, 6-07 19 
4. Calc-silicate rock, 6-0902 
5. CaIc-silicate rock, plagioclase is oligoclase, 6-0952 
6. Quartz-feldspar granulite, plagioclase is oligoclase, 6-1413 

7. Micaceous quartzite, plagioclase is albite, 5-0656 
8. Quartz-mica schist, plagioclase is albite, 4-2557 
9. Quartz-mica schist with staurolite, 3-2340 

10. Quartz-mica schist with garnet, plagioclase is albite, 4-1451 

River. This series of rocks has been mapped separately. It is the only 
good horizon marker that was found within the generally monotonous 
sequence of the Waits River formation. For ease of discussion, it will be 
called the Crow Hill member. This name is taken from Crow Hill, south-
west of the village of St. Jolinsbury, where these rocks are extensively 
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Figure 7. \Vaits River formation. Calcareous granulite bed with amphibole-quartz-
chlorite knots protruding from the surface. Photograph was taken looking north at 
the essentially vertical surface of an outcrop east of the road intersection near County 
School west of the village of Passumpsic. 

exposed. Similar rocks are present 1.2 miles northwest of Staunton 
School (north-central part of the map) west of hill 1701, but not enough 
outcrops were found to trace them for any distance. 

Approximately 50 percent of the Waits River formation consists of 
calcareous rocks. Quartz and calcite are the essential minerals; phlogo-
pitic biotite, dolomite, feldspar, actinolite, diopside and other calc-
silicate minerals, are present along with accessories in varying amounts, 
as indicated in Table 1. A well developed schistosity is present where 
micaceous minerals comprise 15 percent or more of the calcareous rocks. 
Such rocks have been called calcareous schists. Where schistosity is 
obscure or absent, they have been called calcareous granulite. These 
terms are preferable to the terms limestone and marble, which are more 
commonly used, but are somewhat misleading when applied to the 
impure calcareous rocks of the Waits River formation. 

Calcareous granulites occur in beds 1 inch to 10 feet thick. They are 
blue-gray on fresh surfaces, but are brown or black on weathered surfaces. 
Radiating aggregates of amphibole, generally actinolite, containing 
quartz inclusions and clots of chlorite and quartz, are fairly common in 
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the calcareous rocks. Where these are present, they stand out in pro-
truding knots on weathered surfaces (Fig. 7). Although the calcareous 
rocks weather very easily to soft punky masses and are so unconsolidated 
in places that they can be scooped away by hand, such features as bed-
ding and cleavage remain distinct. The calcareous rocks have corn-
monlv undergone weathering such as this to depths of at least 2 feet. A 
roadcut along the west side of Joes Pond exposes friable rock to a depth 
of 11 feet. 

Rocks containing calc-silicate minerals, but having 20 percent or less 
carbonate, have been called calc-silicate rocks (Table 1). These rocks are 
relatively abundant in the Waits River formation in the higher grades 
of metamorphism. They are commonly greenish gray and weather brown 
or rusty. 

Most of the non-calcareous rocks in the Waits River formation are 
gray quartz-mica schists that weather rusty-brown. Beds of quartz-
mica schist range from less than 1 inch thick up to as much as 6 feet, 
but most commonly are 1 to 2 feet thick. These are interbedded with the 
calcareous rocks throughout the formation (Figs. 8 and 9). The dominant 
minerals are quartz, muscovite and biotite. Other minerals, associated 
with these, are listed in Table 1. The schists are present in varying 
proportions throughout the Waits River formation. Locally, in small 
areas, they constitute over 90 percent of the exposure, but are absent in 
some places. There is no apparent consistent pattern to these variations 
except that the schists are more abundant toward the top of the forma-
tion. A uniformally greater amount of calcareous rocks occurs in the 
general area between North Danville and Houghton Brook, but this is 
not distinct enough to map. 

Crow Hill Member—This is the only distinct mappable unit in the 
Waits River formation other than the amphibolites. The major rocks 
in the Crow Hill member are listed above and the most distinctive of 
these is tough gray quartzite. Some feldspathic quartzites are present. 
These are possibly volcanic in origin, but they are quite unlike the light-
gray volcanics typical of other formations in the region. The Crow Hill 
member closely resembles the Gile Mountain formation. In fact, it may 
actually be continuous with the Gile Mountain, but continuity cannot 
be proven due to lack of outcrops. Because of this, as well as slight 
lithologic dissimilarities, these rocks are interpreted as a member within 
the Waits River fonnation rather than a continuation of the Gile 
Mountain formation. 

Amphibolites—A thin discontinuous hand and small isolated outcrops 
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Figure 8. \Vaits River formation. interbedded calcareous granulites and quartz-
mica schist. Note the low angle of dip. Photograph taken looking northwest up Joes 

Brook, south of West Danville. 

of amphibolite are present at the contact between the Waits River and 
Gile Mountain formations. Five narrow bands of amphibolite are also 
present within the Waits River formation in the northeastern part of 
the quadrangle. The easternmost of these five bands is distinguished 
from the others because it displays well preserved pillow structure. 

Standing Pond amphibolite—The amphibolite at the contact of the 
Waits River and Gile Mountain formations, in and north of the village 
of St. Johnsburv, is correlated with the Standing Pond amphibolite. 
This name was first proposed for similar amphibolites located at this 
stratigraphic horizon in the Strafford quadrangle (Doll, 1944). 

Schistose amphibolite, fine-grained amphibolite, and needle amphibo-
lite are the common rocks in this unit. Some of the schistose amphibolites 
display radiating sprays of amphibole up to 8 inches in diameter. Most 
of these rocks are unstratified, but local bedded amphibolites probably 
represent tuff deposits. All the amphibolites are green to greenish-gray 
and weather rusty-brown. Green chlorite-sehist containing garnets is 
locally present at the top of the Standing Pond amphibolites. 

The essential minerals in the Standing Pond amphibolite are plagio- 
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Figure 9. Waits River formation. Interbedded calcareous granulite and quartz-mica 
schist. Note dextral fold just above the hammer. Photograph taken looking southeast 
at an outcrop in Houghton Brook just below Houghton Bridge. 

clase and hornblende. Biotite, chlorite, carbonate, and quartz are present 
in minor amounts, along with common accessories (Table 2). The amphi-
holite locally contains feldspar grains up to 3.Y4 inch long. Almandite 
garnets are also found in the amphibolite, but the major development of 
garnets is in the chlorite schists, where some as much as Y4  of an inch 
in diameter were observed. Garnets of similar size have been reported 
in these same rocks in the Littleton quadrangle (Eric, 1942), as well as 
in the Strafford quadrangle (Doll, 1944). 

Amphibolite with pillow structure—Am phi bol ite of essentially the same 
mineralogical composition as the Standing Pond is present in a northerly 
trending band 0.2 mile west of the contact between the Waits River and 
Gile Mountain formations, in the northeastern part of the quadrangle. 
It is especially distinctive because of the pillow structure it displays 
(Figs. 10 and 11). Four outcrops of this amphibolite were found at the 
following places: 
1. In the Passumpsic River, below the power dam at the village of St. 

Johnsbury. 
2. In Roberts Brook at an elevation of approximately 610 feet. 
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3. Beside the bridge which crosses the un-named stream, 0.7 mile north 
of Roberts Brook, at an elevation of approximately 615 feet. 

4. In and near the Passumpsic River, at the power dam 4 mile west of 
Pierce Mill School. 

These outcrops are believed to be part of a single continuous band, that 
is indicated by dotted lines (P1. 1) because it is covered by thick glacial 
deposits along the Passumpsic River. 

Pillow structures are commonly used to determine stratigraphic 
sequence. The outcrops in the Passumpsic River at the village of St. 
Johnshury and Y4  mile west of Pierce Mill School are fairly large and a 
count of the pillow orientation was made at each place. Of 153 pillows 

counted at St. Johnsbury 57% indicate that the sequence is younger 
toward the west, 12% toward the east, and 35010  are non-commital; at 
the Pierce Mill School locality, out of 22 pillows counted 50% indicate 
that the sequence is younger toward the east, 9% toward the west, and 
3870  are non-commital. Unfortunately, the evidence at the two localities 
is conflicting. Consequently, the pillow structure in these amphibolites 
is of little use for determining stratigraphic sequence. However, the 
pillow structure does prove that this amphibolite is a metamorphosed 
lava flow. The conflicting orientation at the two localities may possibly 
be due to the fact that the two localities are on the opposite limbs of a 
fold. It is not possible to determine the presence of such a fold due to 
lack of outcrops. Also, the pillows may have been distorted to such a 
degree that their present shape and orientation has been rendered useless 
for the determination of stratigraphic sequence. 

Other aniphibolites—Four other bands of amphibolite, labeled "Amp" 
on the map (P1. 1), are present in the northeastern part of the quadrangle. 
These have essentially the same mineralogical composition as the Stand-
ing Pond amphibolite and pillow amphibolite, but have more hornblende 
and less feldspar. All of them are green schistose amphibolites and 
weather to a rusty color. 

The original nature of these amphibolites is questionable. They could 
either be intrusive rocks or lava flows. All of them conform with the 
structure of the adjacent rocks. However, one of the bands cuts across 
the contact of the Crow Hill member 0.3 mile S. 350  E. of the road inter-
section at 1093 feet, southwest of Stark School. This is suggestive of an 
intrusive body. Since the amphibolites have been deformed along with 
the Waits River formation, they are older than the deformation. 

Areas of amphibolites at the contact of the Waits River and Gile 
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TABLE 2 

MODES OF THE AMPHIBOLITES 

Specimen 38 39 40 41 42 43 44 

Quartz 5 x 59 6 
Biotite 1 3 x 1 2 
Chlorite 1 36 x 1 x x x 
Plagioclase 50 46 46 70 72 6 7 
Carbonate x - 	 - x 2 x 

Hornblende 45 15 44 25 25 32 74 
Epidote x 1 1 x 
Garnet x x x x 10 

Zircon x .. x 
Sphene .. x x 

Apatite x x x x x 

Graphite x x 

Metallic opaque 3 2 1 2 2 1 3 

38. Amphibolite, plagioclase is andesine, 3-2840 
39. Amphibolite, plagioclase is andesine, 3-2441 
40. Amphibolite, plagioclase is andesine, 4-2058 
41. Amphibolite with pillow structure, plagioclase is andesine, 3-3505 
42. Amphibolite, Standing Pond, plagioclase is andesine, 3-4837 
43. Amphibolite, at the contact of the Waits River and Gile Mountain formations, 

plagioclase is oligoclase, 6-0949 
44. Amphiholite, at the contact of the Waits River and Gile Mountain formations, 

plagioclase is andesine, 4-1917 

Mountain formations, that are too small to be shown on the map are 
labeled with the letters "Amp." Several small outcrops of amphibolite 
were found at this contact in the northwestern part, as well as the eastern 
part of the quadrangle. Dennis (1956) reported amphibolites in the 
vicinity of the contact between the Gile Mountain and Waits River 
formations in the Lyndonville quadrangle. It seems very likely that 
these sparse outcrops of amphibolite represent the Standing Pond where 
it is very thin. 

Thickness 

Since the upper contact of the Waits River formation is the only one 
exposed in the St. Johnshurv quadrangle its total thickness is indetermi-
nate here. White and Billings (1951) give a thickness of 10,000 feet for 
the Waits River formation in eastern Vermont. 
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Correlation 

The Waits River formation can be traced directly from the St. Johns-
bury quadrangle, through the Woodsville quadrangle, to the type 
locality in the East Barre quadrangle. The Barton River formation 
(Doll, 1951; Murthy, 1958) is continuous with the Waits River formation 
that outcrops in the northwest part of the St. Johnsbury quadrangle. 
Murthy (1958) interpreted the Barton River formation as a separate 
unit, older than the Waits River formation. However, it is believed that 
these two formations are equivalent, since the Barton River formation 
can be traced directly into the Waits River formation at the south end 
of the Brownington syncline, near Randolph, Vermont. 

Age 

The age of the Waits River formation is discussed at the end of this 
section. 

GILE MOUNTAIN FORMATION 

Name 

The Gile Mountain schists is the name given by Doll (1944) for a 
group of micaceous schists and "sandy schists" that occur in the Straf-
ford quadrangle, south of the East Barre quadrangle, in central Vermont 

(Fig. 1). 

Distribution 

There are essentially two major belts of the Gile Mountain formation 
in the St. Johnsbury quadrangle. The rocks in this unit outline an 
arcuate pattern in the northwest part of the area. The breadth of outcrop 
at the north border of the map is four miles, but it is only two miles at 
the west border. A second belt of the Gile Mountain formation underlies 
much of the eastern part of the quadrangle from School No. 6, in the 
town of Ryegate, to the east border of the map 3.5 miles north of the 
village of St. Johnsburv. 

Lit hology 

Dark-gray and light-gray schists (Fig. 12) are the dominant rocks of 
the Gile Mountain formation in the St. Johnsbury quadrangle. The 
schists are interbedded with micaceous quartzites (Fig. 13), phyllites, 
slates, quartz-feldspar granulites, quartzites, quartz-biotite gneisses, 
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Figure 10. Anipliiholite with J)illOW stru(ture. Photograph of outcrop in the Pas-
sumpsic River below the dam in the village of St. Johnsbury. Hammer handle points 
west and toward the younger rocks, as indicated by the pillow structure. 

amphibolites, and some calcareous granulites and caic-silicate rocks 
(Table 3). These rocks are present in varying proportion but are listed 
in general order of abundance. The presence or absence of some of them 
is dependent upon metamorphic grade. 

Quartz, muscovite, and biotite are the dominant minerals in the 
schists. Chlorite, chioritoid, almandite garnet, staurolite, andalusite, 
and sillimanite are present, depending on the metamorphic grade. 
These metamorphic index minerals locally comprise a high percentage 
of the rocks. The schists are various shades of gray and blue-gray, 
depending on differences in concentration of graphite and metallic 
opaques. They commonly weather light-gray or brown. Thin plates of 
ilmenite, up to 0.1 inch long, are present in some of the schists and are 
conspicuous in places. 

The term micaceous quartzite is applied to rocks in which more than 
60% of the mineral composition is quartz. Although micaceous minerals 
are present, these rocks have an essentially granular texture, which is 
a distinctive feature. Approximately 15% of the Gile Mountain forma- 
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Figure 11. Amphibolie with pillow slruuure, same loalitv as tigure 10. Elongation 
of each individual pillow is oriented parallel to and down the dip of bedding which was 
measured in the adjacent Waits River formation. 

tion consists of micaceous quartzite. Quartzites containing more than 
9070  quartz are uncommon. 

Quartz-biotite gneisses occur locally where granite is abundant; the 
area near Harvey Lake is an example of this. The gneiss consists of 
bands rich in quartz and feldspar, interspersed with bands and lenses 
rich in biotite. Easily accessible exposures of gneiss are present along the 
south side of the road that leads from Mosquitoville to Walter Harvey 
School. 

Caic-silicate rocks, amphibolites, and quartz-feldspar-granulites corn- 
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Figure 12. Gile Mountain formation. Interbedded light and dark gray schist de-
formed into north-plunging sinistral folds. Outcrop is under the telephone line, west 
of Barnet village. Hammer head points north. 

prise very little of the Gile Mountain formation. The phyllites and slates 
are most abundant near the top of the formation, where there is a gradual 
decrease of micaceous quartzite. 

In the northwest part of the area, the Gile Mountain formation con-
sists of the characteristic schist and micaceous quartzite. However, 
calcareous granulites and rusty weathered schists, similar to those found 
in the Waits River formation, are present at the base of the Gile Moun-
tain in this vicinity. This gradational character, the general low angle 
dip of the bedding, and complications due to minor folding make the 
location of the contact between the Gile Mountain and Waits River 
somewhat arbitrary. It has been located as consistently as possible on 
the basis of the following criteria: 
1. The presence of micaceous quartzites typical of the Gile Mountain 

is considered distinctive of this unit. 
2. Areas where limestone constitutes 25 0/0  or less of the eposed bedrock 

have been mapped as the Gile Mountain formation. 
3. The local occurrence of amphibolite is considered as indicative of the 

contact. 
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Figure 13. Gic Mountain forination. Interbedded micaceons quartzite and quartz- 
mica schist, under hammer, in outcrop on the ridge north of Coburn Pond. 

The first two criteria are the most decisive. The presence of amphibolite 
is of secondary importance since there are areas well within the Gile 
Mountain formation that are underlain by amphibolite. An example of 
such an area is near the north border of the map in the tributary to 
Steam Mill Brook, 1.9 miles east of the western border of the map. 

The rocks that compose the Gile Mountain formation in the eastern 
belt are essentially the same as those in the northwest. However, there 
is a slightly higher percentage of quartzites and micaceous quartzites 
in the eastern belt. Furthermore, there are quartz-feldspar granulites 
in the eastern belt, whereas none were found in the west. These feld- 

32 



TABLE 3 

MODES OF THE GILE MOUNTAIN FORMATION 

Specimen 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 

Quartz 37 50 42 28 41 56 31 61 65 	64 
Muscovite 60 35 47 44 33 6 1 17 
Biotite 2 10 7 21 24 36 13 13 16 
Chlorite 1 4 x 3 
Plagioclase x 1 x 2 1 51 26 2 
Microcline 1 
Garnet x x x x x 
Chioritoid 4 
Staurolite 6 
Sillimanite x 1 
Carbonate 7 
Epidote 4 	 8 
Homblende 17 
Apatite 	x x 	x 	x x x 	 x 	x 
Tourmaline 	x x 	x x x 	a 
Sphene a 	x 	 x a 	a 	 a 
Zircon 	 x x 	x 	x 	x x x 	a 	x 
Graphite 	x a 	x 	1 	x x a 
Metallic opaque x x 	x 	x 	x x x 	x 	x 	x 

1. Quartz-mica schist, plagioclase is albite, 9-1743 
2. Quartz-mica schist with garnet, plagioclase is albite, 9-1732 
3. Quartz-mica schist with garnet and chioritoid, 4-3957 
4. Graphitic-quartz-mica schist with staurolite, plagioclase is albite, 8-3026 
5. Quartz-mica schist with sillimanite, plagioclase is albite, 8-0713 
6. Quartz-biotite-gneiss with sillimanite, plagioclase is oligoclase, 8-0725 
7. Quartz-feldspar-granulite, plagioclase is oligoclase, 9-1141 
8. Feldspathic-micaceous-quartzite, plagioclase is oligoclase, 1-4 120 
9. Micaceous quartzite, plagioclase is albite, 8-0508 

10. CaIc-silicate rock, plagioclase is oligoclase, 8-3420 

spathic rocks have a fragmental texture in places and may be of volcanic 
origin, but it is entirely possible that they were originally sedimentary. 
Outcrops of feldspathic rocks are present in the vicinity of Anderson 
Hill, north of the village of Bamet and along the east boundary of the 
quadrangle 0.5 mile north of the village of St. Johnsbury. 

The contact with the Waits River formation is much more readily 
located here than in the northwest. This is primarily because of the steep 
dip of bedding in the eastern part of the quadrangle. The local occurrence 
of the Standing Pond amphibolite at the contact, is also helpful. 
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The rocks are progressively less quartzose upward in the section. 
Schists, phyllites, and slates, depending on the metamorphic grade, are 
the dominant rocks at the top of the formation. The contact with the 
Meetinghouse slate is arbitrarily placed at the first appearance of thin 
quartzite beds, which are characteristic of that formation. 

Thickness 

The breadth of outcrop of the Gile Mountain formation, where it is 
not repeated by major folding, ranges from 0.7 mile in the vicinity of the 
village of East Barnet, to 1.1 miles where the contact of the Meetinghouse 
and Gile Mountain formations leaves the quadrangle. This range is 
probably due to the slight difference in dip and to thinning on the east 
limb of the long attenuated fold that trends northeast from the village 
of Barnet. The average apparent thickness in these places is 4,800 feet to 
5,000 feet. If this is considered to be equal to the original thickness, 
there can be very little increase in thickness due to minor folding. This 
seems unlikely since minor folds abound in these rocks. However, thick-
ening due to folding could be balanced by tectonic thinning. The esti-
mated thickness of the Gile Mountain formation in the Woodsville 
quadrangle is 6,000 feet to 7,000 feet (White and Billings, 1951). A 
similar thickness is present in the Littleton quadrangle (Eric and Dennis, 
1958). 

Correlation 

The Gile Mountain formation in the eastern part of the St. Johnsbury 
quadrangle can be traced through the Woodsville and Mt. Cube quad-
rangles to the type locality in the Strafford quadrangle. The rocks in-
cluded in the Gile Mountain formation in the northwestern part of the 
St. Johnsbury quadrangle have been traced into the eastern belt by 
detailed mapping north of this area (Doll, 1951; Dennis, 1956; and recent 
unpublished mapping by Woodland in the Burke quadrangle and 
Goodwin in the Island Pond quadrangle). 

Age 

The age of the Gile Mountain formation is discussed at the end of 
this section. 

MEETINGHOUSE SLATE 

Name 

Doll (1944) proposed the name Meetinghouse slates for a series of 
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slates at the top of the Gile Mountain formation in the Strafford quad-
rangle in central Vermont. It was later mapped as a separate formation 
in the Mt. Cube quadrangle (Hadley, 1950). 

Distribution 

The Meetinghouse slate crops out in a narrow belt along the east 
side of the Gile Mountain formation in the southeastern part of the St. 
Johnsbury quadrangle. Its breadth of outcrop ranges from 0.7 miles, 
in the vicinity of the confluence of the Connecticut and Passumpsic 
Rivers, to zero where it pinches out near Mclndoes Falls. A portion of 
the slate is cut out by the Moulton diorite north of the Connecticut 
River. 

Lithology 

The Meetinghouse slate consists of a rather uniform series of gray to 
black slates, with some biotite and local development of garnet. Quart-
zite beds that range in thickness from Y4  inch to 3 inches are intercalated 
with the slates. Thin quartzite beds comprise up to 357, of the Meeting-
house in some places. Elsewhere, the quartzite is absent or present in 
only minor amount. A small proportion of blue-gray phyllite is present 
at the base of the unit. Bedding and small minor folds are distinctive 
(Fig. 14) where quartzite and/or phyllite are present, but are obscure 
elsewhere. However, since the cleavage is essentially parallel to bedding 
where quartzite and/or phyllite are present, it is assumed that the 
cleavage is essentially parallel to bedding elsewhere. 

Rhyolite tuffs have been reported in the Meetinghouse slate a few 
miles northeast of the St. Johnsbury quadrangle in the Littleton quad-
rangle. No volcanic rocks were recognized in the Meetinghouse in the 
St. Johnsbury quadrangle. However, some of the rocks shown on the 
map as metamorphosed mafic sills may actually represent lava flows. 
More detailed work on these rocks is necessary to prove the presence or 
absence of lava flows. 

The contact between the Gile Mountain formation and the Meeting-
house slate is gradational and is located at the first appearance of the 
thin quartzite beds that are typical of the Meetinghouse. 

Thickness 

The estimated thickness of the Meetinghouse slate in the St. Johns-
bury quadrangle is from zero to 2700 feet. How closely the larger figure 
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Figure 14. Meetinghouse slate. Dark-gray slate and thin quartzite beds deformed 
into a minute south-plunging sinistral fold. 

compares to the original thickness is not known, since the amount of 
repetition by minor folding and the possible amount of the Meetinghouse 
cut out by the Monroe fault is indeterminate. 

Correlation 

The Meetinghouse slate is absent over a distance of 1.2 miles at the 
south end of the St. Johnsbury quadrangle and the north end of the 
Woodsville quadrangle. With this exception, it can be traced continu-
ously to the type locality in the Strafford quadrangle. 

Age 

The age of the Meetinghouse slate is discussed below. 

AGE RELATIONS OF THE ROcKS IN THE VERMONT SEQUENCE 

At the present time nearly everyone concerned with the stratigraphy 
involving the Waits River formation, Gile Mountain formation, and the 
Meetinghouse slate agrees that these units are Silurian and/or Devonian. 
This age is based on fossils that have been found in the Famine series 
and St. Juste group (MacKay, 1921 and Gorman, 1955). Both of these 
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units are present in the Eastern Townships of Quebec, Canada and are 
correlatives of the Vermont units. Doll (1943) has reported fossils of 
Silurian and/or Devonian age in the Waits River and Westmore (Gile 
Mountain equivalent, Dennis, 1956) formations. Although the organic 
origin and the classification of these specimens, if they are organic, 
has been questioned (Boucot, 1953) the fossils found in Quebec have 
been accepted. Cady (1950) reported fossils, in the Waits River forma-
tion, of possible Ordovician age, but he now regards this formation as 
Silurian (Cady, 1956). 

In spite of this general agreement on the age of these units as a whole, 
the age relations between them is still open to question. Three possibilities 
for their sequence are indicated in Table 4. The Northfield slate, not 
present in the St. Johnsbury quadrangle, underlies the Waits River 
formation west of here in the Plainfield quadrangle. This unit is a dark-
gray slate with some scattered thin limestone beds (Currier and Jahns, 
1941). Sequence 2 and variations of sequence 3 suggest that it is equiva-
lent to the Meetinghouse slate. 

Sequence 1 assumes that the successive units are progressively 
younger eastward from the axis of the Green Mountain anticlinorium, 
which lies to the west of the St. Johnsbury quadrangle. This is the 
standard column that has been accepted since 1937 when modern map-
ping was begun in eastern Vermont (White, 1946). 

If sequence 2 is adopted there is some difficulty involved in explaining 
the contact of the Gile Mountain formation and Meetinghouse slate in 
the eastern part of the St. Johnsbury quadrangle, where there is no 
intervening Waits River. Two possible explanations have been offered 
in order to surmount this difficulty. One is that the Waits River has 
been thinned or faulted out during the folding. The other involves a 
facies change as shown in figure 15, a. No direct evidence that favors 
either of these explanations has been found in the St. Johnsbury quad-
rangle. 

If sequence 3 is adopted, the same difficulty exists except that in this 
case the contact of the Waits River formation with the Northfield slate, 
west of the St. Johnsbury quadrangle must be explained. The same two 
explanations offered for sequence 2 can be applied (Fig. 13,b) except 
that in this case the Gile Mountain formation disappears to the west. 

Various combinations of these sequences can be obtained by employ-
ing facies changes (Fig. 15). One of these was first suggested by White 
and Jahns (1950) and later adopted and amplified by Murthy (1958). 
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TABLE 4 

1 	 2 	 3 

Meetinghouse slate Gile Mountain Waits River 
Gile Mountain Waits River Gile Mountain 

Waits River Meetinghouse slate Meetinghouse slate 
Northfield slate = Northfield = Northfield 

It essentially involves a combination of sequence 2 and 3 as shown in 
Figure 15, c. Billings (1956) suggested a variation based on a sequence 
which makes the Meetinghouse, Gile Mountain, and Waits River 
formations an eastern facies that is equivalent to the Northfield slate. 
This variation is illustrated and modified in Figure 15,d. 

Each of the sequences illustrated in Figure 15, except d unmodified, 
involve time equivalency of the Gile Mountain and Waits River for-
mations. This is very difficult to prove in a region such as eastern \Ter_ 

mont, but on the other hand, it is difficult to disprove. No one has ques-
tioned the volcanic origin of the Standing Pond amphibolite and conse-
quently it should be acceptable as a time line in the stratigraphy. It 
outcrops through a distance of at least 100 miles in Vermont. Approxi-
mately 70 miles of this distance, south of the East Barre quadrangle, is 
continuous outcrop and the remainder from here northward is dis-
continuous. 

In the St. Johnsbury quadrangle, the Standing Pond occurs at the 
contact between the Gile Mountain and Waits River formations and it 
occurs at, or very close to this contact elsewhere along its strike (Doll, 
1944; Billings, et. al., 1952; Lyons, 1955; Murthy, 1958). If one accepts 
the Standing Pond as a time line, the fact that it deviates from this 
contact proves that part of the Gile Mountain formation is equivalent 
in age to the Waits River formation. Since this deviation is only slight, 
it is doubtful whether more than a few hundred feet of these units are 
equivalent. This is minor compared to the apparent thicknesses of the 
entire Waits River and Gile Mountain formations. If much of a facies 
change is involved between these units, one would expect to find the 
Standing Pond well within the Waits River formation, west of the St. 
Johnsburv quadrangle. This has not been recognized. Its absence could 
be explained away by non-deposition. If the appearance of possible 
Standing Pond amphibolites at the contact of the Waits River and Gile 
Mountain formations in the western part of the St. Johnsbury quad- 

38 



d 
-I- Lu % 	0 
, 

o . 

, 

— 	Pd 
II 

c 

' 
- 	ol 

0 	- 
iI -t 	t 

d 	0 

I - 

I • 

I , 

- 

-S 
-I-. 

1 0  I 0 

'I  > 

VI 
-I- -- 

>- 

fA 

LI 0 - 
1-. 

0141 
41 

- 

II I - I 
-4- 

VI & 

x 

Figure 15. Diagrammatic illustrations of several possible interpretations of the strati-
graphy in eastern Vermont. Line X-Y indicates the location of the Standing Pond am-
phibolite in each diagram except e, where the Standing Pond is given a symbol in the 
drawing and is labeled. The dotted line in diagram d represents a slight modification of an 
alternate interpretation suggested by Billings. Diagram e is the "standard" column in 
eastern Vermont and is the sequence accepted in this report. 
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Figure 16. Quartz-mica schist inclusions in granite. Photograph of an outcrop 0.2 
mile south of the intersection of the Danville, Peacham, and Barnet town lines. 

rangle and in the Lyndonville quadrangle is significant, there is some 
doubt cast on any major facies change. 

Summary 

If the Meetinghouse slate and Northfield slate are correlatives, the 
relations indicated in diagrams b, c, and d (Fig. 15) seem to be the most 
likely, since mapping indicates that the Standing Pond (line x—y) is 
found within the Waits River wherever it is not at the contact. Conse-
quently, if such a correlation is applied, most of the Gile Mountain 
formation must be older than the Waits River formation. If these two 
units are not correlatives then the conventional sequence as shown in 
diagram a is acceptable. 

The pillow structures at the village of St. Johnsbury indicate that the 
Gile Mountain formation is older than the Waits River formation. 
However, this in only a local occurrence and may be deceptive due to 
minor structural complications. It is hardly reasonable to accept such 
evidence as decisive over regional relations in Vermont and Quebec 
which show that the strata are apparently successively younger eastward 
from the Green Mountain axis. Extensive graded bedding in the Gile 



Mountain formation, in the northeast part of the Island Pond quadrangle 
and southeast part of the Indian Stream quadrangle, indicates that it is 
younger than the Waits River formation (N. L. Hatch, personal com-
munication). If, however, future evidence proves that the Gile Mountain 
formation is the oldest the interpretations illustrated in diagrams c and 
d (Fig. 15) would be highly favorable and thus indicate the equivalence 
of the Northfield and Meetinghouse slates. Merely inverting diagram e 
(Fig. 15) would involve difficulties between the Northfield slate and 
Waits River formation since the Waits River is fairly definitely the 
younger of the two. 

The sequence in diagram e is adopted in this paper as the most likely 
one, because the equivalence of the Meetinghouse and Northfield slates 
has not as yet, been adequately demonstrated through geologic mapping. 
The present information favors the Waits River as being older than the 
Gile Mountain formation, in accordance with diagram e. 

INTRUSIVE ROCKS 

Granitic Rocks 

In this paper the terms granite and granitic rocks are used in a general 
sense to include granodiorite, leucogranodiorite, and quartz monzonite. 

DISTRIBUTION 

There is a large mass of granitic rocks along the western side of the 
St. Johnsburv quadrangle. Smaller granite bodies are located north of 
Joes Pond, at Morses Mills, South Peacham, Roy Mountain, west of 
Mosquitoville, on the north shore of Harvey Lake, and at the edge of 
the map south of School No. 6, in the town of Ryegate. The rocks at the 
last two localities are porphyritic granodiorite. 

Much of the area near the granite bodies is underlain by a mixture of 
stratified rocks and granitic rocks. Inclusions of stratified rock in the 
granite (Fig. 16) and dikes of granite in the stratified rocks (Fig. 17) 
characterize this mixed zone. However, recognizable inclusions gradually 
decrease in number with increasing distance from the granite. Conse-
quently, most of the area mapped as a mixed zone consists of dikes that 
cut across the country rock. 

The contacts of the granitic rocks are shown by dotted lines, indicating 
that very poor control was available for their location. This is mainly 
due to the lack of exposure, especially in the southwestern part of the 
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Figure 17. Medium grained granite dike that cuts across schist of the Waits River 
formation. Outcrop is located on the knob south of hill 1 740' in the westernmost 
part of the town of Ryegate. 

quadrangle. Also there are a few places, such as at the top of Devils 
Hill, where a few small inclusions are present in the area shown on the 
map as granite. 

LITHOLOGY 

Medium-grained granodiorite is the dominant rock in the granitic 
areas. Lesser amounts of porphyritic granodiorite, with phenocrysts of 
microcline from " to 1" long (Fig. 18) are also present. The porphyritic 
variety occurs in dikes and sills as well as in the two separately mapped 
bodies in the south-central part of the quadrangle. 

Fresh specimens of granodiorite are light-gray to dark-gray, depending 
on the amount of biotite. Weathered surfaces are flesh colored and 
streaked with rusty iron oxide stain in places. Oriented biotite locally 
produces a foliation which, depending on the percentage of this mineral, 
is distinct, obscure, or imperceptible. Although there may be a preferred 
mineral orientation where only a minor amount of biotite is present,the 
rock appears massive in such instances. 

Sttidv of thin sections reveals a granitic texture in all of the non- 
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Figure 18. Porphyritic granite with schist septum. Photograph of an outcrop on 
the east side of the stream valley 0.6 mile north of Upper Svmes Pond. 

porphvritic varieties. The essential minerals are quartz, microcline, 
plagioclase, and biotite; all of these are easily seen megascopically. 
Accessory minerals are listed in the modes (Table 5). Microcline and 
plagioclase are present in discrete grains and perthitic intergrowths are 
absent. Myrmekitic intergrowths of quartz with both feldspars are 
present, but uncommon with microcline. Much of the plagioclase displays 
normal zoning, with cores that average An 34  and rims that average An 24 ; 

unzoned plagioclase is oligoclase. Slight alteration of plagioclase to 
sericite and epidote is common. Discrete grains of muscovite are present 
throughout the rock in minor quantity. Metallic opaques consist of 
magnetite and ilmenite. The ilmenite is invariably coated with leucoxene. 

Medium-grained gray quartz monzonite dikes that cut across the 
granodiorite are present in minor amounts. The brief description of the 
granodiorite given above is equally applicable to these rocks. The main 
difference between them is in the relative percentages of minerals 
present. Also, the mode of occurrence of the minerals is the same in 
both, except that muscovite in the quartz monzonite is intimately 
intergrown with biotite. 
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PEGMATITE S 

Pegmatites are associated with the granitic rocks. They consist of 
quartz, feldspar, and muscovite. A coarse mass of black tourmaline 
crystals was found in one pegmatite exposure. Pegmatites occur as dikes 
up to four feet thick and as irregular pods, in the granite, which are 1 
foot to 3 feet long. The pods appear to be simply localized coarser grained 
areas composed of quartz, plagioclase, and microcline. Some of the 
pegmatite dikes display zoning, with very coarse microcline in the center 
and finer-grained borders consisting of quartz, plagioclase, microcline 
and muscovite (Fig. 19). Unzoned dikes consist of quartz, feldspar and 
muscovite. 

The pegmatite dikes commonly cut across each other when found 
together (Fig. 20), indicating that there are several generations. How -
ever, there are no apparent mineralogical differences and they are proba-
bly closely related in age. 

TABLE 5 

MODES OF THE GRANITIC ROCKS 

Specimen 1 2 3 4 5 6 7 8 

Quartz 40 38 31 28 35 34 32 39 
Microcline 17 8 7 17 11 28 16 19 
Plagioclase 36 48 54 49 48 36 48 39 
Biotite 6 5 8 6 6 2 4 3 
Muscovite 1 1 x x x x x x 

Chlorite x x x x x x x 

Epidote x x x x x x x x 

Apatite x x x x x x x x 

Zircon x x x x x x x x 

Allanite x x 

Sphene 
Calcite 
Metallic opaque x x x x x x x 

1. Granodiorite, plagioclase is oligoclase, 6-0719 
2. Granodiorite, plagioclase is oligoclase, 6-1507 
3. Granodiorite, plagioclase is andesine, 6-1203 
4. Granodiorite, plagioclase is oligoclase, 7-1139 
5. Granodiorite, plagioclase is oligoclase, 6-0832 
6. Leucogranodiorite, plagioclase is oligoclase, 6-1516 
7. Leucogranodiorite, plagioclase is oligoclase, 5-3235 
8. Leucogranodiorite, plagioclase is oligoclase, 6-1419 
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TABLE 5 continued 

MODES OF THE GRANITIC ROCKS 

Specimen 	 9 	10 	11 	12 13 	14 15 16 

Quartz 	 29 	33 	21 	30 24 	31 28 26 
Microcline 	 20 	16 	22 	27 27 	29 24 20 
Plagioclase 	 51 	47 	25 	41 47 	38 36 41 
Biotite 	 x 	3 	30 	1 2 	2 7 6 
Muscovite 	 x 	1 	2 	1 x 	x 5 7 
Chlorite 	 x 	x 	 x x 	x x 
Epidote 	 x 	x 	x 	x x 	x 
Apatite 	 x 	x 	x x 	x x x 
Zircon 	 x 	x 	x 	x x 	x x x 
Allanite 	 x x 
Sphene 
Calcite 	 . . 	 0 x 
v1etallic opaque 	x 	x 	x 	x x 	x x x 

9. Leucogranodiorite, plagioclase is oligoclase, 6-2019 
10. Leucogranodiorite, plagioclase is oligoclase, 6-1902 
11. Quartz monzonite, plagioclase is oligoclase, 6-08 18 
12. Quartz monzonite, plagioclase is oligoclase, 6-1019 
13. Quartz monzonite, plagioclase is oligoclase, 6-0902 
14. Quartz monzonite, plagioclase is oligoclase, 5-340 1 
15. Granodiorite, plagioclase is oligoclase, 6-1003 
16. Granodiorite, plagioclase is oligoclase, 4-0910 

AGE RELATIONS 

All of the granitic rocks are considered younger than the stratified 
rocks in the St. Johnsbury quadrangle. Since they cut across beds at 
least half-way "up" in the Gile Mountain formation they are proven to 
be younger than the lower part of this unit. Minor structures similar to 
those found in all of the stratified rocks are truncated by the granites. 
This indicates that the granites are younger than the part of the defor-
mation that caused these structures. 

Quartz monzonite dikes cut across all of the other granitic rocks and 
are the youngest rocks in the series. There are gradations from porphy-
ritic granodiorite to even textured granodiorite. Elsewhere, small even 
grained dikes cut across the porphyritic types. Consequently, the relative 
age of the two is not well defined. Although there may be a more complex 
history, the available evidence shows that the medium grained and 
porphyritic granodiorites are essentially the same age. The medium 
grained type may be younger, in part. 
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Figure 19. Bifurcating pegmatite dike with zoning brought out by the coarse 
grained interior of the dike just below the hammer handle. 

RELATIONSHIP TO OTHER GRANITIC ROCKS IN THE REGION 

All of the granitic rocks in the St. Johnsbury quadrangle are co-
magmatic. It seems likely that all of the separately mapped bodies are 
connected at depth as illustrated in Plate 3. 

The large mass of granitic rock along the west side of the St. Johnsbury 
quadrangle extends directly into the Plainfield and East Barre quad-
rangles. The mixed zone associated with this mass extends into the 
Woodsville quadrange. Granites in the south-central part of the area are 
also continuous with rocks in the Woodsville quadrangle. 

These granitic rocks were first named the Knox Mountain granite 
(Richardson, 1902), after Knox Mountain in the East Barre quadrangle. 
This name is retained by Murthy (1958). In the Woodsville quadrangle 
they were appropriately called the Ryegate granodiorite (White and 
Billings, 1951). The Bane granite, in the East Bane quadrangle, is 
exposed west of the Knox Mountain granite. Although the Barre granite 
may be continuous with the Knox Mountain granite there is no direct 
evidence to indicate such a relationship (Murthy, 1958). 

The two names, granite and granodiorite indicate a variation in 
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Figure 20. An Outcrop 0.2 mile south of Fosters Pond, illustrating at least two 
generations of pegmatite dikes in the granite. 

mineralogy within the granitic rocks of the region. This variation is 
systematic, in that granitic rocks on the east side of the Knox Mountain 
granite, in the St. Johnsbury and Woodsville quadrangles, are grano-
diorites that have essentially the same mineralogical composition. There 
is a fairly close similarity between these granodiorites and the Barre 
granite which outcrops west of the Knox Mountain granite. Although 
the name Barre granite is retained by tradition this rock is actually 
granodiorite (Maynard, 1934). It might be concluded that the granitic 
rocks in this region are all part of one pluton that has a granite core and 
a granodiorite rim. 

Seven magma series have been recognized in New Hampshire (Billings, 
1956). The granitic rocks in the St. Johnsbury quadrangle are similar in 
mineralogy to the binary granites of the New Hampshire magma series, 
which is one of the seven series that have been delineated. The New 
Hampshire magma series is Middle Devonian. Granitic rocks in this 
quadrangle are believed to be essentially the same age since they intrude 
Devonian rocks. Because of this, it seems very likely that the granitic 
rocks in the St. Johnsbury quadrangle are part of the New Hampshire 
magma series. 
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STRUCTURAL RELATIONS 

The geologic and tectonic maps (Plates 1 and 2) as well as the geologic 
structure sections (Plate 3) illustrate the sub-concordant nature of the 
granitic rocks in the St. Johnsbury quadrangle. The general northeast 
trend of the elongate pluton on the western edge of the quadrangle is 
parallel to regional trends in eastern Vermont. The change in strike of 
the contact between the Waits River and Gile Mountain formations 
north of West Danville indicates the general parallelism of the strike of 
bedding in the country rock and the northern contact of this pluton. 

However, as pointed out by Murthy (1958), close inspection shows 
that the contact of granite with the country rock is discordant. His 
observation also holds true in the St. Johnsbury quadrangle. The 
orientations of bedding and schistosity are parallel to the contact in 
some places, but make a sharp angle with it in other places (P1. 2). There 
are abundant examples of dikes in the area (Fig. 17). Also, granite 
truncates both the bedding and schistosity of inclusions (Fig. 21). 
However, with rare exceptions, all of the inclusions observed in the St. 
Johnsbury quadrangle are dimensionally oriented so that schistosity 
and/or bedding are parallel with their length. Consequently, the only 
marked truncation is across the long dimension at the ends of the in-
clusions. The actual contact of the granite body with the country rock 
was not observed in the field, but it undoubtedly truncates bedding and 
schistosity of the country rock. This is indicated on the geologic structure 
sections (P1. 3). 

The mixed zone along the east border of the granite exposed in the 
western part of the quadrangle (P1. 1) ranges from 1 to 1.5 miles in 
breadth. It narrows to 0.5 mile at the north end of the pluton in the 
vicinity of West Danville and is relatively narrower on the west side 
in the Plainfield quadrangle. Areas of mixed granite and stratified rock 
appear in the central and south-central part of the St. Johnsbury 
quadrangle as well. 

This variation in breadth of outcrop is apparently closely related to 
the steepness of the border of the pluton. Consideration of this leads to 
the conclusion that a major portion of the St. Johnsbury quadrangle is 
underlain by the irregular but relatively fiat top of a granite pluton, as 
shown on Plate 3. The border of the pluton apparently steepens in the 
vicinity of West Danville and on the west side in the Plainfield quad-
rangle. 

Intrusion of the same granites in sheets has been reported in the 
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Figure 21. Essentially concordant relationship of granite with schistosity and 
bedding of inclusion, but discordant in detail. Outcrop at same locality as Fig. 20. 

Wood sville quadrangle (White and Billings, 1951). It is possible that the 
whole pluton is a sheet, the upper side of which underlies the St. Johns-
bury quadrangle. The steeper side on the west could be the blunt end of 
this sheet. Beds at the south end of the exposed part of the pluton, in 
the East Bane quadrangle, dip northerly and possibly under the granite, 
although they may be truncated by it (Murthy, 1958, Plates 1 and 2). 
A general sheet like nature is favored by this evidence. However, it is 
entirely possible that the pluton widens with depth and has the form of 
a normal batholith. 

MODE OF EMPLACEMENT 

Schist foliae are locally separated and warped near granite contacts 
(Fig. 22). This is apparently due to the invasion of the granite. In some 
cases the granite is conformable to folds in the country rock (Fig. 23). 
Such a relationship can be explained by forceful injection of the granite. 
However, the granite may have invaded a previously developed fold or 
the fold may have developed later than the intrusion. Elongate inclusions 
and foliation are both oriented parallel to the granite contact. The general 
relationship of the pluton to the major structural arch in the St. Johns- 

49 



II Qa.t 	.cht 

Media 1~Z.7 	
-.--, 

- \ 

I- 

Figure 22. Sketch of outcrop showing granite conforming to a fold in Gile Mountain 
schist. This outcrop is 100' below the top of Roy Mountain, on the west side. 

bury quadrangle indicates that the granite is closely associated with 
this fold. The change in strike of the contact between the Waits River 
and Gile Mountain formations near West Danville, appears to be related 
to the intrusive body; it is believed to indicate that the granite has 
rotated the country rock into its present orientation in this vicinity. 
These observations indicate that the granite was forcefully injected. 

The dike complex and inclusions associated with the granite are 
indicative of disruption and shattering near the border of the pluton. 
Daly (1933) asserts two possible causes for such phenomena which are 
associated with piecemeal stoping. One is related to pressure exerted 
on the country rock by the intrusive body. The other is due to differential 
heating of the country rock. The pressure hypothesis is a possible expla-
nation for the shattered zone in this area. However, differential heating 
may also have been effective. The available evidence is favorable to 
forceful injection. However, it is likely that stoping was also involved 
in the emplacement of the granite. 

An interpretation suggested by Daly (1933) in the discussion on 
magmatic stoping can be invoked to explain observations made in the 
St. Johnsbury quadrangle. According to this interpretation the country 
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Figure 23. Sketch of vertical outcrop illustrating the deformation of the country 
rock due to the intrusion of granite. This outcrop is 0.1 mile north of bench mark 
1295, which is located on the road that leads from Mosquitoville to School No. 6, 
in the town of Ryegate. 

rock was deformed upward by the granite, which forcefully made way 
for itself. Tensile stresses in the country rock were relieved by deforma-
tion, a part of which was fracturing. Disrupted blocks of various sizes, 
in the fractured area were then stoped downward from the top of the 
pluton. There is little direct evidence for the downward stoping of 
inclusions and this may have been of minor importance if the granite 
made way for itself mainly by forcing the country rock aside. 

Moulton Dionte 
The main mass of the Moulton diorite crops out on the northwest 

side of the Monroe fault, north of the Connecticut River, at the east 
edge of the map. A smaller area of Moulton diorite is present immediately 
west of this. The larger mass extends 3.5 miles northeastward into the 
Littleton quadrangle. Eric and Dennis (1958) have given a detailed 
description of the Moulton diorite that crops out in the Littleton quad-
rangle. 

All of the rocks that were mapped as Moulton diorite are metamor-
phosed. These rocks are pale to dark green, consisting mainly of sodic 
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plagioclase and hornblende. Calcite and a brown carbonate mineral, 
possibly ankerite, are locally present in sufficient quantity to yield 
visible effervescence on reaction with HCl. 

Both fine-grained and coarse-grained rocks are present, but not 
enough work was done to determine whether or not this textural differ-
ence is systematic. However, everywhere that the Moulton diorite was 
observed near its contact with the Meetinghouse slate it is coarse grained. 
Hence, the finer grained rocks may be restricted to the interior of the 
body. This variation in grain size is most likely related to metamorphism. 

A small outcrop 0.5 mile N. 600  E. of B.M. 528 contains small in-
clusions of the Meetinghouse slate. Lack of orientation reveals that the 
inclusions had a "freedom of movement" in the diorite. This is reasonable 
evidence that stoping was an active mechanism in the emplacement of 
the Moulton diorite. 

AGE 

The diorite is younger than the Meetinghouse slate but older than the 
metamorphism. This places the instrusion in the Devonian period. Eric 
and Dennis (1958) correlate these rocks with the Moulton diorite in the 
New Hampshire portion of the Littleton quadrangle (Billings, 1937) 
which is a member of the New Hampshire magma series. This correlation 
is accepted here. 

Metamorphosed Mafic Dikes 
Metamorphosed mafic dikes and sills are present in the southeast part 

of the St. Johnsbury quadrangle in the area shown by the overprint on 
Plate 1. Most of this area is southeast of the Monroe fault, but similar 
areas are also present northwest of the fault. The dike complex continues 
south into the Woodsville quadrangle where it has been described in 
detail by Billings and White (1950) and northeast into the Littleton 
quadrangle (Billings, 1937). 

The dikes are composed of fine-grained to medium-grained rocks that 
are various shades of green. They commonly have a schistose texture, 
although massive varieties were also found. Chlorite is the most common 
mineral observed megascopically. Albite is commonly present in grains 
up to Y4  inch long. Biotite and hornblende were also observed but are 
less abundant than chlorite and plagioclase. Epidote, calcite, apatite, 
magnetite, and ilmenite were found in thin section along with the above. 
In the study made by Billings and White (1950) it was found that these 
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Figure 24. Unmetamorphose I inafic dike displaying s hen iLl v Lithering. 
Photograph taken looking vest at roadcut on Route No. 15, 0.3 mile south of the vil-
lage of Barnet. Hammer at left center for scale. 

rocks are in the green schist facies and albite-epidote amphibolite facies 
of metamorphism. Their study also reveals the presence of actinolite 
as well as the minerals mentioned above. 

The mafic intrusives have undergone a varied structural history. They 
crosscut folded beds in some places. Several striking examples of this 
are present in the large outcrop below the Comerford dam on the Ver-
mont side of the Connecticut River. In other places the dikes themselves 
have been deformed and the rock has a schistose texture. It seems likely 
that they are syntectonic intrusives and that they were emplaced rela-
tively late in the deformation. 

Although most of the dikes intrude the Ordovician (?) strata of the 
New Hampshire sequence, they are also present in the Devonian Meet-
inghouse slate. Hence, it is concluded that they were intruded in the 
Devonian. They are probably representative of the New Hampshire 
magma series and are very likely related to the Moulton diorite. 

Unmetamorphosed Maflc Dikes 
Six unmetamorphosed mafic dikes, ranging in thickness from 6 inches 
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to 4 feet, were found in the St. Johnsbury quadrangle. All of these are 
dark green to black, fine-grained lamprophyres. Some contain equidimen-
sional phenocrysts of olivine up to 2 mm. long. A dike in the roadcut 
along Route No. 5 south of the village of Barnet displays spectacular 
spheroidal or "cobblestone" weathering (Fig. 24). Another dike, south of 
Danville Center, under the railroad bridge 0.1 mile northeast of bench 
mark 1205, has well developed slickensides. This same dike was described 
by Richardson (1902). 

Fine grains of biotite were found in the groundmass of three of these 
dike rocks. Hornblende occurs, in the same manner as biotite, in one of 
the dikes. Other minerals present, are plagioclase, augite, chlorite, 
epidote, serpentine, carbonate, and metallic opaque. Biot ite, plagioclase 
and augite together, comprise 95% of the rock. The remainder consists 
mainly of olivine phenocrysts, altered to serpentine and carbonate. 

Tnmetamorphosed dikes intrude all of the stratified rocks and granitic 
rocks in the St. Johnsbury quadrangle. These rocks are correlated with 
the other post-metamorphic lamprophvres and diabases found in New 
England and probably belong to the Permian White Mountain magma 
series, which is the youngest of the magma series defined in New Hamp-
shire (Billings, 1956). However, they may possibly be related to Un-
metamorphosed Triassic mafic intrusives also found in New England. 

STRUCTURAL GEOLOGY 

General Statement 

The St. Johnsburv quadrangle, located on the east flank of the Green 
Mountain anticlinorium, is in line of strike with a complex series of 
domes that have been mapped in southeastern and east-central Vermont. 
Major and minor folds associated with these domes are arranged in a 
pattern opposite to that normally found on the limbs of anticlinal 
structures. This pattern reveals the abnormal movement sense which is a 
distinct feature of the domes. It is apparent that the general fold pattern 
in the St. Johnsbury quadrangle conforms to this relationship (Plates 
3 and 4). 

Two stages of deformation have been recognized in east-central 
Vermont (White and Jahns, 1950) and evidence for these two stages was 
also found in the St. Johnsbury quadrangle. Both stages probably 
occurred during the same orogeny and may have been contemporaneous, 
at least in part. Perhaps the term style would be a better one than stage 
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in spite of the fact that one deformation is generally believed to have 
preceded the other. However, stage is used by convention in Vermont. 

Ten major folds have been mapped in the St. Johnsbury quadrangle 
(Fig. 25). They are, from northwest to southeast: 

1. Walden syncline 
2. Noyesville anticline 
3. Brownington syncline 
4. Strafford-Willoughby arch 
5. Harvey Mountain anticline 
6. Roy Mountain syncline 
7. Four Corners syncline 
8. Passumpsic anticline 
9. East Barnet syncline 

10. Monroe syncline 
The Monroe fault, in the southeast part of the quadrangle, separates the 
East Barnet and Monroe synclines. 

The terms anticline and syncline do not necessarily have any strati-
graphic significance as they are used in this paper. Anticline is used for 
folds that are convex upward and syncline for folds that are concave 
upward (Billings, 1954). The term stratigraphic anticline is used where 
the strata are believed to be older toward the center of curvature of the 
fold. Stratigraphic syncline is used for this purpose where strata are 
believed to be younger toward the center of curvature of the fold. 

Minor structural features are important in determining the major 
structures. Because of this the minor structures are described in some 
detail. 

Minor Structural Features 

ScHIsT0sITY 

Schistosity is a planar structural feature that is brought out by the 
parallel orientation of micaceous minerals. There are two different 
schistosities in the rocks found in the quadrangle and each is related to a 
different stage of deformation. The earlier-stage schistosity is parallel to 
the axial planes of earlier-stage folds. Since the earlier folds are isoclinal, 
the earlier schistosity is essentially parallel to bedding except near the 
axes of the folds. Later-stage schistosity is physically indistinguishible 
from earlier-stage schistosity. The origin of later schistosity is closely 
related to the development of slip cleavage and is discussed with this 
structure. 
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In order to maintain objectivity the attitudes of earlier-schistositv 
and later-schistosity are indicated by the same type of symbol on the 
tectonic map (P1. 2). 

SLIP CLEAVAGE 

As recognized in the St. Johnsbury quadrangle, slip cleavage is a 
planar feature that is parallel to, but not necessarily coincident with the 
axial planes of crinkle- or micro-folds. There is a tendency for the rocks 
to split parallel to the slip cleavage planes, but the perfection of this 
splitting depends on the degree to which the microfolds are developed 
and the distance between the cleavage planes. 

Slip cleavage is similar to, or identical with, what has been called close 
joints cleavage by Sorby (1858), "ausweichungsclivage" by Heim (1878), 
slip cleavage by Dale (1896), fracture cleavage or false cleavage by 
Leith (1905), and shear cleavage by Mead (1940). The origin of slip 
cleavage has been related to folding by some (Thompson, 1950; Osberg, 
1952), and others have related it to fracturing and faulting (Mead, 
1940; Broughton, 1946). 

White (1949) described the regional relationships of slip cleavage in 
east-central Vermont. He recognized an early cleavage, called schistosity, 
and a later cleavage that transects the earlier. Each of these is related 
to a different stage of deformation. Slip cleavage is later cleavage and 
White was able to demonstrate that it grades into and becomes indis-
tinguishable from a later stage schistosity. Consequently, there are two 
schistosities that are physically indistinguishable, but were developed 
during different stages of deformation. White also pointed out the close 
relationship of slip cleavage and crinkle folds. Observations of slip cleav-
age in the St. Johnsbury quadrangle essentially corroborate and extend 
White's findings in the Woodsville and Strafford quadrangles in east-
central Vermont. 

Recognizable slip cleavage is found throughout the St. Johnsbury 
quadrangle west of the Monroe fault and east of a general line from the 
vicinity of School No. 6, in the southwest ninth of the quadrangle, to 
Coles Corner in the northeast ninth (see inset map, Fig. 26). This line 
represents the transition from slip cleavage to schistosity and is the 
extension of the line defined by White (1949) in the Woodsville quad-
rangle. Slip cleavage was also recognized west of this line, in the St. 
Johnsbury quadrangle as shown on the tectonic map (P1. 2), but is 
generally obscure here. West of the transition line, later schistosity 
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and slip cleavage are essentially parallel in places where slip cleavage is 
present. 

The slip cleavage strikes from north to northwest and dips eastward 
to northeastward. This attitude is essentially the same as that of the 
later schistosity immediately west of the transition line. Westward, the 
attitude of later schistosity gradually changes, until it strikes east and 
dips north in the vicinity of the crest of the Strafford-Willoughby arch. 
Farther west it strikes northeast and dips northwest. In the extreme 
northwest part of the quadrangle the attitude of later schistosity is 
somewhat chaotic, in that both easterly and westerly dips are present 
and the strike varies between north and northwest. 

Slip cleavage is consistently parallel to the axial planes of minor folds 
and is also parallel to the axial plane of the Roy Mountain syncline. 
Schistosity west of the transition line is also generally parallel to the 
axial planes of minor folds as well as major folds. From these relation-
ships and the evolution of slip cleavage and later schistosity, it seems 
reasonable that most of the schistosity west of the transition line is 
genetically related to slip cleavage in the same manner demonstrated 
by White (1949). 

A series of diagrammatic sketches (a. through g., Fig. 26) have been 
drawn from thin sections of various schists and illustrate what is believed 
to be the evolution of slip cleavage in the St. Johnsbury quadrangle: 

Diagram a.—This is a sketch of a rock where schistosity dominates 
throughout, and no slip cleavage is discernible. 

Diagram b.—Schistosity is the dominant planar feature in the rock, 
but the short limbs of crinkles have a noticeable concentration of mica 
along them. The crinkles are developed well enough to be recognized 
megascopically. They are not continuous throughout the specimen, 
but fade out along their axial planes. The attitude of the short limbs 
of the crinkles can be determined and has been recorded as parallel to 
slip cleavage. The rock splits easily parallel to schistosity and there 
is only a slight tendency to split parallel to the rhort limbs of crinkles. 

Diagram c.—The crinkles are well developed and there is a marked 
concentration of mica on the short limbs, yielding a fairly good slip 
cleavage. 

Diagram d.—Slip cleavage and schistosity are both fairly well 
pronounced. The individual layers of micaceous minerals that bring 
out the crinkles, are vague on the short limbs. It is noted that the 
micaceous minerals are concentrated on the short limbs of the crinkles 
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almost to the complete exclusion of the equidimensional minerals. 
Diagram e.—This is essentially the same as diagram d, except that 

there is a greater concentration of micaceous minerals. 
Diagram f.—The short limbs of the crinkles are not distinguishable 

and almost all of the micaceous minerals are oriented in the parallel 
slip cleavage planes. A minor amount of mica outlines the crinkles. 

Diagram g.—Essentially all of the micaceous minerals are oriented 
in the slip cleavage planes and consequently the crinkles and earlier 
schistosity have no definition. The planes of slip cleavage are indis-
tinguishable from schistosity. 
Origin of slip cleavage and associated minor structures—Slip cleavage 

observed in this area is developed mainly by folding. The actual cleavage 
is due to the concentration of micaceous minerals on the short limbs of 
crinkles and does not appear to be related to fracturing. The crinkles 
bear normal drag fold relations to minor folds (Fig. 27) and are them-
selves, tiny drag folds. Although displacement may take place on the 
short limbs of the crinkles, it is not essential to the development of slip 
cleavage. There is very little evidence for displacement, except locally, 
until the last stages in the evolution of slip cleavage. Any amount of 
displacement could take place on these surfaces in the ultimate stage, 
where a schistosity is present. 

Folds that have slip cleavage and crinkles associated with them are 
commonly interpreted as shear folds. If the folds in this area are shear 
folds, they should involve no shortening, but should result from dis-
placements along slip cleavage planes. However, the crinkles themselves 
appear to form through fiexuring caused by drag on larger folds. It is 
evident that the crinkles involve shortening since, in places where they 
fade out along their axial planes (Fig. 26, diagram b.), a straight line 
distance between similar points on opposite limbs increases as the crinkles 
fade out. Consequently, some shortening must be involved in the de-
velopment of the larger folds related to the crinkles and these folds are 
not pure shear folds. A combination of shear folding and fiexure folding 
is the most likely mechanism for the development of the minor folds 
associated with slip cleavage. 

MINOR FOLDS 

Folds too small to be shown on the geologic map are considered as 
minor folds. They range from less than an inch up to several hundred 
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Figure 27. Sketch of minor fold indicating the relationship of crinkles to the fold. 
The crinkles are relatively enlarged in order to stand out. 

feet in wavelength. The majority of minor folds on which this discussion 
is based, have wavelengths of a few feet. 

The attitude and shear sense revealed by minor folds is illustrated on 
Plate 4. The symbol used to depict this, is a variation of one proposed 
by Skehan (1953) and its meaning is illustrated in Figures 28 and 29. 
The symbol itself is a diagrammatic representation of the map pattern 
of any given minor fold. Its purpose is to indicate the shear sense of 
minor folds and it does not show their degree of tightness, since many 
of the minor folds are much more open than the symbol indicates. The 
long limbs on the symbol are drawn parallel to the strike of the axial 
planes of the minor folds as measured in the field, although they are 
not exactly parallel to the axial plane of the symbol. The direction and 
amount of dip of the axial plane is also indicated on the long limb of the 
symbol by a semicircle and number. The arrow indicates the direction 
and amount of plunge of the fold axis. The symbol in Figure 28 a. illus-
trates a sinistral fold that plunges 100  northwest and has an axial plane 
that strikes northwest and dips 250  northeast. The attitude of the axial 
plane in Figure 28 b. is the same but the fold axis plunges 100  southeast. 
The relation of shear sense and plunge is also shown in Figures 28 and 29. 
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Figure 28. Symbol used for sinistral folds. This also indicates the difference in shear 
sense revealed by oppositely plunging sinistral folds. 

A "west-side-up" shear sense is indicated by a south-plunging sinistral 
fold or a north-plunging dextral fold, whereas an "east-side-up" shear 
sense is indicated by a north-plunging sinistral fold or a south-plunging 
dextral fold. This should be kept in mind when looking at Plate 4. 

The minor folds plotted on Plate 4 reveal the movement sense at 
various places in the St. Johnsbury quadrangle. North-plunging sinistral 
folds are present over most of the area northwest of the crest of the 
Strafford-Willoughbv arch. These folds reveal an east-side-up shear 
sense. A series of north-plunging dextral folds on the northwest limb of 
the Noyesville anticline is an exception to this. The minor folds plunge 
north and south in harmony with the Monroe syncline. 

The consistent shear sense indicated by the minor folds over relatively 
large areas (P1. 4) reflects the movement sense on major folds. There are 
local reversals of shear sense where the minor folds are on the short 
limbs larger folds. However, the long limbs of the larger folds are much 
more likely to be exposed than the short limbs because the highest 
percentage of the rocks is located on them. Since the shear sense of the 
minor folds that are developed on the long limbs is the same as the shear 
sense of the larger folds, it is believed valid to assume that the general 
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Figure 29. Symbol used for dextral folds. This also indicates the difference in shear 
sense revealed by oppositely plunging dextral folds. 

movement sense indicated by a series of minor folds in any given area 
reflects the last shear sense or movement sense of bedrock within that 
area. 

Earlier stage minor folds—All of the minor folds southeast of the 
Monroe fault were developed during the earlier stage of deformation. 
Both open and tight folds are present and this appears to be related to 
lithology. Where quartzite composes a major portion of the bedrock the 
folds are more open (Fig. 5) and where schistose rocks are dominant the 
folds tend to be tight. The axial planes of these earlier folds dip steeply 
east or west and the folds plunge relatively steeply. 

Earlier stage minor folds were rarely recognized northwest of the 
Monroe fault. In places where they are found, the shear sense is com-
monly indeterminate. Four of the early stage folds revealed an "east-
side-up" shear sense however. The axial planes of the earlier folds are 
commonly warped or folded (Figs. 30 and 31) since they have been 
affected by the later stage of deformation. Consequently, the attitude of 
these axial planes is not very well defined by means of strike and dip. 
However, their general attitude is approximately parallel to the earlier 
schistosity, which strikes north or northeast and dips southeast. All of 
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Figure 30. Sketch of re-folded earlier minor fold. The pencil is parallel to the axis 
of the later stage fold. Note that schistosity is parallel to the axial plane of the early 
fold and slip cleavage parallel to the axial plane of the later fold. Outcrop in the Gile 
Mountain formation on the north side of Roy Mountain. 

the earlier stage minor folds are essentially isoclinal and commonly 
plunge in the same direction as the later folds but less steeply. Although 
they are undoubtedly present, no earlier stage minor folds were definitely 
distinguished northwest of the crest of the Strafford-Willoughby arch. 

Later stage minor folds—Later stage minor folds are the ones that were 
most commonly found in the St. Johnsbury quadrangle. Both bedding 
and earlier schistosity are deformed by these folds. The attitude of the 
axial planes and plunge of the fold axes is illustrated on Plate 4. In 
general, the folds southeast of the crest of the Strafford-Willoughby arch 
indicate a "west-side-up" shear sense and those northwest of the crest 
indicate an "east-side-up" shear sense. 

The later stage folds are relatively open, on and east of the Passumpsic 
anticline. They are increasingly tighter westward toward the crest of the 
Strafford-Willoughby arch where they are essentially isoclinal. This 
parallels the intensity of development of slip cleavage and further 
indicates the close relationship of slip cleavage to the later stage folds. 

Relationships between earlier and later stage folds—Both the earlier and 
later stage folds have normal drag folds developed on their limbs (Fig. 
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Figure 31. East-west vertical outcrop illustrating re-folded earlier stage folds. The earlier folds dip east at approximately 450  and'the 
later stage folds dip east at approximately 15°. Although the schist is believed to represent one bed, the connection between exposed 
parts is covered. If this is accepted the earlier stage folds indicate an east-side-up shear sense since they plunge north. The later stage 
folds also plunge north, thus indicating a west-side-up shear sense. Note that where the later stage folds deform the overturned limbs 
of the early stage folds they appear to be normal drag folds but they appear as reverse drag folds on the upright limb. This outcrop 
is in the stream V2 mile northeast of School No. 6, near the road intersection, in the town of Ryegate. 



Figure 32. Later stage minor fold with normal drag folds developed on opposite 
limbs. Photograph of outcrop of Waits River formation 0.7 mile S. 36° W. of Hough-
ton bridge, in the northeast part of the quadrangle. 

32). Because of this, the later stage folds enforce the earlier stage drag 
folds in some places and interfere with them in others. To illustrate this 
one may think of an east-west cross section of an anticline with normal 
drag folds developed on it. Then if this anticline is allowed to be re-
folded into a later anticline, it is obvious that all of the drag folds that 
were east of the axis of the earlier stage anticline and are also east of the 
axis of later stage anticline will be enforced. Those earlier stage folds 
that were east of the axis of the earlier stage anticline and are now west 
of the axis of the later stage anticline will be interfered with. This applies 
in the same manner to drag folds on the west limb of the earlier stage 
anticline. 

A commonly observed case is where an earlier stage minor fold is 
deformed by a smaller later stage minor fold that has no drag folds 
large enough to be noticeable on its limbs. In this case the later fold will 
appear as a normal drag fold on one limb of the earlier fold and a reverse 
drag fold on the opposite limb (Fig. 31). If the later fold is large enough 
some of the drag folds may,  be rotated by it and the conditions stated 
above will be obtained. 

In areas where later stage folds are of considerably greater magnitude 
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than the earlier folds or vice versa these effects of one set of folds on the 
other will be slight. 

Incompetent folds—Complex minor folds are present where calcareous 
rocks greatly exceed other rocks. Such folds are apparently the result of 
intense deformation of the relatively incompetent calcareous rocks and 
because of this are called incompetent folds. In most cases this type of 
folding defies any attempt at a consistent interpretation. An easily 
accessible exposure that reveals incompetent folding is present in Joes 
Brook near the bridge at an altitude of 1205 feet on the north side of 
the road that leads from Harvey Hollow to South Danville. 

Incompetent folding also exists on a smaller scale as contortions 
within individual limestone beds. A consistent interpretation of these 
folds is sometimes possible however. 

Fold azes—The orientation and horizontal projection of the axes of 
minor folds is shown on Plate 4. Although fold axes are linear features, 
they are discussed under minor folds in order to maintain continuity. 
Those which are definitely axes of earlier stage folds are designated with 
the figure " 1 " beside them. Microfolds or axes of crinkles are indicated 
by the letter "c." These are actually a gradation between minor folds 
and intersections of slip cleavage and bedding or slip cleavage and 
schistosity, since tiny crinkles appear on schistosity or bedding surfaces 
where the slip cleavage planes that intersect them are widely spaced. 

Although there are some complications, most all of the fold axes have 
a systematic plunge with respect to associated major structures (P1. 4). 
The pattern at the north end of the Four Corners syncline is somewhat 
complicated, since some minor fold axes plunge northward although 
most of them plunge south in the normally expected manner. Fold axes 
plunge northerly on the Harvey Mountain anticline, but north, north-
east, northwest, and southerly plunges are present on the Roy Mountain 
syncline (P1. 4). Although this seems unsystematic at first, closer in-
spection shows that the spatial relations of these axes are relatively 
systematic. Northeast plunges are grouped together on the northeast 
limb, southeast of the contact between the Gile Mountain and Waits 
River formations. North and northwest plunges are present near this 
contact in the vicinity of the nose of the structure. Southward from the 
nose there is a general alternation of first northerly and then southerly 
plunges. This indicates two elongate areas of culmination which trend 
approximately N. 80° E. One is 1.3 miles north of the south edge of the 
map and the other is 2.5 miles north of the south edge. 

There is a general fan of fold axes across the crest of the Strafford- 
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Willoughby arch, with north and northeast plunges on the east side of 
the crest and north to northwest plunges on the west side. Southerly 
plunges indicate local reversals in plunge on the arch. 

Axes of minor folds are commonly accepted as indicating the plunge 
of major folds. Since two stages of folding have been recognized in the 
St. Johnsbury quadrangle, there is some uncertainty in assuming that 
such a relationship holds. Beta diagrams (Weiss, 1954) were prepared 
for each major fold, in order to test this relationship. Each of these 
diagrams was prepared by using the attitude of bedding planes in an 
area of approximately one square mile, near the nose of the fold. In the 
case of each major fold, except the East Barnet syncline and the Pas-
sumpsic anticline, the beta maxima conform to the plunge indicated by 
minor fold axes. Beta diagrams prepared for areas near the noses of 
the Passumpsic anticline and East Barnet syncline are shown in Figure 
33. The beta diagram for the East Barnet syncline (Fig. 33 a) shows a 
1611/0  beta maximum that indicates a plunge N. 200  B. at 150;  a 140/0  
maximum that indicates a plunge N. 85° B. at 750;  and an 8% maximum 
that indicates a plunge S. 15° W. at 10°. All of these maxima fall on one 
great circle that strikes N. 20° B. and dips 80° southeast. The beta 
diagram for the area in the Passumpsic anticline (Fig. 33 b) shows a 16% 
beta maximum that indicates a plunge N. 25° E. at 15°; an 8% maximum 
that indicates a plunge S. 75° E. at 60°; and an 8 0/0  maximum that 
indicates a plunge S. 50 E. at 20°. All of these maxima fall on a great 
circle that strikes N. 20° B. and dips 60° southeast. In each case, the 
beta maxima that indicate a N. 20° E. and a N. 25° B. plunge are 
essentially parallel to the axes of minor folds. These beta maxima 
indicate the general regional plunge of the major folds. The S. 15° W. 
maximum (Fig. 33 a) and S. 5° E. maximum (Fig. 33 b) may indicate 
local reversals in the regional plunge, but none of the fold axes or other 
lineations (P1. 4) are parallel to these maxima. It is possible that these 
maxima reveal minor warping superimposed on the major folds. The 
N. 85° E. and S. 75° E. maxima are parallel to a few lineations on Plate 
4, but none of these are minor fold axes. These maxima are believed to 
indicate gentle warping about steeply plunging axes. It is likely that this 
warping has a small amplitude and long wavelength, so that it is not 
seen on the scale of an outcrop. Folding or warping of this nature is too 
minor to show up in the map pattern. The great circles containing the 
beta maxima in each diagram are believed to indicate the axial planes 
of the East Barnet syncline (Fig. 33 a) and the Passumpsic anticline 
(Fig. 33 b). 
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Figure 33. Beta diagrams, contours are 1%, 2%, 5%, 7%, 8%, 14%, and 16% per 1 percent area. 
a. Intersections of 14 bedding planes on both limbs, near the nose of the East Barnet syncline. 
b. Intersections of 14 bedding planes on both limbs, near the nose of the Passumpsic anticline. 



The axes of minor folds are believed to consistently reflect the plunge 
of major structures within the area and are considered to be essentially 
parallel to the axes of major folds. The general northerly plunge is 
apparent on Plate 4 and consistent variations in steepness or reversals 
in plunge are also brought out by the attitude of minor fold axes. Enough 
reliance has been placed on the minor fold axes so that they were used as 
lines of projection in constructing the geologic structure sections on 
Plate 3. 

LINEATION 

The relation of linear features to the geometry of folds is a problem 
confronting all geologists who work in areas that have undergone com-
plex deformation. In fact, the determination of the present shape of 
folds is closely dependent on the interpretation of the attitude and spatial 
relationships of linear features (Clifford, et. al., 1957). 

All of the linear features observed in the St. Johnsbury quadrangle 
have been plotted on a separate map (P1. 4). This is a descriptive means 
of analyzing the attitude and spatial relations of lineations with respect 
to major structural features, since the map is a horizontal section through 
these structures. A map such as this reveals any systematic orientations 
that the lineations may possess. Contoured stereograms are also helpful 
to show this graphically. However, stereograms are not used since they 
merely bear out what is obvious from observation of Plate 4. 

Eight different types of lineation have been recognized and mapped 
in the St. Johnsbury quadrangle. These different types are: axes of minor 
folds, axes of crinkles, intersection of bedding and slip cleavage, inter-
section of bedding and schistosity, intersection of slip cleavage and 
schistosity, mineral streaks, boudinage, and elongation of pillows. Each 
of these is shown with a separate symbol on Plate 4, but for purposes of 
description they are grouped under fold axes (discussed in the preceding 
section), intersection of planar structures, mineral streaks, boudinage, 
and pillow elongation. 

Intersection of planar features—There are three specific lineations of 
this type. Intersections of slip cleavage and bedding are indicated on 
Plate 4 by a singly barbed arrow. As would be expected, these lineations 
are parallel to the fold axes since slip cleavage is parallel to the axial 
planes of most of the minor folds. However, there are several localities 
where this linear feature is essentially parallel to the N. 700  E. beta 
maximum associated with the East Barnet syncline, (Fig. 33 a.). 
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Intersections of schistosity and bedding are indicated on Plate 4 by a 
singly barbed arrow with an "s" beside it. These intersections are found 
near the noses of early folds except in the northwestern part of the area 
where schistosity is parallel to the axial planes of later folds. 

Intersections of slip cleavage and schistosity are indicated on Plate 4 
by a singly barbed arrow with an "i" beside it. These lineations are 
parallel to minor fold axes and intersections of slip cleavage and bedding 
since schistosity is essentially parallel to bedding in the part of the 
quadrangle where slip cleavage is present. 

Mineral streaks—Mineral streaking is indicated on Plate 4 by a solid 
arrowhead. It is recognized by parallel rows of minerals, generally 
biotite, but muscovite and garnet were also observed in this preferred 
orientation. It is found on both bedding and schistosity surfaces. Mineral 
streaking is most pronounced north and west of West Danville, but is 
present throughout the area in greater abundance than indicated on 
Plate 4. The mineral streaks are oriented essentially parallel to the dip 
of bedding and have a horizontal projection that is at an angle slightly 
less than 900  to the fold axes. 

Boudinage—It is commonly accepted that boudinage results from 
stretching. The more competent rocks are thinned, forming neck lines, 
and ultimately pull apart. The less competent beds flow and fill the gaps 
between each individual boudin (Cloos, 1947). All stages in the develop-
ment of boudinage are represented in the St. Johnsbury quadrangle. 

Boudinage is most commonly developed where quartz veins are 
interlayered with beds of stratified rocks and where interbedded quartz-
ite and schist, calc-silicate rocks and schist, and schist and limestone 
are present. In each of these sets the first rock type listed is the one that 
breaks and hence is the more competent of the pair. 

Small isolated lenses of calc-silicate rock are present in schist and 
micaceous quartzite beds of the Gile Mountain formation at several 
localities in the south-central part of the quadrangle (Fig. 34). These 
may represent individual beds that have broken into boudinage and 
moved about by continued deformation. It is also possible that they are 
deformed lenses or concretions that were present in the rocks when 
they were originally deposited. 

Boudinage neck lines have been found in two orientations in the St. 
Johnsbury quadrangle. They are parallel to minor fold axes in some 
localities and essentially perpendicular to minor fold axes in other places 
(Fig. 35). These two orientations are commonly found elsewhere in 
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Figure 34. Isolated lenses of caic-silicate rock in micaceous quartzite. These are 
either boudin or deformed concretions. Gile IIountain formation near the top of 
Roy Mountain. 

Vermont. They are possibly related to location on the long limbs of 
folds where they are perpendicular to fold axes, or on the short limbs 
where parallel to fold axes, (Thompson, 1950). 

Elongation of pillows—Where observations could be made, all of the 
pillows are elongate parallel to and down the dip of bedding (Fig. 11). 
The dip was determined from beds in the Waits River formation adjacent 
to the amphibolite. This elongation is believed to be of secondary origin 
and indicates a direction of stretching in the rocks in the same way that 
houdinage or elongate pebbles indicate stretching. 

Summary—Minor fold axes and all the lineations that are parallel to 
them, essentially indicate the plunge of major structures. These lineations 
bring out the general northerly regional plunge throughout the entire 
quadrangle. Southward plunges are present however, and these are 
related to local structures. 

Mineral streaks, houdinage, and pillow elongation are believed to 
indicate stretching or movement pattern. If this is true, mineral streaks 
and pillow elongation consistently indicate that movement and stretch- 
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Figure 35. Necklines developed in garnetiferous micaceous quartzite that is inter-
bedded with quartz mica schist. They plunge parallel to the dip of bedding and 
essentially perpendicular to minor fold axes. Photograph is of outcrop near the top of 
Wesson Hill. 

ing in the rocks was parallel to the dip of bedding and essentially normal 
to fold axes. Boudinage neck lines oriented parallel to the strike of 
bedding also indicates this, but local orientation of neck lines parallel 
to the dip indicates that stretching also occurred parallel to fold axes. 

Extensive use was made of lineation in the construction of the geologic 
structure sections and the interpretation of map patterns associated with 
major folds. 

JOINTS 

A detailed study of joints was not attempted in the St. Johnsbury 
quadrangle. However, observations revealed that the dominant joint 
set is perpendicular to the regional fold trends and these joints are 
apparently tension fractures. Joints oriented in other directions were 
found. The most prominent are steeply dipping diagonal joints that 
strike northeast or northwest. These two sets form a conjugate system 
and are possibly shear fractures. 
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Major Structural Features 

MAJOR FOLDS 

Brownington syncline—The Brownington syncline is located in the 
northwestern part of the St. Johnsbury quadrangle, where the Waits 
River formation occurs both west and east of the Gile Mountain forma-
tion. This syncline has been deformed by the Noyesville anticline and 
Walden syncline, which are later folds that trend across it. The strike 
of the southeast limb of the Brownington syncline is parallel to the 
strike of the southeastern contact of the Gile Mountain and Waits 
River formations (P1. 1). This limb dips 20° to 30° westerly (P1. 3, 
sections A A', B B', C C', and D D'). The northwest limb strikes parallel 
to the strike of the northwestern contact of the Waits River and Gile 
Mountain formations. This limb dips 35° northwest, south of Noyesville 
and 30° to 40° east, north of Walden Four Corners School. 

The Brownington syncline was first recognized by Doll (1951) in the 
Memphremagog quadrangle and it was extended south to the north 
edge of the St. Johnsbury quadrangle through mapping in the Lyndon-
yule quadrangle (Dennis, 1956). Murthy (1958), who questioned whether 
this actually is a fold, interpreted it as a homoclinal sequence in which 
the rocks are progressively younger from west to east. North-plunging 
sinistral folds on both limbs of the Brownington svncline seem to favor 
Murthy's interpretation. However, the similarity of rocks on both 
sides of the fold in the St. Johnsbury quadrangle and farther north in 
the Lyndonville and Memphremagog quadrangles indicates that it is a 
syncline. Moreover, the Gile Mountain formation extends southwest 
and terminates in the Randolph quadrangle (southwest of the East 
Barre quadrangle) (Fig. 1). According to the interpretation advanced 
by Murthy it ends here because of facies change. However, recent map-
ping in the Randolph quadrangle indicates that it ends in the north 
plunging nose of a fold (Ernest Em, personal communication, 1958). 
Because of this as well as the symmetrical arrangement of rocks, the 
Brownington syncline is believed to be present in the St. Johnsbury 
quadrangle. In accordance with the stratigraphic sequence accepted in 
this paper, it is a stratigraphic syncline. The north plunging sinistral 
folds on both limbs of the Brownington syncline may be explained as 
later stage folds with an "east-side-up" movement sense superimposed 
on the Brownington syncline. 

Walden syncline and Noyesville antchne—These are two comple- 
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mentary folds in the northwestern part of the quadrangle (Fig. 25). 
Their presence is revealed by the map pattern of the contact of the 
Waits River and Gile Mountain formations (P1. 1; P1. 3, section A-A') 
The southeast limb of the Noyesville anticline is coincident with both 
limbs of the Brownington syncline (P1. 3, sections A-A', B-B', and C-C'). 
The short limb between the Walden syncline and the Noyesville anticline 
is outlined by the contact between the Waits River and Gile Mountain 
formations north of Goslants Mill (P1. 1), where it strikes approximately 
N. 40° E. and dips 200  to 30° northwest. The west limb of the Walden 
syncline strikes northerly and is coincident with the west limb of the 
Brownington syncline from Walden Four Corners School north. The 
axial planes of the Noyesville anticline and Walden syncline strike 
northeast and dip 25° to 30° northwest. 

All of the minor folds in the northwestern part of the quadrangle 
bear normal drag fold relations to the Walden syncline and Noyesville 
anticline (P1. 4). The exact nature of the narrow band of the Gile Moun-
tain formation at the west edge of the map in the northwest corner 
(P1. 1) is not known. Although outcrops in the St. Johnsburv quadrangle 
did not warrant a connection here, it may be connected with the main 
belt of the formation farther north. If subsequent mapping proves this 
to be the case, it could then be interpreted as a rather large drag fold on 
the Walden syncline. 

All of the schistosity near and south of Rock Brook is parallel to the 
axial planes of the major folds. North of here, the schistosity makes an 
arcuate pattern that opens northward in a synclinal form nearly coinci-
dent with the Walden syncline (P1. 2) and (P1. 3). This relationship may 
be related to a post-later stage deformation warping, similar to the 
cleavage rolls described by White and Eric (1944), in east-central 
Vermont. 

The plunge of the Walden syncline and Noyesville anticline provides 
contradictory evidence concerning the relative ages of the Waits River 
and Gile Mountain formations. The Waits River formation plunges 
beneath the Gile Mountain near Goslants Mill and the reverse relation-
ship exists northeast of the Gile Mountain formation (P1. 1, P1. 3). Such 
contradictory evidence with respect to the stratigraphic sequence is 
commonly found in areas where folded folds are present (Reynolds and 
Holmes, 1954; Noble et. al., 1949) and may be used as a criterion for 
distinguishing them. The north-plunging sinistral pattern which is 
typical of the later stage deformation west of the Strafford-Willoughby 
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arch (White and Jahns, 1950) and the relation of later schistosity to the 
folds also indicates that they are later stage folds which re-fold the 
Brownington syncl inc. 

Strafford-Willoughby arch—This is a major northeast-trending domal 
structure that extends over a distance of at least 70 miles in eastern and 
northeastern Vermont. It is the northern end of a series of domes that 
are present in southeastern Vermont from Hanover, N. H. to the 
Massachusetts border southwest of Brattleboro, Vt. (Fig. 1). The south-
ern end of the Strafford-Willoughby arch is in the Strafford quadrangle, 
where it is called the Strafford dome (White and Jahns, 1950). It has 
been traced as far north as the Island Pond quadrangle (northeast of 
the Lyndonville quadrangle, Fig. 1) through detailed and reconnaissance 
mapping (Doll, 1951; Dennis, 1956). The crest of the arch is interrupted 
through a distance of approximately 20 miles, by a granite pluton, part 
of which crops out along the west side of the St. Johnsbury quadrangle. 
The name Strafford-Willoughby arch was suggested by Eric and Dennis 
(1958) and is taken from geographic locations along its trend. 

In the St. Johnsbury quadrangle (Fig. 25), the crest of the arch trends 
from the north-central part of the area southwestward to a point east 
of Cow Hill, where it is interrupted by the granite pluton. The location 
of the broad crest is not a precise line (P1. 3), but the line in Figure 25 
indicates its general location. The opposing shear sense of minor folds 
on opposite limbs of the arch is also helpful in indicating the crest. The 
gentle northward plunge of the arch is indicated by minor fold axes as 
well as the dip of bedding. 

Both cleavage and bedding outline the shape of the arch in this area. 
Although these planar features are essentially parallel over the crest 
of the arch they intersect on the limbs, since the bedding on the limbs 
dips steeper than cleavage. Consequently, the cleavage outlines a 
broader arch than the bedding does. 

Minor and major folds associated with the arch indicate a "west-
side-up" shear sense on the east limb and an "east-side-up" shear sense 
on the west limb (Plates 3 and 4). This general movement is opposite 
from what is predicted for normal anticline9 and is a characteristic 
feature of the Strafford-Willoughby arch as well as other domal structures 
farther south in eastern Vermont. Minor folds near the crest of the arch 
are nearly recumbent (P1. 5) and suggest that it may in some way be 
associated with large-scale recumbent folding. However, there is no 
direct evidence in the St. Johnsburv quadrangle that such is the case. 
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Asymmetry of the Strafford-Willoughby arch—The Gile Mountain 
formation is much closer to the crest of the arch on the west limb than 
it is on the east limb. This creates a difference in the apparent thickness 
of the Waits River formation on opposite limbs of the arch. 

Several effects may contribute to this asymmetry. The original 
undeformed sedimentary rocks of the Waits River formation may have 
been thicker toward the east. 

Differential thinning on the crest and opposite limbs of the arch might 
also cause the asymmetry. Tectonic thinning associated with domal 
structures in southeastern Vermont has been demonstrated by Thompson 
(1950) and Rosenfeld (1954). In that area, stratigraphic units have 
been thinned to less than 1113 their original thickness, over the crest 
and on the limbs of the Chester dome. Such thinning was demonstrated 
by comparison of the apparent thicknesses of stratigraphic units that 
occur both on the dome and at a distance from it. These comparisons 
were further substantiated by comparative statistical studies of strained 
pebbles. Unfortunately, neither of these methods can be applied to 
demonstrate tectonic thinning on the Strafford-Willoughby arch in the 
St. Johnsbury quadrangle, since neither pebbles nor the base of the 
Waits River formation are present. There has undoubtedly been some 
thinning of beds in this area, because differences in thickness of individual 
beds within a distance of a few feet have been observed in many outcrops. 
Whether thinning has occurred on a scale large enough to produce the 
asymmetry cannot be demonstrated by the available evidence. 

Apparent thickening of the Waits River formation by folding on the 
east limb of the arch is a probable explanation. The presence of any 
such folds west of the Four Corners syncline (Fig. 25) cannot be proven 
because of the lack of a horizon marker in the Waits River formation. 
However, the Four Corners syncline as well as the folded pattern indi-
cated by the contact between the Waits River and Gile Mountain 
formations on the east limb of the arch explains some of the apparent 
thickening. The presence of these folds also suggests that others may 
occur farther west on the east limb of the arch, but are obscured by the 
homogeneity of the Waits River formation. 

Any one, or combination of the above possibilities may have been 
active in producing the asymmetry. However, the folding mechanism 
is believed to be the basic cause of the asymmetry. 

Harvey Mountain anticline and Roy Mountain syncline—These are 
two complementary folds revealed by the dextral pattern of the contact 
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between the Waits River and Gile Mountain formations in the south-
central part of the St. Johnsbury quadrangle (Fig. 25; P1. 1). The west 
limb of the Harvey Mountain anticline strikes north and dips east at 
500 to 60° (P1. 3, sections H-H' and I-I'). The east limb strikes approxi-
mately N. 50° W. and dips 60° to 70° northeast. The east limb of the 
Roy Mountain syncline strikes northeast and dips 450  northwest near 
the nose, but is steeper farther north where it passes through the vertical 
and dips 70° eastward (P1. 3, section H-H'). The axial planes of both 
folds strike slightly west of north and dip eastward at 350  to 45°. The 
axes of the folds plunge northward at approximately 25°. 

The minor folds are in harmony with the drag sense on the opposite 
limbs of these folds (Plates 3 and 4). The culminations indicated by 
axes of minor folds, mentioned previously (P1. 4), obscure this relation 
somewhat, but the overall picture is consistent. Slip cleavage is es-
sentially parallel to the axial planes of both folds although it too, is 
somewhat affected by the culminations. It is noteworthy that the 
northernmost culmination results in a swing in the strike of bedding and 
schistosity as well as a reversal in the plunge of minor folds (Plates 2 
and 4). 

Minor structural features in outcrops near the axial region of the Roy 
Mountain syncline show some of the most intense deformation found 
in the quadrangle. There are many examples of re-folded minor folds 
in this vicinity and most of the minor structural features are related to 
the later stage of deformation. The plunge of the Harvey Mountain 
anticline and the Roy Mountain syncline, indicates a reversal of the 
accepted stratigraphic sequence. With this evidence and the normal 
drag sense revealed by minor folds the Harvey Mountain anticline and 
Roy Mountain syncline are believed to be later stage deformation folds. 
The Harvey Mountain fold is a stratigraphic syncline and the Roy 
Mountain fold is a stratigraphic anticline. 

Passunipsic anticline and East Barnet syncline—These are long 
attenuated, isoclinal folds revealed by the pattern of the contact between 
the Waits River and Gile Mountain formations in the eastern part of 
the St. Johnsbury quadrangle (Fig. 25). The limbs of these folds strike 
approximately N. 10° E. and dip from 70° southeast to vertical. The 
axial planes strike and dip essentially parallel to the limbs. Lineations 
indicate that the axes of these folds plunge north to northeast from 25° 
to 30°, except at the nose of the East Barnet syncline, where plunges 
are from 55° to 60° northeast. 



Minor folds related to these folds show a 'west-side-up" shear sense 
(P1. 3, section G-G'; P1. 4). Most of the minor folds have an axial plane 
slip cleavage that strikes northwest and dips northeast; these folds are 
believed to be later stage deformation folds. The slip cleavage is at an 
angle to the axial planes of the Passumpsic anticline and East Barnet 
syncline, whereas the earlier stage schistosity is essentially parallel to 
their axial planes. Because of these relations the Passumpsic anticline 
and East Barnet syncline are interpreted as earlier stage structural 
features. 

The plunges of these major folds indicate a reversed stratigraphic 
sequence. Hence, the Passumpsic fold is a stratigraphic syncline and the 
East Barnet fold is a stratigraphic anticline. Although reversal of 
stratigraphy is more common to later stage than earlier stage folds, 
reversed sequences such as this may develop through one deformation 
(Shackleton, 1958) by downward facing hinges or noses of recumbent 
folds. Rotation of previously developed folds or oversteepening of 
plunges is believed to be the cause in this case. 

Regional relations of the Harvey Mountain, Roy Mountain, Passumpsic, 
and East Barnetfolds—Compari son of the outline of the contact between 
the Waits River and Gile Mountain formations in the eastern and south-
ern parts of the St. Johnsbury quadrangle with that in the northern and 
western parts of the Woodsville quadrangle (Fig. 36) reveals an inter-
esting mirror image symmetry. 

The contact in the Woodsville portion of Figure 36 is taken from 
White and Billings (1951) and they interpret the structure related to it 
as follows: 
1. The Wrights Mountain fold is a later stage fold that plunges north-

ward in a synclinal form. 
2. The meaning of the narrow attenuated form that the contact outlines 

on the northeast limb of the Wrights Mountain fold (points A and B, 
Fig. 36) is not definite. As stated by White and Billings (1951, p.  656) 
"Whether this represents an attenuated fold, a fault slice, or a 
stratigraphic tongue is not clear." 

3. The north plunging Ryegate anticline is an earlier stage fold. 
4. The contact from C (Fig. 36) almost to the south edge of the St. 

Johnsbury quadrangle is a fault and the change in strike in the 
vicinity of C is not the nose of a synclinal fold. 
In the following discussion the fold interpretation of the outline of 

the contact (No. 2 above) is accepted. These folds will be called A and 
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B and both of them plunge northward (White and Billings, 1951, P1. 3). 
These are earlier-stage folds that have been re-folded by the Wrights 
Mountain fold. It is believed that a north-plunging synclinal fold must 
have been present farther southwest along the west limb of the Ryegate 
anticline, but most of this fold has been faulted out. This synclinal fold 
is designated as C, although its nose must have been southwest of the 
location of C in Figure 36. 

Syncline C is opposed to the Harvey Mountain anticline and the 
Ryegate anticline to the Roy Mountain syncline. All of these folds 
plunge northward and opposing folds are mirror images of each other, 
although the shape of the folds in the Woodsville quadrangle has been 
distorted by faulting. Syncline B and anticline A are mirror images of 
the Passumpsic anticline and East Barnet syncline, respectively. In 
both cases the structures are long attenuated north-plunging isoclinal 
folds related to the earlier stage of deformation. 

These symmetry features may be fortuitous and consequently have 
no significant meaning. If this is not the case, the symmetrical relations 
indicate the possibility that each opposing fold-pair represents a single 
fold. Since the Harvey Mountain anticline and Roy Mountain syncline 
have been interpreted as later stage folds they cannot be consistently 
interpreted as equivalent to fold C and the Ryegate anticline, because 
these are earlier stage folds. 

One would expect opposite plunges at the noses of each opposing fold 
if these pairs represent a single fold. If the Passumpsic and East Barnet 
folds plunged south they would have normal stratigraphic relations. 
It is possible that these folds did plunge south at one time in their history 
and that they were subsequently rotated to their present position. It is 
also possible that the plunge of these folds is locally oversteepened to 
such an extent that their axes pass through the vertical and are inclined 
northward. The latter of these possibilities does not require any subse-
quent rotation and is the one that is favored. 

Consequently, the Passumpsic anticline and the East Barnet syncline 
are believed to be equivalent to folds A and B. Under this interpretation 
the Ryegate anticline and syncline C have no counterparts in the St. 
Johnsbury quadrangle unless one of the irregularities on the west limb 
of the Passumpsic anticline represents such counterparts. The Harvey 
Mountain and Roy Mountain folds are believed to represent the same 
regional relationships as the later stage Wrights Mountain fold. 

Several alternative interpretations involving large scale re-folding, 
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fairly tight folding about an axis parallel to the N. 800  E. culminations 
revealed by minor folds (P1. 4), and sedimentary 1ening are possible. 
None of these alternates are discussed, but they can be visualized by 
consideration of the data presented on Plates 2 and 4, and on Figure 36. 
Four Corners syncline—The Four Corners syncline is located in the 

northeastern part of the St. Johnsbury quadrangle, west of the village 
of St. Johnsbury (Fig. 25). Its presence is revealed by the map pattern 
of the Crow Hill member and the cross sections (A-A' through F-F', 
P1. 3) that intersect the Crow Hill member. The west limb of the fold 
strikes northerly and dips between 450  and 50° eastward and the east 
limb strikes northerly and dips eastward at about the same angle at the 
northern end of the fold. At the southein end, the east limb dips approxi-
mately 60° eastward. The axial plane strikes north and dips from 45° to 
50° east. The fold axis plunges northeast at approximately 25° at the 
southern end of the Four Corners syncline and it plunges southeast at 
approximately 20° at the northern end. 

The discontinuity and offset of the Crow Hill member on the east 
limb of the Four Corners syncline can be explained by a fault or by 
sedimentary facies change. An explanation involving faulting is believed 
to be inadequate, since no other field evidence indicates the presence 
of a fault in this vicinity. 

If the Crow Hill member is interpreted as a lens of a separate facies 
in the Waits River formation it is possible that this lens had an original 
erratic distribution. Accepting this possibility, the present outcrop 
pattern of the Crow Hill member can be explained by lateral facies 
change. The Crow Hill member is continuous on the west limb of the 
fold. These rocks on the east limb represent two partially overlapping 
bifurcations which are continuous with the single lens that appears on 
the west limb. A restored cross section and projected plan view of the 
Crow Hill member in such an arrangement would appear as shown 
diagrammatically in Figure 37. 

A simplified sketch of the map view and cross sectional views of the 
Four Corners syncline (Fig. 38) was made to clarify the cross sections 
(P1. 3) and illustrate this discussion. If the Crow Hill member, as shown 
in Figure 37, is folded into a syncline about the line X-Y as an axis, the 
present map pattern as shown diagrammatically in Figure 38 will result. 
After folding, cross section A-A' in Figure 37 would appear as shown 

in Figure 38 as will sections along B-B' and C-C'. Points along the ends 
of the two bifurcations are represented by a-a' and b-b' in Figure 37 and 
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Figure 37. Diagrammatic projected plan view and cross sectional view of the Crow 
Hill member before folding. 

38. Point c in cross section C-C' (Fig. 38) may possibly represent the 
edge indicated by a and a' where it comes to the surface due to the 
northward plunge at the south end of the syncline. However, from 
symmetry considerations, it seems more likely that c is the nose of a 
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Figure 38. Simplified map pattern and cross sections of the Four Corners syncline 
as outlined by the Crow Hill member. 
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drag fold and that the bifurcation represented by a has dwindled out 
before the reversal of plunge brings it to the surface. Under this in-
terpretation the bifurcation represented by b does not reach the surface 
at the north end of the syncline because of facies change. 

The present shape of the Crow Hill member could also have originated 
in the same way described above if the points represented by a and b 
were on the noses of earlier isoclinal folds and these isoclinal folds had 
been re-folded. 

The symmetrical distribution of folds on opposite limbs of the Four 
Corners syncline suggests the possibility of folded recumbent folds. 
However, not enough evidence was obtained to prove this. 

Monroe syncline—The Monroe syncline is revealed by the contact 
between the Ammonoosuc volcanics and Albee formation in the south-
east corner of the map in New Hampshire (Fig. 25; P1. 3, cross sections 
H-H' and I-I'). Bedding on the east and west limbs of the fold strikes 
N. 25° E. and dips steeply (P1. 2). Part of the west limb is cut off by the 
Monroe fault. The fault has also apparently affected the attitude of 
bedding locally. The axial plane of the Monroe syncline strikes northeast 
and is essentially vertical. The fold axis plunges steeply northward at the 
south end of the syncline. The northern end of the Monroe syncline is 
exposed in the Littleton quadrangle, but the axis plunges 200  to 30° 
south at its northernmost end in the St. Johnsbury quadrangle (P1. 4). 

This reversal of plunge as well as minor folds on opposite limbs 
indicates the synclinal nature of the structure. The Monroe syncline 
is a stratigraphic as well as structural syncline. 

Since no later stage structural features were found associated with 
the Monroe syncline, it is believed to be an earlier stage fold that has 
been unaffected by the later stage deformation. 

MONROE FAULT 

General Statenient—The Monroe fault separates the Vermont sequence 
from the New Hampshire sequence in the southeastern part of the St. 
Johnsbury quadrangle. Evidence for the existence of the fault is clearest 
in the town of Monroe, for which the fault is named (Eric et. al. 1941). 
This fault was first recognized by M. P. Billings in 1935 when he con-
ducted field work in the New Hampshire portion of the St. Johnsbury 
quadrangle. Descriptions of the fault in this area have been given by 
Eric et. al. (1941), Eric (1942), and Eric and Dennis (1958). The most 
recent of these reports casts some doubt as to whether this structural 
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feature is a fault or an unconformity (Dennis in Eric and Dennis, 1938). 
If it is an unconformity, the rocks in the Vermont sequence should be 
progressively younger westward from the contact of the New Hampshire 
sequence. 

South of Hanover, New Hampshire (Fig. 1), the contact between the 
Vermont and New Hampshire sequences is believed to be sedimentary 
(Kruger, 1946; Moore, 1949; Lyons, 1955). North of Hanover, this con-
tact is interpreted as a fault (Lyons, 1955; Hadley, 1950; White and 
Billings, 1951; Eric et, al., 1941). 

All the evidence obtained in this study indicates that this contact 
is a fault in the St. Johnsbury quadrangle. However, this in no way 
obviates the presence of an unconformity between the Vermont and 
New Hampshire sequences. In fact, since there is a well documented 
unconformity between pre-Silurian rocks and younger rocks east of the 
contact of the Vermont and New Hampshire sequences, in New Hamp-
shire (Billings 1956), as well as good evidence for one west of this contact, 
in Vermont, it seems more than likely that an unconformity exists 
between the pre-Silurian rocks (New Hampshire sequence) and Silurian 
and/or Devonian rocks (Vermont sequence) that outcrop in the St. 
Johnsbury quadrangle. However, this unconformity appears to have 
been faulted out in the vicinity of this quadrangle. 

Description—The Monroe fault has a general strike of N. 30° E. in 
this area. There is a rather abrupt offset in its trend where it crosses the 
stream valley 0.2 mile northwest of road intersection 576 (P1. 1), sug-
gesting that it dips southeast in this vicinity. The slight eastward offset 
near the crest of the ridge, north of the village of Monroe, suggests that 
the fault dips northwest in that vicinity. Both of these offsets could be 
due to changes in strike however. The fault is believed to dip steeply 
northwestward in most places, but its dip is probably variable. 

Schistosity and bedding strike N. 20° to 30° E. and dip from 60° to 
75° northwest, at the south end of the Monroe syncline (P1. 2). This is 
essentially parallel to the strike of bedding and schistosity on the 
northwest side of the fault at this latitude. There are local anomalies 
northwest of the fault where bedding and schi'tosity dip 75° to 85° 
southeast and one fairly large area near the south edge of the map has 
consistently southeasterly dips (P1. 2). Farther north along the fault, 
bedding and schistosity on both sides dip from vertical to 80° southeast 
and the general strike northeast of the fault is the same as that on the 
southeast. 
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There are several exposures of faults in the dark-gray slate that crops 
out in the stream 0.1 mile south of Stevens Island (P1. 1). The most 
spectacular of these faults is downstream from the highway bridge. 
The faults strike between N. 100  E. and N. 60° E. The more northerly 
strike is the most common. These faults dip northwest from 25° to 50°. 
Drag sense on opposite sides of the fault planes indicates that rocks in 
the hanging wall moved up and southeast. The amount of displacement 
was not determined because of the lack of a distinct horizon on opposite 
sides of any of the faults. 

A small silicified zone is exposed in the vicinity of the Monroe fault 
between the north-trending dead end road and the power line, 1.1 miles 
east of North Monroe Church. 

The Albee formation and Ammonoosuc volcanics are on the southeast 
side of the Monroe fault and are in contact with the Gile Mountain 
formation, Meetinghouse slate, and Moulton diorite on the northwest 
side of the fault. The rocks on the southeast side of the fault are on the 
west limb of the Monroe syncline and those northwest of the fault are 
on the east limb of the East Barnet syncline. 

Evidence for the Monroe fault—The above observations relative to the 
Monroe fault are essentially descriptive and all of them are compatible 
with a faulting hypothesis. 

The presence of the faults that crop out in the stream valley indicated 
above, is believed to be in favor of the Monroe fault. Although these 
are not located exactly on the contact of the Vermont and New Hamp-
shire sequences they are close enough to it, to be related to a fault or 

fault zone which might occur there. The absence of later stage structural 
features southeast of the fault indicates that it is a structural as well as 
a stratigraphic break. The local angular relations of the attitude of 
bedding and schistosity on opposite sides of the contact south of Mc-
Indoes Falls (P1. 1, and P1. 2) are also indicative of a fault. Truncation 
of the Meetinghouse slate and Moulton diorite on the northwest side 
of the fault and the Albee formation and Ammonoosuc volcanics on the 
southeast side is also evidence of faulting. The small silicified zone and 
adjacent synclines on opposite sides of the contact, one of which is a 
stratigraphic anticline, can be explained by a fault. Other evidence 
favoring faulting has been cited by Eric (1942; Eric and Dennis 1958) 
and includes the presence of a fault breccia north of Monroe village, 
displacement of the biotite isograd in the Woodsville quadrangle, and 
the truncated northwest limb of the Monroe syncline. 
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These evidences, considered as a group, are believed to constitute 
proof of the presence of the Monroe fault in the St. Johnsbury quad-
rangle even though some of them are weak if taken individually. 

Relative movement—Eric (1942) concluded that the Monroe fault is a 
thrust with the rocks on the northwest side thrust over those on the 
southeast. Such a conclusion is supported by the faults observed in 
outcrops in this vicinity and is accepted here. 

A relative movement such as this is complicated in that younger rocks 
are thrust over older. The stratigraphic throw on such a fault would 
have to be of the order of 18,000 feet since most of the Vermont sequence 
is absent along it. 

Possibility of an unconformity in the St. Johnsbury quadrangle—If the 
stratigraphic sequence adopted in this paper and elsewhere in Vermont 
(White and Billings 1951; Eric and Dennis 1958) is accepted it is not 
possible to interpret the contact between the Vermont and New Hamp-
shire sequences as an unconformity, since the rocks are progressively 
older westward from the contact. One of the alternate interpretations 
of the stratigraphy, illustrated in Figure 15, correlating the Meetinghouse 
and Northfield slates would have to be invoked. If the Gile Mountain 
formation is younger than the Waits River formation, it is necessary to 
postulate the presence of a stratigraphic syncline of regional proportions 
immediately northwest of the contact (Eric and Dennis, 1958), a syncline 
for which there is no evidence at the present time. If this syncline exists 
it is necessary to explain the absence of the Waits River formation on 
its east limb by facies change or some other means (Eric and Dennis, 
1958). The west limb of the Monroe syncline could be truncated by 
either a fault or an unconformity so that the presence of this fold does 
not affect the interpretation one way or the other. There is no direct 
evidence that an unconformity exists at the contact between the two 
sequences in this area, but there is such evidence that is indicative of 
faulting. There is good evidence for an unconformity between the Ver-
mont and New Hampshire sequences based on broad scale regional 
stratigraphic correlations and as stated above the presence of a fault 
in the vicinity of Monroe, New Hampshire does not refute the regional 
unconformity hypothesis. 

General Structural Relations 
Both the earlier and later stages of deformation were effective in the 

development of major and minor structures in the St. Johnsbury quad- 



rangle. All of the evidence indicates that the later stage of deformation 
is responsible for the present attitude of structural features in the area 
northwest of the Monroe fault. 

Major and minor later folds associated with the Strafford-Willoughby 
arch indicate a reverse shear sense with respect to it and have the same 
relationships as flowage folds described by Bain (1931). The Walden 
syncline and Noyesville anticline, as well as minor folds on the west limb 
of the arch, indicate that the rocks near the axis moved upward relative 
to those on the west limb. The Roy Mountain syncline, the Harvey 
Mountain anticline, and the minor folds on the east limb of the arch 
have an opposite shear sense (P1. 3 and P1. 4) and also indicate this same 
relationship. 

The relationships of the earlier structural features to the Strafford-
Willoughby arch are much less obvious. The Passumpsic anticline and 
East Barnet syncline have a north plunging dextral pattern and indicate 
a "west-side-up" shear sense in the same manner as the later stage folds 
southeast of the axis of the arch. However, as stated above, there is 
reason to believe that these folds formed in the earlier stage of deforma-
tion and originally plunged south. Consequently, they would have 
originally developed through an "east-side-up" movement which would 
be normal for a fold on the east limb of an anticlinal structure. The 
shear sense of the Four Corners syncline is not clear. Judging from the 
fact that the west limb dips less steeply than the east limb it may have 
an "east-side-up" shear sense. It has undoubtedly been affected by the 
later stage deformation so that its original shear sense is obscure. In 
summary, the present available evidence indicates that the earlier folds 
originally had an "east-side-up" shear sense southeast of the Strafford-
Willoughby arch. 

Possible mechanism of deformation—The earlier stage folds are be-
lieved to have formed due to a regional northwest-southeast compressive 
stress. Rocks on the east moved up relative to those on the west, due to 
this stress, and this movement resulted in the formation of ioclinal 
folds. 

The granitic rocks were forcefully injected and created an essentially 
vertically directed stress that was greater than the continued regional 
stress. This caused an upward bulging of the rocks over the top of the 
pluton and resulted in the formation of the Strafford-Willoughby arch. 
The regional stress continued to dominate at a distance from the pluton. 
In so doing, this stress conth- ed and restrained the rocks on the limbs 
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of the arch. As a result, the rocks on the limbs were dragged upward by 
the incoming granite, rather than being gently warped, and the reverse 
folds developed. Gentle warping of schistosity as found in the northwest 
part of the quadrangle may have developed as the regional stress and 
vertical stress subsided. 

It is possible that the Monroe fault is a later stage structure that 
developed due to the vertical stress since it apparently involves the 
thrusting of rocks on the northwest over those on the southeast. This 
could also explain the absence of later stage structural features southeast 
of the fault, since much of the vertical stress would be relieved along 
such a break. 

METAMORPHISM 

General Statement 

All of the sedimentary and volcanic rocks in the St. Johnsbury quad-
rangle have undergone metamorphism. The zones of progressive meta-
morphism indicated by the pelitic rocks are shown on the geologic map 
(P1. 1) by the biotite, garnet, staurolite, and sillimanite isograds. It 
should be kept in mind that the presence of these index minerals is 
dependent upon the bulk composition of the rocks as well as on the 
grade of metamorphism. Consequently, some fairly broad areas may be 
devoid of the index mineral for the zone in which they have been mapped. 
The progressive metamorphism of the calcareous rocks is indicated by 
their relation to the isograds (P1. 1) and the development of such miner-
als as epidote, actinolite, diopside, idocrase, and grossularite as well as 
scapolite near some of the granite contacts. 

Pelitic Rocks 
The mineral assemblages found in the pelitic rocks can be represented 

graphically in accordance with the phase rule by considering the system 
Si02—K20—Al203—FeO—MgO—H20. It is possible to represent this system 
graphically, in two dimensions, by considering quartz present and assum-
ing the activity of H 20 to be externally fixed. With these restrictions 
the remaining components are plotted at the corners of a tetrahedron 

(K20—A1203—MgO—FeO). A two dimensional projection of the six 
component system is obtained by projecting all of the phases in the 
tetrahedron to a plane, using muscovite as the point of projection 

(Thompson, 1937). The A1203—FeO—MgO side of the tetrahedron and 
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its extension is chosen as the plane of projection. The only restrictions 
involved in this procedure are that quartz and muscovite must be present 
in the rocks. 

PETROGRAPHY 

Quartz—Quartz is a major constituent of, and is present in almost all 
of the sedimentary rocks of the St. Johnsbury quadrangle, with the 
exception of a few of the calcareous rocks. It most commonly occurs as 
fine grains in the matrix. The grain size is generally less than 0.5 mm. in 
the long dimension. In some cases it is present in knots with biotite and 
plagioclase, and in these instances it is coarser, attaining dimensions 
up to 1.2 mm. 

Muscovite—Muscovite is present in variable amount in all of the non-
calcareous rocks of the St. Johnsbury quadrangle. It is typically fine 
grained and is most commonly associated with quartz in the groundmass. 
However, it does occur in coarser laths in some rocks. Quartz and 
muscovite comprise most of the matrix of all the pelitic rocks. They are 
typically in parallel layers alternately rich in quartz and rich in musco-
vite. This segregation is related to schistosity. 

Feldspar—Nearly all of the pelitic schists contain sodic plagioclase, 
albite or oligoclase, in varying amounts. It ranges from 0.3 mm. to 2 
mm. in the long dimension. Microcline occurs in the gneisses and volcanic 
rocks. It occurs as irregular grains that range from 0.2 mm. up to 8 mm. 
in the longest dimension. 

Chlorite—Chlorite ranges from 0.1 mm. to 1 mm. in the longest 
dimension. It is usually pleochroic from very pale green (Y) to light 
green (X & Z). Sections perpendicular to (001) show no pleochroism. 
Chlorite is present in discrete grains in some rocks. In others it is inti-
mately interleaved with biotite or closely associated with staurolite. 
It has not been found partially or wholly surrounding, or as inclusions 
in, garnet. However, there are several instances where it is found in 
aggregates that have the shape of garnet. 

Biotite—Biotite megacrysts are present in all of the pelitic rocks in the 
quadrangle. They range from 0.2 mm. to about 5 mm. in the long di-
mension. In some cases, biotite grains are not oriented with respect to 
schistosity or slip cleavage. Biotite typically has inclusions of quartz 
and muscovite. These inclusions are not altered from their preferred 
dimensional orientation and alignment in trains parallel to the schistosi-
ty. In one thin section the quartz and muscovite inclusions are slightly 
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offset from the direction of schistosity in the rock and this is apparently 
due to slipping in the biotite books along the (001) cleavage planes. 

Chloritoid—Chloritoid has been found in several specimens from the 
vicinity of the village of St. Johnsbury. It is found in polysvnthetically 
twinned euhedral grains that measure from 0.2 mm. to 0.4 mm. in the 
long dimension. Some of the chloritoid has the characteristic pleochroism, 
but this is lacking in other grains. It is typically unorientcd with respect 
to the schistosity of the rock and contains numerous quartz inclusions 
similar to those found in biotite. 

Garnet—Euhedral megacrysts of garnet are present in the matrix and 
also apparently enclosed by staurolite. The grains range from less than 
1 mm. up to 3 cm. in diameter. In some cases, garnet contains inclusions 
of quartz and muscovite that are in arcuate lines, indicating rotation. 
Schistosity is typically bent or curved around the garnets. 

Staurolite—Staurolite occurs both twinned and as euhedral individuals. 
It ranges from a few millimeters up to 5 cm. in the long dimension. In 
some instances, staurolite contains numerous quartz inclusions and less 
commonly it contains garnet inclusions. Some grains are shattered and 
shredded and the quartz inclusions in them are very irregular, resembling 
the quartz in myrmekite. 

Andalusite—Andalusite was found in only one thin section. It is in 
large poikilitic masses with many inclusions of quartz. This occurrence 
is 0.5 mile east of Goss Hollow School. 

Sillinianite—Sillimanite occurs in aggregates of small fibers that are 
somewhat radiating. It is closely associated with quartz and muscovite. 

Caicareous Rocks 

Two types of projections have been used to illustrate the phase 
assemblages found in the calcareous rocks of the St. Johnsbury quad-
rangle. One is for the system CaO–Si0 2–Al2O3–CO2–K20–MgO. This 
is handled by considering only assemblages with quartz and calcite 
present and assuming the activity of H 20 and CO2  to be externally 
fixed. In doing this, only M90–K 20–A1203  must be considered graphi-
cally and can be represented graphically at the corners of a triangle. All 
of the phase assemblages can be plotted in one half of this triangle. 
Consequently, the A1 203–K20–KAISi3O8  half of the triangle is neglected 
and the projection of this system is represented by the triangle A1 203-
MgO–KAISi3O5. The other projection used in dealing with calc-silicate 
rocks is for the system CaO–MgO–FeO–A1 203–Si02–C2O–H2O. The 
purpose of this projection is to represent phase assemblages where calcite 
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is absent. In this case, by assuming externally fixed activities of CO 2  
and H20 and only considering those assemblages with quartz, the num-
ber of components to represent graphically is reduced to four. In order 
to represent these in a two-dimensional diagram, the sum of MgO and 
FeO is plotted at one corner of a triangle and A1 203  and CaO at the other 
corners. The restrictions involved in this projection are that quartz 
must be present in every assemblage and that variation in FeO :MgO 
has but minor importance. 

PETROGRAPHY 

Carbonates—Calcite and dolomite are both present in the calcareous 
rocks of the St. Johnsbury quadrangle. Their habit and mode of occur-
rence is similar and consequently they are described together as carbon-
ate minerals. 

Although in some cases the carbonate minerals are fairly equidimen-
sional, they typically occur as elongate grains parallel to the schistosity 
of the rocks. The average grain size is 0.2 mm. in the long dimension and 
0.02 mm. in the short dimension. In many cases the grains are twinned 
in one or two directions. 

Quartz—Quartz is present in most of the calcareous rocks and occurs 
in essentially the same manner as it does in the pelitic rocks, except that 
in this case it is closely associated with carbonate minerals in the matrix. 

Feldspar—Oligoclase or andesine is commonly found in the calcareous 
rocks. These minerals range up to 1.0 mm. in the long dimension. Micro-
dine is common and is found in equidimensional grains that are up to 
1.0 mm. 

Phlogopite—Elongate phlogopite grains are typically developed in 
most of the calcareous rocks. They are rigorously parallel to the schis-
tosity. The phlogopite is typically pleochroic, from colorless (X) to yellow-
brown (Y & Z). 

Muscovite—Muscovite occurs in essentially the same manner as 
phlogopite, but is much less abundant. 

Chlorite—Pale to colorless chlorite is fairly common in the calcareous 
rocks at lower grades of metamorphism. It varies from 0.4 mm. to 0.6 
mm. in the long dimension. In some places it is found with biotite and 
graphite in knots that range from 1 to 5 mm. in diameter. 

Idocrase—Elon gate grains of idocrase average 0.4 mm. in the long 
dimension. It has a poor cleavage developed parallel to its length and is 
generally closely associated with grossularite. 

Grossularite—Grossularite ranges from 2 to 3 mm. in the long dimen- 
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TABLE 6 

MINERAL ASSEMBLAGES IN THE PELITIC ROCKS 
OF THE ST. JOHNSBURY QUADRANGLE 

Quartz and muscovite are present with all assemblages. Common accessories are 
generally present. 

Biotite Zone 
biotite 
chlorite-albite 
hiotite-chiorite 
hiotite-albite 
biotite-oligoclase 
biotite-chlorjte-albjte 
biotite-chlorite-oligoclase 
hiotite-oligoclase-microcline 

Garnet Zone 

hiotite-chlorite-garnet 
biotite-chlorite-garnet-albite 
biotite-garnet-albite 
biotite-garnet-oligoclase 
biotite-garnet-chloritoid 
biotite-chlorite-chloritoid-albite 
biotite-garnet-microcline-oligoclase 

Staurolite Zone 

biotite-staurolite 

hiotite-staurolite-albite 
biotite-stauroljte-chlorite-albjte 
hiotite-staurolite-garnet-albite 
hiotite-staurolite-chiorite (retrograde)-garnet-albite 
hiotite-garnet-andalusite-albite 
biotite-oligoclase-microcline 

Sillimanite Zone 

biotite-sillimanite 
biotite-sillimanite-garnet-albite 
hiotite-sillimanite-garnet-oligoclase 
biotite-oligoclase-microcline 

sion. It is apparently elongated due to differential pressure acting on it 
after its formation. Grossularite typically has many inclusions of quartz, 
calcite, diopside, actinolite, and idocrase. 

Scapohte—Scapolite is in irregular grains that average 1 mm. across. 
Each occurrence of scapolite is within a few feet of the granite contact. 
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Figure 39. 	Projections of the system Si0 2—A1203—K20—FeO—MgO—H20 indicating 
the assemblages found in the biotite, garnet, staurolite, and sillimanite zones of 
metamorphism. 
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Metamorphic Zones 

In general, the grade of metamorphism increases eastward and west-
ward from a central area of low-grade metamorphism (biotite zone). An 
exception to this is found near Danville Center (P1. 1), where rocks in 
several outcrops contain staurolite and garnet. Westward and southward, 
the metamorphism progresses through the garnet and staurolite zones 
to the Sillimanite zone in a small area west of Harvey Lake (P1. 1). East-
ward, the metamorphic grade increases to the staurolite zone and then 
decreases to the biotite zone and lower in the southeastern part of the 
quadrangle. 

Mineral assemblages that are characteristic of the pelitic rocks in 
each of the metamorphic zones are indicated in Table 6. Those as-
semblages characteristic of the calcareous rocks in various zones of 
metamorphism are indicated in Table 7. Rather than describe the as-
semblages in the calcareous rocks with those in the pelitic rocks it seems 
best to consider them separately. 

PELITIC RocKs 

Biotite zone—The mineral assemblages observed throughout the 
central and north-central part of the St. Johnsbury quadrangle are 
represented in Figure 39, diagram a. In this diagram and all of the follow-
ing diagrams, the assemblages that have actually been found in thin 
sections are indicated by an open circle in a two phase field. Hence, in 
diagram a., the assemblages that have actually been observed are those 
involving chlorite and biotite and others involving biotite and microcline, 
with muscovite and quartz which are always present. Pyrophyllite and 
chloritoid may be present, but have not been identified in the biotite 
zone. Hence, the assemblages indicated with these phases are hypotheti-
cal and are indicated by dashed lines as are hypothetical assemblages 
in all other diagrams. 

Garnet zone—Diagrams b and c (Fig. 39) indicate the assemblages 
that have been found in the garnet zone. Assemblages with pyrophyllite 
are hypothetical. The reaction of garnet and chlorite, diagram b to chlori-
toid and biotite represents a prograde step within the garnet zone. 

Staurolite zone—Assemblages characteristic of the staurolite zone are 
indicated in diagrams d and e (Fig. 39). The change from c to d represents 
the step from the garnet to staurolite zone by the breakdown of chloritoid 
to staurolite. Staurolite has the same compatibilities as chloritoid in 
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Figure 39. 	Projections of the system Si0 2—A1203—K20—FeO—MgO—H20 indicating 
the assemblages found in the biotite, garnet, staurolite, and sillimanite zones of 
metamorphism. 
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Metamorphic Zones 

In general, the grade of metamorphism increases eastward and west-
ward from a central area of low-grade metamorphism (biotite zone). An 
exception to this is found near Danville Center (P1. 1), where rocks in 
several outcrops contain staurolite and garnet. Westward and southward, 
the metamorphism progresses through the garnet and staurolite zones 
to the Sillimanite zone in a small area west of Harvey Lake (P1. 1). East-
ward, the metamorphic grade increases to the staurolite zone and then 
decreases to the biotite zone and lower in the southeastern part of the 
quadrangle. 

Mineral assemblages that are characteristic of the pelitic rocks in 
each of the metamorphic zones are indicated in Table 6. Those as-
semblages characteristic of the calcareous rocks in various zones of 
metamorphism are indicated in Table 7. Rather than describe the as-
semblages in the calcareous rocks with those in the pelitic rocks it seems 
best to consider them separately. 

PELITIC RocKs 

Biotite zone—The mineral assemblages observed throughout the 
central and north-central part of the St. Johnsbury quadrangle are 
represented in Figure 39, diagram a. In this diagram and all of the follow-
ing diagrams, the assemblages that have actually been found in thin 
sections are indicated by an open circle in a two phase field. Hence, in 
diagram a., the assemblages that have actually been observed are those 
involving chlorite and biotite and others involving biotite and microcline, 
with muscovite and quartz which are always present. Pyrophyllite and 
chloritoid may be present, but have not been identified in the biotite 
zone. Hence, the assemblages indicated with these phases are hypotheti-
cal and are indicated by dashed lines as are hypothetical assemblages 
in all other diagrams. 

Garnet zone—Diagrams b and c (Fig. 39) indicate the assemblages 
that have been found in the garnet zone. Assemblages with pyrophyllite 
are hypothetical. The reaction of garnet and chlorite, diagram b to chlori-
toid and biotite represents a prograde step within the garnet zone. 

Staurolite zone—Assemblages characteristic of the staurolite zone are 
indicated in diagrams d and e (Fig. 39). The change from c to d represents 
the step from the garnet to staurolite zone by the breakdown of chloritoid 
to staurolite. Staurolite has the same compatibilities as chloritoid in 
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TABLE 7 

MINERAL ASSEMBLAGES IN THE CALCAREOUS ROCKS 
OF THE ST. JOHNSBURY QUADRANGLE 

Quartz is present with all assemblages and common accessories are generally 
present. 

Biotite Zone 

phlogopite-chlorite-microcline-actinolite-calcite-sphene 
rnuscovite-phlogopite-chlorite-microcline-oligoclase-calcite-ilmenite 

Biotite and Gai-net Zones 

muscovite-phlogopite-chlorite-oligoclase-microcline-calcite-ilmenite 
phlogopite-chlorite-andesine-actinolite-epidote-sphene-ilmenite-calcite 
phlogopite-oligoclase-calcite-ilmenite 
phlogopite-chlorite-oligoclase-epidote-calcite-sphene-ilmenite 

Garnet Zone 

muscovite-actinolite-diopside-epidote-zoisite-calcite-sphene-ilmenite 
andesine-microcline-calcite-diopside-epidote-zoisite-ilmenite 
andesine-microcline-actiriolite-epidote-calcite-diopside-zoisite.-ilmenite 
andesine-microcline-actinolite-epidote-calcite-sphene-ilmenite 
oligoclase-microcline-actinolite-diopside-zoisite-calcite-sphene 

Staurolite Zone 

muscovite-oligoclase-diopside-actinolite-epidote-zoisite-scapolite-calcite-sphene 
oligoclase-microcline-grossularite-diopside-idocrase-calcite-sphene 
muscovite-oligoclase-calcite-actinolite-diopside-epidote-zoisite-scapolite-sphene 
microcline-actinolite-diopside-epidote-zoisite-sphene 
andesine-microcline-diopside-zoisite-scapolite-sphene 
muscovite-andesine-microcline-actinolite-diopside-epidote-sphene 
oligoclase-microcline-calcite-grossularite-diopside-idocrase-sphene 
microcline-diopside-actinolite-zoisite-epidote-scapolite-idocrase-sphene 

diagram c. Assemblages with pyrophyllite and andalusite are hypotheti-
cal in diagram d. A discontinuity in this zone in indicated by the change 
from assemblage d to assemblage e, where staurolite and chlorite react 
to form andalusite and biotite. Diagram e deviates from the observed 
assemblage of biotite-garnet-andalusite (Table 6). The reason for this is 
because staurolite is found in rocks near-by the andalusite locality and 
is probably stable with andalusite since these two are commonly associ-
ated together elsewhere (Harker, 1932). The observed assemblage garnet-
biotite-andalusite may be explained by the stabilization of garnet due 
to the presence of additional components such as MnO or CaO. 

97 



Gar,,et Zone 

,4cf,nol' ltTe 
D'a,os,de 

Phi°? i1'e fr/0 

5,oNe Zone 
	

5,0t,te Zo,?e 

,4/, 01 	 -4403  
A 
/ \  

%,.rcov/7' 	I. 
/ 	 \ C4/or,/e chlorAe 

p 	/ 0 

7'1p,o/,/e 

p 	 0 

\D/ops/de 

10h/009o,e,te 

i,o1',te and 	Zo,7es 

'2 C3 
Z o,,/e 

/1iscov/te ,< 

,4cf,na/,te 
\ Dopside 

frl'cro c//ne L__ 

MIS'3  O 
	

f 9 O 

Garnet Zone 

4/3 C3  

57'a"01,1'e Zone 

4/ 0, 
ZO,Sil 

Nciscov,/e 

,qc/,00/,,'e 

rro /,ne / 	\ ' p 	 o 
0 	 0 

Figure 40. Projections of the system CaO—Si0 2—H 2 0—A1 2 03—0O2—K20—MgO. 
Diagrams indicate the phase assemblages found in various zones of metamorphism. 
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Figure 41. Projection of the system CaO-FeO-MgO-A1203-Si02-0O2-H20, 
indicating the assemblages found in the garnet and stairolite zones. 

Sillimanite zone—Assemlilages characteristic of the sillimanite zone 
are indicated in diagram f (Fig. 39). The reaction of andalusite to 
sillimanite represents the step from the staurolite zone to the sillimanite 
zone. 

CALCAREOUS ROCKS 

Assemblages characteristic of the calcareous rocks in the various 
zones of metamorphism are illustrated in Figures 40 and 41. Figure 40 
is the projection of the system Ca0—Si0 2--H20—A1203—0O2—K20—Mg0 
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and all the assemblages indicated on it are present with quartz and 

calcite. 
B'iotite zone—Diagrams a and b indicate assemblages found in the 

biotite zone. The reaction of chlorite and microcline, diagram a, to 

phiogopite and muscovite, diagram b, represents a step in the biotite 

zone. 
B'iotite and garnet zone—Assemblages that are present in both the 

biotite and garnet zone are indicated on diagram c. The change from 

assemblage b to assemblage c is indicated by the reaction of chlorite and 
muscovite to phlogopite and zoisite. 

Garnet zone—The phase assemblages that have been found in the 
garnet zone are shown in diagram e. Diagram d is a hypothetical step 

between c and e. This sequence of phase assemblages from c through e 

indicates the breakdown of chlorite, c to d; and the reaction of zoisite 
and phlogopite to muscovite and actinolite or diopside, d to e. 

Staurolite and Sillimanite (?) zones—Phase assemblages in the staurolite 
zone are indicated in diagram f. The step from e to f involves the break-
down of phlogopite to microcline and diopside. Several other phases 
such as scapolite and idocrase plot at the A1 203  corner of this projection 
and are present in the staurolite zone. However, their relationships are 
illustrated much better in the projection used in Figure 41. The as-
semblages with scapolite were found within a few feet of the granite 
and may be in the sillimanite zone. However, this was not verified since 
sillimanite was not identified in any nearby pelitic schists. 

The diagrams in Figure 41 illustrate the projection of the system 
CaO–MgO–FeO–A1203–SiO2–CO2--H 20 with assemblages found in the 
calcareous rocks in the garnet and staurolite zones. The purpose of 
applying this projection is to show the relations of phase assemblages 
in the calc-silicate rocks that do not contain calcite, however, all as-
semblages do contain quartz. The presence of assemblages without calcite 
indicate that this phase is used up in some rocks, through reactions at 
higher grades of metamorphism. 

In passing from the garnet zone, diagram a, to the staurolite zone, 

diagram b, there is apparently a reaction between diopside and zoisite 
to form the pair, actinolite and idocrase. Also the appearance of grossu-
larite and idocrase is apparently restricted to the staurolite zone. 
Idocrase and actinolite react to form scapolite and diopside in progressing 

from assemblage b to c. Assemblages b and c may be present in the 
sillimanite zone, but this has not been verified for reasons stated above. 
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Retrograde Metamorphism 
Several minerals show considerable retrograde effects. Biotite is 

commonly partially altered to chlorite throughout the quadrangle. 
Staurolite is altered to chlorite and muscovite in some places. Particu-
larly good examples of this can be found in the northwest corner of the 
quadrangle. Garnet is generally fresh. However, as mentioned above, 
chlorite-rich masses that have the general outlines of garnets are believed 
to be pseudomorphs after garnet. 

There is no particular distribution of the retrograde effects. However, 
these effects seem to be more prominent in the northwest part of the 
quadrangle and in the vicinity of the northern end of the Four Corners 
svncline. 

GEOLOGIC HISTORY 
Geologic time represented by the rocks in the St. Johnsbury quad-

rangle starts with the deposition of shales and sandstones of the Albee 
formation, in the Ordovician period. This gradually gave way to volcanic 
activity until the deposition was dominated by the extrusion of the 
rhyolitic tuffs and flows that make up the Ammonoosuc volcanics. There 
is a break in the record from the time these volcanics were deposited 
until the Silurian or Devonian. This break is represented throughout 
New England by an unconformity. The Silurian or Devonian (?) rocks 
in the St. Johnsbury quadrangle indicate that the next period of sedi-
mentation began with the deposition of the calcareous shales and cal-
careous sandstones that make up the Waits River formation. These 
were intermittently replaced by the deposition of shales and sandstones. 
l.vrolcanic  activity commenced at a later time and is represented by 
basaltic flows and tuffs. Deposition of calcareous rocks decreased gradu-
ally with this volcanic activity, which ushered in a period dominated by 
the deposition of argillaceous sandstones and shales, and quartzose sand-
stones of Devonian age which comprise the Gile Mountain formation. 
Sandstone deposition gradually gave way to the shale and siltstone of 
the Meetinghouse slate. 

Deformation with resultant folding began sometime in the Devonian. 
This was accompanied by the intrusion of diorite and granitic rocks as 
well as resultant metamorphism. As folding progressed faulting occurred 
and finally ended in the waning stages of deformation. The stress 
causing the deformation slowly subsided with resultant mild warping in 
the later part of the Devonian. 

101 



A few lamprophyre dikes were intruded in the Permian, completing 
the interval of geologic time represented by the bedrock in the St. 
Johnsbury quadrangle. 

Surficial features indicate that the area was glaciated in Pleistocene 
time, and glacial striae show that the ice moved from northwest to 
southeast. Erosion has continued actively since the Pleistocene. 
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dish or brownish color due to oxidation; the angularity of the cobbles 
and boulders; and the high percentage of the fragments that are com-
posed of local bedrock (Plate XIII, Figure 2; Plate XXIV, Figure 2). 
Except for the color, these characteristics are the most difficult to ex-
plain. Cannon (1964a, Figure 5) made size analyses of nine samples of 
ablation till from northeastern Vermont. His results sho that the tills 
contain less than 15% clay, 65% to 88 1Y()  sand and 10% to 35% silt. 

The ablation till, here described, has been recognized as different from 
basal till since before 1890. It must have been this kind of material that 
prompted Upham (1891, p.  376) and Chamberlain (1894, p.  527) to pro-

pose a till classification separating a drift sheet into two or three units, 
namely supergiacial, and/or englacial and subglacial. The same, or 
similar, detritus had, even before 1890, been called upper till by Torrell 
(1877), Hitchcock (1861) and others. Upham (1891, pp. 376-77) de-
scribes englacial till as having 'more boulders that were more angular" 
than subglacial till, and that the englacial till was "more gravelly and 
sandy with loose texture." As noted above, however, the designation en-
glacial or superglacial suggests that the till was deposited by the same 
glacial ice that deposited the subglacial till that it supposedly covers. In 
Vermont, however, this is not the case because the ablation till may or 
may not overlie another, more compact till. In many areas, it lies directly 
on the bedrock whereas in other areas it covers a basal till commonly 
having a different fabric orientation which had been deposited by an 
earlier ice advance. 

Similar tills that we suggest to be ablation till, as here described, have 
been noted in many parts of New England. Denny (1958, pp.  76-82) 
describes a sandy, loose surface till in the Canaan area of New Ilamp-
shire. White (1947, pp.  757-58) notes a sandy, porous, till containing 
mostly angular fragments in the Stafford Springs region of Connecticut. 
Currier (1941, pp.  1895-96), working in eastern Massachusetts, found a 
grey to white, loosely packed surficial till. Judson (1949, pp.  7-48) and 
Flint (1961, pp.  1688-91) have also recorded the presence of till with sim-
ilar description in the Boston area of Massachusetts and in southern 
Connecticut. If our suspicions that all of these occurrences are of abla-
tion till, then it follows that this kind of till is quite widespread in north-
eastern North America. It should be pointed out here that the literature 
cited above does not use the term ablation till. Some of the references 
interpret the loose surface till as englacial or supergiacial while others 
believe it to be a distinctly different till sheet. 

The literature has little to say about ablation till, its characteristics 
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and/or its origin, and, except for the works of Lee (1953, 1955, 1957), 
the term is not generally used. It is not the intention of this report to 
define a new term or redefine an old one. The purpose is to use a term 
as it seemingly has been defined in prior literature and to add description 
to the material that was thusly defined. Most of the former uses of this 
term have been as a synonym for supergiacial or englacial. such a usage 
is not needed nor is it correct according to our interpretations. 

The literature implies that ablation till should not have a fabric or that 
only the larger fragments should be oriented. The present survey investi-
gated the pebble orientation of the ahlation till at over 250 localities and 
these have shown that not only does this till have a fabric, but that there 
is a regional fabric orientation that indicates the movement of the ice 
that deposited it. The orientation of the fragments has no bearing on 
their size, and small pebbles have a preferred orientation the same as the 
large. There are those, of course, who argue that the fabric proves that 
this material is not an ablation drift and should be designated by a differ-
ent name. Our own answer to this argument is that insufficient research 
had been clone on the ablation till, prior to this study, to ascertain defi-
nitely whether or not it had a fabric. 

It is apparent that much of the fragmental debris in the ablation till 
was transported only a short distance. This conclusion is based on the 
fact that the boulders and cobbles are angular and that most of these 
are composed of local bedrock. I3ceause of the high percentage of 
angular, local bedrock the till resembles a residual rock mantle, but close 
inspection reveals that many of the boulders are striated and that some 
erratics from distant regions are present. 

Two examples of the content of local bedrock are worthy of note. 
Ablation till exposed in a borrow pit two and three-quarter miles south-
west of Groton (Woodsville Quadrangle) contains approximately 75% 
grey, granitic rock. According to White and Billings (1961, Plate 1), 
the pit is located to the south of several outcrops of Rvegate gritnodiorite, 
the nearest of these being three-quarters of a mile to the northeast. 
Outcrops of the same rock also occur to the northwest and the Blue 
i\lountain granite area is five miles to the northeast. In another borrow 
pit, one and one-half miles north of Concord (Littleton Quadrangle), a 
fabric was made of an exposed ablation till. The till contained approxi-
matelv 75% igneous rock, predominantly cliahase. The bedrock under 
the till at this location is the Albee Formation which, according to Eric 
and Dennis (1958, Plate 1), has abundant cliabase dikes and sills. Grani-
toid dikes and sills are numerous to the northeast. 
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A certain amount of sorting and stratification is common to the abla-
tion till. It may be crudely bedded and a separation of fragments accord-
ing to size is sometimes apparent. Sand lenses and stringers, and to some 
extent gravel lenses, are not unusual. The degree of sorting and the 
amount of sorted material varies greatly from one locality to another, 
but there seems to be a rather constant sorting factor in all deposits of a 
particular area. In the Rutland region, as an example, the ablation till 
appears to be transitional between lodgment or basal till and outwash. 
In some parts of the Rutland area, the sorting is good, bedding is con-
spicuous, and, from a distance, a similarity to kame terrace gravel is seen. 
The material, however, is very angular, the fragments are mostly local 
bedrock and a regional fabric direction is for certain. The origin of ab-
lation till is discussed in a following section of this report. 

Glacio-Fluvial Deposits 

Glacio-fluvial deposits include all ice marginal and proglacial materials 
deposited by meltwaters from the ice. Because they are deposited by 
running water, they are sorted and stratified. The ice-marginal or ice-
contact deposits include kames, karne terraces, kame moraines and 
eskers, all of which are quite common in Vermont. The most charac-
teristic features of these forms is that they contain slumping or ice-
contact structures formed when the ice against which they were deposited 
melted away. Cobbles and boulders that were dumped directly from the 
ice into the accumulating deposit as well as masses of basal till, which 
may have been frozen when they were incorporated in the gravel, are 
also characteristic. The proglacial deposits consist chiefly of outwash 
plains or outwash aprons and valley train or spillwav deposits. No out-
wash plains or aprons beyond the terminus of former glacial borders have 
been identified and mapped in Vermont. Spillwav gravel, deposited in 
valleys that carried the meltwater away from a local melting ice margin, 
is frequently found. 

Kame Terraces. Kame terraces are among the most common ice-con-
tact gravel deposits in Vermont. It was stated in Bulletin 19 (Stewart, 
1961, p. 37) that these were the most COmmOn land forms made in Ver-
mont during the Pleistocene. We now question this statement because 
of other forms that subsequently have been discovered to be very com-
mon and because of the reclassification of several deposits that had been 
identified as kame terraces during the early years of the survey. It is a 
fact, nonetheless, that kame terraces are widespread and of much impor-
tance, particularly as a source of gravel. 
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Figure 1. Slumping structures in lake sediment caused by the melting of ice in the 
underlying kame gravel. Two miles east-southeast of Jericho Center (Camels Hump 
Quadrangle). 

::-;- 

Figure 2. Varved and laminated lake sediment capped by beach gravel. Top eleva-
tion 840 feet. Two miles northeast of Lyndonville (Burke Quadrangle). 

PLATE II 
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The distribution of the kame terraces, although widespread, is not uni-
form all over the state nor is the quality of the gravel they contain every-
where the same. In some areas the rock fragments making up the gravel 
are soft and easily weathered, decreasing considerably the value of the 
deposit for road metal, cement aggregate and other construction pur-
poses. In other areas the gravel contains a high percentage of fine sand 
and/or silt which also reduces the quality. The sand and silt content is 
particularly high in kame deposits in valleys that formerly contained ice 
dammed lakes since the gravel was deposited into the waters of ice 
marginal lakes or gentle streams. In these valleys, it seems, the depo-
sition of the karne terrace gravel was in slack water and contemporaneous 
with the deposition of lake sediment. For this reason, the kame gravel 
is interfingered and interbedded with the lacustrine sediment, and the 
lake sediment exhibits ice-contact (slumping) structures similar to the 
kame gravel (Plate II, Figure 1). In these deposits, the lake sediment and 
glacio-fluvial deposits are difficult to differentiate. 

Kame Moraines. The kame moraine is a gravel deposit, made along 
the margin of a glacier. It is a complex of frontal karnes that has a mo-
rainic topography similar to a frontal moraine composed of till. The posi-
tion of a kame moraine is significant inasmuch as it develops along an 
ice border in the same manner as a terminal or recessional moraine and 
hence marks the position of a considerable still-stand of the ice edge. 
The sporadic distribution of any kind of a frontal deposit in Vermont 
increases the importance of the kame nioraine, since in a few areas it is 
possible to connect kame moraines and till moraines to mark the position 
of a former glacial border. This is particularly true in the St. Johnsbury 
region in the northeastern part of the state. 

Eskers. Eskers are the conspicuous ridges composed of outwash sand 
and gravel found within glaciated regions. Some are short (a mile or so) 
whereas others are long (a score of miles or more). Some are notably 
continuous, whereas others are somewhat discontinuous either because 
of original interruptions or because of post-glacial erosion by adjacent 
streams. They are all now attributed to the deposition of gravel as 
channel deposits of subglacial streams flowing in tunnels at the base of an 
ice sheet or a valley glacier. Many of these eskers not only have winding 
courses, but they rise and fall over local topographic features showing 
that the ice was stagnant at time of origin. Had the glacier been moving 
at that time, the deposits would have been spread out rather than 
concentrated into the striking features which the eskers display. Theory 
now holds that there may have been a zone of stagnant ice along the 
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Figure 1. Beach gravel exposed in a pit near the southeastern limits of Morrisville. 
Elevation 800 feet. (Hyde Park Quadrangle). 

Figure 2. Gi a'. ii pit in a small delta near the crest of the hill at Heath School. 
Elevation 1180 feet. Two miles southeast of ( )rleans (i\ Ic mphrcmagog Quadrangle). 

PLATE III 
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outer or peripheral margin of a waning ice sheet (Flint, 1933), within 
which eskers and other stagnant ice features could have been formed. 
Evidence has not been found, however, to establish how wide this zone 
of stagnation was at the time these features were made. 

The esker in the Passumpsic Valley, described later in this report, 
is twenty-four miles in length. It extends from West Burke, on the West 
Branch, and New Haven, on the East Branch, southward through and 
beyond St. Johnsbury. It is remarkably continuous with only local inter-
ruptions. In places, as near Lyndonville and St. Johnsbury, it is buried 
by late glacial lake sediments, but the bedding of the eskerine sediments 
is easily distinguished from the lacustrine material exposed in large 
gravel pits along the river. The significant scientific point is that here 
we have a dendritic pattern to this great esker system, twenty-four 
miles in extent, that could have been formed only in a zone of stagnant 
ice at least that wide. The stagnant zone occurred along the margin of 
the Shelburne ice sheet as it waned from the region. In this way, this 
phenomenon contributes to our understanding of glaciation of the State. 

Spillway Gravel (Valley Trains). Outwash gravel deposited in a valley 
that acted as a spillway for a melting glacier is called spillway gravel or 
a valley train deposit. Such deposits are not as common as might be ex-
pected in this region for at least three reasons. In the first place, many 
of the streams that acted as spiliways had such steep gradients that no 
gravel was deposited along the route. For example, the Nulhegan River 
(Averill and Island Pond quadrangles) must have been a spillway for the 
melting ice that terminated in the vicinity of Island Pond. The gradient 
of the Nulhegan is so steep, however, that the gravel was carried to the 
Connecticut Valley and spread out over the lacustrine sediment in that 
valley. A second reason for the scarce occurrence of spillway gravel is the 
fact that so many of the valleys were jammed with stagnant ice and the 
outwash was deposited along the margins of the ice as kame terraces. 
And, thirdly, where lakes existed, often between the blocks of stagnant 
ice, the detritus that might have formed valley trains ended up as lake 
sediment. 

Lacustrine Sediment 

Lacustrine sediment is most common in the stream valleys and the 
lowlands of Vermont. Inasmuch as the valleys and lowlands were the 
sites of the final melting of stagnant ice, drainage was restricted and 
many small lakes developed. Larger lakes were dammed by advancing 
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Figure 1. Bouldery topset beds of a small delta built into Lake Winooski. North 
Branch River valley two miles north of Montpelier (Montpelier Quadrangle). 

Figure 2. Boulders exposed in a gravel pit penetrating the topset hjeils of the North 
Springfield Delta (Lake Hitchcock). One mile west of North Springfield (Ludlow 
Quadrangle). 

PLATE IV 
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and retreating glaciers and some were dammed by glacial deposits. It 
should be remembered that the weight of glacial ice depressed the region 
to the north and the north-south gradient of the streams was consider-
ably less during the glacial stages than now. Lakes were also formed 
along the margin of the ice as it melted down and lake sediment is often 
found in isolated patches at high elevations. 

During the survey of the surficial deposits, the lake sediments were 
mapped in accordance with standard classifications insofar as it was 
possible to do so. That is to say, the silts and clays deposited in the 
deeper parts of the lake (bottom sediment) were mapped as one category. 
The sandy, shallow-water (littoral) sediment was a second group, and 
beach gravel was a third (Plate II, Figure 2; Plate III, Figure 1). Deltas 
were mapped separately and, when significant, sandy deltas were 
distinguished from those composed predominantly of gravel (Plate III, 
Figure 2). 

The valley lakes, however, did not always conform to the standard 
description of slack-water bodies. Down-valley currents were often active 
even when a lake occupied the valley. In most cases, the earlier lakes 
were the highest, and the lake level was subsequently lowered. A great 
amount of water and sediment was carried into the lake by tributary 
streams. Melting ice in the region, particularly in the case of ice marginal 
lakes, also supplied a great amount of sediment. The large amount of 
sediment often so completely filled the valley that shoaling occurred. 
Blocks of stagnant ice often partially filled the valley, particularly in the 
early stages of the lake. In larger lakes, specifically those of the Cham-
plain Lowland, floating ice blocks from a calving glacier often reached 
the proportions of icebergs. 

As a result of the above special characteristics, the deposits made in 
glacial lakes are often modified to significantly change the character 
and appearance of the deposit. The down-valley currents formed cut-
and-fill structure and undercut the deposits causing slumping. Cross-
bedding commonly occurs, and textural changes are numerous due to 
increases or decreases in the velocity of the currents. The fact that ice 
often occurred in the valleys caused lacustrine sediments to be deposited 
in contact with the ice, and when melting occurred, ice-contact structures 
were formed by slumping. As already stated, the lake sediment may 
interfinger or be interbedded with kame terrace gravel or the dipping 
beds on the flank of an esker. 

As shoaling took place, sand began to completely fill the valley, and 
as the level of the sand approached the level of the water, pebbly sand 
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and gravel were deposited. In this manner, the valleys completely filled 
in a relatively short time. In some valleys, the top layer of gravel is quite 
thick; in others, the sand contains a high percentage of pebbles. The 
gravel thus deposited is not a beach gravel, although it may resemble 
such in many respects. The shoaling gravel, however, resembles more 
the topset beds of a dcltaic deposit than any other types of lacustrine 
gravel. 

The high velocities of the streams that flowed from the mountains and 
the volume and types of sediment they carried into the lakes is best mani-
fested in the deltaic deposits of these streams. Because the streams 
carried large amounts of sediment, deltas were built into the lakes in a 
short time. Proglacial lakes that existed for a short time as well as long 
lakes, too narrow to develop beaches, may, therefore, have well-devel-
oped deltas deposited in them. These strand-line features, such as beach 
ridges, spits, hooks, and deltas, are some of the best markers of former 
lake levels in Vermont. 

The mountain streams, because of steep gradient and high velocities, 
carried a wide range of different sizes of fragments including large boul-
ders. The larger fragments are not conspicuous in the foresct beds inas-
much as they either drop out before the delta is reached or they roll to 
the bottom of the foreset slope. As the deltas build up to near lake level, 
however, topset beds begin to develop on the delta, and at this stage the 
large boulders start to be deposited on the top and are included in the 
topset beds (Plate IV, Figures 1 and 2). The topset beds, for this reason, 
are difficult to distinguish since they resemble deposits of recent stream 
and kame terrace gravel which also contains large rounded boulders. It 
is therefore necessary to see the foreset beds to accurately distinguish 
deltas, inasmuch as a gravel pit in the topset beds may resemble kame 
gravels more than any other kind. Another interesting characteristic of 
the deltas of mountain streams is the occurrence of armored mud balls 
in both the foreset and topset beds. The term lake gravel" was used on 
the state map to designate the shoaling gravel and the topset beds of 
deltas that do not exhibit the underlying foreset beds. 

The lake occupying the Champlain Basin during the retreat of the 
last ice sheet was large and deep enough for calving of the ice to take 
place. The lake expanded as the ice edge retreated and thus the ice 
formed the northern boundary of the lake until it had melted northward 
to the St. Lawrence River. It is obvious that floating blocks of ice were 
common on the surface of the lake. Debris from the melting ice blocks 
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fell to the bottom of the lake and became incorporated in the bottom 
sediment of the lake. Lacustrine silts and clays therefore commonly 
contain ice rafted cobbles and boulders. 

Local Origin Hypothesis for the Lake Sediment. The vast amount of lake 
sediments in the stream valleys of Vermont has long posed a problem as to 
their source. It is reasoned that these lacustrine sediments were related 
to the glaciation of the region. Just how glaciation gave rise to this great 
quantity of fine sediment is the problem. The hypothesis here proposed 
suggests that the silts and clays were liberated, transported and deposited 
in valleys during the formation of the ablation till which now covers the 
uplands. 

In an effort to test the above hypothesis quantitatively, a study area 
was chosen in the Plainfield Quadrangle. The area selected included the 
valleys of the Winooski River, its tributary the Kingsbury Branch, and 
the Cooper River. In these valleys, exposures of basal till show this 
material to contain roughly fifty to sixty percent by volume of the finer 
sediment whereas the ablation till on the adjacent uplands contains only 
ten to twenty percent of the clay and silt, (Cannon, 1964a, Figure 5c). 
These percentages allow the conclusion that the fines removed during 
formation of ablation till was fifty percent of the total debris load. Or, 
stated another way, if the fines were restored, the thickness of till debris 
would be twice the present thickness of ablation till. 

It was reckoned that, if the area of the drainage basin were measured 
and the thickness of the lake sediments estimated, calculations could be 
made that would allow quantitative comparison of the volume of lake 
sediment with the decreased volume of the finer sediment in the ablation 
till. Two major assumptions had to be made based on observations 
during this survey and on experience of many years in this and other 
areas. In the first place, exposures show that lake silts and clays were 
deposited on an irregular surface, so that accurate measurement of the 
thickness could not be made. The study of many exposures, however, did 
allow a considered estimate of 45 feet (15 yards) for the average thick-
ness of the lake sediment. The second estimate involves the thickness of 
the ablation till which was judged to average approximately six feet (two 
yards). 

The area of the lake sediment in the valleys of Winooski, Kingsbury 
Branch and the Cooper River was measured with a polar planimeter to 
be 13.5 square miles. The Winooski drainage basin itself within the Plain-
field Quadrangle measures 120 square miles. 
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The volume of the lake sediment could therefore be calculated as 
follows: 

3097600 square yards in one square mile 
X 13.5 square miles (area of the lake sediment) 

40827600 square yards of lake sediment 
X 15 yards (thickness of lake sediment) 

612414000 = ± 6 X 108 cubic yards of lake sediment. 

Assuming that one-half of the debris (the fines) was removed to leave 
the present till thickness, the 120 square miles of the drainage basin 
supplied two yards of fine sediment. The amount supplied can be cal-
culated. 

371712000 square yards in 120 square miles 
X 2 yards (thickness removed) 

743424000 = ± 7 X 108 = cubic yards of fines removed 

These figures of 6 X 108 and 7 X 108 lie within a reasonable order of 
magnitude. 

Stewart's 1961 map of the Winooski drainage basin shows 150 square 
miles of lake sediment in a drainage basin that covers an area of 980 
square miles. Using the same thicknesses as above, calculations show 
± 69 X 108 cubic yards of lake sediment and 60 X 108 cubic yards of 
fines from the till. 

As crude as the above assumptions are, they do show a comparable 
order of magnitude which we believe add support to the local origin 
hypothesis. The hypothesis also suggests some of the complicated 
mechanisms responsible for the Pleistocene deposits in that region. The 
two types of till, basal and ablation, have two different origins even 
though both have till fabric orientation of the pebble-sized material. The 
ablation till lost most of the clay and silt fraction during deposition and 
is believed to have been deposited during the down-wasting of stagnant 
ice in the peripheral zone as defined by Flint (1933) and Currier (1941). 
The basal till, on the other hand, was deposited by actively moving ice. 

The lake sediments are commonly found in the valleys above kame 
terrace gravel that was deposited along margins of stagnant ice-masses 
in the valley bottoms. This relationship shows that the stagnant ice 
against which the karne gravel was deposited bad mostly melted away 
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allowing lakes to occupy the valley prior to the deposition of the fine 
sediment. The "fines" from the uplands were washed into the valleys and 
deposited as lacustrine sediment. 

Marine Sediment 

Marine sediments have characteristics similar to, and are classified on 
the same basis, as lacustrine sediments. That is to say, marine deposits 
were mapped in three categories, namely, marine beach gravel, marine 
sand and marine clay. The marine sediment can be distinguished from 
lake detritus inasmuch as the sea deposits contain fossil shells and are 
not varved. The marine sediment, however, may not always have fossils 
and in many gravel deposits the fossils are restricted to certain layers. 
For this reason, fossils may be difficult to find where slumping, or other 
kind of movement, has occurred. Lake sediment, on the other hand, may 
not show varves. Some lake sediment was not varved during deposition, 
and in sediment that is varved the varves seem to appear and disappear 
depending on the amount of weathering. Many lake deposits that show 
varying at one time may not show such phenomena at a later time due to 
weathering of the deposit. 

GLACIAL AND GLACIO-FLU VIAL EROSION 
As noted by Stewart (1961, p.  26), it is difficult to discuss glacial 

erosion on a quantitative basis. It is even more arduous to attempt a 
discussion of the amount of glacio-fiuvial sculpturing that took place 
during the melting phase of the glacial episodes. The former belief that 
continental glaciers greatly "changed the face of the earth" has been 
discarded by most glacial geologists and glaciologists. It has been re-
placed by a more logical, less profound concept of surficial removal 
with concentrated erosion in local areas. In spite of the fact that much 
work has been done on glacio-fiuvial deposits, very little has been 
accomplished concerning the erosion of meltwater streams. These prob-
lems have been given consideration with little or no success during the 
mapping program in Vermont. Some general statement concerning 
erosion, both glacial and glacio-fiuvial, however, can be made, and some 
specific examples can be cited. 

Glacial Erosion 

The erosion by glacial ice removes the rock mantle and planes off the 
outer few feet of the bedrock. The gross features of the topography, 
however, are not greatly changed. In Vermont, the rock mantle covering 
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the bedrock is surely of glacial origin. It is most likely, however, that the 
rock mantle, produced by eons of weathering, was thicker before glacia-
tion than it is at the present time. 

Aside from the removal of the top layers of mantle and bedrock, most 
of the erosion by glacial ice is concentrated in local areas because of 
geologic conditions that existed before the Pleistocene Epoch. In Ver-
mont, the most influential of these geologic factors were the structure, 
fabric and relative hardness of the bedrock, and the topography. The 
topographic control has two major aspects. First of all, the north-south 
trend of the gross features composing the geomorphic subdivisions 
(Figure 3) were important in that they modified the movement of the 
glaciers. Secondly, and more important to erosion, the erosional topog -
raphy that had been produced by stream erosion prior to glaciation was 
a major factor in the glacial erosion. 

Relative Hardness and Fabric of the Rock. The influence of the relative 
hardness, structure and fabric of the rock more or less controlled erosion 
in many areas. Inasmuch as cutting by the ice was concentrated on the 
softer rock, features carved by the ice were parallel to the fabric of the 
rock regardless of the direction of the ice movement. Many of these 
features were formerly called roches moutonnees, but, since this term 
generally implies a feature paralleling the ice direction, its use for fea-
tures paralleling the fabric is confusing. As a result of this action on the 
rock, many lakes occupy basins that are cut in the softer rock while 
ridges and outliers are composed of harder rock. 

Major Topographic Features. The major features of the geomorphic 
subdivisions were important mostly as they altered and inhibited the 
movement of the glaciers. The Green Mountains, naturally, were the 
most prominent of these, and regardless of whether the ice moved across 
the state from the northeast or the northwest the mountains influenced 
the movement. The Taconic Mountains had the same influence in the 
southwestern corner of the state. The ice, as it piled up in order to cross 
the mountains, moved parallel to the mountains and forced its way 
through stream valleys, cols, and gaps in the mountain crests, concen-
trating the erosion in those areas. 

Erosional Topography. The most conspicuous effect produced by 
pre-glacial stream erosion was the concentration of erosion in the valleys. 
The stream valleys that were transverse to the ice direction were, in 
general, filled with glacial sediment, but the valleys that were trending 
in the same general direction were scoured by icc erosion. Valleys that 
were eroded in this manner were deepened and their sides were steepened 
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much like those that have been reshaped by valley glaciers. 
Lake Basins. The Lake Champlain basin is an excellent example of the 

combined effect of the conditions that controlled glacial erosion. The 
basin is located on a lowland between two uplifts, the Adirondack and 
the Green Mountain. It is a structurally down-faulted trough floored 
with soft Paleozoic sediment. According to Fenneman (1938, pp.  2 17-22), 
a large, wide stream valley had been established on the lowland prior to 
glaciation. All of these geologic conditions concentrated the erosion of 
the glaciers and account for much erosion of the lowland and the basin 
in which Lake Champlain is located. 

Lake Willoughby also occupies a basin shaped by glacial erosion. The 
lake basin, trending transversely through a mountain mass, was formed 
in a zone of faulted, softer rock. In the same region, Lake Seymour, the 
largest body of water lying wholly within the state, as well as Big Averill, 
Little Averill and Crystal lakes, are of similar origin. In the southwest, 
lakes Bomoseen, St. Catherine and Dunmore have basins that were, at 
least in part, carved by ice. Even on the crests of the Green Mountains, 
Lake of the Clouds and Bear Pond on Mt. Mansfield, and Sterling Pond 
on Spruce Peak, are contained in ice-eroded, bedrock basins. 

Mountain Gaps. Many cols through the ranges of the Green Moun-
tains, including Smugglers and Hazens notches, Lincoln, Middlebury, 
Mt. Holly and Brandon gaps and Sherbume Pass are, in part, formed by 
glacial erosion. Jacobs (1938, p.  41) and Christman (1959, p.  70) agree 
that Smugglers Notch is a col between the watersheds of the Brewster 
and West Branch rivers. No doubt much of the erosion of this feature 
was accomplished by pre-glacial stream erosion. The fact that a col did 
exist, however, allowed the ice to move through and, as suggested by 
Jacobs, glaciers must have reshaped it to some extent. The other passes 
through the mountains were probably all in existence before glaciation 
but they were reshaped as ice moved through them. 

The Connecticut Valley. The Connecticut River valley is an example of 
glacial erosion of a valley trending more or less in the same general 
direction as the movement of the glaciers. Ice invading the valley from 
either the northeast or northwest was deflected down-valley. As a result, 
the valley was deepened and widened leaving valley walls that are quite 
steep and rise abruptly from the valley floor. Bedrock along the course 
of the valley had variable hardnesses, and therefore erosion was more 
intense in some sections than in others. The valley is wide in some areas 
and narrow in others. In some reaches there are thick accumulations of 
sediment indicating deepening, and in other places bedrock is exposed 
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showing that erosion was less effective because of the hardness of the 
rock. The valleys of the Black, Barton and Passumpsic rivers, plus the 
branches of the White River, are similar examples of stream valleys that 
were similarly eroded. 

The Vermont Valley. The Vermont Valley, like the Champlain Low-
land, is located between two mountain uplifts and is floored with softer 
Paleozoic rock. The north-south trend of the valley diverted the ice 
down-valley much as the Connecticut. It is difficult to estimate the 
amount of erosion that took place inasmuch as the pre-glacial depth, 
width and steepness of the valley wall has not been determined. The 
total thickness of the present sediment in the valley is unknown in most 
areas since the depth and width of the valley below the sedimentary 
floor has not been determined. Much erosion, however, must have taken 
place as the ice moved through the valley. 

Yellow Bog. The Yellow Bog, located in portions of the Averill, Island 
Pond and Burke quadrangles is a topographic low covering approxi-
mately forty-five square miles. The basin, according to Myers (1964) 
and Cannon (1964c) is floored by quartz monzonite and surrounded by 
hills composed of metasediments. In this particular case, pre-glacial and 
glacial erosion was concentrated at the top of the uplift due to its height 
and the fracturing of the top of the dome. After the removal of the meta-
sediments covering the igneous core, the quartz monzonite, being less 
resistant due to abundant biotite, was eroded more than the surrounding 
metasediment forming the basin that contains the bog. 

Glacio-FIuviaI Erosion 

For the convenience of discussion, glacio-fluvial erosion is subdivided 
into two different categories that seem to be most important in Vermont. 
The first of these is the erosion by streams beyond the melting ice margins 
that acted as spillways for the meitwater. The second is the erosion by 
subglacial, and to some extent englacial and superglacial, streams that 
flowed under, through and on the ice. It is assumed that both of the 
above-mentioned types of streams carried a load of sediment sufficient 
to cause much, probably maximum, erosion. There must have been an 
ample supply of sediment from the melting ice, and the amount carried 
was determined by the stream gradient. 

Streams Beyond the Ice Margin. The term spiliway is used in this report 
to refer to streams beyond the ice margin that carried rneltwater and 
sediment away from the terminus. These streams, because of the amount 
of water and sediment they carried, must have been most effective 
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erosive agents. Many of the major stream courses were occupied by lake 
waters during the early stages of deglaciation. But, the higher, smaller 
streams with steep gradients must have accomplished a great amount of 
downcutting during the melting phase. There are many streams in 
Vermont with deep, bedrock valleys that must have been eroded in this 
manner. There is no way to determine, however, how much of the down-
cutting of these valleys took place during the interval when the streams 
acted as glacial spiliways. 

Subglacial, En glacial and Super glacial Streams. Many streams must 
have flowed on, through and under the ice during the melting of the 
glacier. The only one of these that could have effectively eroded land 
surface was the subglacial stream except where the other streams plunged 
to the bottom of crevasses and other openings. Eskers, as said earlier, 
are believed to be the deposits of streams flowing under the stagnant 
ice inasmuch as their trend is normal to the frontal moraines and they 
have a sinuous course. Many of the subglacial streams, however, in 
irregular terrain such as that in Vermont followed stream valleys. As 
in the case of the spillways, the amount of cutting done by these streams 
cannot be determined. 

Potholes. The occurrence of potholes on the crests and slopes of hills 
and mountains are the best evidence of erosion by meltwater streams. 
The occurrence of a glacial pothole on a ridge of the Green I\Iountains 
near Fayston (Doll, 1937, pp.  145-51) is a classic example. Other 
potholes occur on the ridge just east of Stowe; on the east side of the 
Otter Creek valley one mile south of Proctor (Plate XI, Figure 2); and 
a semicircular pothole occurs one and one-half miles northeast of North 
Troy. These could have been formed only by running water flowing under 
the ice or by water plunging over openings in the ice to bedrock below 
the ice (moulins). 

Many streams in Vermont, for example, the Huntington and Poultney 
rivers, contain numerous potholes that are often referred to as "glacial 
potholes." The glacial origin of these, however, is questioned. If these are 
related to glaciation, they were formed when the streams that formed 
them were acting as glacial spillways. It is impossible to ascertain 
whether the potholes were formed at that time or during the post-glacial 
erosion interval. 

The Shattuck Mountain Channels. One of the best evidences of glacio-
fluvial erosion found during the mapping program are the Shattuck 
Mountain Channels. These, as described by Cannon (1964b), occur in 
the notch between Peaked Mountain and Shattuck Mountain and on the 
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north slopes of Shattuck Mountain (Enosburg Falls Quadrangle). The 
channels are cut fifty to eighty feet into bedrock, vary in width from five 
to fifty feet and are marked by an abundance of exceptionally large 
potholes. Those portions of the channels with steep gradients seem to 
have been formed by pothole action exclusively. The channels, which are 
now either completely dry or contain only minor streams, Cannon 
attributes to meltwater erosion. 

PROBLEMS OF IDENTIFICATION AND 
CORRELATION OF DRIFT SHEETS 

It has been common practice, in Pleistocene studies, to identify, 
differentiate and correlate till sheets in the field by using conventional 
field methods. The criteria used for the various tills differ, but, in 
general, identification has been based on differences in physical character-
istics, weathering zones between tills, paleosols, striae, depositional 
topography and indicator fans. More recently field methods have been 
complemented by laboratory analyses. The laboratory studies have 
shown various compositional differences among drifts deposited by 
invasions from different directions. Laboratory procedures that have 
proven to be most effective include: size analyses, X-ray analysis, heavy 
mineral separation and identification, pH determination, and C 11  dating 
of organic remains. 

Various aspects of the geologic environment in New England, and 
particularly in Vermont, complicate the separation and correlation of the 
drift sheets on a regional scale. The most perplexing of the complicating 
factors are: 1) the rugged topography; 2) the complex bedrock; 3) mul-
tiple glaciation; 4) virtual absence of weathering zones between tills; 
and, 5) the absence thus far of datable organic remains. These make it 
impossible to use the conventional field and/or laboratory techniques 
for tracing the tills from one area to the next. 

Effects of the Mountarnous Terrain 
The rugged topography complicates the "normal" advance and retreat 

of the actively moving glaciers and the deposition of sheets of till as the 
concept has been developed in the "classical" midwest. As noted in the 
earlier report on The Glacial Geology of Vermont (Stewart, 1961, pp. 
23-26), glaciers do not advance and retreat over rugged topography as 
they supposedly do over the plains. (See appendix D of this report.) 

One of the effects of the mountainous terrain results from the stagna-
tion of the peripheral zone of the glacier after it thins to a level below 
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the tops of the mountains. The confined masses of stagnant ice then thin 
by downwasting until they finally occupy only the stream valleys. The 
glaciers consequently do not maintain stable margins of the kind that 
form frontal moraines. The outwash is carried away by streams with 
steep gradients and high velocities and thus outwash aprons do not mark 
marginal positions of the ice. 

Numerous ice marginal lakes form in and around the masses of stag -
nant ice as soon as the ice has thinned and is confined between the 
mountains. Inasmuch as melting will be greatest at the contact with 
mountain slopes, lakes will be most common in these areas. Lakes also 
form in the valleys after the ice has diminished to the extent that it 
consists mainly of disconnected blocks. The deposits formed in asso-
ciation with these lakes are a mixture of glacial outwash, lacustrine 
sediment and commonly till. 

Effects of the Complex Bedrock 

Except for the Champlain Lowland and to some extent the Vermont 
Valley, the bedrock of Vermont is very complex and is composed chiefly 
of metasediments predominantly slates and schists. The Taconic Moun-
tains in the southwest contain a high percentage of slate and phyllite, 
and the basement rock exposed along the crest of the Green Mountains 
south of Lookout 1\'Iountain is metaigneous rock such as granite gneiss. 
The rocks exposed in most areas lie within the biotite, garnet and stauro-
lite-kyanite metamorphic zones. Exceptions of note include the rocks of 
the White Mountain complex in the extreme northeastern part, and the 
rocks of the chlorite metamorphic zone of the Champlain Lowland. 
Because of the complexity, the mineralogy is also quite complicated 
with a wide range of minerals of varied origins. 

In spite of the complex bedrock, or perhaps because of it, the mineral-
ogy of the various rock units is not significantly different. It is apparent, 
from laboratory studies of the tills, that the stable minerals are much the 
same in all of the different rock types (Cannon, 1964a; Behling, 1965; 
Shuts, 1965). At least the analyses of the tills have shown little difference 
in the till sheets from these parent rocks. 

The metamorphic map of Vermont (Centennial Geologic Map of 
Vermont, 1961) shows that the metamorphic zones encircle an area of 
most intense metamorphism and therefore the rocks have been meta-
morphosed in decreasing intensity outward from the center. 

Because of the climate, chemical decomposition is more prevalent 
than physical disintegration. The chemical attack of the mafic minerals, 
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which are most rapidly decomposed, produces suites of secondary min-
erals that are essentially the same for all of the rocks containing these 
minerals. In a similar manner, the chemical weathering of the feldspars 
forms minerals that are the same for all rocks. 

As a result of the more or less enclosed configuration of the meta-
morphic zones, the similarity of the mineralogy of the rock, and the 
comparable products of chemical decomposition, the rock waste picked 
up by the glacier, mixed during transport and deposited as a drift sheet, 
is generally not unique or distinctive. The composition of the glacial 
deposits, especially the till, is very similar regardless of the direction of 
glacial advance. 

There are, of course, exceptions to the above statements concerning 
composition. In the Vermont Valley, for example, the rocks of the Green 
Mountains east of the valley are distinctly different from the rocks of the 
Taconic Mountains to the west. The rocks of the Champlain Lowland 
are less metamorphosed and differ considerably from those in all other 
sections of the state. Certain localities of the Northeast 1-lighlands in the 
extreme northeastern region of the state are of different composition. 
Locally, of course, a distinctive rock type may exist but these cannot be 
used for identification and correlation from one area to the next. In 
general, the Green Mountain area and all of the state to the east of it 
have tills of very similar compositions, and this property cannot be 
used for correlation. In the southern part of the Vermont Valley, how-
ever, the lithology of the drift is diagnostic of the source. 

Effects of Multiple Glaciation 
In regions where multiple glaciation has occurred, and particularly in 

areas where the mineralogy of the bedrock is as described above, the 
characteristics of the tills became more similar with each succeeding 
glacial invasion. Each ice invasion removes the drift of former glacia-
tions and mixes the debris of the former deposits with the bedrock load 
it has acquired in areas over which it has moved. Unquestionably, a 
considerable percentage of the sediment transported by glacial ice is 
composed of drift deposited by prior ice episodes and/or rock mantle 
formed by weathering during the preceding pre-glacial or interglacial 
interval. 

The till sheets in Vermont, both basal and ablation, are very sandy 
and contain little clay or colloidal organic matter to bind the matrix. 
They are, therefore, easily broken up by overriding ice and by the sub-
sequent intermixing during transport. For this reason, the blending with 
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other transported materials is complete and inclusions of older till in 
younger deposits has been rarely, if ever, found. 

Conventional Field Methods that Proved 
Unsuccessful in Vermont 

As has already been noted, the field methods commonly used for the 
identification and correlation of till sheets include: the physical charac-
teristics of the drift; the presence of paleosols and weathering zones be-
tween till sheets; glacial striae; indicator fans and boulder trains; and 
the depositional topography marking ice margins. These methods were 
used in Vermont wherever it was possible to do so, but the tracing of the 
different tills from one locality to the next could not be achieved by these 
methods. It should be pointed out, however, that these 'old reliable" 
field methods are not being used in other regions as successfully as they 
formerly were, even in the "classical" midwest. 

Physical Characteristics of the Drift. The color and texture proved to 
be of little value for correlation. The color of the tills vary with the color 
characteristics of the local bedrock and the amount of weathering since 
deposition. In many areas, where two tills are found in a single exposure, 
their colors may be distinctly different, but the color of the same two tills 
might be reversed, or they might be the same color in the adjacent area. 

The texture of the till varies significantly little from place to place. The 
ablation tills, of course, are consistently more sandy than the basal tills, 
but the identification of the ablation tills is not a problem of correlation. 
All of the Vermont tills contain much sand, little clay and moderate silt 
(Cannon, 1964a). The old usage of the term "boulder clay" as a synonym 
for till is surely not correct in this region. Size analyses of different tills, 
one above the other, sampled at the same exposure did not show con-
spicuous differences in till textures. 

Because of the high sand and low clay content, water percolation and 
seepage through the tills is much greater than might be expected for such 
sediment. That is to say, the permeability is relatively high in spite of the 
low sorting coefficient of the tills. The fact is, water is produced for do-
mestic use from wells, particularly dug wells, penetrating the till. Abun-
dant water in the till increases the rate of chemical weathering, particu-
larly oxidation and the decomposition of the mafic minerals. The result-
ing change of color and discoloration adds to the color problem inasmuch 
as the weathered tills are all tannish to brownish (iron) colored. The 
depth of the zone of oxidation and discoloration is much deeper than the 
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zone of leaching, and in the loose, sandy ablation tills the total deposit is 
oxidized. 

Features Resulting from Glacial Erosion. The use of striae as an indica-
tion of the direction of advance, as well as the direction of source, of the 
last glacier that traversed a particular area is here questioned for several 
reasons. The bedrock in Vermont over large areas is composed of meta-
morphosed, upturned layers of schists, gneisses, phyllites and slates. 
These weaker rocks do not retain the striae made by ice for a long period 
of time, particularly where the drift is thin or completely lacking. The 
upturned, foliated layers are differentially weathered producing a fine 
lineation on the surface of the rock parallel to the rock fabric. The lin-
eations closely resemble striae and/or grooves and caution must be taken 
in correctly identifying the striae and other erosive features. 

The investigations made during this survey have led to the conclusion 
that, in areas of multiple glaciation, the striac, grooves and/or fluting do 
not necessarily record the direction of the most recent glaciation or the 
ice advance that deposited the surface till. In many areas of Vermont, 
the direction of the most prevalent striae parallels the direction of an 
earlier ice advance but not the fabric maxima of the surface till. This is 
true even in situations where the till lies directly on striated bedrock. It 
is most difficult to formulate an hypothesis explaining why the striae of 
former glaciations remain whereas the most recent ice invasion seemingly 
made none or very weak ones, but the data accumulated in the field sup-
port such a conclusion. 

it is not inten(led to imply here that the striae in Vermont could not be 
used for any practical purposes. This is not the case, but use was re-
stricted by the factors just described. In many sections, and especially 
in the area covered by the last glaciation, the striae were no doubt made 
by the last glaciation, and till fabric and striae are parallel and supply 
complementary evidence of ice direction. The most valuable striae are 
those which cross, and the conditions are such that the relative ages 
(older and younger) can be seen (Plates X and XII). The fact remains, 
however, that a regional pattern of glacial movement could not he estab-
lished from the study of the effects of glacial erosion alone. 

Features Resulting from Glacial Deposition 

The deposits made by continental ice sheets have been used in many 
regions to map, delineate and even correlate drifts of different ages. Iii 
plains areas, such as the l\ lidwest, for example, the terminal moraine and 
associated outwash plains often mark the margin of an ice advance. Iii 
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spite of the fact that many of the older correlations based almost entirely 
on depositional topography have been questioned and are now being re-
studied using more up-to-date methods, the more or less continuous ter -
minal and recessional moraines stretching across wide areas of the plains 
states are most valuable criteria for identification. 

Moraines. As has already been noted, however, the rugged New Eng-
land topography is not conducive to the formation of such depositional 
features. At the locality where the terminal moraine should have been 
deposited, the slope is usually so great that the debris was carried away 
down-valley. In other cases, where the slope was northward, lakes formed 
along the terminus and the glacial sediment was mixed with other clas-
tics carried into the lake. The stagnation and downwasting of the ice also 
affected the type of deposition. Since the stagnant ice melted downward, 
from top to bottom, there were few, if any, stationary margins being fed 
with active, forward-moving glaciers. 

Those moraines in Vermont that were mapped as terminal moraines 
were so designated only after the drift margins (terminus) had been de-
termined by other methods, chiefly till fabrics. Most of these moraines 
are relatively insignificant insofar as the glacial history is concerned. The 
only really significant terminal moraines are those made by the last ice 
advance in the Rutland-Lake St. Catherine region (Figure 13). 

The larger morainic accumulations are in the northeastern section of 
Vermont (Figure 7), and the significance of these moraines is not, at this 
time, clearly understood. The occurrence of the moraines in this area is 
probably due more to the subdued topography than to any other factor. 
These and other moraines will be discussed more fully in later chap-
ters of this report. 

Oniwash Aprons. There are no ice marginal outwash deposits such 
as outwash aprons or fans in Vermont. Apparently the detritus from the 
melting glaciers that might have formed outwash was carried away by 
streams to the lower valleys. 

Boulder Trains and Indicator Fans. The older literature abounds with 
descriptions of boulder trains and/or indicator fans previously used as 
indications of the direction of ice movement across the region. The 
boulder trains of New England are familiar to all those who have studied 
the phenomena customarily used to ascertain the direction of glacial 
flow. Four of the well known New England indicator fans occur in Ver-
mont. These are the orbicular granite fan spreading out from the outcrop 
at Craftsbury, the quartzite fan at Burlington, the syenite fan at Cut-
tingsville and the syenite fan at Mt. Ascutney (Stewart, 1961, Plate II). 
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The above trains, or in(Iicators, have been developed by assuming a 
straight-line transport of any erratic of these rocks to wherever they 
have been found without regard to the distance from the outcrop. Cob-
bles of the Craftsbury orbicular granite (commonly (ailed prune granite), 
for example, have been found as far away as New Hampshire and south-
ern Vermont. It has been assumed that these were carried to the locale 
where they were found by a single ice invasion. This interpretation is 
understandable when it is remembered that it was formerly assumed that 
all of New England was covered by a 'last glaciation" that invaded from 
the north-northwest. 

The writers believe that repeated ice advances redistributed the bould-
ers of the indicator fans. This is true particularly where the direction of 
ice movement was different for each glacial invasion. After glaciation 
from two or more directions, it is impossible to retrace the path of an 
erratic from the outcrop to its present location or to develop a reliable 
indicator fan except in the close vicinity of the outcrop exposure. 

In the specific case of the Vemont boulder trains, the Craftsburv 
prune" granite proved to be the most reliable indicator. In the vicinity 

of the outcrop, however, the concentration had a north-south trend and 
it is suspected that movements from both the northeast and northwest 
were responsible. The survey was unable to get any satisfactory results 
from either the Cuttingsville or 1\It. Ascutnev svenites distribution. 
Boulders and cobbles that could be definitely identified were not plenti-
ful enough to make a statistical study possible. 

The Burlington boulder train was discounted in the 1961 report 
(Stewart, 1961, pp. 111-12). The unique rock here is the distinctive 
Monkton (Iuartzite,  and it is now known that this formation crops out 
along the western side of the state from Milton to the Massachusetts 
border and hence is useless its a directional indicator (Centennial Geo-
logic \1ap of Vermont, 1961). 

Boulder concentrations in the immediate vicinit of an outcrop can 
indicate the last ice movement across a region. Rut, as the distance from 
the outcrol) increases, the reliability of the results diminishes particularly 
in areas of multiple glaciation. A statistical study such as that made by 
McDonald (1967, Figure 9) of the Stanstead-type grey granite of here-
ford Mountain is most reliable, since the percentages of the grey granite 
were computed from traverses within only four miles of the outcrop. 

Organic Remains, Paleosols, Interglacial Gravels and 11eathering Pro-
files Between I)rift Sheets. The most accurate method of dating and (or-
relating drift sheets at the present time is by the carbon 14  dating of or- 
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ganic remains found in or between till sheets. This method gives an 
absolute date to the deposit and allows the correlation with other de-
posits which have been dated by the same method. No such datable or-
ganic remains have, as yet, been found and dated in Vermont. For this 
reason, an absolute date correlation of the tills cannot accurately be 
made with tills of known age in other areas. 

No paleosols or interglacial gravel has been found buried beneath tills. 
Lacustrine sediments do occur between the drifts in many exposures, but 
this type of sediment may be formed at the ice margin as in other local 
lakes and is not generally reliable as a criterion for correlation. Fluvial 
deposits also occur between the tills in some areas. These, however, are 
also local deposits made by the stream occupying the valley in which they 
occur. All of the above-mentioned materials are useful in the study of a 
single exposure and aid in the separation of the various tills. They cannot 
be used when tracing a particular unit or sequence from one locality to 
the next. 

A single weathering zone occurring between two tills was discovered 
during this survey at West Norwich. This significant find will be dis-
cussed in another section of this report. 

TILL FABRIC 

West and Donner (1956) give Hugh i\lillér (1850) the credit for being 
the first to declare that many stones contained in a till lie with their long 
axis parallel to the direction of the striae and thus parallel to the direc-
tion of the ice that deposited them. Upham (1891, pp.  377-78) specified, 
as a characteristic of subglacial till, that the long axis of "oblong stones" 
was parallel to "contiguous" glacial striae and therefore parallel to the 
"course of the glacial movement." In spite of these early disclosures of 
the preferred orientation of elongate fragments within a till, little, if 
any, attention was given to these facts in the study, identification and 
correlation of drift sheets. Proof of the concept of till fabric was not re-
ported until after it had been tested with many measurements of pebble 
orientation by Richter (1932) and later by Holmes (1941). 

Even after the testing and confirming of the concept by Richter and 
Holmes, acceptance and use by glacial geologists was very slow. The 
explanation of this delay is no doubt related to the fact that Pleistocene 
stratigraphy, as such, was not a concern of earlier glacial geologists. Even 
today, many Pleistocene geologists are skeptical of the results obtained 
by till fabric studies, and others use fabrics only to confirm data obtained 

51 



m;lh; 
:• •v' Y*. 

¼ 

U 

- 

PLATE V 

Till fabric rack showing a northeast fabric.Fabric taken in Shelburnc ablation till three miles south 
of Plairifield (Plainfield Qaudrangle). 



by other methods. In Vermont, however, where exposures of till are scat-
tered among the hills and valleys of this mountainous state, other con-
veritional methods of till identification, correlation and mapping could 
not successfully be used to develop a geologic sequence or the geographic 
distribution of the drift sheets. The fabric of the tills, ho\vever, did prove 
to be a successful method and has been used extensively in the study of 
the stratigraphy of the glacial deposits. The fact that the three till sheets 
that have been proposed to date in Vermont were deposited by ice in-
vasions that came from three different directions has made it possible to 
differentiate the tills deposited by each of these glacial episodes. 

Most methods for taking a fabric of a till at a specific location suggest 
that a large area of the till be exposed on a horizontal plane and that all 
of the pebbles contained in the till should be studied. Holmes (1941), 
for example, advises that the geographic orientation and the angle of in-
inclination of each pebble be measured and recorded. The measurement 
of every pebble in the till at each location would take several days. It 
was therefore decided to select and measure the orientation of only the 
stones considered diagnostic of the ice-flow direction. According to re-
sults obtained by Richter (1932) and Holmes (1941), the ideal pebbles 
are those with A-axis equal to twice the B-axis and the B-axis equal to 
twice the C-axis. These blade-shaped stones should lie horizontally in the 
till showing that they have not been disturbed from their original posi-
tion bv frost heaving or any other post-depositional movement such as 
slumping. 

Inasmuch as time was of the essence to this survey to complete the 
whole state and the till fabric methods described by I lolmes and others 
are so time-consuming, the procedure had to be simplified. The method 
used during this study was that modified by MacClintock (1954b, 1958) 
for use in the St. Lawrence Lowland of New York State (I'\IacClintock 
and Stewart, 1965). In accordance with the modified method, till stones 
are carefully selected to find flattish elongate pebbles that lie in a hori-
zontal position. Specifically, every effort is made to select the diagnostic 
stones that ''slid" into place where they were deposited, and to avoid 
those that rolled into position with their long axis normal (transverse) 
to the ice direction. The pebbles used for the present fabric analyses were 
collected and laid on a "fabric rack" marked off in ten-degree intervals of 
orientation. When enough pebbles were accumulated to show clearly a 
maximum orientation, the fabric was considered completed, and the 
pebbles were counted and recorded. In some cases fifty to a hundred 
pebbles proved to he sufficient. In other instances, where pebble shapes 
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were somewhat irregular, two hundred or more pebbles may have been 
necessary before the fabric orientation became convincing enough to be 
accepted (Plate V). 

Many objections and criticisms have been made to the method used 
in these investigations and described above. The most serious criticism 
has been that in selecting only the flat, elongate stones, the greater part 
of the fragments in the till is disregarded. A second objection has been 
that the selection of pebbles might be influenced by preconceived notions 
about what the fabric should be or what the investigator hoped it would 
he. We believe, however, that the careful selection of the stones is the 
most significant aspect of this method. The results of all fonner studies, 
by all methods, have corroborated the fact that the oblong fragments 
are the most consistently oriented with the ice direction. The most con-
vincing argument for the validity of till fabrics, we think, is the regional 
picture of the glacial invasions that has resulted from their use. 

The regional movement and stratigraphy inferred by the till fabrics 
was checked wherever it was possible to do so. In the Champlain Low-
land and the Vermont Valley, particularly in the Rutland-Middlebury 
section, the striae confirmed the ice direction and the sequence. This 
is the area of the youngest drift, and also the area of most suitable 
bedrock. In numerous localities of this region, crossing striae on the 
bedrock definitely show that a northeast to southwest ice advance was 
followed by an invasion from the northwest. Many exposures studied 
in this area have till with a northwest fabric overlying till with north-
east fabric. The striac in this section are better preserved because the 
bedrock is essentially horizontal in most localities and is composed of 
less metamorphosed, nonfoliated, marble and quartzite, and is usually 
covered with glacial or lacustrine sediment. It would have been pos-
sible to have established the direction of the two most recent ice epi-
sodes in this region without till fabric, but the stratigrapliy of the tills 
and the extent of the glaciation could not have been ascertained. 

The study of the fabric maxima of the tills exposed in Vermont has 
resulted in the identification, correlation and mapping of three different 
till sheets. The ice invasions were first from the northwest, second from 
the northeast and third from the northwest. Over 500 till fabrics were 
completed during the survey. The raw field data and the calculated vec-
tor mean of 482 of these are reproduced in appendices A, B and C of this 
report. Diagrams of approximately 40fl  of the fabrics are included in the 
text. 
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MULTIPLE GLACIATION 

It is most interesting to find in the older literature numerous sug-
gestions, and even definite conclusions, concerning the probability of 
multiple glaciation in Vermont and adjacent New England. The amazing 
thing about these published notes is the fact that they were overlooked 
or ignored for so long. For some reason, not yet discovered in the research 
for this report, it was assumed until rather recently that the ice sheet 
that covered all of New England was the last to invade the area, and that 
this glaciation removed all manifestations of earlier ice episodes. This 
belief is now being discarded as research progresses. 

The second annual report of the first state geologist of Vermont 
(Adams, 1846) noted that approximately one-third of the striae he had 
studied, mostly in the northwestern part of the state, indicated move-
ment from two or more different directions. Adams also explained that 
in many exposures it was possible to ascertain the relative ages of two 
sets and that in all cases northwest striae were younger than northeast. 
On Isle LaMotte, he was successful in ascertaining the relative ages of 
three sets of striae which he reported as follows, beginning with the older: 
N 10° W, N 80  E and N 470  W. The accuracy of these observations is 
most interesting inasmuch as most of the data came from the Champlain 
Lowland where striae and till fabric, as already stated, show the last 
two glaciations were first from the northeast (older) and then from the 
northwest (younger). The order of the three proven glacial invasions 
across Vermont is northwest (oldest), northeast (middle) and northwest 
(youngest). 

The Geology of Vermont (Hitchcock, et al.) in 1861 reported the "drift 
directions," as shown by the study of striae, to be: first from the north-
west, second from the northeast and third from the north. The term 
"drift directions" was used inasmuch as the interpretations of these di-
rections was based on a mixture of the iceberg theory, ocean currents and 
local glaciation. 

In 1889, Emerson (pp.  550-55) described two stratigraphic sections 
in Old Hampshire County, i\Iassachusetts, that were exposed in railroad 
cuts which he referred to as the "Camp-Meeting Cutting." Three tills 
were exposed at this location with boulder beds and beach sand between 
the lower and middle tills and sand and clay separating the middle and 
upper. These Emerson explained by ice advance, retreat and readvance, 
but he said that the till had characteristics that suggested ice of an 
"earlier epoch." The report contains four full pages listing striae meas- 
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urements from Franklin, I lampshire and Jlamden counties, Massachu-
setts, (approximately 135 striae) and 30' of these trend from the north-
cast; the remainder are north and northwest. 

Later, Jones (1916, p. 92) recorded striae one mile north of Greensboro 
village that indicated glacial movements from first the northwest, second 
the northeast and third the north. These, he said, agreed with strite 
directions south of Robcsnn Mountain. Richardson (1916, p. 117) 
reporting on the evidence of glaciation in Calais, East Montpelier, t'\Iont-
pelier and Berlin townships stated that the striae in each of the townships 
connote ice advances from first the northwcst, second the north and 
third the northeast. 

The above-mentioned references serve to point out three interesting 
facts. In the first place, the ''old timers" were keen observers, and the 
data they published was quite accurate. f-eeon(ilv, geologic observation 
was in many respects, less ddiictilt before the recent (levelopment of 
cities, towns, and highways. And, thirdly, this repi rt is by no means the 
first to propose multiple glaciation in \ermont It is (lilficult to explain 
the lack of attention that has been given to so much of the older liter-
ature. Perhaps it was the erroneous concepts used in the explanation of 
the data that prompted a lack of confidence in the facts. 

THE PLEISTOCENE SEQUENCE IN VERMONT 
One of the results of the mapping survey has been the development of 

a partial sequence of the glacial and post-glacial events in Vermont. It 
is probable that other ice episodes have covered \ernv)nt in early \Vis-
consin and pre-Wisconsin time. The sequence here described must date 
from pre-classical Wisconsin to the present. From the data collected 
during the recent survey, the following Pleistocene sequence, in chrono-
logical order, can he deduced for the Vermont region. 

I. A possible pre-Bennington glacial stade with glaciation from the 
northwest followed by a kde episode and erosion. The evidence for 
this glacial interval is too scant, too scattered and too indefinite at 
this time. It is merely noted in this sequence so that the possibility 
can he subsecuentiv discussed in this report. 

II. The Bennington Glacial Stade 
A. Glaciation from the northwest that covered all of Vermont and 

probably all of New England. (l)uring this survey it has been 
found as far south as Williarnstown and Charlemont in Massa-
chusetts and east to New I lampton in New I lampshire). 

B. Probable lake episodes in the Champlain Lowland, Connecticut 
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River valley and Vermont Valley as the Bennington ice waned. 
III. The West Norwich Interstade 

A. Weathering and erosion of the Bennington till. 
IV. The Shelburne Glacial Stade 

A. Glaciation from the northeast that covered all of Vermont 
with the exception of the extreme southern part. 

B. Deposition of dense basal till in some localities and loose, sandy 
ablation till over wide areas. 

C. Ice-marginal, high-level lakes formed in the eastward-flowing 
tributaries of the Connecticut River as the Shelbume ice 
melted down from the high lands to the west. 

D. Ice-marginal lakes in the Manchester-Bennington region of 
the Vermont Valley. 

V. The Lake Hitchcock Interstade 
A. Lake episodes in the Connecticut River valley (Lake Hitch-

cock, etc.) during and after the retreat of the Shelburne ice 
sheet. 

B. Deposition of widespread lacustrine sediment in the Connec-
ticut Valley. 

C. An interstadial lake episode in the Champlain Lowland with 
the deposition of varved sediment. 

VI. The Burlington Glacial Stade 
A. Glacial advance from the iiorth-iiorthvest covering the Cham-

plain Lowland, across all of the Green Mountains north of 
Brandon and across the Memphremagog Basin in northern 
Vermont. Ice invaded the Lamoille Valley as far as Hardwick, 
the Winooski to Ban-c and terminated in the Dog River and 
Third Branch valleys between Montpelier and Bethel. 

B. Ice-marginal and post-glacial lakes in north-central Vermont. 
Lakes in the Memphremagog Basin, Lamoille, Winooski, 
Huntington, Mad and I)og river valleys as the ice melted back 
from the margins and down from the mountains. 

VII. Post-Burlington Lake Interval 
A. Lake Vermont occupied the Champlain Lowland during the 

retreat of the Burlington ice. The lake episode, from highest 
to lowest, are: 
1. Quaker Springs Stage 
2. Coveville Stage 
3. Fort Ann Stage 

VIII. Post-Glacial Intervals in the Champlain Lowland 
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A. Post Lake \ermont erosion interval 
1. With the withdrawal of the ice from the St. Lawrence Val-

ley, the waters of Lake Vermont drained completely to a 
lo\v sea level. 

2. The Champlain Lowland was dry land subject to weather-
ing and erosion. 

B. Champlain Sea interval 
1. Marine waters slowly invaded the Champlain Basin due to 

an eustatic rise in sea level. 
2. The sea rose to a maximum and ''stabilized" when the land 

and sea level were rising at about the same rate. Sea-cliffs 
and beach ridges made at this level. 

C. Land emergence interval 
1. The land continued to rise and emerged to its present alti-

tude above present sea level. 
2. The rise of the land was progressively more to the north 

giving the lake and marine shorelines a southerly dip. 
D. Lake Champlain developed 

IX. Post-Glacial Erosion and Deposition 

A POSSIBLE PRE-BENNINGTON GLACIAL STADE 

Evidences that suggested a pre-Bennington glaciation of north-central 
Vermont were reported in 1964 after studies were made of six stratigra-
phic sections that were exposed in the upper Lamoille Valley (Stewart 
and MacClintock, 1964, p.  1091). Five of the sections were located along 
Stannard Brook east of Greensboro Bend and the sixth was along the 
west valley wall of the Lamoille River north of Greensboro Bend (Figure 
4) (Hardwick and Lyndonville Quadrangles). In five of the sections, a till 
with northwest fabric (Till A) at the base of the exposures was separated 
from an overlying till with northwest fabric (Till B) by several feet of 
fluvial gravel and lacustrine sediment. It was reasoned that the upper 
till with northwest fabric (Till B) was of Bennington age and that the 
stream gravel and lake sediment separating it from the lower till (Till A) 
was probably deposited during an ice-free interval preceding the Ben-
nington glaciation. The basal till (Till A) was accordingly ascribed tenta-
tively to a pre-Bennington glaciation. 

The Stannard Brook sections were first discovered and studied near 
the end of the 1963 field season. Behling (1965) completed a detailed 
investigation of the sections during the summer of 1964 and failed, ac- 
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cording to his own conclusions, to establish the existence of a till older 
than the Bennington. 

Shuts (1966b) reported two tills with northwest fabric at two dif-
ferent locations in the Wilmington Quadrangle. One of the exposures 
is a natural stream cut approximately two hundred feet high on the 
south side of the Rock River immediately to the east of East Dover. The 
second exposure is in a road cut along the East Branch of the North River 
three miles southwest of Jacksonville. In each of these exposures, lo-
cated thirteen miles apart, a lower till with northwest fabric is separated 
from an upper till with the same fabric orientation by lacustrine sedi-
ment measuring ten to fifteen feet in thickness. Each of the tills and the 
lake sediments have very similar characteristics at the two exposures. 
If these are indeed two different till sheets of different ice episodes, the 
lower till may be of pre-Bennington age. 

We are, at this writing, in doubt about a pre-Bennington ice episode. 
To date no method of separating tills of the same fabric orientation has 
been found that can be used in the region. More research will be neces-
sary to prove or disprove the existence of glacial deposits in Vermont 
older than the Bennington drift. 

THE BENNINGTON GLACIAL STADE 

The earliest proven glaciation of Vermont was an invasion of glacial 
ice across the region from a northwest direction. This glacial episode cov-
ered all of Vermont and probably all of New England, including the 
White Mountains, as postulated by C. H. Hitchcock (1908a, p.  173). 
The exact time that the Bennington glacier covered Vermont cannot, 
as yet, be definitely stated, but it is assumed that it was early in the Wis-
consin Stage and probably older than the so-called "classical Wisconsin." 

The till deposited by the Bennington glacier has been identified in all 
sections of Vermont except in the northwest part. The northwestern 
region was covered by the most recent glaciation which also invaded 
from the northwest. Since the fabric maxima are the only means of posi-
tive identification, the two tills, deposited by ice from the same general 
direction, cannot be differentiated unless the till with northeast fabric 
is in position between them. No exposure showing such a stratigraphic 
relationship has yet been discovered in the area covered by Burlington 
drift. Northwest trending striae on the bedrock below Shelburne, how-
ever, do indicate Bennington glaciation in that northwest region. 

The only section where the Bennington drift is exposed at the surface 
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is a small area in the extreme southern part between Bennington and 
Brattleboro (Figure 5, Plates VI, VII, VIII, and IX). It is not known at 
this time whether or not this area was actually covered by the later 
Shelburne glacier. Evidence, reported by other studies, seems to suggest 
that the Shelburne may have extended farther south. 

The Bennington till is a dense basal till which has been overridden by 
subsequent glaciation except in the small area where it forms the surface 
till. The unweathered till is blue-grey to dark grey in color, contains much 
silt and sand with little clay, and is very compact. Cannon (1964, Figure 
5a) analyzed seventeen samples of Bennington till from the north-central 
part of the state. These analyses generally show 40% to 60 1/()  sand, 25% 
to 50% silt and 5 0/0  to 20% clay. In spite of the high sand-low clay ratio, 
the till is often very hard, almost indurated, due to the combined content 
of silt and clay. In most exposures, many erratics are found, but the con-
tent of local bedrock is most conspicuous and makes up approximately 
75% of the fragmental material. The cobbles and boulders are rounded 
faceted and striated. 

The high content of local bedrock is probably most conspicuous in the 
weathered till inasmuch as chemical weathering is greatly influenced by 
the fragmental material. The weathered till is usually buff to brown in 
color, but the depth of weathering and the intensity of decomposition is 
a function of the porosity, permeability and composition. The top, 
leached, zone of the till has been removed, but in many exposures much of 
the oxidized zone is still intact. It seems probable that chemical weather-
ing has continued after the deposition of the overlying till since the 
most common cover is a thin layer of loosely packed, sandy ablation till. 

One section, where the Bennington till is well exposed and was much 
studied, is north of the White River and between the Connecticut River 
and the First Branch of the White River. In this region, specifically in 
the Mt. Cube, Strafford and Hanover quadrangles, the till is exposed 
almost continuously along the stream valleys, especially along the 
Ompompanoosuc River and its West Branch. The overlying Shelburne 
till is very thin, sandy and in some localities it has been completely 
removed. The older till has a blue-grey color, a sandy-silty texture, is 
well compacted and contains many cobbles and boulders. The pebbles, 
cobbles and boulders are composed chiefly of the gneiss, schist and lime-
stone of the Waits River Formation. The till is oxidized up to depths of 
25 feet, and the contact between the oxidized and unoxidized zones is so 
sharp that the possibility of two tills was considered when study first 
began in this area. The mafic minerals of the gneisses and schists are 
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FIGURE I BUFF ABLATION TILL FROM THE 

WHITE RIVER VALLEY THREE MILES WEST 

OF TOWNSEND. 

FIGURE 4. HUFF SILTY BASAL TILL ONE MILE 

SOUTH OF CHESTERFIELD, NEW HAMPSHIRE. 

FIGURED. BROWN BASAL TILL ONE AND ONE- 	 FIGURE 3 ORES BASAL TILL ON THE UPLAND 

HALF MILES NORTH OF WILLIAMSUILLE. 	 ONE MILE NORTH OF WILLISMSOILLE 

FIGURES LOOSE SANOT ABLATION TILL TWO 	 FIGURES DENSE SILTYBASAL TILL ONE 
MILES NORTH - NORTHWEST OF CHESTERFIELD, 	 HALF WILE EAST OF WESTMORELAND, NEW 
NEW HAMPSHIRE 	 HAMPSHIRE. 

FIGURE P SILTY BUFF TILL ALONG STATE 

H000E NONE MILE EAST OF THE CONNECT-

ICUT RIVER AND THREE MILES NORTH OF 

BR AT T LE BOR 0. 

f  
FIGURE B- TAN SANDY ABLATION TILL FROM 	 FIGURE 9 SILTY SANDY BBLATION TILL 

THE SOUTH SIDE OF WEST RIVER TWO MILES 	 ALONG STATE ROUTE 63 TWO MILES NORTH 

NORTH-NORTHWEST OF BRATTLERORO, 	 OF HINSDALE, NEW HAMPSHIRE. 

'I 
FIGURE ID DENSE DARK BROWN CLAYET 

BASAL TILL FOUR AND ONE-HALF MILES 

WEST OF GILFORD. 

FIGURE II, COMPGCT BASAL TILL IN UN TV-

CAVATION ONE-HALF MILE WEST OF GILFORD 
FIGURE 12 PEBBLY SON-CGLCAREOUS BASAL 

TILL TWO MILES NORTHEAST OF WESTMOBELAND, 

NEW HAMPSHIRE. 

PLATE VI FABRICS OF THE SHELBURNE TILL IN THE BRATTLE-

BORO REGION. 
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FIGURE GREY SILTY BASAL TILL FROM THE 	 FIGURE t DENSE BUFF BASAL TILL THREE 	 FIGURE 3. ABLATION TILL ALONG STATE ROUTE 
EAST SIDE OF EAST DOUER 	 MILES NORTHEAST OF EAST DOVER 	 ISO TWO AND ONE-HALF MILES EAST OF WEST 

WARDS BY HO. 

FIGURE 4. DARK GREY DENSE BASAL TILL 

ONE MILE SOUTH OF WEST WAROSBORO 

FIGURE 5 ABLATION TILL EXPOSED IN 

ROADCUT ONE AND ONE - HALF MILES EAST 

OF WEST WAHDSBORO * FIGURE & TILL EXPOSED IN A ROADCUT ALONU 

ROUTE ISO ONE MILE NORTH OF WEST DOVER. 

 

FIGURE 7LIGHT GREY SANDY TILL ONE RILE 	 FIGURE 8- DENSE BUFF BASAL TILL FROM 	 FIGURE N BLUE BASAL TILL IN A STREAM 

WEST OF THE OUTLET OF SUMERSET RESEV- 	 WHITE CREEK VALLEY ONE MILE NORTHWEST 	 BANK ONE AND ONE-HALF MILES NORTHWEST 

SIR FIVE AND ONE-HALF MILES NORTH SF 	 OF NORTH KENSINGTON, 	 OF NORTH BENNINGTON. 

S EAR 5 8 U AX 

FIGURE IS. BASAL TILL EXPOSED IN AN EOCGU-

ATION ONE AND ONE-HALF MILES NORTH OF 

NORTH BENNINGTON 

u 
FIGURE II YELLOW-BROWN SANDY TILL FROM 

EAST SIDE OF US ROUTE TONE AND ONE-

HALF MILES SOUTH-SOUTHWEST OF SHAFTS-

BURY 

1 
FIGURE 12. ABLATION TILL EXPOSED ALONG 

ROARING BRANCH ONE AND USE-HALF MILES 

SOUTHEAST SF EAST ARLINGTON. 

PLATE VII FABRICS OF THE SHELBURNE TILL ALONG THE TERMINUS 

IN THE BENNINGTON-WILMINGTON AREA. 
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FIGURE I DARK GREY DENSE BASAL TILL 

ONE AND ONE-FOURTH MILES EAST OF 

EAST DUNUERSTON. 

FIGURE 4. DENSE DARK-GREY BASAL TILL ON 

HAYSTACK MOUNTAIN ROAD TWO MILES NORTH 

OF WILMINGTON. 

FIGURE 2 BAFF SILTY ABLATION TILL ALONG 

STATE ROUTE 9 SIB AND ONE-HALF MILES 

WEST OF BRBTTLEMORO. 

Z) 

FIDARF 5. GREY ABLATION TILL EBPOSED 

BLOND STATE ROUTE 54 THREE MILES 

SOUTH OF JACKSONVILLE. 

FIGURE 3 DENSE DARK-BROWN CLATEY TILL 

ONE-FOURTH MILE NORTH OF HALIFAX. 

FIGURE 6 SANDY ABLATION TILL ALONG 

STATE ROUTE MA FOUR MILES SOUTH DF 

JACKSONVILLE. 

FIGURE 7 SILTY COMPACT GREY TILL ALONG 	 FIGURE 0 BUFF SANDY SILTY TILL FROM THE 	 FIGURE 9. BUFF-GREY TILL ALONG STATE 
SOMERSET RESEVOIR ROAD TWO MILES 	 NORTH SIDE OF STATE ROUTE 9 THREE MILES RDUTE 00 TAO AND ONE-HALF MILES 
NORTH OF SEARSRURO. 	 WEST OF MARLBORO. 	 SOUTH OF WILMINGTON. 

PLATE VIII FABRICS OF THE BENNINGTON TILL BEYOND THE SHEL-

BURNE TILL BORDER IN THE WILMINGTON-BRATTLEBORO REGION. 

seemingly decomposed to some extent even though the carbonate miner-
als have not been leached. 

One of the most northerly exposures of Bennington Till studied during 
the survey is located along the Willoughby River two miles east of 
Orleans (Memphremagog Quadrangle). At this location, twenty-five 
feet of Bennington till is exposed at stream level. The till is brownish-
blue, compact and sandy. It is overlain by laminated, lacustrine silts and 
clays containing gravel layers with a total thickness that varies between 
twenty and forty feet. Shelburne ablation till overlies the silts and clays 
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on the east side of the cut and Burlington basal till covers the lake sedi-
ments on the west. The Bennington till is also exposed under the Shel-
bume one and one-half miles south of the Willoughby River cut at Heath 
School (two and one-half miles southeast of Orleans). Here the brown, 
sandy Shelburne ablation till lies directly on the compact, blue Benning-
tori. 

In the Burke Quadrangle, striae trending N 500  E cross striae trending 
N 30° W in the valley of King Brook on the east side of East Haven 
Range. To the south, in this quadrangle, along Sheldon Brook and one 
and one-fourth miles southwest of East Lyndon, ten feet of Bennington 
till are exposed at stream level and are covered by forty feet of lacustrine 
gravel, sand and clay. The top twenty feet of the lacustrine sequence are 
contorted varved clay. The clay was apparently deformed by the ice that 
deposited the twenty-five feet of Shelburne till that covers it. One mile 
upstream fifteen to twenty feet of Bennington till are at stream level and 
Shelburne till is exposed in the same cut sixty feet above. The slope 
between the two tills is, however, covered with slump material. 

At Stannard Brook (Stewart and MacClintock, 1964, p.  1093), the 
Bennington till (Till B) is exposed at all of the six exposures with one 
possible exception (Figure 4). As stated earlier, definite proof of a pre-
Bennington drift (Till A) has not been found and it is possible that Till 
A is also Bennington. At any rate, lake sediment separates the Benning-
ton and Shelburne tills in all sections showing that there had been an 
ice-free interval as far north as that place. Four miles northeast of 
Greensboro Bend, in this area, striae trending N 15° E cross striae trend-
ing N 35° W. 

Bennington till is exposed beneath Shelburne till at several localities 
in the St. Johnsbury region. Exposures occur along the valley wall of the 
Moose River east of St. Johnsbury, in the Sleepers River valley north-
northwest of St. Johnsbury and along the Water Andric to the southeast. 
In all exposures in this area, the Bennington is light blue-grey, compact, 
basal till with no weathering zone or interstadial sediment separating it 
from the overlying Shelburne till. Three miles north-northeast of Lunen-
burg (Littleton Quadrangle) in this region striae trending N 25° E cross 
striae trending N 15° W. Many rock exposures in the area show striae 
trending northwest, but the till over the bedrock has a definite northeast 
fabric. It is assumed that the striae were made by the Bennington 
glacial advance. 

In the Woodsville Quadrangle, along Scotch Hollow Road one and 
one-fourth miles south of Ryegate, the Bennington and Shelburne tills 
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FIGURE I DARK BROWN FISSLE TILL SOUTH 
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PLATE IX FABRICS OF THE BENNINGTON TILL BEYOND THE BORDER 
OF THE SHELBURNE TILL IN THE BENNINGTON AREA. 
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are separated by five to ten feet of dense, silty clay of supposedly la-
custrine origin. 

A high exposure for the interchange of Interstate Highway Routes 89 
and 91, south of the White River and one and one-half miles due west of 
Hartford (Hanover Quadrangle) exhibits a dense, blue-grey, calcareous, 
basal till with northwest fabric (Bennington) under a brown, sandy, 
ablation till (Shelburne). At this location, the Bennington till lies direct-
ly on bedrock with striae N 100  W, N 20° W and N 40° W. The two tills 
are separated with lake silts and clay containing calcareous concretions 
and nodules. One mile south of Meriden, New Hampshire, in the same 
quadrangle, the same sequence is in a fifty-foot high bank, but the la-
custrine silts at this location are leached of the carbonate. 

North of the White River in the Strafford Quadrangle, just west of a 
cross-roads named West Norwich on the topographic map, the Shelburne 
overlies the Bennington, and the top ten feet of the Bennington till is 
leached of carbonate beneath the calcareous Shelburne. 

Two miles south-southwest of South Woodstock (Woodstock Quad-
rangle) the Bennington till is exposed in a high cut along the highway, 
and the Shelburne till is exposed above in the woods, along a newer 
private road. The contact of the two tills was covered, but the Benning -
ton basal till contained large amounts of the Waits River Formation and 
a definite northwest fabric whereas the Shelbume was an ablation till 
with northeast fabric. The same two tills are exposed in a high road cut 
along State Route 12 four miles northwest of Woodstock. 

One of the most impressive exposures of Bennington and Shelbume 
tills is in a new road cut along State Route 30, two and one-half miles 
northwest of Brattleboro. Fifteen feet of bouldery, very dense Benning-
ton till is exposed at road level. The till is covered with thirty feet of 
lacustrine silts and clays plus fifteen feet of gravel believed to be of Ia-
custrine origin. Thirty feet of Shelbume till overlies the gravel and it, in 
turn, is covered by twenty, or more, feet of pebbly sand and gravel. 

In all of the sequences described above, the fabric of the tills is the 
most satisfactory method of identifying them. The Bennington till has a 
strong northwest fabric, whereas the Shelburne is definitely northeast. 

Lake Bascorn in the Bennington Region. As the Bennington ice receded 
from the Bennington region, a lake formed in the Hoosic River valley 
(Figure 6). Taylor (1903) first noted a lake in this area at an elevation 
of 1,100 feet which he named Lake Hoosic. Later he (Taylor, 1916) 
changed the name to Lake Bascom. The present survey has mapped the 
shore features of this Lake Bascorn which have elevations of 1,100 feet 



Figure 6 

69 



(as reported by Taylor) and may include deposits as high as 1,200 feet. 
The lake was dammed by ice in the I ludson River valley and drained 
southward through Massachusetts (Shilts, 1966). 

The well-developed lacustrine sediments deposited in Lake Bascom 
are conclusive evidence of a lake episode. In Stamford, for example, 
beach features are well exhibited on the golf course. A small delta is 
located on the opposite side of the valley from the golf course. Beach 
ridges were mapped one mile east of the Hoosic River on the Vermont-
Massachusetts border. A small delta was studied on the southwest slope 
of Mt. Anthony. All of the above features, with tops at elevations of 
1,100 feet, are in the Bennington Quadrangle. One-quarter mile south 
of Barber Pond (two and one-half miles northeast of Pownal) a deltaic 
deposit with westerly dipping foreset beds has an elevation of 1,200 feet. 
This higher deposit may have been formed either in a small ice-marginal 
lake that preceded Lake Bascom, or it may have been the highest level 
of that lake. 

THE WEST NORWICH INTERSTADE 
The West Norwich Interstade is named for a section, described above, 

exposed in a roadcut one-half mile northwest of a cross-roads designated 
West Norwich on the topographic map (Hanover Quadrangle). This 
location is four and one-half miles due south of South Strafford. At this 
section, seven feet of calcareous Shelburne till with northeast fabric 
maximum (vector mean N 340  E) overlies a Bennington basal till that 
has a ten-foot leached zone at the top. Fifteen feet of calcareous basal 
till having northwest fabric orientation (vector mean N 50° W) is 
exposed below the leached zone. To date, this is the only significant 
evidence of an ice-free interval of interstadial duration between the 
Bennington and Shelburne stades yet found in Vermont. 

Lacustrine sediment overlying Bennington till and below Shelburne 
till found in exposures throughout the state suggests that numerous and 
extensive lakes occurred during and after the retreat of the Bennington 
ice from the region. Many of the till-lake, sediment-till sequences have 
already been noted in the discussion of the Bennington Stade in the 
preceding chapter of this report. 

THE SHELBURNE GLACIAL STADE 
The intermediate drift in Vermont has been designated the Shelburne 

from exposures near the village of Shelburne where it was first studied 
(Stewart, 1961). The deposits of this glacial episode were made by ice 
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that traversed the region from a northeast direction. The Shelburne gla-
ciers covered all of Vermont with the possible exception of an area be-
tween Bennington and Brattleboro along the southern boundary of the 
state (Figure 5). The ice moved down the Connecticut River valley into 
Massachusetts and probably as far south as southern Connecticut, and 
expanded eastward at least into the western part of New Hampshire. 

The existence of two tills in the upper Connecticut Valley was first 
reported many years ago. Agassiz (1871, p.  557) believed that there were 
two glacial episodes in the White Mountains of New Hampshire and as 
far south as the environs of Bethlehem. He believed that the earlier 
glaciation was a continental ice sheet that was followed by local glacia-
tion originating in the White Mountains. C. H. Hitchcock (1908a, p.  169) 
noted two or more sets of striae in the Hanover Quadrangle (New Hamp-
shire-Vermont) and correctly identified two till sheets. He proposed a 
a eontmental glaciation from the northwest and a "Connecticut Lobe" 
down the Connecticut River valley with a source in the White Moun-
tains. Hitchcock studied the Bethlehem, Littleton and Lyme regions of 
New Hampshire and noted numerous striae pointing northeastward. 
From these studies he extended the White Mountain local glaciation 
far enough to the southward to include the Hanover Quadrangle. 

The position of the Shelburne till in the stratigraphic sequence of this 
region is based on its occurrence above the Bennington till as described 
earlier in this report and its position below the Burlington till in the 
northwestern section of the state. The numerous localities in the north-
western region where the bedrock exhibits northwest trending striae 
crossing northeast striae confirm that the region was traversed by a 
glaciation from the northeast followed by an ice invasion from the 
northwest. 

The southern boundary of the Shelburne drift was mapped using the 
till fabric maxima of the tills in that area (Figure 5). The surface till 
with northeast fabric north of the boundary is both ablation till and 
basal till. South of the Shelburne till margin the till with northwest 
is mostly basal till (Plates VI, VII, VIII, and IX). The area of Benning-
ton surface till is so small that definite conclusions concerning an ice 
front in this area are somewhat problematic. As we interpret the reports 
of studies of the glacial drift to the south of Vermont, the Shelburne till 
is, in our judgment, the surface till in at least part of Massachusetts and 
Connecticut. It may be, therefore, that the small area along the south-
ern border of Vermont on the crest of the Green Mountains was covered 
by very thin ice or was surrounded by ice because of the topography or 
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other environmental factors. As will be discussed later, Shilts and 
Behling (1967, p.  203), who mapped the southwest corner of the state, 
have a different interpretation of the glacial sequence in that region. 

In Vermont, the Shelburnc drift is predominantly an ablation till 
although exposures of basal till have been studied in all parts of the state. 
In spite of the fact that the surface till is chiefly ablation drift, it has a 
determinate fabric with a preferred orientation ranging from north-
northeast to northeast. In general, the Shelburne till is thin and may be 
only a veneer covering the surface. The ablation till may he covering 
an older till or it may lie directly on the bedrock. In only a few places 
does the ablation till with northeast fabric cover a basal till with the 
same preferred orientation. As was noted earlier in this report, it is 
common to find Shelburne ablation till covering Bennington basal till 
over widely scattered localities of the state. 

The most conspicuous characteristics of the Shelburne ablation till 
are its sandy, loose texture and the high percentage of angular cobbles 
and boulders composed of the local bedrock. These characteristics of the 
till lead us to propose that the deposit resulted from the slow down-
wasting of stagnant ice. Probably the most common explanation of the 
sandy, flaggy nature of the drift has been to assume that it was super-
glacial and therefore an upper unit of a deposit that included a sub-
glacial till deposited by different layers of the same ice sheet. This was 
the original interpretation by Upham (1891, p. 376) and Chamberlain 
(1894, p.  521) and a similar explanation was made by Denny (1958, pp. 
80-82) in the Canaan area of New Hampshire. 

Elson (1960, pp.  5-17) also proposed a superglacial origin for ablation 
till. But, he also had a place for it as a subglacial deposit. Elson's sugges-
tion that ablation till is formed by the slow, downward melting of 
stagnant ice with the quiet washing out of the silt and clay is in close 
agreement with the concepts proposed in this report. 

Crosby (1934b, pp.  417-19) studied the Fifteen Mile Falls dam site 
excavations and the area of the Bethlehem moraine of New Hampshire 
and reported two tills at several localities. These must be the Shelburne 
and Bennington tills described in this report. Crosby, however, followed 
the concepts of a continental glaciation followed by local glaciation 
from the White Mountains as proposed by Agassiz (1871, p. 554). 

Tills in the Athol area of Massachusetts, according to Eschman (1966, 
p. 5) have a surface unit with loose, sandy texture which this report 
assumes to be ablation till. His analyses show the material to consist of 
3% clay, 1370  silt, 40% to 60% sand, 10% to 30% pebbles and about 
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15 0/0  cobbles. Eschman interprets the loose, sandy surface unit to be 
the top of a single drift sheet, but attributes the loose, sandy texture 
to various sources of parent rock. 

This report contends that the angular cobbles and boulders contained 
in the ablation till are indicative of a short distance of transport which, of 
course, is the conclusion that has been made by most investigators. The 
sandy, loose texture, we believe, is the result of ice stagnation with very 
slow oozing out of the meltwater. The flow of the meltwater is barely 
enough to transport colloidal material and very fine silt, but not enough 
to carry sand and gravel. That is to say, the fines are washed out leaving 
the coarser material to be deposited by being very slowly and gently let 
down. The marginal stagnation hypothesis seems valid except that it 
does not provide a mechanism for the deposition of several frontal 
moraines, which have been mapped, that are composed of ablation till. 
The moraines are small and quite scattered but they are definitely 
frontal deposits. A thin ice sheet seems probable inasmuch as the amount 
of older till that was removed is much less than that which might be 
expected, striae of an older ice advance remain on the bedrock over wide 
areas, and the till deposited is generally thin. This hypothesis credits 
water activity with the removal of much clay, and in many cases silt, but 
the water action was not intense enough to destroy the orientation of the 
fragments, not even the very small pebbles. It is inconceivable that the 
pebble orientation was made by water currents since the fabrics show a 
regional continuity that water would not have produced. 

Shelburne basal till is not an uncommon occurrence in the state, but 
compared to the ablation till, it is much less widespread. The basal till 
is probably most prominent in the St. Johnsbury region, particularly in 
the Littleton Quadrangle. In this area, compact, tannish-brown to brown 
basal till with northeast fabric has been studied along U.S. Route 2 of 
Lower Waterford and one and one-half miles north of Concord. A hard, 
compact, blue basal till is exposed in the south valley wall of the Moose 
River one mile east of the intersection of U.S. Route 2 and State Route 
18. 

In the Burke Quadrangle, thirty feet of grey basal till with northeast 
fabric is exposed one mile east of East Burke. One of the few exposures 
noted during the survey showing ablation till, with northeast fabric 
covering basal till deposited by ice of the same glacial episode, is located 
one-fourth mile east of East Lyndon. At this exposure, ten feet of 
Shelburne basal till are covered with approximately one hundred feet of 
Shelburne ablation till. A dense, dark olive brown basal till with north- 
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PLATE X. 	orthwest striae crossing older northeast striac. One-half mile west of The Four Corners (Lyndonvile Quadrangle). 



east fabric was found exposed in a road cut on the west side of Town 
Farm Hill two miles east of Halls Lake (Woodsville Quadrangle). A 
brown, clayey basal Shelburne till was studied at two localities in the 
northwest corner of the Lyndonville Quadrangle. One of these was in a 
road cut one and one-fourth miles northwest of West Glover and the 
other was in a stream cut along Roaring Brook one and one-half miles 
north-northwest of West Glover. Crossing striae in this area, one-half 
mile west of The Four Corners, show northwest striae crossing northeast 
(Plate X). 

Two localities of basal till with northeast fabric were noted in the 
Mt. Mansfield Quadrangle (Connally, 1967a, p.  20). The first is on the 
west side of Mt. Mansfield, exposed on a cut bank of a tributary of the 
Brewster River, one mile northeast of Morses Mill, and the second is 
just to the north of Cloverdale. Shelburne basal till also occurs in the 
area of Hapgood Pond on the west side of Mad Tom Notch (Wallingford 
Quadrangle) and in the Wilmington Quadrangle one mile east of East 
Dover. 

The Shelbume till was first identified in the Burlington Quadrangle 
along the valley wall of a small, unnamed stream one and one-quarter 
miles south-southwest of Shelburne (Stewart, 1961, p.  102). At this 
location, the Shelburne till is a very dark grey, almost black, compact, 
clayey, basal till varying in thickness from three to twelve feet. The till 
fabric maximum is approximately N 30° E. The dark grey till is covered 
by eight to fifteen feet of reddish brown, sandy, basal till with a fabric 
trending north-northwest. Striae on the bedrock under the Shelburne 
till at this location trend north-northwest and it is assumed that they 
were made by a pre-Shelburne ice advance, probably the Bennington. 
Till of similar description is exposed in a high stream cut on the north 
side of Lewis Creek two and three-quarter miles northeast of North 
Ferrisburg (Burlington Quadrangle). Twenty to thirty feet of dark grey 
Shelburne till are exposed at stream level and the overlying light yellow-
ish-brown Burlington till is approximately fifty feet in thickness. 

In the Memphremagog Quadrangle, two exposures of silty, buff 
Burlington till overlying reddish brown Shelburne till were mapped on 
the east wall of the Barton River valley two and one-half and three 
and one-half miles south-southeast of Newport. Bedrock exposures 
showing northwest striae cutting northeast were found three and four 
miles south of Newport (south of the airport) where striae trending 
N 30° W cross striae trending N 20° E and N 30° E. At other exposures, 
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Figure 1. High till bank exposing Shelburne basal till below Burlington basal till of 
the West Rutland Moraine. North side of U.S. 4, one mile east of West Rutland 
(Castleton Quadrangle). 

Figure 2. I 'utliule cut in marble on the east valley wall of ( )tter Creek one hundred 
feet above the valley floor. One mile south of Proctor (Castleton Quadrangle). 

PLATE XI 

76 



two miles northeast of Brownington Center, the crossing striae trend 
N 350  W (younger) and N 15° E (Figure 17). 

In the East Barre Quadrangle, along Jail Brook one mile southeast of 
the Barre city limits, till with northwest fabric overlies till with north-
east fabric in the valley walls on both sides of the stream. On the south 
side, the two tills are in contact, but on the north side they are separated 
by over 100 feet of lacustrine silts and clays. Crossing striac in this area 
were noted at the south end of Berlin Pond (west side) where striae 
pointing N 15° W and N 30 °  W cut those that trend N 15° E on several 
bedrock exposures. 

One mile east of Warren (Lincoln Mountain Quadrangle) a dense, 
blue till with northeast fabric crops out below compact, huff till with 
northwest fabric. The two tills are separated by ten feet of lacustrine 
silts. The same two tills are exposed on the north side of Shepard Brook 
three miles west-southwest of the village of I'vloretown. 

Two miles north of New Haven (Middlebury Quadrangle) a sixty-foot 
exposure along Little Otter Creek exposes fifteen feet of brown, bouldery 
Shelburne till (northeast fabric) beneath three to ten feet of clay-rich 
Burlington till (northwest fabric). Three feet of varved clay separates 
the two tills, and fifteen feet of pebbly sand and interbedded till lies 
below the Shelburne till at stream level. Several areas of bedrock ex-
posures with northwest striae crossing northeast are found in the 1'diddle-
bury Quadrangle. A large area of bedrock was stripped of the overlying 
till by the Vermont Marble Company two and one-quarter miles south-
east of Middlebury. The surface of the rock was highly polished and 
striae trending northwest covered the entire exposure. Weak, but 
definite, northeast striae cut by the northwest were found in several 
places. Crossing striae with the northwest crossing northeast were also 
recorded three miles north of Middlebury, one mile north of South 
Starksboro, one-half mile west of New Haven and one mile west-north-
west of Monkton. 

Till with northwest fabric overlies till with northeast fabric in 
the Ticonderoga Quadrangle in an exposure along the shore of Lake 
Champlain, one-half mile southwest of West Bridport. To the east of 
this exposure in the Brandon Quadrangle striae trending N 15° W cut 
those pointing N 40° E at Farmingdale and two miles north of Salisbury. 

The Shelburne till is exposed in the lower half of a high (over seventy 
feet) road cut on the north side of U.S. Route 4 one-half mile east of 
West Rutland (Castleton Quadrangle) (Plate XI, Figure 1). The till at 
the base of the cut is dark blue to grey buff, very compact and ealcareous 
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with a northeast fabric. The till in the top half of the cut is blue-grey, 
compact and calcareous with a northwest fabric. The upper till is seen, 
at the top of the cut, to have good morainic topography and to be a part 
of the terminal moraine of the Burlington drift sheet, as described later. 
Crossing striac (northwest younger) are exposed on the bedrock at 
numerous places at the Vermont Marble Company quarries in the 
vicinity of Florence. The same sequence was noted on bedrock on the 
east side of Otter Creek one mile northeast of Florence. 

A really spectacular exposure of striated bedrock was found on the 
east side of the Poultney River three-quarters of a mile west of the Fair 
Haven village limits (Whitehall Quadrangle). This location is immediate-
ly north of the bridge where the Sciota Road crosses the river into New 
York state. The bedrock is slate and apparently a small knoll of rock had 
been recently uncovered during an exploration for slate. The knoll is 
covered with glacial striae, grooves and fluting trending both northwest 
and northeast. That the northwest striae cross the northeast ones here 
and are therefore younger is distinctly obvious on this single outcrop 
(Plate XII). 

PossdiIity of Two Northeast Till Sheets 
From the above discussion of the Shelburne drift, it is apparent that 

there are actually two different situations in which the till with north-
east fabric orientation occurs which have, generally speaking, two 
different lithologies. The first of the occurrences is that of the till which 
forms the surface east and south of the Burlington till and north of the 
southern margin of the drift sheet lying between Bennington and 
Brattleboro. In this region, the surface is chiefly the loose, sandy, 
ablation till. The second situation in which the till with northeast 
fabric orientation occurs is under the Burlington till in the northwestern 
part of the state. In this latter region the Shelburne till is a compact, 
basal till containing a higher percent of silt and clay than the ablation 
drift. 

It has been assumed during the mapping program, and it still is, that 
the loose, surface till and the basal till under the Burlington, both with 
northeast fabric orientation, were deposited by the same glacial invasion. 
This assumption was made inasmuch as no evidence was found that  
would indicate that they were deposited during different glacial stades. 
It is equally true, however, that the evidence to prove they are of the 
same ice episode has not, as yet, been found. In spite of the fact that the 
discussions in this report assume that both occurrences of the tills 
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with northeast fabric orientation are of the same age, and of an earlier 
glacial stade than the Burlington, three alternate interpretations that 
come to mind are noted here. 

Alternate Interpretation I. The first alternate interpretation assumes 
that the surface ablation till is of a younger age than the basal till below 
the Burlington. The younger till, according to this interpretation, could 
be of a later glacial stade or perhaps of a readvance of the ice during the 
same stade that deposited the basal till. In either case, the ablation 
till is older than the Burlington drift. This interpretation best explains 
the concept of readvance of the ice to the south in the Connecticut River 
valley as noted by Flint (1956) and Colton (1968). This problem is dis-
cussed in a later chapter on correlation. 

Alternate Interpretation II. A second interpretation of the data assumes 
that the Shelbume surface till is of the same glacial episode as the 
Burlington till. The till was deposited by an ice invasion from the north-
east that spread out from a lobe in the Connecticut Valley. The large 
area covered by the surface ablation till, it seems to us, would require 
a separate invasion, from a center to the northeast, contemporaneous 
with the Burlington invasion from the northwest. 

Alternate Interpretation III. The third possible interpretation assumes 
that the surface till with northeast fabric was deposited by a lobation of 
the Burlington ice. This is the interpretation of Shilts and Behling 
(1967) based on evidence found in southwestern Vermont. They believe 
that the till with northeast fabric was deposited as the Burlington ice 
thinned to still-active lobes in the major valleys such as the Connecticut 
Valley, the Champlain Lowland and the Vermont Valley. In the wider 
valleys, the lobes had ice movement toward both margins producing 
evidence (fabric, striae, etc.) of northeast to southwest movement along 
the western edge of the lobe and northwest to southeast movement 
along the eastern edge. In narrow valleys, such as the Vermont Valley, 
all movement was parallel to the valley. 

Each of the above alternate interpretations separates the two kinds 
of northeast till into two different glacial stacles. It seems to the writers 
that if the Burlington and the Shelburne surface tills were of the exact 
same age that interlobate moraines and other features should mark the 
zone along which they were in contact. 

Moraines Composed of Shelburne TiU 

As has been noted earlier in this report, moraines are not widespread 
in Vermont. There are scattered over the area of Shelburne drift many 
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small and insignificant moraines composed of Shelburne ablation till. 
There are only three regions in which the moraines are of enough signi-
ficance or size to warrant discussion. These are the St. Johnsbury 
region in northeastern Vermont, the Rutland section in the west-central 
region and the Manchester-Bennington area of the southwestern corner 
of the state. 

Moraines of the St. Johnsbury Region. Undoubtedly the most sig-
nificant moraines composed of till with northeast fabric are those 
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located mostly in the triangle formed by Bradford, Barton and St. 
Johnsbury (Figure 7). The moraines are, at this writing, assumed to be 
of Shelburne age although another possible correlation will be outlined in 
the discussion that follows. All of the moraines in this area are composed 
of till, with the exception of a few kame moraines that are included in 
the system. 

The most westerly of the moraines of this system is an almost con-
tinuous till moraine trending north-south and extending northward 
from the hamlet of Goose Green, seven miles west of Bradford, to Parker 
Pond, two and one-half miles west of Glover. The moraine, designated 
the Danville Moraine in this report, is fifty miles long, is generally one-
half to four miles wide, and exhibits a conspicuous morainic topography 
throughout its width and length (Plate XIII, Figure 1). To the writers' 
knowledge, this is one of the largest and best developed moraines in 
northern New England. Because the till in the moraine is very sandy and 
contains fewer boulders than most of the ablation drift, it is used for 
gravel road construction so that many borrow pits throughout its length 
afforded opportunity for study of the till (Plate XIII, Figure 2). The 
fabric of the till is everywhere northeast. The texture of the till varies 
but it is always sandy though in some areas it contains a high percentage 
of silt. Sand lenses and stringers are quite common, and a crude bedding 
is apparent in some sections. Till fabrics taken in till near and between 
the well-sorted sand concentrations show clear northeast maxima. 
Apparently the pebble orientation was not affected by the water action 
that deposited the sand. The moraine has good relief, particularly in the 
Danville section where it was first studied and named. 

A second well-developed, moraine in this section of Vermont is called 
the Concord Moraine in this report. This moraine, with a shape similar 
to an inverted "V", trends northeast from the north side of Hulburt 
Hill, one and one-half miles northeast of West Waterford (Littleton 
Quadrangle), through Concord to the vicinity of Victory (Burke Quad-
rangle), and then southeastward to the Connecticut River at South 
Lunenburg (Whitefleld Quadrangle). Whether or not this moraine con-
tinues eastward into New Hampshire is not known at this time. The 
Concord Moraine is composed of both basal and ablation till. 

A small morainic accumulation trending in an east-west direction 
along the north side of the Connecticut River east of Lower Waterford 
may well he a part of the Bethlehem Moraine that has been described by 
Crosby (1934, p. 415) south of the river in New Hampshire. For this 
reason, a name is not suggested for this moraine in this report. 
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A group of small till and kame moraines follow the Miller River valley 
from south of Sheffield Heights southeastward to Lyndonville and thence 
northeastward to the north of East Haven (Lynclonville and Burke 
quadrangles). This moraine is designated the Lvndonvillc Moraine. 
Another group, more or less paralleling the first, OCCUPieS the Sutton 
River valley between Willoughby and West Burke and then it turns 
northeastward to a point south of Burke (Burke Moraine of Figure 7). 

The geologic significance of the moraines in the St. Johnsbury region 
is not definitely known at this time. Two possible interpretations seem 
plausible. In the first place, these moraines may be recessional moraines 
of the Shelburne glacier inasmuch as no evidence was found during the 
survey that would prove them to be otherwise. According to this inter-
pretation, the presence of the moraines in this area, in contrast to the 
absence of moraines elsewhere, might he explained by the fact that the 
topography is more subdued. As a result, retreat of the ice occurred 
rather than stagnation and downward melting. The geological signifi-
cance of these deposits, if they are recessional features, would be minimal. 

A second interpretation of the moraines of this region might be pos-
sible. Undoubtedly these are a part of the same morainic system as the 
Bethlehem Moraine located to the southeast in New hampshire (Crosby, 
1934a, pp.  414-15). The notion that the moraines in the vicinity of Beth-
lehem, New Hampshire, were terminal moraines of a local ice advance 
from the White Mountains was, as previously said, first proposed by 
Agassiz (1871, p.  554). C. H. Hitchcock (1908a, pp.  177-78) extended 
the White Mountain glaciation past the I Janover Quadrangle and sug-
gested a Connecticut Valley lobe down that valley. Antevs (1922a; 
1928), from the study of disturbed varves and interhedded glacial de-
posits proposed an ice readvance as far south as the mouth of the Pas-
sumpsic River, eight miles south of St. Johrisbury. Crosby (1934a, pp. 
419-2 1) studied the Bethlehem Morainic System in New Hampshire and 
the excavations for the site of the Fifteen Mile Falls Dam (Monroe, 
New Hampshire) and concluded that the nloraines marked the terminus 
of a local ice readvance. Flint (1953, p.  908) suggests that these deposits 
mark the border of the Mankato-Port I luron drift sheet. 

More recently, data reported from Quebec (Gadd, 1964; Mcl)onald, 
1967a), Maine (Borns and Hager, 1962; J3orns, 1966) and for other areas 
of New England (Schafer, 1967) have renewed interest in a possible 
local ice cap in northwestern Maine and/or the White Mountains. The 
new evidences concern the fact that C 14  dates over these areas seemingly 
cannot be explained by a single ice retreat. Other evidences that seemed 
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to indicate ice movement into southern Quebec from the south have been 
disproven by McDonald (1967a). 

In spite of the fact that the investigations of the surficial deposits in 
the St. Johnsbury area, by the recent survey, found no suggestion of an 
ice readvance or a local glaciation from the White Mountains, it is 
equally true that the necessary evidence to disprove such an hypothesis 
was not discovered. This report therefore does not discount the possi-
bility. The fabrics made of the till composing the moraines, the char-
acteristics of the till and all other data collected in this area, however, 
were comparable to similar data collected from the studies of the Shel-
burne tills south and west of the moraines. 

Shelburne Moraines of the Rutland Region. A second morainic belt 
that is of relatively large size is located in the Rutland Quadrangle. The 
moraine is actually a two unit system comprised of a kame moraine to 
the east and an ablation till moraine immediately to the west of it. The 
moraine trends in a north-south direction and follows the western slope 
of the Green Mountains the entire length of the quadrangle. The kame 
moraine is continuous except for a short distance on the northwest slope 
of Bald Mountain; it exhibits a well-developed kame and kettle topog-
raphy, and it drapes the slopes of the mountains to elevations of 1,000 
to 1,500 feet. The gravel composing the moraine is very sandy, is rela-
tively thick and numerous gravel pits are located throughout its length. 
The ablation till moraine, located immediately to the west of the kame 
moraine, has a more subdued, but very definite, morainic topography. 
The till composing the moraine, with a typical northeast fabric maxi-
mum, is thin, but the surface is strewn with large boulders many of which 
are striated, faceted, and rounded. North of Rutland the till moraine is 
less continuous and ends in the vicinity of Chittenden. The two units 
are collectively designated the Mendon Moraine in this report inasmuch 
as the village of Mendon is located at the top of the moraine at its con-
tact with the slope of Mendon Mountain. 

Moraines of the Manchester-Bennington Region. It is apparent that the 
last ice that moved down the Vermont Valley, south of East Dorset, did 
actually recede northward since recessional, cross-valley or loop moraines 
mark the position of still stands during the ice withdrawal. These mo-
raines are composed predominantly of gravel and include the Manches-
ter Moraine (Manchester Depot-Barnumville section), the Arlington 
Moraine (south of Arlington) and the Hale Mountain Moraine (north 
of Shaftsbury) that will subsequently be described under the heading of 
outwash deposits of Shelburne age (Figure 8). This report assigns a Shel- 
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burne age to these moraines. The age of the drift is still an open ques-
tion, as has already been noted, and there are three other possible inter-
pretations, based on the same data, concerning the glacial stade that de-
posited the Shelburne drift. 

Shilts and Behling (1967), who mapped the southwestern corner of the 
state (Bennington, Wilmington, Equinox, Pawlet and Londonderry 
quadrangles), have proposed a different correlation for the moraines of 
the I\Ianchester-Bennington region. Their interpretation places more 
emphasis on the source of the rock found in the drift of the Vermont 
Valley and the influence of the topography on the direction of the ice 
movement. Briefly stated, their hypothesis contends that there are no 
indicators in the valley derived from the rocks of the Green Mountains 
although the fabric of the till is oriented northeast-southwest, approx-
imately the same as the direction of the valley. They therefore conclude 
that the last ice advance into the valley must have been a Burlington 
ice lobe that moved down the valley from Rutland. According to Shilts 
and Behling, the moraines of this section of the valley, therefore, would 
be correlated with the Burlington Glacial Stade (Behling, 1966; Shuts, 
1966; Shilts and Behling, 1967). Their correlation is more in accord with 
Hypothesis III, already discussed, inasmuch as they believe that the 
surface till with northeast fabric orientation was deposited by active 
lobes of ice deflected down the major valleys during the waning stages 
of Burlington glaciation (Shilts, personal communications). 

The southwestern part of Vermont was mapped during the final field 
season of this survey (1966) and there have been no opportunities for our 
groups to discuss together, in the field, the conclusions and implications of 
the region. The adjacent area of New York state has not been studied 
so that comparisons could not be made. 

The writers mapped the Rutland, Castleton and Wallingford quad-
rangles and the fabric orientation of the till in that area seemed to show 
that the Burlington ice did not enter the Vermont Valley south of Rut-
land. We therefore suggest that, if the Burlington glacier did occupy 
the valley in the Manchester-Bennington section, it could have moved 
into the region from the Lake St. Catherine depression and the Metta-
wee-Batten Kill valleys. Behling (personal communication), however, 
does not believe that the ice moved through these valleys. Shilts and 
Behling believe that the scattered exposures of till with northwest fabric 
orientation are Burlington in age and argue that many of the tills with 
northeast fabric orientation were deposited by the same ice moving par-
allel to the valley. Their objection to a stadial ice invasion from the 
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northeast is based on the absence of gneissic rock from the Mount Holly 
complex. This report, therefore, tentatively designates the till in the val-
ley with northwest fabric orientation as Bennington and those with 
northeast fabric as Shelburne as shown in Figure 6. We do so, nonethe-
less, with the reservation that the above evidences may prove that a 
different classification is necessary. 

OutwcsJi Deposits of Sheihurne Age 

Outwash materials deposited (luring the Shelburne Stade are scattered 
over the region covered by the Shelburne ice (Plate XV, Figure 2). The 
outwash deposits are limited to kame gravel contained in terraces, 
moraines and eskers. Most of the accumulations are small, isolated 
deposits that are not large or thick enough to be of economic importance 
with the exception of those located in the southwestern part of the state 
in or near the Vermont Valley. 

Kame Gravel Deposits. Kame terraces and kame moraines are widely 
scattered over the area covered by the Shelburne drift. Kame moraines 
are seemingly more numerous than similar deposits of the later (Burling-
ton) ice advance and kame terraces are probably less widespread. The 
kame deposits of Shelburne age are not as well developed or as massive 
as those of Burlington age. 

The Shelburne kame deposits located in valleys formerly occupied by 
ice-marginal and post-glacial lakes are more sandy and silty than those in 
other areas. In addition to the fact that the deposits are, in general, thin 
and often too sandy, the economic quality of the gravel is also influenced 
by the kind of rock it contains. As in the case of the ablation till, the 
gravel contains a high percentage of local bedrock. Inasmuch as most of 
the bedrock in the area covered by the Shelburne ice is highly meta-
morphosed, foliated, and contains mnicaceous and chloritic gneisses and 
schists, the gravel is composed of soft fragments and does not wear well. 
In addition, gravel composed of this type of rock weathers easily and is 
therefore rapidly discolored and decomposed. As a result of the weather-
ing, the gravel becomes even less desirable for highway and construction 
purposes. 

The most widespread and massive kame deposits of Shelburne age are 
in the Vermont Valley in southwestern Vermont. The valley walls from 
South Wallingford to South Shaftsbury are draped, more or less contin-
uously, with kame terraces on either or both sides of the valley. The val-
ley floor, in this area, is covered with kame moraine in several sections 
south of East Dorset. The kame terraces rise high above the valley floor, 
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two to three hundred feet in most deposits. As already stated, the valley 
is completely filled with massive moraines, mostly kame, in the Barnum-
yule-Manchester Depot area (Manchester Center Moraine), south of 
Arlington (Arlington Moraine) and north of Shaftsburv (Hale Mountain 
Moraine) except where the gravel has been removed by the Batten Kill 
River (Figure 8). Several small kame (loop) moraines extend across the 
valley marking positions where the retreating ice was stable for a short 
period of time. The valley of the West Branch of the Batten Kill is also 
occupied by kame moraines between Manchester Center and South Dor-
set. 

There is a large reserve of good to excellent quality gravel in the Ver-
mont Valley. The bedrock is durable and, as a result, the gravel wears 
well. The gravel is sandy in some areas and houldery in others, but good 
gravel is usually near. The fact is, gravel is so plentiful in the region that 
there are very few working pits inasmuch as small pits can be located 
near where they are needed. 

Kame gravel deposits are scattered throughout the Connecticut River 
valley and its tributaries. The amount of kame gravel in the main valley, 
however, is much less than it was formerly thought to be, even at the time 
of the publication of Bulletin 19 (Stewart, 1961). Much of the gravel in 
the valleys of the Connecticut River and its tributaries in Vermont that 
was formerly thought to be kame terrace has been reclassified as lacus-
trifle gravel and pebbly sand deposited during the shoaling stage of the 
Connecticut Valley lakes (Lake Hitchcock). Most of the kame gravel 
is therefore found along the tributary streams and even here reclassifi-
cation has diminished the extent of the kame deposits. The most im-
portant deposits of the tributary valleys include: the West River valley 
in the Newfane-Townshend-Jamaica section; the Black River valley 
north and east of Ludlow; and the White River valley in the Sharon, 
Bethel and Gavsville sections. Kame moraines are almost nonexistent 
in the Connecticut River valley except in those areas described below in 
the discussion of eskers. 

The gravel contained in the kame deposits of the Connecticut River 
and the tributary valleys varies greatly from place to place. In general, 
the gravel is of low quality due to the high content of sand, caused by 
slack water conditions during deposition, and the soft, easily weathered 
metamorphic rock contained in it. 

Eskers. Since eskers are of general interest and an excellent source of 
gravel this section describes some of the more important eskers in the 
area of Shelburne Drift. 
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The Connect'icut Valley Eskers. The literature records an esker in the 
Connecticut River valley twenty-four miles long that supposedly reached 
from Windsor, Vermont, to Lyme, New Hampshire (Jacobs, 1942, p.  42). 
The esker, according to Jacobs, is "unbroken save where the river has 
cut across it." The study of this part of the valley during the survey, 
however, does not bear out the existence of such a feature. Because of 
the lack of good roads, Jacobs had to project across gaps that we now 
know interrupt the continuity. 

There is a short esker-like ridge just north of the village of Ascutney, 
three miles south of Windsor, but there are no gravel deposits between 
this structure and Hartland except a small kame terrace two miles north 
of Windsor. There are a few, scattered, small kame moraines between 
Hartland and North Hartland and no other similar features between 
North Hartland and the White River at White River Junction. North 
of the White River a karne moraine extends from near the river north-
ward to the vicinity of Wilder. A ridge of karne gravel that was mapped 
as an esker by the present survey starts two and one-half miles south of 
the mouth of the Ompompanoosuc River. It is almost continuous to East 
Thetford, a distance of seven miles. 

Investigations were not carried out on the east side of the Connecticut 
River during the survey, but contours on the topographic map have 
been studied and these do not suggest a continuous esker ridge. It seems 
most likely that the ridge extending southward from East Thetford to 
south of the Ompompanoosuc is a part of an esker described by Gold-
thwait, Goldthwait and Goldthvait (1951, p.  38) which they said ex-
tended for fourteen miles down the Connecticut River from Lyme to 
West Lebanon, New Hampshire. 

The Passurnpsic Valley Esker. The most impressive esker in Vermont 
is a ridge of gravel extendir1g for twenty-four miles in the Passumpsic 
River valley. The south end of this feature is two and one-half miles up-
stream from the mouth of the river and from this point it is almost 
continuous to East Haven. The esker is on the west side of the river from 
its southern end to St. Johnsbury where it crosses the river, whence it 
continues on the east side past Lyndonville and East Burke to the vicin-
ity of Hartwellville. North of Hartwellville, the river has a meandering 
course and cuts through the esker at several places. State Route 114 
follows close to the esker between Lyndonville and East Haven and in 
some sections the highway follows the crest of the ridge and in other 
sections the highway crosses over it. 

The Passumpsic Valley Esker is highest and most massive in the vi- 
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Figure 1. Esker in Chandler Brook valley one mile north of West Waterford (Little-
ton Quadrangle). 
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cinity of St. Johnsbury and for approximately three miles north of the 
village. In this section, however, the ridge is almost buried with lake 
sediment so that only the higher crests rise above the sediment and are 
exposed at the surface (Plate XIV, Figure 2). Two good cross-sectional 
exposures are found in the St. Johnsbury section. One is where the ridge 
crosses the river at St. Johnsbury and the other is two miles north of the 
village where the esker is crossed by Roberts Brook. 

Many small eskers were mapped during the survey and are shown on 
the state map. Some of these are: 1) a ridge four and one-half miles long, 
one mile south of Bennington; 2) an esker in Chandler Brook valley two 
and one-half miles long (Littleton Quadrangle) (Plate XV, Figure 1); 
3) one immediately west of Manchester Center (Equinox Quadrangle); 
4) one three miles long trending south from Evansville (Memphremagog 
Quadrangle); and 5) a ridge two and one-half miles long, one mile west 
of West Fletcher (Mt. Mansfield Quadrangle). 

High-Level Ice-Contact Lakes of Shelburne Age 

Deposits made in high-level, ice-contact lakes were mapped during 
the present survey along the Connecticut River valley and in the south-
ern part of the Vermont Valley. It is postulated that these ice-dammed 
lakes were in existence during the melting stage of the Shelburne glacia-
tion and were therefore recessional features. 

High-Level Lakes of the Connecticut River Valley. There are numerous 
occurrences of lacustrine sediment deposited in high-level lakes in the 
valleys of the eastward-flowing tributaries of the Connecticut River. 
There are also scattered deposits along the Connecticut River that were 
made in slack water ponds higher than the deposits of Lake Hitchcock. 
As noted above, it is assumed that these lakes occurred during the final 
melting stages of the Shelburrie ice. It is not believed, however, that the 
ice actually did recede inasmuch as all of the evidence seems to show 
that the glacier thinned as it waned to the level of the mountain tops, 
stagnated between the mountains, and melted down in situ. The stream 
valleys were therefore the last areas to be free of ice (Stewart, 1961, pp. 
47-53). If ice recession did occur, or if a local ice lobe did move down 
the valley, the high-level lakes and the moraines of the St. Johnsbury 
region, described earlier, may be related in time. 

It was necessary to establish the position of the deposits made during 
the stability stage (Lake Hitchcock) by plotting the elevations of the 
tops of the littoral deposits on a longitudinal (north-south) coordinate 
and constructing a profile of the tilted plane of these sediments (Figure 
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11). The high-level lakes are thus defined as those lakes that stood higher 
than the elevation on that plane at the same latitude. Certain shore de-
posits in the valley occur below the Lake Hitchcock sediment, but these 
do not conform to any particular profile made by a lower stable lake in 
spite of the fact that some of them may have been formed during the 
lowering of the lake. The lower deposits more probably were formed 
below water level in Lake Hitchcock or they may have been subsequently 
lowered by erosion. 

One of the highest of the lake levels is found in the Brattleboro area. 
The top of the sediment of Lake I litcheock is at an elevation of 450 feet 
at Brattleboro, but a series of lakes are shown by the deposits of the 
Whetstone Brook valley, west of Brattleboro, to elevations up to 1,000 
feet. A well-developed delta to the west of Richardson Mountain, four 
miles west-northwest of Brattlehoro, has a top elevation of 1,000 feet. 
The delta was apparently formed by Halladay Brook that must have 
entered an ice-contact lake at that point. Lake gravel on the east side of 
Richardson Mountain has an elevation of 800 feet. A lake at 600 feet 
extends up Whetstone and Halladay brooks from West Brattleboro for 
a distance of two miles. Lake sediment on the west and south sides of 
the City of llrattleboro is at 500 feet. Another deltaic deposit in this area 
occurs at 800 feet on a tributary of Broad Brook, two and one-half miles 
west-southwest of Guilford and beach gravels along another tributary, 
one mile southeast of Guilford rise to 550 feet. The lake waters in which 
these sediments were deposited may have existed along the terminus of 
the Shelburne ice when it stood along the slopes of the mountain west of 
Brattleboro (Figure 5), but it seems more likely that they were ponded by 
stagnant ice after the glacier had dissipated. 

Laeustrine sediment higher than Lake Hitchcock is also found along 
the slopes of the Connecticut and West River valleys. The Lake Hitch-
cock level at the Massachusetts line is 415 feet, but lake sediments just 
north of the border, in the Vernon area, are in places 500 feet in elevation. 
Lake gravel along the West River north of Brattleboro, in the vicinity 
of the country club rises to the 600-foot contour and pebbly sand is com-
monlv 500 to 550 feet upstream in the West 1)ummerston-Townshcnd 
reaches of the river. 

The deposits of a most interesting group of high-level lakes occur in 
the Ludlow and Claremont quadrangles along the valley of the Williams 
River. The top sediment of Lake Hitchcock in this section rises from 
550 feet at Rockingham to 595 feet at Weathersfield Bow. In the valleys 
of the Middle Branch of the Williams River and its tributary Andover 
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Branch, west of Chester, the lacustrine sediment has elevations between 
1,150 and 1,200 feet. A delta at 1,150 feet is perched on the hill just south 
of the Chester reservoir, two miles northwest of Chester. Deltaic sedi-
ment fills the valleys of Middle and Andover branches to the 1,200-foot 
contour for three miles upstream from the confluence of the two streams. 
The main branch of the Williams River contains gravel to 700 feet north 
of Chester and to 680 feet in the village. The lacustrine gravels are gen-
erally above 600 feet downstream from Chester to Brockway Mills, and 
in one area along what must have been the former valley of Hall Brook, 
three miles southeast of Chester, the elevations are 750 to 800 feet. 

The deposits of high-level lakes occur in the upper reaches of the Ot-
tauquechee River (Woodstock Quadrangle). Lake sediment to 1,100 
feet is well formed in the North Branch Valley, two and one-half miles 
north of Bridgewater Corners and along Broad Brook one mile south of 
the river. At Bridgewater, lake gravel and a small, sandy delta mark a 
lake level at 950 to 1,000 feet south of the Ottauquechee. Two miles 
south of Woodstock, the top of the lake sediment on either side of 
Kedron Brook is at an elevation of 800 feet. The elevation of the Lake 
Hitchcock sediment in the Hanover Quadrangle, due east of Woodstock, 
is 700 feet. 

A small delta at 1,000 feet elevation marks a high-level lake in Chan-
dler Brook valley (Littleton Quadrangle). The delta is located three 
miles north-northeast of West Waterford, and lake sands show the lake 
extended northeastward through Duck Pond and the south end of 
Stiles Pond to a point one and one-half miles west of Concord. 

High-level lacustrine sand deposits occur along Paul Stream and 
Granby Stream in the Guildhall Quadrangle. The sands in Granby 
Stream are 1,400 feet in elevation west of the south end of Maidstone 
Lake and at 1,200 feet in Paul Stream southwest of Browns Mill. 

A lake, or a series of lakes must have occupied the Connecticut River 
valley north of Guildhall, prior to the Lake Hitchcock stage, inasmuch 
as lacustrine sands are sixty feet above the Hitchcock level at Guildhall, 
Brunswick Springs and Bloomfield. The consistent difference in elevation 
between the higher sediment and the Lake Hitchcock level seems to 
imply a single lake. The valley widens north of Lunenburg and the lake 
may have been along the sides of an ice block (or blocks) when the water 
stood at the high-level. 

High-Level Lakes of the Manchester-Bennington Region. When the mar-
gin of Shelburne ice stood at or near its terminal position in the Benning-
ton area a large lake developed in essentially the same area as that of 
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Lake Bascorn, but at a lower level, during the retreat of the Bennington 
glacier. The lake, designated Lake Shaftsbury (Shilts, 1966) with an out-
let at Patter Hill, New York, was in existence until the Shelburne ice 
deposited the Hale Mountain Moraine. The northwest shore of the lake 
followed a morainic system that extends from iloosic Falls, New York, 
northward to the Taconic Mountains and, at its maximum extent, the 
Hale Mountain Moraine formed the north shore. The strand-line de-
posits made in Lake Shaftsbury, now at an elevation of 900 feet, are evi-
dence of a lake at that level (Figure 9). After the ice waned from the 
Hale Mountain Moraine, Lake Shaftsbury drained completely (Shilts, 
1966). 

As the ice-edge moved back from the Hale Mountain Moraine, lake 
waters were impounded behind the ice-cored moraine that existed until 
after the deposition of the Arlington Moraine. The lake that existed be-
tween the two moraines (Hale Mountain and Arlington) at an elevation 
of 1,000 feet, is designated the Flat Top Lake inasmuch as a massive, 
flat topped, ice-contact delta was built into the lake that now protrudes 
from the distal margin of the Arlington Moraine (Figure 9). 

The Arlington Moraine was ice-cored and acted as the dam for a lake, 
designated Lake Batten, that occupied the valley from the Arlington 
Moraine north to the Manchester Moraine (Behling, 1966). The shore 
deposits of Lake Batten now stand at an elevation of 720 feet (Figure 8). 

It has not been established whether or not the Flat Top Lake and 
Lake Batten were in existence at the same time. The lakes did not exist 
for a long period of time. The morainic dams were no doubt rapidly 
eroded as soon as the ice-core had melted. 

Eastern Margin of the She! burne Drift 

In an effort to clarify some of the problems involving the Shelburne 
drift in eastern Vermont, preliminary studies were made of several ex-
posures of the tills east of the Connecticut River in New Hampshire. 
The Shelburne till was identified, on the basis of till fabric, in a belt five 
to ten miles wide east of the river (Figure 10). East of this belt the fabrics 
of the surface till were northwest, indicating the Bennington. The Shel-
burne drift is commonly found as ground moraine, exposed in borrow 
pits or road cuts, composed of either basal or ablation till. One mile north-
east of Westmoreland, however, the till forms a morainic ridge a mile or 
more long trending in a north-south direction (Plate XVI, Figure 1). 
The ridge, over a hundred feet high, has a crest approximately a quarter 
of a mile wide with a morainic topography of sharp crests and undrained 
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depressions. A one hundred-foot exposure of basal till, made when the 
road was improved at the south end of the moraine, demonstrates that 
it is composed of till. A good northeast maximum to the till fabric (vector 
mean N 28° E) shows it to be Shelburne. 

A mile south of Meriden, a sixty-five-foot exposure at the south end 
of another ridge of till displays twenty-five feet of buff Shelburne abla-
tion till having northeast fabric (vector mean N 19° E) above forty feet 
of dense Bennington basal till which has northwest fabric maximum 
(vector mean N 300  W). A ten-foot layer of lake sediment separates the 
two tills and demonstrates an ice-free interval between the Bennington 
and Shelburne stades. 

Excavations for a shopping center, under construction in 1966, three 
miles southwest of Claremont, also exposed two tills. A ten-foot deep 
pit at the north edge of the construction site was dug in dense, buff, cal-
careous basal till which yields a till fabric with a clear northeast maxi-
mum (vector mean N 30° E) indicating that it is Shelburne till. At the 
south edge of the construction, excavation into a low mound exposed 
two tills without any clear-cut line of demarcation between them. It was 
only by making till-fabric analyses that it was found that the lower blue-
grey, basal till had a northwest fabric maximum (vector mean N 30° W), 
whereas the upper buff-colored, basal till had a northeast fabric maxi-
mum (vector mean N 39° E). Both tills were found to be calcareous. 
Oxidation had penetrated through the upper till and two or three feet 
into the top of the lower till. The upper till is therefore thought to be the 
Shelburne and the lower to be the Bennington. 

Origin of the Northeast Fabric Along the Eastern Margin. Along the east-
ern edge of an ice lobe, one should expect ice movement from the north-
west toward the southeast. Such a movement should produce till fabrics 
in the drift along this margin with maxima toward the northwest. The 
northeast fabric orientation, consequently, poses a question about the 
drift lying between the Connecticut River and the White Mountains. 
Can the northeast fabric orientation still be used to correlate the Shel-
burne drift here on the eastern margin as it was done out in the middle 
of the lobe in central Vermont? Two hypotheses are proposed which 
might explain the phenomenon and retain the correlation as valid. 

Piggy-Back-Ride Hypothesis. The first hypothesis suggests that a 
northeast fabric was produced to the north in a tectonite of actively 
moving, debris-laden ice of the Shelburne advance. The tectonite was 
later sheared up into the stagnant-ice part of the glacier. From here, it 
was carried bodily in piggy-back" fashion, on flowing ice below, to the 
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eastern edge of the lobe where final stagnation and down melting slowly 
let it down on to the ground, still retaining its original northeast fabric 
orientation. 

Marginal Shear Hypothesis. Where ice lobes spread out onto flattish 
country, ice motion is, of course, outward toward the end and side mar-
gins. In this case, the till fabrics do coincide with the movement. But 
where the margin lies against a valley wall or the foot of a mountain 
mass, the movement is parallel to, and retarded by, friction along the 
contact, and shear takes place between the slow moving ice at the edge 
and the more rapidly moving ice toward the center. This shear could be 
actual rupture of differential laminar flow within the ice. In either case, 
debris within the ice would become oriented in the direction of the shear-
ing motion and in that way develop a fabric oriented in the direction of 
shear. Examples of such motion and its resistant shear are widely recog-
nized in mountain glaciers and are noted in the literature. A recent paper 
on the Antler Glacier in Alaska describes well the phenomena and pro-
duces diagrams and discussion pertinent to the idea (Hashimoto, Shimizu 
and Nakamura, 1966). 

THE LAKE HITCHCOCK INTERSTADE 

The most widespread manifestations of an ice-free interstade following 
the Shelburne glaciation is found in the lacustrine deposits of the Con-
necticut River valley and its tributaries. The major portion of the lake 
sediment in these valleys was deposited in a lake that formed during the 
retreat of the Shelburne ice sheet. The lake, however, remained in the 
valley long after the glaciers had melted. The lake, or perhaps more 
correctly the lakes, that occupied the valleys of the Connecticut River 
system at this particular time has been noted in the literature under 
several different names, the most familiar undoubtedly being Lake 
Hitchcock. The designation Lake Hitchcock is used in this report to 
designate the one major stable lake episode recorded in the sediments 
on the west side of the Connecticut Valley and the valleys of its eastward 
flowing tributaries in Vermont. The ice-free interval during which the 
lake occupied the valleys is called the Lake Hitchcock Interstade. 

Emerson (1898, p.  609) stated that the first geological discussions of a 
lake in the Connecticut River valley were by Timothy Dwight in his 
Travels in New England published in 1822 and by Edward Hitchcock in 
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1824. The Hitchcock reference was published in 1824, but the paper was 
read before the American Geological Society at a meeting of that group 
on September 11, 1822. It therefore seems fitting that this lake should be 
named in his honor. Since 1822, the sediment of that lake has been the 
subject of many geological investigations and studies are continuing at 
the present time. Just when the lake was first named "Hitchcock," and 
by whom, is not known to the writers. 

As described in the older literature, the lake in the Connecticut Valley 
consisted of a body of water extending from Middletown, Connecticut, 
northward to Lvme, New hampshire, a distance of 157 miles, and later 
the lake expanded to St. Johnsbury, Vermont. The lake formed because 
the valley was dammed at Middletown by a glacial moraine, presumably, 
according to this report, deposited by Shelburne ice. The first, and high-
est of the lake stages was named Lake Hitchcock, and a second lake 
stage supposedly developed where the lake waters dropped ninety feet. 
The lower lake was designated Lake Upham (Jacobs, 1942, p.  47; Lougee, 
1935, pp.  5-8; Antevs, 1922a). 

That a lake, or lakes, occupied the Connecticut River valley in the 
section that borders Vermont and in the tributary valleys of that state 
is unquestionable. Lake sediments form the major portion of the uncon-
solidated detritus in both the master valley and the tributary valleys 
from the Massachusetts-Vermont border to the international boundary. 
The lacustrine elastics include varved clay, laminated silts and clays, 
sand, pebbly sand, gravel from a shoaling lake, beach gravel and deltaic 
deposits. Many of the exposures, particularly the varved clays and the 
laminated clays and silts, measure 75 to 100 feet in height above the 
streams and form precipitous bluffs. Because of the content of clay in 
the bluffs, slumps and slides are common so that fresh exposures are not 
difficult to find. The lacustrine sediment in most areas extends down to 
the bedrock, with till or outwash below the lake sediment being a rare 
occurrence. In some exposures, till may occur between layers of lacus-
trine sediment but the lake deposit is in almost all cases found lying di-
rectly on the bedrock. 

Recent studies of the lake sediment in the Connecticut Valley, south 
of Vermont, have discounted the concept of a two-stage lake. Jahns and 
Willard (1942, p. 166) suggested that the lake (Lake Hitchcock) was 
"a single ponded body of water" that maintained a rather constant level 
during its existence. A single stable lake is consistent with the conclusions 
made from the data collected during the present survey of Vermont. No 
evidence was found that indicated a sudden drop in the lake level (Lake 
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Upham) north of Lyme, New Hampshire, as was postulated by Antevs 
(1922a). The conclusions of Antevs and others that the lake extended 
only as far north as St. Johnsbury was also disproven inasmuch as the 
lacustrine sediments were mapped all the way up the river to the Cana-
dian border. It is the conclusion of this survey, however, that the lake 
sediment and the lake history that it records is not as simple as it has 
been thought to be. There are many exposures showing lake sediment 
that as yet have not been explained. It seems probable that a pre-Shel-
burne lake episode occurred in the valley. 

This report makes no attempt to develop a so-called 'water plane" 
for any of the lake sediment mapped in Vermont. It is our belief that it 
is impossible to establish the water level with any assurance at any point 
along the lake shore. In the case of the Connecticut \Talley lakes, it is 
even more confusing inasmuch as lakes higher than the stable lake were 
apparently common along the sides and between blocks of stagnant ice 
as well as upstream from ice-block dams in the tributary valleys. Since 
the interstadial in which the lakes occurred, much erosion, both atmos-
pheric and fluvial, has lowered, dissected and otherwise modified the 
deposits (Plate XIV, Figure 1). 

It is the intention of this report to note the occurrence and position of 
the deposits along the valleys and to make conclusions based on these 
data. The highest point on the most significant deposits will be noted. 
Most elevations are taken from the contours on the topographic map 
but some were made with an aneroid altimeter. Time did not allow for 
more detailed measurements, but more accurate measurements, we be-
lieve, would not have given more exact information on the lake levels. 
The fact that beach gravel deposits, beach ridges, deltas and other sim-
ilar deposits do occur does not necessarily prove the "water level," es-
pecially in glacial lakes, as has been demonstrated in recent studies. 

Lake Hitchcock, as already noted, extended up the valley from Mid-
dletown, Connecticut, to beyond the Canadian border because the val-
ley had been dammed by stratified drift deposited by the so-called I\Iid-
dletown readvance of Flint (1953, p.  899). According to the results ob-
tained from radio-carbon dates, the lake was in existence for at least 
2,300 years (Schafer and Hartshorn, 1965, p.  122). Antevs (1922a), how -
ever, insists that his varve counts in the Connecticut Valley show that 
the retreat from Middletown, Connecticut, to St. Johnsbury, Vermont, 
required 4,100 years. Inasmuch as the studies made during the Vermont 
survey indicate ice stagnation, instead of retreat, the varve count of 
Antevs is seriously questioned. 
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The Lake Hitchcock shore sediment has been tilted by post-glacial 
uplift and rises from an elevation of 435 feet at the Massachusetts line 
to 1,101 feet at the Canadian boundary, a north-south distance of 158 
miles. The rate of the rise is thus 4.15 feet per mile which is consistent 
with the 4.2 feet per mile rate reported by Jahns and Willard (1942, 
p. 274) and the 4 to 4.5 feet per mile calculated by Koteff (1966, p.  113) 
for the Connecticut Valley sediment in Massachusetts and Connecticut. 

The designation stable lake episode" is used advisedly in reference 
to Lake Hitchcock. Stability has to be a rather flexible term when used 
to describe glacial and post-glacial lakes in any region. The usage here is 
to imply that there was a single lake during the interstade between the 
Shelburne and Burlington glaciations. Fluctuations in the lake level must 
have occurred during the time the lake existed while downcutting at the 
outlet probably caused a gradual lowering of the lake level. No sudden, 
appreciable changes occurred, however, to initiate a different stage. 
Uplift of the area did not occur until after the Lake Vermont and 
Champlain Sea intervals following the Burlington Stade. 

The most reliable shore features of the lake consist of deltas built into 
the lake at the mouths of small tributary streams along the sides of the 
main valley or up the tributary valleys at the maximum extension of the 
lake waters. 1\'lost of the deltas built into the tributary streams such as 
the West, Saxton and White rivers, however, have either been removed 
by subsequent stream erosion or they were covered with lacustrine 
gravel during the shoaling phase of the lake. It is apparent that much 
erosion has taken place on most of the deltas and the original top (or 
apex) of the deposit has been removed. For this reason, there are many 
deltas whose top elevations are below the tilted plane of Figure 11 inas-
much as the interpretation of the data had to take into account the field 
study of the deposits and the erosion of the deltaic material. The inter-
polation, based on field data, placed the lines on Figure 11 twenty feet 
higher than they would have been if all deposits had been given equal 
value. When consideration is given to the erosion factor, it is necessary 
to give major emphasis to a few, higher, better developed and less eroded 
forms. 

The lake level deposits that rank second in importance, insofar as the 
establishing of a "lake-level" is concerned, are the shoaling gravels of the 
tributary valleys that were deposited when the arm of the lake extending 
up the valley was filled with sediment. The large amount of water flow -
ing into the lakes that extended up the tributary streams carried much' 
sediment into the lake. The arm of the lake extending up the White 
River valley, for example, was long and narrow with fingerlike coves 
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Figure 1. Level surface of the North Springfield delta built into Lake Hitchcock by 
the Black River. Top elevation 600 feet. One mile west of North Springfield (Ludlow 
Quadrangle). 

Figure 2. Deltaic bedding in the North Sprwgtielil Delui. Gravel pit 011 the iiouth 
side of the Black River, one mile soatheast of North Springfield (Ludlow Quadrangle). 
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extending into the First, Second and Third branches. The large amount 
of sediment carried into these valleys eventually filled the lake. As the 
level of the sediment approached the level of the lake waters, the type of 
sediment changed from silt and clay to sand and pebbly sand and finally 
to gravel. It is assumed that the tops of such deposits were very close to 
the lake level. 

Beach gravel is not a common occurrence along the shore of Lake 
Hitchcock. The lake was so long and so narrow in most sections that 
wave activity was at a minimum. Pebbly sand which, like the shoaling 
gravel, is assumed to be a deposit made at about lake level marks the 
shore deposition in some sections. Since wave activity was minimal, 
there was little erosion along the shore and shore cliffs and eroded 
terraces are few. 

The absence of beach gravel and shore terraces definitely should not 
be used to erroneously postulate a lake of a short duration. The great 
thicknesses of bottom sediment, mostly varved clay and laminated 
silts and clays, indicate a lake that existed for a relatively long time. 
Regardless of the validity of the varve counts made by Antevs (1922), 
insofar as ice recession time is concerned, his work definitely shows a 
large time-span over which one lake existed. Steep bluffs of lake bottom 
sediment fifty to one hundred feet high are common all along the Con-
necticut River. 

As stated above, a dozen or so deposits were of most importance in 
determining the stability level of Lake Hitchcock. These include the 
delta of Broad Brook at Guilford; the deltas of Salmon, Canoe and Mill 
brooks between Brattleboro and Putney; the combined delta of Morse 
and Newcomb brooks at Westminster Station; the deltaic complex of 
Commissary Brook north of the Williams River; the delta of the Black 
River at North Springfield; the lake gravel, probably part deltaic, of the 
Ottauquechee River upstream from Quechee Gorge; the delta of Dothan 
Brook near Norwich; and the deltas of Joe's Brook and the Water 
Andric southwest of St. Johnsbury. 

The village of North Springfield, along the Black River (Ludlow 
Quadrangle), is situated on one of the largest, most interesting and most 
important of the deposits listed above. The deposit is a large, fiat, sandy 
and gravelly deltaic complex that is two miles wide and three miles 
long. Although most of the deposit lies to the west of the Black River, it 
is obvious that the detritus was deposited almost entirely by that stream. 
Furthermore, there is the suggestion of a large meander that seemingly 
occurred in the area now occupied by the delta at the time of deposition. 
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Figure 1 . 	Cu st n ne gravel over Ia minated silts and line Sal ids in the ( )ttauquer hue 
River valley. 'lop elevation 700 feet. Gravel pit exposure one mile west of Quechee 
(Hanover Quadrangle). 

Figure 2. Forcset bedding in the combined deltas of Morse and Mewcomb brooks. 
Exposed in a gravel pit one mile east of Westminster Station (Bellows Falls Quad-
rangle). 
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The filling of the meander by deltaic sediment probably accounts for the 
present course of the stream. The deposit extends upstream in the main 
branch past Perkinsville to Downers, up the North Branch to Amsden, 
and southeast from North Springfield (downstream) to Springfield. 
The top elevation at 600 feet is an accurate estimate of the lake level in 
this section inasmuch as most of the deposit is protected and has had 
little erosion (Plate XVII, Figures 1 and 2). 

Another deposit of major importance is located in the Ottauquechee 
River valley that extends from a point two miles southeast of Quechee 
Gorge upstream past the gorge, Dewey Mills and Quechee to Taftsville. 
Inasmuch as the lacustrine sediment is here one to one and one-half 
miles in width, it is assumed that the valley had been widened in pre-
glacial time by stream meandering. It seems probable that the river at 
one time followed a channel east of the present gorge and since the 
deposition of the lake sediment it has followed a shallow channel, now 
abandoned, to the west of the gorge. The thickness of the valley-fill 
ranges from 100 feet near Taftsville to over 200 feet just north of the 
gorge. Since the deposition of the lake sediment, the river has cut its 
present valley down through the deposit but on either side of the valley 
the deposit is still intact. The surface of the higher parts of the deposit, 
at an elevation of 700 feet, is lacustrine gravel that is generally ten to 
twenty feet thick overlying lake sand and silt (Plate XVIII, Figure 1). 

The delta of Joe's Brook, three miles west of Passumpsic at an ele-
vation of 890 feet, is small but well developed (St. Johnsbury Quad-
rangle). This deposit plus the delta of the Water Andric, two miles north 
of it, at an elevation of 900 feet, establishes the approximate level of 
Lake Hitchcock in the St. Johnsbury region. 

The delta deposits in the southern part of the state are small and many 
have had considerable erosion. The deltas of Broad Brook at Guilford 
with an elevation of 450 feet and the small deltas of Salmon Brook at 
East Dummerston, Canoe and Mill brooks southwest of Putney at 500 
feet indicate stability at that level in the Brattleboro region (Brattle-
boro Quadrangle). 

At Westminster Station (Bellows Falls Quadrangle), the combined 
delta of Morse and Newcomb brooks spreads over the valley floor from 
an apex up the Morse Brook valley to the village of Westminster Station. 
A gravel pit in the delta, one mile due west of the village at an elevation 
of 430 feet exhibits well-developed foreset bedding dipping toward the 
Connecticut River at an angle of approximately sixty degrees (Plate 
XVIII, Figure 2). The lake waters extended up the valleys of these 
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streams, and the delta built up then. Erosion has removed much of the 
apex area making the top elevation difficult to establish. The gravel is 
found along the valley to elevations of about 540 feet. 

Champlain Lowland 

Evidences of a lake following the retreat of a glacier that preceded the 
Burlington Stade were found at a few localities in the Champlain Low-
land. Varved lacustrine sediment was found in the valley of Lewis 
Creek in the Burlington Quadrangle. The winter varves of this deposit 
are very dark grey, almost black, and the material resembles no other 
lake deposit in Vermont. Twenty feet of Burlington till covers the varves 
and Shelburne till occurs on either side of it. Calkin (1965) reported an 
exposure along Little Otter Creek two miles north of New Haven with 
two feet of varved lake clay between the Burlington and Shelburne 
tills. These deposits have characteristics much like the sediments de-
scribed by Hansen, Porter, Hall and Hill (1961) in the Glens Falls area 
of New York. It therefore seems probable that an interstadial lake 
occupied the Champlain Lowland during the same interval that Lake 
Hitchcock existed in the Connecticut Valley. 

THE BURLINGTON STADE 

The third and final ice episode for which there is evidence in Vermont 
was a glacial invasion that moved into the state from a north-northwest 
direction and covered the northwestern and north-central regions. The 
surficial materials of the areas covered by glaciers during this interval 
include: 1) till and outwash deposited by the ice and the associated 
meltwater streams; 2) lacustrine sediment deposited in high-level ice-
marginal lakes formed during the early stages of glacial waning; 3) the 
sediment deposited in Lake Vermont during the calving retreat of the 
glacier in the Champlain Lowland; 4) marine sediment of the sea 
invasion (Champlain Sea) of the Champlain Lowland that followed 
deglaciation; and 5) those of post-glacial origin. Because of the geologic 
significance of these deposits and the geologic activities that caused 
them, the next four chapters of this report will be devoted to their 
description and discussion. It should be noted, however, that the first 
three categories of surficial materials listed above were made by geologic 
activities that actually occurred during the Burlington Stade. 
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The Extent of the Burlington Glaciation 

The Burlington ice first invaded the Champlain Lowland and piled 
up along the western slopes of the Green Mountains as far south as 
Rutland and the western foothills of the Taconic Mountains between 
the Castleton River and the Batten Kill. The ice thickened in the 
lowland until it attained enough height to move over the Green Moun-
tains north of Brandon. The ice moved down the eastern slopes of the 
mountains and terminated in the valley of the Third Branch of the 
White River between Bethel and Roxbury, the Dog River valley between 
Roxbury and Montpelier and the Stowe Valley between the Winooski 
and Lamoille rivers. North of the Lamoille River the glacier coveied the 
Memphremagog Basin as far east as the upper reaches of the Lamoille 
River at Hardwick and Glover and to the foothills of the mountains 
(Bluff, Middle, Gore, Brosseau and Averill) north of Island Pond (Figures 
13, 14, 15, 16 and 17). 

Striae and erratic boulders on the Green Mountain crests from Middle-
bury Gap to Jay Peak attest to the northwest-southeast movement 
across the mountains. Northwest trending striae are quite numerous in 
the higher sections of the mountains in the vicinity of Mount I\Iansfield 
and Camels Hump (Christrnan, 1959, Plate III; 1961, Plate III). The 
main thrust of the Burlington ice north of Lincoln Gap, however, was 
through two water gaps and a low sag in the mountains in Vermont and 
around the north end of the terminus of the continuous mountain chain 
to the north in Canada (Figure 12). The Winooski River valley is the 
most southern of the passage-ways through the mountains and the ice 
thrust its way up the valley past Barre. The ice also moved up the 
Lamoille River to Hardwick. A northwest-trending sag in the mountains 
between Belvidere Corners and Enosburg Falls, although not as deep 
as the other valleys, allowed the ice to move into the upper Lamoille 
Valley. North of the Canadian border, a low sag occurs in Sutton Moun-
tain (the northern continuation of the Green Mountains) southwest of 
Mt. Orford, twenty-five miles north-northeast of Jay Peak. Northeast of 
Mt. Orford the continuity of the mountain range ends, approximately 
thirty miles north of Newport, and merges with the Eastern Quebec 
Uplands (McDonald, 1967a, Figure 2). In the early stages of the Bur-
lington glaciation, as the ice piled up on the western slopes of the 
mountains, tongues of ice pushed through the gaps and spread out in 
the valleys and basins east of the mountains. After the glacier crossed 
the crests of the mountains and covered the region to the east, basal 
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supply currents of the overriding ice sheet moved through the gaps. 
Still later, when the ice to the east of the mountains had waned to levels 
below the mountain crests, tongues of ice again moved through the 
passageways. 

Several important aspects of the glaciation east of the Green Moun-
tains are explained by the passage of the ice through the gaps described 
above (Figure 12). In the first place, these passageways allowed the ice 
to fill the valleys and pile up east of the mountains thus intensifying 
the glacial activity in that area. Secondly, the merging of the Sutton 
Mountain with the Eastern Quebec Uplands to the north gave the south-
eastward moving ice unrestricted access to the Memphremagog Basin 
and the region to the east of it. This accounts for the eastward swing of 
the ice margin at the Canadian border to the vicinity of Averill Lake. 
A third influence was the fact that after the glacier had reached its 
maximum and had begun to melt down, the ice remained active in areas 
where it moved through the gaps, whereas it was stagnating and melting 
down elsewhere. This is paramount to the interpretation of the lacustrine 
sediment deposited in pro-glacial and post-glacial lakes in north-central 
Vermont. 

The Border of the Burlington Drift Sheet 

The drift deposited by the Burlington glacier is predominantly a 
sandy, compact, basal till, particularly in the region west of the Green 
Mountains (Plate XXXVI, Figure 2). Ablation till of Burlington age is 
more or less restricted to the border area of the drift sheet. The fabric 
orientation is always north-northwest to northwest. Striae made by the 
Burlington are much more abundant than those made by the two other 
ice invasions already described. The distribution of the drift varies with 
the steepness of the slopes and the erosion that has occurred since 
deposition on the exposed mountain terrain. 

The most useful criterion for mapping the margin of the Burlington 
drift sheet was the northwest fabric of the till in contrast to the northeast 
fabric orientation of the Shelburne drift. Other parameters, however, are 
much more conclusive in the case of the Burlington till than they were in 
either the Shelburne or Bennington drifts. The Burlington drift boraer 
had been noted in the Dog River and Stowe valleys on the basis of 
differing striae directions on either side of the valleys before till fabric 
orientation was used in Vermont (Stewart, 1961, pp. 40-41). The 
original interpretation of the striae in the Barre and Montpelier quad- 
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rangles has been verified by till fabric studies. Or, perhaps it could be 
said that the reliability of the till fabric orientation as a basis for till 
correlation in Vermont was verified in that area. In other areas, till 
fabric orientation proved to be the most successful method of mapping 
the border. 

In the Lake St. Catherine region (Figure 13), which is the most 
southerly extent of the Burlington drift in Vermont, the ice invaded the 
western margin of the state across the low foothills of the Taconic 
Mountains. Drift deposited by this glaciation extends as far east as 
Pawlet, Danby Four Corners and Middletown Springs (Pawlet Quad-
rangle). The margin of the ice in this area is manifested in the massive 
morainic deposits, both till and kame, south and east of Lake St. Cath-
erine. The moraines are concentrated in the southward extension of the 
Lake St. Catherine trough between Wells and North Pawlet (Blossoms 
Corners Moraine) and the stream valleys occupied by Flower, Wells and 

FIGURE I. RUFF BASAL TILL FROM A FOUNSATIQU FIGURE 2. SANDY BROWN BASAL lILL ONE MILE 
	

FIGURE 3, RLUE BASAL TILL EXPOSES IN A 

EXCAVATION TWO MILES SOUTHWEST OF 	WEST-SOUTHWEST OF MIDDLETOWN SPRINGS. 	SLATE QUARRY ONE AND ONE-HALF MILES 

POULTNEY. 	 SOUTH OF SOUTH POULINEY. 

FIGURE 4. SANDY BASAL TILL TWO AND THREE- 	FIGURE 5. SANDY CLAYEY BASAL TILL ONE- 	FIGURER. DENSE PEBBLY GREY TILL FROM A 
FOARTHO MILES NORTHWEST OF DANBY FOUR 	FOURTH MILE NORTH OF BLOSSOMS CORNERS. 	ROADCUT IN MORAINE ONE MILE SOUTH OF 
CORNERS. 	 WELLS. 

PLATE XIX FABRICS OF THE BURLINGTON TILL ALONG THE DRIFT 
BORDER IN THE REGION OF LAKE ST CATHERINE. 
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x 
FIGURE I. SANDY AMLATION TILL FROM NORTH 
SIDE OF FURNELL HOLLOW TWO AND ONE-HALF 

MILES NORTHEAST OF EAST POULTNEY. 

$ 
FIGURE 4. SANDY BASAL TILL FROM AN EXCAV-

ATION ONE AND ONE-HALF MILES WEST OF 
DANBT FOUR CORNERS. 

I 
FIGURE 7 BLUE-GREY BASAL TILL FROM THE 
NORTH BANK OF FLOWER BROOK ONE-FOURTH 
MILE EAST OF FAWLET. 

FIGURE 2. DENSE BLUE-GREY SILTY TILL FROM 

A HIGH ROADCUT ONE MILE EAST OF MIDDLE-

TOWN SPRINGS. 

/ 
FIGURE 5. CALCAREOUS TILL FROM ANEW EX-

CAVATION TWO MILES NORTHWEST OF SOUTH 
DORSET. 

/ 
FIGURE S. MUFF BASAL TILL FROM A THIRTY 

FOOT HIGHWAY CUT FOUR MILES SOUTH OF 
WEST PAWLET. 

I 
FIGURE 5. SILTY SANDY TILL FROM AN EXCAV-

ATION ONE AND ONE-FOURTH MILES SOUTH 
OF TINMOUTH. 

I 
FIGURE 6. SILTY BASAL TILL FROM A ROAD-

CUT ONE AND ONE-FOURTH MILES WEST OF 
SANDS AT C 

FIGURE 9. DENSE SILTY BLUE TILL ONE AND 

ONE-FOURTH MILES NORTHWEST Of WEST 
PAWLET. 

PLATE XX FABRICS OF THE SHELBURNE TILL BEYOND THE BUR 

LINGTON DRIFT IN THE REGION OF LAKE ST CATHERINE. 
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FIGURE I. BROWN ABLATION TILL ONE AND 

ONE-HALF MILES NORTH OF BATLANO AND 
ONE MILE EAST OF ROUTE 7 

FIGURE 4. TILL IN AN EXCAVATION ON TERMINAL 

MORAINE ONE MILE SOUTOWEST OF RUTLAND. 

FIGURE 2. BROWN ABLATION TILL FROM AN 

EXCAVATION IN TWE NORTHEAST CORNER OF 

RUTLAND. 

FIGURE 5 BUFF TILL FROM AN EXCAVATION 

FOR A SCHOOL NEAR THE ARMORY CLOSE TO 
THE WESTERN EDGE OF RUTLAND. 

FIGURE 3. BUFF ABLATION TILL ONE AND ONE 

FOURTH MILES NORTH OF RUTLAND HOSPITAL 

FIGURE 6, BLUE-UWEY TILL EXPOSED IN A 

HIGH ROADCUT ONE-HALF MILE EAST OF 
WEST RUTLAND. 

FIGURE 7 OENSE BUFF TILL FROM EXCAVATION 	FIGURE B. SILTY TILL FROM TERMINAL BOX- 	FIGURE 9 TILL EXPOSED IN TERMINAL MOH- 

ON WEST SIDE OF OTTER CREEK VALLEY 	AINE THREE AND ONE-HALF MILES WEST OF 	AINE ONE-HALF MILE SOUTHWEST OF CENTER 
THREE MILES SOUTH OF PROCTOR, 	 WEST RUTLAND. 	 RUTLAND. 

•ts 

FIGURE IX. DENSE SILTY TILL ONE-HALF MILE 
	

FIGURE II. UPLAND TILL FROM A ROADCUT ONE 
	

FIGURE Ia. BUFF TILL FROM A ROADCUT TWO 

NORTHWEST OF CASTLETON CORNERS. 	 MILE NORTHWEST OF EAST HUBBARDTON. 	 MILES WEST OF HUBBARDTON. 

PLATE )N FABRICS OF THE BURLINGTON TILL ALONG THE DRIFT 

BORDER IN THE VICINITY OF RUTLAND. 
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FIGURE I. COMPACT SANDY TILL TWO MILES 
	

FIGURE Z. BUFF ABLATION TILL FROM A ROAD- 	 FIGURE 3. UPLAND ABLATION TILL FROM A 
SOUTHWEST OF MENOON. 	 CUT ONE AND ONE-HALF MILES NORTH OF 	 ROADCUT ALONG ROUTE 140 ONE MILE WENT 

EAST CLARENDON, 	 OF EAST WALLINGFORO, 

FIGURE 4 BUFF SANDY ABLATION TILL FROM A 	 FIGURE 5. BUFF ABLATION TILL FROM A ROAD- 	 FIGURES. MUFF ABLATION TILL FROM AN EU- 
BORROW PIT NEAR THE SOUTHERN EDGE OF 	 CUT ONE- FOURTH MILE SOUTR OF RUTLAND 	 CAVATION ON MORAINE ONE MILE NORTH OF 
RUTLAND 250 YARDS EAST OF ROUTE C 	 HOSPITAL. 	 CL ARENDOTE 

FIGURE 7. BROWN SANDY ABLATION TILL ALONG 

BILLINOTON ROAD THREE-FOURTHS MILE EAST 

OF RUTLAND. 

--jr 
FIGURE ID. DENSE BUFF TILL FROM A ROADCUT 

ONE MILE SOUTH OF CHIPPENROOK. 

FIGURE 8. UPLAND TILL FROM A ROADCUT 

ONE AND ONEYTALF MILES SOUTHWEST OF 

CENTER RUTLAND. 

FIGURE II. BUFF ABLATION TILL FROM A 

ROADCUT ONE AND ONE-HALF MILES SOUTH-

SOUTHWEST OF WEST RUTLAND 

FIGURE 0 BUFF SILTY ABLATION TILL FROM 

ROADCUT ONE AND ONE-HALF MILES SOUTH 

SF WEST RUTLAND 

x 
FIGURE 12. DENSE SILTY BASAL TILL FROM A 

THIRTY-FlOE FOOT TILL BANK NEAR THE 

NORTHERN EDGE OF IRA. 

PLATE XXII FABRICS OF THE SHELBURNE TILL EAST AND SOUTH OF 

THE BURLINGTON DRIFT IN THE VICINITY OF RUTLAND. 
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South brooks. The moraines of this region are the most massive, best 
developed marginal features found in Vermont. 

North of Lake St. Catherine the drift border trends northward to the 
Castleton River valley where it swings eastward through the valley to 
Rutland and thence northward again along the western foothills of the 
Green Mountains to the vicinity of Brandon (Figure 14). The margin of 
the ice is marked in this distance by terminal moraines at Castleton, 
Birdseye (three miles east of Castleton), West Rutland, and Rutland 
(Plate XVI, Figure 2; Plate XXIII, Figures 1 and 2). The first three of 
the moraines (Castleton, Birdseye and West Rutland) are restricted to 
the Castleton River valley, the Birdseye Moraine being the largest and 
most massive. The Rutland Moraine, however, extends from the south-
eastern part of the city northward for a distance of five miles (Plate 
XXIV, Figure 1). The moraines are, in part, composed of kame gravel, 
basal till and ablation till. Whereas the Castleton, Birdseye and West 
Rutland moraines are composed of compact, basal till, plus kame 
moraine in the case of the Birdseye, the Rutland Moraine is predomi-
nantly ablation till (Plate XXIV, Figure 2). Because the physical char-
acteristics of the Burlington and Shelburne tills are so similar the drift 
border was mapped on the basis of till fabric orientation (Plates XIX, XX, 
XXI, and XXII). A high road cut (U.S. Route 4) through the West 
Rutland Moraine exposes Burlington till with Shelburne till below it 
(Plate XI, Figure 1). Both are very compact basal tills. On the east side of 
the city of Rutland only four miles from the West Rutland Moraine, 
however, both the Rutland Moraine and the adjacent I\Iendon Moraine 
of Shelburne age are composed of loose, sandy ablation till. 

East of Brandon the drift border swings eastward crossing the Green 
Mountains and crossing the White River valley at Stockbridge. The 
border follows the river to Bethel and the Third Branch of the White 
River to the vicinity of Randolph. From data collected thus far, it is 
assumed that the White River valley east of Stockbridge and the Third 
Branch south of Randolph were open during the Burlington Stade 
inasmuch as the ice margin apparently remained a short distance to the 
north and west of them (Figure 14; Plates XXV and XXVI). The drift 
border crosses to the east side of the Third Branch just west of Randolph 
and continues northward on the east side of the Dog River valley (Figures 
14 and 15). 

In the Montpelier region, the ice moved up the Winooski River 
valley past Barre but did not cross the Worcester Mountains which lie 
north of the river. The drift border therefore lies along the western 
slope of the Worcester Mountains, on the east side of Stowe Valley, and 
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Figure 1. Morainic topography of the Rutland Terminal Moraine. Two miles north-
east of Rutland (Rutland Quadrangle). 
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half miles northwest of West Rutland (Rutland Quadrangle). 
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swings around the northern end of Elmore IViountain (Figures 15 and 16; 
Plates XXVII and XXVIII). A very small moraine marks the terminal 
position of the Burlington glacier around the northern end of Elmore. In 
spite of its size, however, the Elmore IVlountain Moraine is significant 
inasmuch as moraines of any kind are extremely rare in that region. 

The Burlington margin follows closely the upper Lamoille Valley east 
of Morrisville past Hardwick and Greensboro Bend to the vicinity of 
Glover (Figure 16; Plates XXIX and XXX). At Orleans the border 
turns east to Island Pond and thence through the Pherrins River-Norton 
Pond-Coaticook River valleys to the Canadian border north of Averill 
Lake (Figure 17; Plates XXXI and XXXII). It is apparent from 
studies made by McDonald (1967a) and Shilts (personal communications) 
that the border of the Burlington drift follows closely the international 
border into New Hampshire. There are no terminal moraines of Bur-
lington age in the Memphremagog Basin. 

Outwash Deposits of the Burlington Stacle 
The outwash deposited by meltwater from the Burlington ice, like 

that of the Shelburne Stade, is restricted almost entirely to kames, 
kame terraces and kame moraines. These deposits are scattered all over 
the area covered by the Burlington glaciation. In general, the kame 
gravel deposits of this ice episode are more numerous, larger and better 
developed than those of the preceding ice episodes (Bennington and 
Shelburne). One exception is the number and size of the eskers, which 
are fewer and less impressive than those of Shelburne age. The kame 
gravel of the Burlington Stade, as a rule, is of higher quality than the 
Shelburne outwash inasmuch as it contains more massive, hard rock 
and less soft, schistose rock. The rocks of the Champlain Lowland are 
crystalline, hard quartzites and limestones with a minimum of shale, and 
little or no foliated metamorphics. The gravel therefore is made up of 
fragments of durable stone that wears well and is excellent for road 
building and general construction uses. Not all local areas have an 
adequate gravel supply, but no area is out of hauling distance of a good 
source of gravel. 

Geologically, however, the significance of the kame moraines are 
minimal except in the southern end of the Vermont Valley. Whereas 
many of the Shelburne kame moraines are terminal or recessional de-
posits, as described earlier, very few of the Burlirgton outwash accumu-
lations outside the Vermont Valley have geologic significance insofar as 
the glacial history is concerned. 

Hinesburg Kanie Terraces. One of the largest, most interesting and 
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Figure 1 Relief of the Rutland Terminal Moraine just west of Moon Brook on the 
eastern limits of Rutland (Rutland Quadrangle). 
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near Moon Brook near the eastern limits of Rutland Ruthtnd QuadrLngl). 
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most important (economically) of the outwash deposits are the Hinesburg 
kame terraces located to the southeast of the village of Hinesburg 
(Burlington Quadrangle). The terraces are about four miles long, 
average about three-quarters of a mile in width and stand seventy-five 
to two hundred feet above the lake plane to the west. A gravel pit on the 
north side of Hollow Brook, during the period of the mapping in that 
area, exposed a gravel face over one hundred and fifty feet high. The 
deposit contains a large gravel reserve for the Burlington region and 
supplies gravel to a wide area. 

The origin of the Hinesburg gravel deposits has been confused in the 
past by the attitude of the bedding on the outer (ice-contact) slope of the 
terraces. During the interval when Lake Vermont was at its highest 
(Quaker Springs) stage, the lake level stood just above 700 feet, the 
approximate elevation of the top of the terraces, and waves carried the 
sand and gravel out, and over, the ice-contact slope. Gravel pits that 
penetrate only the wave distributed gravel expose dipping beds that 
resemble the foreset beds of a deltaic deposit. Gravel pits that extend 
through the dipping beds, however, expose kame gravel showing ice-
contact structures (Plate XXXIII, Figures 1 and 2). The lake level of 
the Quaker Springs stage is marked by beach gravel at the 700-foot 
contour on the top of the middle one-third of the terraces. 

Buck Hollow Ka,ne Terrace. The Buck Hollow Kame Terrace on the 
west side of Buck Hollow (Milton Quadrangle), five miles southeast of 
St. Albans, is a small deposit when compared with the Hinesburg 
terraces. The quality of the gravel at this location, however, is excellent 
and for this reason it should be noted. The better part of the deposit, 
immediately to the west of Buck Hollow, is two and one-half miles long 
and about one-half mile wide. There is a fairly large reserve of high 
quality gravel in the deposit. 

Kame Gravel of the Enosburg Falls Quadrangle. There are two large 
areas of kame gravel in the Enosburg Falls Quadrangle. The most 
southerly of these is a kame terrace along the north-south trending 
valley of The Branch. The Branch, a tributary of Tyler Branch, heads 
in the Shattuck Mountains southwest of Bakersfield and flows almost 
due north to West Enosburg. The valley is almost completely filled with 
kame terrace gravel from its headwaters, two miles southwest of Bakers-
field, northward for a distance of five and one-half miles. A large reserve 
of good gravel occurs here. The second kame gravel area in this quad-
rangle is located north of the Missisquoi River and south of Burleson 
Pond (two miles west of Berkshire). The deposit, mapped as kames, is 
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FIGURE I TILL EXPOSED IN CAMP BROOK 	 FIGURED. GREU TILL IN A ROADCUT IN THE 	 FIGURE 3 GREY BASAL TILL IN A UALLEY 
VALLEY, THREE AND ONE-HALF MILES WEST- 	 THAYER BROOK GALLEY, TWO MILES WEST 	 ONE BILE NORTH OF PITTSFFFLD 
NORTHWEST OF BETHEL, 	 OF RANDOLPH, 

FIGURER, GREY CALCAREOGS TILL FROM A 	 FIGURE 5 TILL FROM A ROADCUT ALONG ROUTE 	 FIGURES BUFF-GREY UPLGND TILL ONE BILE 
ROADCUT ONE GND ONE-HALF MILES EAST- 	 73 TWO MILES WEST OF ROBINSON, GNU TWO 	 NORTHEAST OF STOCAGRIDVE 
NORTHEAST OF PITTSFIELD 	 AND ONE-HALF WILES EAST OF BRANDON GAP 

FIGURE 7 BUFF BGSAL TILL FROM A HIGH 

STREAM BANK UNE MILE SOUTHWEST OF 

ROCHESTER. 

FIGOHE ID, DENSE BLUE-GREY BASAL TILL 

FROM A HIGH ROADCUT ONE AND ONE-HALF 

MILES SOUTHEAST OF HANCOCK, 

FIGURE B. BUFF TILL FROM A NEW ROADCUT 

THREE MILES SOUTH OF GOSHEN FOGR COMM 

1* 
FIUGRE II UPLAND ABLATION TILL FHOM A 

NEW ROADCUT ONE MILE SOUTH OF RREAD 

LOAF. 

FIGURES, TAN-BROWN ABLATION TILL FROM 

MS A ROADCUT ONE MILE EAST Cl PITOSFORO MILLS 

FIGURE 12. UPLAND TILL ONE AND ONE-HALF 

MILES WEST-NORTHWEST OF GBANVILLE. 

PLATE XXV FABRICS OF THE BURLINGTON TILL ALONG THE DRIFT 

BORDER IN THE RANDOLPH-BRANDON REGION. 
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FIGURE I. DARK BROWN BASAL TILL FROM A 	 FIGURE 2. BROWN BASAL TILL FROM A ROAD - 

ROADCUT ONE MILE SOUTHWEST OF EAST 	 CUT TWO AND ONE-HALF MILES NORTHWEST 

RRAINTREE. 	 OF BETHEL 

FIGURE 3. DENSE BASAL TILL IN A VALLEY 

AT LILLIEVILLE. 

 

FIGURE 4, DENSE TILL ONE MILE WEST OF 

OLYMPUS, 

IL  
ON ~ m~_ 

FIGURE 7 TAN SANDY ABLATION TILL FROM 

A ROADCUT ONE MILE WEST-NORTHWEST 

OF CHITTENDEN. 

FISURE 5. UPLAND ABLATION TILL FROM A 

ROADCUT THREE MILES NORTH-NORTHWEST 

OF RANDOLPH, 

FIGURE 8. BUFF SILTY TILL FROM A ROADCUT 

ONE MILE WEST OF NORTH CHITTENDEN. 

FIGURE K. SILTY BUFF TILL FROM A ROADCUT 

ONE MILE WEST OF PITTSFIELD, 

FIGURE 9. ABLATION TILL FOUR MILES NORTW-

WEST OF W000STOCK. 

PLATE XXVI FABRICS OF THE SHELBURNE TILL BEYOND THE BUR-

LINGTON DRIFT IN THE RANDOLPH-BRANDON REGION. 
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FIGURE D. BROWN-BUFF SANDY BASAL TILL, 	FIGURE 3. GREY-BUFF DENSE BASAL TILL, 

ONE MILE SOUTHEAST OF MORETOWN 	 FROM GUNNERY BROOK TWO MILES NORTH 

COMMON, MONTPELIER QUADRANGLE. 	 OF BARRE. 

FIGURE I. BROWN ELATES BASAL TILL, FROM 

BORROW PIT ON PERRYS HILL TWO MILES 

EAST OF MILL VILLAGE, MONTPELIER 

QUADRANGLE. 

FIGURE 4, BROWN AND GREY UPLAND TILL, 
FOUR MILES NORTHEAST OF BABRE. 

FIGURE 7 DENSE DARK GREY-BUFF UPLAND 

TILL, ONE MILE WEST OF BERLIN. 

k 
FIGURE 6. SILTY-SANDS CULCAREOUS AB-
LUTION TILL FROM 1116K BLUFF ONE-HALF 
MILE NORTH OF EAST BARHE, 

FIGURE S. SANDY BUFF TILL, FROM THE 

SOUTH SIDE OF 4AIL BROOK ONE-FOURTH 
MILE NORTHWEST OF EAST BARRE 

FIGURE S. BUFF COMPACT BASAL TILL, 	 FIGURE 9 TAN SANDY ABLATION TILL, 

FROM ROADCUT ONE AND ONE-HALF MILES 	FROM WAITSFIELD GAP ROAD FOUR MILES 

WEST OF HIVERTON. 	 NORTHWEST OF NORTHFIELD 

FIGURE 10. DENSE BASAL TILL, FROM A 	FIGURE II. UPLAND ABLUTION TILL, ONE- 	FIGURE 12. BUFF TILL, FROM BANK ALONG 

ROADCUT TWO MILES WEST-NORTHWEST 	HALF MILE SOUTHWEST OF EAST WARREN, 	FREEMAN BROOK ONE MILE EAST OF 

OF WAITSFIELD. 	 WARREN, 

PLATE XXVII FABRICS OF THE BURLINGTON TILL ALONG THE 

DRIFT MARGIN IN THE MONTPELIER REGION. 
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/ 
FIGURE I, TAN-BROWN BASAL TILL, FROM AN 	FIGURE 2. BROWN SANDY BASAL TILL, FROM 	FIGURE 3, BUFF SANDY ABLATION TILL, 

EXCAVATION TWO MILES SOUTHEAST OF 	MIDDLESEO NOTCH ROAD THREE MILES 	 FROM ROADCUT THREE MILES NORTH- 

WATERBURY CENTER. 	 EAST OF MILL VILLAGE. 	 NORTHEAST OF WORCESTER. 

v  4-*Ip I 
FIGURE 4. BLUE-OBEY TILL FROM A RANK 
ALONG GREAT BROOK ONE AND ONE-GULF 
MILES SOUTH-SOUTHEAST OF PLAINFIELD 

FIGURE 5. SANDY ABLATION TILL, FROM A 
ROADCOT FIVE MILES NORTH OF ORANGE. 

FIGURE 6. SANDY ABLATION TILL, FROM A 
BLUFF ALONG US ROUTE 302 ONE AND ONE-
HALF MILES SOUTHEAST OF BARRE LIMITS. 

_q ~)c 
FIGURES. DENSE BUFF TILL, FROM U ROAD-

CUT ONE-FOURTH MILE WEST-SOUTHWEST 
OF WILLIAMSTOWN 

FIGURE 7. GREY-BUFF SILTY BASAL TILL, 	FIGURE B. DARK GREY TILL, FROM A ROAD- 

FROM BUNK ONE-FOURTH MILE NORTHEAST 	CUT TWO MILES SOUTHWEST OF MARSH- 

OF EAST BARRE 	 FIELD. 

N 
FISURE IX. TAN SANDY ABLATION TILL, FROM 
ROADCUT THBEE MILES WEST-NORTHWEST 

OF NORTHFIELD. 

x 
FIGURE II. BROWN SANDY ABLATION TILL, 	FIGURE 12. BASAL TILL, FROM A ROADCUT 

FROM ROADCUT TWO AND ONE-HALF MILES 	ONE AND ONE-FOURTH MILES WEST-SOUTH- 

WEST OF NORTHFIELO. 	 WEST OF ROGRURY. 

PLATE XXVIII FABRICS OF SHELBURNE TILL BEYOND THE 

BURLINGTON DRIFT BORDER IN THE MONTPELIER REGION. 
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FIGURE I BUFF SILTY TILL FROM A ROADCUT 	FIGURE a ABLATION TILL FROM A ROADCUT 	FIGURE 3 GREY-BUFF SILTY TILL FROM A 

ONE MILE NORTHEAST OF 4AROWICK. 	 ALONG ROUTE 16, FOUR MILES NORTHEAST 	ROADCUT ONE MILE EAST-NOATREAST OF 

OF OREENYBORO BEND. 	 GREENSBORO 

FIGURER. DENSE BUFF TILL FROM A ROAD- 	FIAURE 5. BUFF SILTY TILL FROM A ROADCUT 	FIGARE 6. GREY COMPACT TILL ONE MILE 
CUT ONE AND ONE-HALF MILES SOUTHEAST 	AT THE SOUTHEAST EDGE OF EAST HARDWICK. 	SOUTHEAST OF EAST HARDWICR. 
OF GREENSBORO. 

FIGURE 7. BUFF TILL FROM A ROADCUT ONE 
	

FIGURER. DENSE BUFF TILL FROM BROAD- 	FIGURE 9. BUFF GILTT TILL FROM A ROAD- 
MILE SOUTH OF HAROWICK 

	
CAT THREE MILES SOUTH-SOUTHWEST OF 

	
CUT IN A SMALL MORAINE ONE MILE NORTH- 

WALCOTT 	 NORTHWEST OF LAKE ELMORE, 

FIGURE 10 DENSE BASAL TILL FROM AN 	FIGURE II. DENSE TILL OVERLYING BEDROCK 	FIGURE ID. TAN SANDY ABLATION TILLTHOM 

EXCAVATION ONE MILE NORTH OF MORRIS- 	WITH NORTHWEST STRIVE ONE AND ONE - HALF 	A ROADCUT ON HILL SLOPE ONE MILE SOUTH 

VILLE. 	 MILES SOUTHEAST OF NORTH HYDE PARK. 	OF STOWE, 

PLATE XXIX FABRICS OF THE BURLINGTON TILL ALONG THE DRIFT 

BORDER IN THE HARDWICK-MORRISVILLE REGION. 
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xI 
FIGURE I ABLATION TILL, FROM BORROW PIT 	 FIGURE 2. SANDY ABLATION TILL, HIGH ROAD- 
ALONG ROUTE IS TWO AND ONE-HALF MILES 	 CUT TWO MILES SOUTHEAST OF GREENS- 
NORTHEAST OF GREENSOORO BEND, 	 BORG. 

FIGURES. ABLATION TILL, FROM STREAM 

CUT ALONG STUNNARD BROOK, ONE MILE 

WEST OF STANNARD (GTEWART AND MAC-

CLINTOCK,1964, TILL C, STATISM 0). 

x ?I x 
FIGURE 4. URLATION TILL, FROM STREAM CUT 

ALONG STANNARO BROOK, ONE UNO ONE FOURTH 

MILES WEST OF STANNARD (STEWART AND RAG 

CLINTOCK, 1954, TILL C, STATION 3). 

/ 
FIGURE T COMPACT BASAL TILL, ONE-

HALF MILE NORTHWEST OF WALDON 

HEIGHTS. 

x 
FIGURE ID, SANDY BROWN COMPACT TILL, 

ROADCUT ALONG ELMORE MOUNTAIN ROAD 

TWO MILES EASY OF MOSS GLEN FALLS. 

FIGURES. ABLATION TILL, FROM UPLAND 

ROADCUT ONE MILE WEST-NORTHWEST 

OF STANNARD. 

FIGURE B. TAN SANDY ABLATION TILL, 

FROM BORROW PIT ONE-HALF MILE NORTH-

EAST OF WEST GANUILLE. 

FIGURE II. BROWN SILTY SANDY BASAL 

TILL, FROM BORROW PIT THREE MILES 

SOUTH-SOUTHEAST SF ELMORE. 

FIGURE K. BROWN SANDY ABLATION TILL, 

ONE-HALF MILE SOUTH OF STANNARD. 

FIGURE 9. BLUE - GREY SILTY TILL, FROM 

HILLSIDE SALLY TWO MILES EAST OF 

HARD WICK 

x 
FIGURE 12. SANDY ABLATION TILL,ONE AND ONE 

HALF MILES NORTH OF GREENSBORO BEND. 

(STEWART AND MACCLINTOCB,1954,TILLC,STATION KG 

PLATE XXX FABRICS OF THE SHELBURNE TILL SOUTH AND EAST 

OF BURLINGTON DRIFT IN THE HARDWICK-MORRISVILLE REGION. 
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FISURE 1, BROWN ABLATION TILL FROM A 	FIGURE 2 OARS BROWN SANDY BASAL 

BORROW PIT NORTH OF CANADIAN BORDER 	TILL FROM ROADCUT FOUR MILES 

ONE MILE NORTHWEST OF NORTON. 	 NORTHEAST OF HOLLAND. 

FIGURE 4 BROWN BASAL TILL FROM A 	FIGURE 5 LIGHT BROWN SANDY FISSILE 
ROADCUT ON ROUTE III FOUR MILES 

	
TILL ONE MILE SOUTHWEST OF EAST 

NORTHWEST OF ISLAND POND. 	 CHARLESTON. 

* A~~ 
FIGURE 7 DARK BROWN DENSE SILTY 	FIGURE B DARK BROWN DENSE SILTY TILL 

TILL FROM ROADCUT ON ROUTE SA, 	 ONE MILE WEST-SOUTHWEST OF WEST 

ONE MILE SOUTH OF PENSIONER PONO 	CHARLESTON. 

FIGURE 3. BROWN SANDY ABLATION TILL 

FROM A BORROW PIT WOAANO ONE-HALF 
MILES NORTHWEST OF NORTON POND. 

S 
FIGURES LIGHT TAN SANDY ABLATION 

TILL FROM THE VALLEY WALL OF THE 
CLYDE RIVER TWO MILES SOUTH OF 

WEST CHARLESTON. 

FIUURE 9 BROWN SANDY FISSILE TILL 

FROM HIGH CUT ON THE NORTH SIDE OF 

WILLOUGHBY, TWO MILES EAST OF 
ORLEANS. 

FIGURE 10. BROWN CLAYEY BASAL TILL 
	

FIGURE II GREY-BUFF DENSE TILL FROM 
	

FIGURE 12 DENSE BUFF TILL FROM 

FROM ROADCUT ONE AND ONE-HALF MILE 
	

ROADCUT TWO MILES SOUTHEAST OF 
	

ROADCUT ONEFOGRTR MILE EAST OF 

EAST OF IRASBURG, 	 EAST ALBANY. 	 EAST ALBANY. 

PLATE XXXI FABRICS OF THE BURLINGTON TILL ALONG THE 

DRIFT BORDER IN THE MEMPHREMAGOG REGION. 
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x 
FIGURE I BLUE-GRAY BASAL TILL FROM A 

ROADCUT TWO MILES SOUTH-SOUTHEAST 

OF EAST CHURLESTOWN. 

FIGURE 4 COARSE ABLATION TILL, ALONG 

SCHOOLHOUSE BROOK ROAD THREE MILES 

SOUTHWEST OF CANAAN. 

I 
FIGURE 2 DARK BROWN DENSE CLAOEY BASAL 

TILL, ALONG ROUTE 114 TWOAND ONE-HALF 

MILES EAST OF NORTON. 

I  

FIGURE 3, OLIVE-BROWN SANDY BASAL TILL, 

ALONG ROUTE 114 ONE MILE EAST OF AVERILL 

* 
FIGURE 9. BROWN SANDY ABLATION TILL, 

FROM ROADCUT NEAR HEATH SCHOOL TWO 

MILES SOUTHEAST OF ORLEANS. 

I 
FIGURE 7 SRAY'BROHN SANDY BASAL TILL, 	 FIGURE B. LIGHT BROWN SANOY ABLATION TILL. 

ALONG ROUTE ISO ONE AND ONE'HULF MILES 	 FROM MLUFF ON NORTH SIDE OF WILLOUGHBY 

EAST OF EAST BRIGHTON. 	 RIVER TWO MILES EAST OF ORLEANS. 

FIGURE 5, DARK BROWN COMPACT BASAL TILL, 	 FIGURE 6, SANDY GRAY MASAL TILL, FIVE 
FIVE MILES NORTRWEST OF EAST BRIGHTON 	 MILES WEST OF GUILOHALL. 

FIGURE IS BROWS SANDY ABLATION TILL, 	 FIGURE II BLUE-BROWN BASAL TILL, FROM 	 FIGURE 12. BROWN BASAL TILL, FROM ROAD- 

FROM PIPELINE EXCAVATION AT THE WATER 	 ROADCUT ONE MILE NORTH-NORTHEAST OF 	 CUT ONE MILE NORTHWEST OF WEST SLOVER 

RESEVOIR IN ORLEANS 	 WEST GLOVER. 

PLATE XXXII FABRICS OF THE SHELBURNE TILL SOUTH AND EAST 

OF THE BURLINGTON DRIFT IN THE MEMPHREMAGOG REGION. 
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Figure 1. Dipping beds of gravel carried out over the icc-contact slope of the Hines-
burg kame terraces by wave activity of the Quaker Springs Lake. Two miles southeast 
of Hinesburg (Burlington Quadrangle). 

•' 

' 

Figure 2. Ice-contact structures of the Hiiiubiirg LdIue tiiaue. Fxposed in a 
gravel pit two miles southeast of Hinesburg (Burlington Quadrangle). 

PLATE XXXIII 
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probably a single kame complex with the lower parts of the deposits 
(the kettles) having been covered by lacustrine sand deposited during 
the Fort Ann Stage of Lake Vermont. The gravel exposed in gravel pits 
in the area is of the highest quality. 

Black River Kame Complex. A series of kame terraces and kame 
moraines occupy the Black River valley from a point two and one-half 
miles south of Albany (Hardvick Quadrangle) northward through 
Irasburg and Coventry (Irasburg Quadrangle) to the border of the 
Memphremagog Quadrangle three miles north of Coventry. The outwash 
gravel, both terrace and moraine, has been partially covered by Ia-
custrine sediment, partially removed by stream erosion and is partially 
still intact. It is difficult to estimate the total extent of the gravel now 
in the valley inasmuch as it is concealed in many sections by lake clays, 
silts and sands. It is also difficult to ascertain the original extent but 
it seems that this whole section of the valley was completely filled with 
outwash when the Burlington ice melted from the region. It is apparent 
that the pre-glacial valley of the Black River between Coventry and 
Irasburg was abandoned because of the massive kame moraine in the 
valley and kame terraces on the valley wall. The river probably took its 
present course during the lake episodes following the retreat of the ice. 
More discussion of this deposit will follow in the chapter on the lake 
history of this region. 

Kame Deposits of the Newport Region. There are kame deposits in the 
Newport area some of which seem to be recessional moraines. A small 
kame moraine with conspicuous relief that may be a recessional feature 
starts in the southern part of the city of Newport and extends for one 
and one-half miles in an east-west direction. The gravel in this deposit 
is of excellent quality. A second kame moraine that seems to be a 
recessional deposit trends almost due north from the eastern limits of 
Newport for a distance of three miles. A third kame moraine lies north of 
Derby Pond, continues to the south between Derby and Salem ponds, 
and probably includes the kame moraine east of Salem Pond. The 
village of Derby Line is located on a wide, flat kame terrace that is the 
southern end of a deposit that extends northward for several miles into 
Canada. The southern boundary of the terrace is two and one-half miles 
south of Derby Line. It is two miles wide at the Canadian Border and 
the stream that forms the international boundary has cut a steep valley 
over one hundred feet into the terrace. 

The Bristol-East Middlebury Kame Terraces. The village of Bristol 
(Middlebury Quadrangle) is built on a large flat-topped kame terrace 
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that extends north-south for a distance of two miles and has a maximum 
width of over one mile. Like the Hinesburg kame terraces, this deposit 
was planed-off by the wave activity of at least one stage of Lake Vermont, 
creating the flat top, and depositing the inclined beds of lacustrine 
gravel that cover the outer ice-contact slope. The margins and part of 
the top of the terrace are veneered with lake bottom sediment. Below 
the lacustrine sediment, however, high quality kame gravel is exposed 
in existing gravel pits. The varved clays immediately above the gravel 
in a pit just east of Bristol are deformed (contorted), but they are 
covered by undeformed horizontal varved clay and laminated silt 
(Calkin, 1965). The deformation suggests that the lake covered the 
terrace soon after its deposition. The contorted varved clay was deposited 
before ice blocks, deposited contemporaneously with the gravel, had 
melted. 

Beginning just south of the New Haven River at Bristol, and extending 
continuously to East Middlebury, a kame terrace eleven and one-half 
miles long follows the western foothills of the Green Mountains. The 
terraces that rise as much as two hundred feet above the lake plane to the 
west, according to Calkin (1965), show the irregular lithology, particle 
size, bedding and slumping structures characteristic of ice contact 
deposits. The width of the terraces as well as the presence or absence of 
kettle holes appear to be influenced by the bedrock outliers adjacent to 
the main valley wall. 

Kame Gravel in the Barre Area. It is apparent that a tongue of Burl-
ington ice extended southward from Barre, up the valley of Stevens 
Brook. Kame gravel almost completely fills the valley from South Barre 
to Cutter Pond, two miles south of Williamstown. As will be noted later, 
these deposits prevented the early stages of high-level lakes that oc-
curred in the Winooski Valley from draining southward through Wil-
liamstown Gulf. Several gravel pits in the terraces show good quality 
gravel, and a good reserve of gravel seemingly still remains. 

Kame Terraces on the Green Mountain Slopes. An interesting series 
of kame terraces occur on the slopes of the Green Mountains from 
south of Huntington Center (Camels Hump Quadrangle) to a point 
three miles south of South Lincoln (Lincoln Mountain Quadrangle). 
The terraces have elevations, at the contact with the mountains, ranging 
from 1,200 to 1,600 feet. They follow (north to south) the headwaters of 
the Huntington River, Ilallock and Beaver Meadow brooks and the New 
Haven River. There are very few gravel pits in these deposits, and the 
quality of the gravel could not be ascertained. Such terraces at the head- 
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waters of streams are rather common in that part of the Green Mountains 
covered by Burlington ice. Considerable reserves of gravel are found, for 
example, along the headwaters of the Lee River and Mill Brook in the 
West Bolton-Jericho Center area of the Camels Hump Quadrangle and 
the headwaters of the Gihon River upstream from North Hyde Park 
(Hyde Park Quadrangle). 

HIGH-LEVEL LAKES OF THE BURLINGTON STADE 
When the Burlington glacier piled up in the Champlain Basin along 

the western slopes of the Green Mountains, all of the drainage ways that 
normally flow into Lake Champlain were blocked by ice. The drainages 
remained blocked so long as the ice in the Champlain Lowland remained 
active and until the ice receded or melted down. As a result, a series of 
lakes developed in the valleys and basins. The most complicated and 
significant of these occurred in the north-central part of the state but 
many lakes were formed all along the ice border. 

High-Level Lahe of North-Central Vermont 
In north-central Vermont, where the Burlington ice crossed the Green 

Mountains, high-level lakes were in existence from the time the glacier 
stood at its maximum advance until the Winooski, Lamoille and Missis-
quoi valleys were freed of ice and the glacier melted back to the north of 
their courses across the Champlain Lowland. As a result, the water in the 
valleys and in the \Iemphremagog Basin ponded and rose to elevations 
high enough to drain into the Connecticut watershed. The ice in the 
valleys and basins melted down at different rates inasmuch as the ice 
continued to feed through low gaps and around the northern end of 
Sutton Mountain (Figure 12). A series of lakes developed as the ice 
dissipated and lower and lower outlets were successively freed of ice. 

The high-level lake area of north-central Vermont has four basins and 
valleys that were occupied by independent lakes for at least a part of the 
interval. The Memphremagog Basin is the largest of the lake areas, and it 
includes the valleys of the Missisquoi, Black, Barton and Clyde rivers 
and their tributaries. The second lake basin, at that time, was the 
Lamoille River valley that was occupied by an independent lake for a 
short period. The Stowe Valley was a third lake basin, and it, like the 
Lamoille, was occupied by an independent lake for a short time. The 
fourth lake basin was the Winooski River valley. The evidence, to be 
discussed later, seems to show that the lakes in the Memphremagog 
Basin existed independently and were not connected with the lake to the 
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Figure 18 

140 



south, except perhaps during the final stages of the lake. The waters of 
the other basins (valleys), however, did eventually merge, forming a 
single lake occupying the Lamoille, Stowe and Winooski valleys. 

In spite of the fact that independent lakes occurred in the basins, as 
described above, the lake episodes are so closely associated with the 
melting of the ice that a discussion of each basin, and the designation of 
lake stages for each, without the inclusion of the significant changes in the 
position of the ice, is impossible. It seems more appropriate, therefore, to 
consider the lakes collectively during each change in the position and 
influence of the melting glacier. The various positions of the ice, called 
stages in this report, that allowed significant changes in the lakes are 
here given major emphasis as shown in Figures 18, 19, 20, 21, and 22. 
The stages here designated, it should be emphasized, are not independent 
lake stages. Each successive stage involves a new position (stage) of the 
diminishing ice and a resulting change in the lake sequence. 

The naming of the lakes of this sequence poses a problem inasmuch as 
several names have been proposed by early investigators (C.H. Hitch-
cock, 1906, 1907, 1908b; Merwin, 1908; Fairchild, 1916). It seems 
appropriate that the names suggested by these authorities be retained 
even though the original usage is no longer valid. Glacial Lake Mem-
phremagog, as suggested by Hitchcock (1908b, p.  641), would designate a 
series of lakes in the Memphremagog Basin. The usage as proposed here 
is essentially the same as that originally proposed by Hitchcock. Merwin 
(1908) proposed the name Lake Mansfield and Fairchild (1916) the name 
Lake Winooski for a lake in the Lamoille, Stowe and Winooski valleys. 
The literature is confusing on the usage of these designators inasmuch 
as it seems that both were used for the same lake in different localities. 
It is suggested here that the name Lake Winooski is the most appro-
priate name for the series of independent lakes in the Winooski Valley, 
Lake Lamoille for the independent lake in the Lamoille Valley, and 
Stowe Lake for the lake in the Stowe Valley. Lake Morrisville is used in 
this report to designate the single lake that occupied the Larnoille and 
Stowe valleys and Lake Mansfield for the lake that occupied the La-
moille, Stowe and Winooski valleys. No effort is made to designate 
stages (i.e. Memphremagog I, II, etc.) for the various lakes or to propose 
different names for different levels or different outlets. It is hoped that 
the description that follows, however, will be complete enough to allow 
for such subdividing if one wishes to do so. 

The Nulhegan River that flows east from Island Pond to the Connec-
ticut River was not dammed by the Burlington ice. The river was a 
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Figure 19 
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glacial spillway since it carried the water from the melting glaciers in that 
area. Some of the lakes of the Memphremagog Basin also probably 
drained via this stream as will be discussed later. 

STAGE I 

When the Burlington ice stood at its maximum advance, and as it 
began to melt, several small proglacial lakes developed in basins and 
valleys that were dammed. The position of the ice at this time is desig-
nated Stage I (Figure 18). 

Meniphrenzagog Basin. Three small lakes of this stage are manifested 
by the lacustrine sediment in the Memphremagog Basin. The Willough-
by River was dammed east of Orleans, and a high-level lake formed in 
the river valley and the Willoughby lake basin (Memphremagog and 
Lyndonville quadrangles). The water of this lake rose to the top of the 
col between the Lake Willoughby basin and the headwaters of the 
Passumpsic River (elevation 1,300 feet) and drained southward via the 
Passumpsic to the Connecticut River. The sediments of this lake occur 
above the present level of Lake Willoughby and northwest of the lake 
along the valley of the Willoughby River. 

The Black River valley was blocked at this time near Barton forming 
a lake at an elevation of 1,250 feet that drained southeastward through 
the Sutton River (Lyndonville Quadrangle). The lake extended from 
Barton through the Crystal lake basin and up the valley of Willoughby 
Brook to the present site of Bean Pond, one mile southeast of Willough-
by. 

A third small lake, at an elevation of 1,400 feet, occupied the present 
divide of the Barton and Lamoille rivers. The valley, now partially 
occupied by Clark Pond, is blocked at the north by kame moraine in the 
vicinity of Parish School (one and one-half miles south of Glover). The 
valley is also blocked at the south by kame moraine in the area of 
Runaway Pond. The lake differs from the two described above by not 
having been dammed, by ice. Since both the Barton and Lamoille rivers 
now head in the area formerly occupied by the lake, it is not known 
whether the lake drained to the north or to the south. 

Lamoille and Stowe Valleys. The Lamoille and Stowe valleys were 
completely filled with ice during Stage I, and no lakes were formed at 
that time. 

Winooski Valley. The Winooski Valley, during Stage I, was filled with 
ice past Montpelier. Lakes developed in the Dog River valley south of 
Montpelier and to the north in the valley of North Branch. The lake in 
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Figure 20 
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the Dog River valley drained through a col south of Roxbury that, at 
that time, had an elevation of 1,250 feet. The valley south of Roxbury 
must have been partially filled with unconsolidated sediment inasmuch 
as the lake outlet was rapidly lowered. The lake in North Branch 
Valley had no apparent outlet and the water level no doubt fluctuated 
with the rate of ice melting. The water probably drained into the Dog 
River valley through or over the ice dam. The two lakes existed inde-
pendently until the Winooski Valley was freed of ice east of Montpelier, 
and the waters of the two valleys merged. 

It seems logical to assume that the upper reaches of the Winooski 
River valley, northeast of Montpelier, were also occupied by a high-level 
lake during Stage I. The lacustrine sediments in this section of the 
valley, however, do not bear out this conclusion. There are no lake 
sediments in the upper part of the valley higher than the level of Lake 
Winooski that formed in a subsequent stage. A lake in the upper valley 
is not, therefore, shown on Figure 18 in spite of the fact that we cannot 
explain its not occurring there. 

It should be noted here that former investigators, particularly Fair-
child (1916), have suggested that drainage of the lakes in the Winooski 
Valley was via Stevens Brook and through Williamstown Gulf. The 
data collected by the present survey, however, show that the valley of 
Stevens Brook between Barre and the Gulf south of Williamstown was 
filled with kame gravel and did not act as a lake outlet until a later 
stage. This in spite of the fact that the present elevation of the divide 
(920 feet) south of Williamstown is ninety feet lower than the present 
divide south of Roxbury. 

STAGE II 

At the beginning of Stage II of the wasting away of the ice from 
central Vermont, as described in this report, the ice had diminished 
enough in parts of four basins for lakes to begin to occupy them. It is 
important to note, however, that the ice removal was not the same in 
all areas. As explained earlier, the ice that invaded the basins came in 
part from across the mountains and in part through the gaps in the 
mountains (Figure 19). Whereas the ice in those areas that were fed by 
glaciers crossing the mountains began to melt down quite rapidly, the 
ice that moved through the gaps and around the northern end of the 
Sutton Mountains remained active. As a result, the ice in the Winooski 
and Lamoille valleys and in the Mernphremagog Basin north and east of 
Newport persisted for a long time. 
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Meniphremagog Basin. When the ice in the Memphremagog Basin 
began to melt down, melting was mostly concentrated in the Barton 
area since this section was not affected by ice moving through the gaps. 
As the ice in the Orleans-Barton region melted back, the waters of the 
Willoughby and Crystal lake basins combined to form a single lake that 
drained through the lower outlet southwest of Barton. As long as the 
lake waters drained across this divide, via the Sutton River, the water 
level was maintained at about 1,225 feet. Inasmuch as this lake, and the 
two lakes that preceded it, are mostly restricted to the Willoughby and 
Crystal lakes depressions, it does not seem that they should be considered 
early stages of Glacial Lake Memphremagog. No doubt these lakes were 
the 1,270-, 1,274- and 1,280-foot levels recorded by Hitchcock (1908b, 
p. 248) but he envisioned a lake at this level covering the Memphremagog 
Basin. The lake is here designated Lake Barton. 

Larnoille Valley. During Stage II, a lake formed in the headwaters of 
the Lamoille River at an elevation of about 1,275 feet (lIardwick 
Quadrangle). The lake extended from the vicinity of Wolcott upstream 
past Hardwick almost to Greensboro Bend. There is no natural drainage-
way through which this lake could have drained. It is assumed that the 
lake waters flowed westward between the southern margin of the ice and 
the northern end of Elmore Mountain (Hyde Park Quadrangle). The 
lake was in existence only for a short time inasmuch as the water level 
dropped to the level of the lake in the Stowe Valley as soon as the ice 
melted down from the slopes of Elmore Mountain. This lake is designated 
Lake Larnoille. The shore features of Lake Lamoille are well defined in 
the Hardwick area by pebbly sand and gravel deposits and a well-de-
veloped beach one mile south of Hardwick. 

Stowe Valley. A lake in the Stowe Valley at an elevation of 1,200 feet 
was separated from Lake Lamoille by ice that moved up the Lamoille 
Valley, through the Lamoille Gap, and overlapped the northern slope of 
Elmore Mountain. The Stowe Lake drained through Middlesex Notch, 
three miles north-northeast of Middlesex, into the Winooski Valley. 
The shore features of Stowe Lake are quite well developed since the lake 
level was maintained and the Middlesex Notch was used for a relatively 
long time. The ice in the Winooski Valley did not melt back (to the west) 
far enough to open the southern end of the Stowe Valley for at least 
another recessional stage. Even after the ice melted in the Lamoille 
Valley and opened the northern end of Stowe Valley, the lake formed by 
the combining of the two lakes continued to use the outlet at Middlesex 
Notch. 
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Figure 21 
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Figure 22 
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On West Hill, two miles north of Stowe, a large area is covered with 
beach gravel and beach bars. The highest bar is at an elevation of 1,170 
feet. On Sunset Hill, one mile east-southeast of Stowe, another area of 
beach gravel occurs, and a well-developed bar stands at 1,200 feet. 
Several patches of beach gravel were mapped on Brush Hill two, three, 
four and five miles east-northeast of Stowe. The tops of all of these are 
near the 1,200—foot contour. Pebbly sand and a few sand bars also occur 
on the west slope of Elmore Mountain (Hyde Park Quadrangle). One 
mile west of Waterbury Center a large karne terrace (four miles long and 
one mile wide) in the Barnes Hill-Loomis Hill section laps upon the 
western foothills of Worcester Mountain, The wave activity of the lake, 
like the activity at Hineshurg, planed off the top of the terrace and 
carried the sand and gravel out over the ice-contact slope. High-level, 
ice marginal lakes are indicated above the Stowe Lake shore to about 
1,500 feet in this area. 

Winooski Valley. By Stage II, the ice margin in the Winooski Valley 
had melted back to a position just west of Montpelier. The lake waters 
of the Winooski, Dog and North Branch valleys combined to form a 
single lake at an elevation of 1,080 feet. This was the beginning of Lake 
Winooski. The existence of a lake at this level is manifested in many small 
deposits, the most important being the deltas. North of Montpelier, 
along the western side of North Branch Valley, several small deltas 
started forming at the 1,200—foot level during Stage I and continued to 
form at a lower level during Stage II (Plate XXXIV, Figure 2). In the 
Dog River valley, south of i\Iontpelier (Barre Quadrangle), lake gravels, 
probably deltaic, occur in the valleys of Cox and Union brooks west of 
Northfield Falls and Northfleld respectively. 

Lake Winooski drained southward through the outlet at Roxbury and 
via the Third Branch and the White River to the Connecticut River. 
The water level was lower than the preceding lake (Stage I) due to the 
downcutting of the outlet. Apparently the unconsolidated valley-fill 
was eroded away during Stage I and Lake Winooski drained across a 
bedrock threshold. The outlet was used by several lake stages and 
successive lakes were lower because of downcutting of the bedrock 
divide (Plate XXXIV, Figure 1). 

STAGE III 

At Stage III of the glacial melting in central Vermont the ice had 
melted back to the Green Mountains in many areas. The influence of the 
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Figure 1. The Roxbury outlet of Lake Winooski (Stages II, III and IV). Present 
elevation 990 feet. Picture taken looking north, one and one-half miles south of Rox-
bury (Barre Quadrangle). 
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Figure 2. Deltaic bedding in sm,dl delta built into Lake Mansfield (Stage IV) on the 
WeSt side of North Br ni Ii River valley by :mall tributary stream (elevation 1020 
feet). One mile west of \Vrightsville (Montpelier Quadrangle). 

PLATE XXXIV 
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gaps through the mountains had decreased considerably and ice no 
longer moved through the sag at Belvidere Corners. The ice margin in 
the Lamoille Valley stood in the vicinity of Johnson. In the Winooski 
Valley, however, the ice still persisted and the southern end of the Stowe 

ralley  was still closed. To the north, the ice moving across the Eastern 
Quebec Uplands (north of Sutton I'vlountain) into the Memphrernagog 
Basin was still active and the Newport region was still covered (Figure 
20). 

Memphremagog Basin. Because glacial ice in the Newport region still 
covered a section of the Missisquoi Valley and the northern end of the 
divide between the Black and the Missisquoi rivers, three independent 
lakes were formed in the Mernphrernagog Basin. The most easterly of 
these occupied the Barton, Black and Willoughby valleys and the divides 
between them (Memphremagog and Irasburg quadrangles). The lake 
drained through a low col four and one-half miles south of West 
Charleston into the Clyde River. This lake may have used the old 
Clyde River channel described by Doll (1942, p.  22) at West Charles-
ton for a short time or it may have started the cutting of a new channel. 
It seems, however, that the Clyde River northwest of West Charleston 
was ice-covered during this stage inasmuch as there are no lake sediments 
above 1,000 feet. The outlet south of West Charleston now has an 
elevation of about 1,170 feet and forms the divide between Nutting 
Brook and the headwaters of Brownington Branch. 

The second lake in the region during this stage filled the headwaters 
of the Missisquoi River from the vicinity of North Troy southward past 
Troy and Lowell (Irasburg Quadrangle). The lake level was approximate-
ly 1,160 feet. The water must have drained by seepage through the ice, 
or around the ice margin, into a lake to the west in the same valley. 

A third lake formed in the Richford section of the Missisquoi River 
valley because the valley was blocked by Burlington ice in the vicinity 
of Enosburg Falls (Enosburg Falls and Jay Peak quadrangles). The lake 
filled the valley (in \Termon t) between East Berkshire and East Richford 
and probably extended as far west as Enosburg Falls and eastward into 
Canada before the end of the stage. The lake extended southward into 
the Trout River valley to a point at least five miles south of Montgomery 
Center. The elevation (1,160-1,180 feet) of the present divide between 
the Trout River and the North Branch of the Lamoille River (seven 
miles south of I\Iontgomery Center) is low enough to have been the 
outlet of this lake. A problem arises, however, as to where the water 
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drained inasmuch as the lake waters in the Larnoille \'alley were at a 
higher level. It seems, therefore, that the North Branch was covered by 
ice at this time. 

The evidences for three separate lakes instead of a single (connected) 
lake are two-fold. The shore features of the different lake levels are well 
developed in the three basins. Small, well exposed deltas at elevations 
above 1,100 feet are common in the tributary streams that flow into the 
three valleys. Numerous deposits of beach gravel, beach ridges and 
pebbly sand also mark the shore zone. The differences in the elevations of 
the shore deposits in the three valleys wotild hardly warrant three 
separate lakes inasmuch as measurements are hardly that accurate. The 
composition of the lacustrine sediment, however, is significantly different 
in the three valleys and it is on this basis that the three lakes were 
identified. Shilts (1965) did a detailed laboratory study of Pleistocene 
sediment collected in the Memphrernagog Basin, The sediment, including 
both glacial and lacustrine materials, was subjected to a variety of 
laboratory tests that included X-ray, (lii ferential thermal and heavy 
mineral analyses, pebble counts and minor chemical tests. Shilts conclud-
ed (p.  73) that the composition of the sediments indicate independent 
lakes in these valleys. It is probable, according to Shilts, that the Black 
and Barton river valleys contained separate lakes during the transition 
from Stage II to Stage III as outlined in this report. 

The Lanjoille and Stowe Valleys. By Stage III, the ice margin in the 
Lamoille Valley had melted back to the vicinity of Johnson, opening the 
northern end of the Stowe Valley so that the lake waters of the two 
valleys merged, forming a single lake at an elevation of 1,175 feet 
(Montpelier, Hyde Park and Hardwick quadrangles). As suggested 
earlier, this lake is designated Lake Morrisville in this report. The height 
of the water was determined by the elevation of the Middlesex Notch 
outlet inasmuch as the southern end of the Stowe Valley was still 
blocked by ice in the Winooski Valley. Some water may have escaped 
around the ice margin as the ice slowly melted, but the total drainage 
was into the Wiiiooski Valley. 

Evidences of a lake at this level in the Lamoille Valley offers conclusive 
proof of the merger of the lake waters in the two valleys. A large fan-
shaped deposit of sand, pebbly sand and beach gravel overlaps a kame 
terrace just north of the Lamoille River and two miles upstream (east) 
from Morrisville. A beach ridge occurs immediately to the northwest of 
this deposit. A gravel spit associated with beach gravel was mapped at 
Garfield, four and one-half miles northeast of Morrisville. Another beach 
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ridge, three-quarters of a mile long, marks the shore of Lake Morrisville 
one and one-half miles southeast of North Hyde Park. Four miles west 
of Morrisville and due east of Mt. Mansfield, beach gravel marks the 
lake shore along the eastern slope of the Green Mountains. The features, 
of course, are in addition to those of the Stowe area noted in the discus-
sion of the Stowc Lake of Stage II. 

T'Vinooski Valley. Lake Winooski, during Stage III, had expanded to 
include the valley of Stevens Brook, south of Barre, and the Mad River 
valley south of Middlesex, and therefore occupied parts of the Mont-
pelier, Barre, East Barre, Plainfield, Camels I -lump and Lincoln Moun-
tain quadrangles. This was the greatest extent of Lake Winooski. The 
outlet of the lake at this stage, we believe, was the col south of Roxbury, 
but a second outlet is a possibility. In the earlier stages, the valley of 
Stevens Brook between Barre and Williamstown (Barre Quadrangle) was 
filled with kame gravel, mostly kame terrace. By Stage III, however, 
stream erosion had opened the valley and the lake waters expanded 
down the valley past Williamstown. A large delta was built into the 
lake at Williamstown attesting to the presence of a lake in the valley 
(Plate XXX\T,  Figure 1). The lake could have drained southward 
through Williamstown Gulf for at least a part of this stage. But, evidence 
for an outlet at this level is not conclusive. During Stage III, the Rox-
bury outlet was cut down about twenty-five feet. 

The shore features of Lake Winooski at Stage III are probably the 
best developed of any in north-central Vermont. Numerous small, but 
well-developed deltas occurring between 1,025 and 1,050 feet in the 
Dog, Winooski, North Branch and I\Iad River valleys are the most 
important of this stage. Deltas and lake gravel, probably of deltaic 
origin, are found in the I\Iad River valley south and east of Waitsfleld in 
the valleys of Folsom and High Bridge brooks and an unnamed brook 
one mile due east of Waitsfield. One mile north of Waitsfield, on the west 
side of the Mad River, a deposit of lake gravel seems to be a compound 
delta built into the lake by two or three streams (unnamed) that flow 
into the Mad River from the west. A well-formed delta, one and one-
fourth miles east of I\Ioretown, was built into the lake by a westward 
flowing stream that now enters the Mad River just north of the village 
(Plate XXXV, Figure 2). Another delta is located one-half mile north-
east of Moretown Common. 

The deltas that were built into the lake at the Stage II level in the 
Winooski, North Branch and Dog River valleys were extended at this 
lower level. 

153 



STAGE IV 

Two major changes in the configuration of the ice border are con-
spicuous in Stage IV of the ice removal. In the Memphremagog Basin the 
ice had melted back from the divides so that a single lake was formed for 
the first time. To the south, the ice had cleared the southern end of the 
Stowe Valley so that a single lake existed in the Lamoille, Stowe and 
Winooski valleys (Figure 21). 

Memphremagog Basin. Glacial ice still occupied the northeastern part 
of the Memphremagog Basin in Vermont during this stage inasmuch 
as glaciation was still active to the north-northeast. Glacial ice was thus 
still moving across the Eastern Quebec Lowlands into the northern and 
eastern sections of the basin. The ice, nevertheless, was gradually 
melting back along the eastern side of the Green Mountains and north-
ward to the west of Lake Memphremagog. It is apparent, however, that 
the present Memphremagog lake basin was still filled with ice, and the 
area east of the lake was covered as far south as the vicinity of Seymour 
Lake. 

The divide between the Missisquoi and the Black rivers was free of ice 
as was the valley of the Missisquoi, and a single lake was formed in the 
valleys that had held three separate lakes in the preceding stage. This 
report contends that, since this was the first lake to spread over the 
Memphremagog Basin, this lake should be designated the first stage of 
Glacial Lake i\Iernphrernagog. As we understand the original usage of 
this name by lJitchcock (1907, 1908b), his intent was to connote a single 
lake covering the basin instead of a series of disconnected, independent 
lakes. The lake here described would correspond to the 1,060- and 1,070-
foot levels noted by Hitchcock. 

iIitchcock (1908b) believed that Glacial Lake Memphremagog 
drained southward to the Lamoille Valley through the present divide 
at Eligo Pond. This report does not discount this valley as a possible 
outlet. The absence of high-level lake sediment (above 1,000 feet) in the 
Eligo Pond and Black River valleys south of Albany, however, seems to 
prove that the lake did not use this drainageway. If the Eligo Pond-
Black River valleys were open at this time (Stage IV), then a single lake 
may have existed in north-central Vermont that drained southward 
through the Roxhury outlet. The outlet at Roxbury stood at about 
1,025 feet (luring Stage IV. The Coveville and Fort Ann shorelines have 
been uplifted 110 to 125 feet higher at the Canadian border than in the 
Dog River valley, and other lake shores have been uplifted the same 
amount. Thus a single lake would be a possibility. 
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A second possible outlet, to the Lamoille Valley, for Glacial Lake 
Memphremagog is the divide south of Montgomery Center between the 
Trout River and the North Branch of the Lamoille, mentioned in the 
discussion of Stage III. This outlet is more likely in Stage IV inasmuch 
as the ice had melted hack enough for the water to drain along the 
margin. The present elevation of the divide seems a bit too high, but not 
exceedingly so. A third possible outlet for this lake is through the Clyde 
River to Island Pond and thence the Nuihegan to the Connecticut 
River. The divide at Island Pond (present elevation) also seems to be 
higher than the lake but much depositional material at this locality may 
have been deposited during or following the existence of the lakes. It is 
probable that Glacial Lake Memphremagog may have drained through 
any of these possible outlets at one time or another in the early de-
velopment. No doubt water began to escape southward through the 
Black River-Eligo Pond valleys during this stage, and cutting of the 
present channel between Coventry and Irasburg began. Before the end 
of Stage IV, this southward channel had been well established and cut 
down to the level of the lake in Stage V. 

Shore deposits at about 1,150 feet, marking the level of Lake Mem-
phremagog at this stage, are widespread and well developed all over the 
Memphremagog Basin except to the east of Lake Memphremagog. 
Delta deposits along the Brownington Branch of the Willoughby River 
at Brownington Center (Memphremagog Quadrangle) were cut by the 
present stream, but the top of the deposit is preserved at about 1,160 
feet. Another small deposit is located two miles to the south-southeast at 
Heath School. In the Irasburg Quadrangle, a delta along Lamphear 
Brook two and one-half miles north of Albany is the most southerly 
deposit at this level in the Black River valley. Several deltas and other 
sand and gravel deposits were mapped along tributary streams of the 
Missisquoi south of Troy. These deposits include deltas along Taft 
Brook, an unnamed brook along 1-lazens Notch Road, Mineral Springs 
Brook and one of its tributaries, and lake sand in Burgess Branch. In 
the Jay Peak Quadrangle, deltas are found on the headwaters of Lucas 
Brook two miles east-southeast of East Richford, along Black Falls 
Brook, a tributary of the Trout River, two and one-half miles east-
northeast of Montgomery and in the Trout River valley four and one-
half miles south of Montgomery Center. 

Larnoille, Stowe and Winooski Valleys. During Stage IV the lake 
waters of the Lamoille, Stowe and Winooski valleys combined to form 
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Figuvu I 	lopsut and forLset beds of the delta built into Lake Winooski (Stage 111) 
at \Villiamstown (Barre Quadrangle). 

1 

Figure 2. Foreset beds of the delta built into Lake Winooski (Stage III), one and 
one-fourth miles east of Moretown (Barre Quadrangle). 

PLATE XXXV 
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a single lake at an elevation of approximately 1,025 feet with an outlet 
at Roxbury. The name Lake Mansfield is used in this report to designate 
the lake that occupied the three valleys. Figure 21 shows the elevation 
of the lake to be the same elevation in all valleys. The water, of course, 
was at a single level, but the present shore features are not now hori-
zontal due to tilting since the recession of the last ice sheet. 

The shore features of this stage of Lake Mansfield are well developed 
and common to all the valleys. The deposits in the Winooski Valley are 
best developed inasmuch as Lake Winooski was only about twenty-five 
feet higher than Lake Mansfield. Because the lake level was lowered 
gradually by downcutting of the outlet, the shore features of the two 
lakes, particularly the deltas, are more or less continuous deposits and 
difficult to separate. 

Stream erosion was active in the Stevens I3rook-Williamstown Gulf 
valley (luring this interval. ileadward erosion, probably from the south, 
lowered the divide in this valley. Sometime during Stage IV, the outlet 
of Lake Mansfield was shifted to this valley. Downcutting of this outlet 
accounts for the lower level of the lake during the following stage. 

STAGE V 

At the beginning of Stage V, the ice of the Burlington Stade had 
almost completely melted down in the region of the high-level lakes in 
Verniont. Two exceptions were that the ice still blocked the drainage to 
the west through the Green Mountains and glaciation was still active 
north of Lake Memphremagog (Figure 22). The ice must have occupied 
the northern part of the Champlain Lowland at least as far south as 
Vergennes since all of the drainageways to the west were blocked, 
including the valley between Tluntington and ] linesburg, the most 
southern possible outlet of Lake Mansfield. The ice in the Memphrema-
gog Basin was probably north of the Canadian border at the beginning 
of this stage but active glaciation must have been taking place on the 
uplands to the north of the international boundary. 

Mernphre;nagog Basin. Glacial Lake Mernphremagog dropped to a 
level of approximately 1,000 feet during this stage due to the opening 
and downcutting of a channel through the Black River-Eligo Pond 
valleys. Mcl)onald (1967a, p. 109) notes that drainage of a lake at this 
level could have been through a col (elevation 1,025) near La Guade-
loupe, Quebec. This report contends, however, that the La Guadeloupe 
col is much too far north (latitude 450  57') to have been free of ice at this 

time. As has already been noted, it seems logical to assume that lake 
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waters began to spill over this divide during Stage IV, cutting the new 
channel of the Black River (Coventry to Irashurg), and gradually 
lowering the outlet. Whether or not a pre-glacial valley of a tributary 
stream or smaller valleys of two tributaries followed the present course of 
the Black River in this section is not kno\vn. The downeutting continu-
ed and Glacial Lake Memphrernagog was probably lowered to the ap-
proximate level of Lake Mansfield (luring Stage V. 

The lacustrine sediment in the Black River south of Orleans and the 
Clyde River between Newport and West Charleston suggest that these 
valleys were filled with lake waters for the first time (luring this stage. 
Evidences of the 1,000-foot lake level are common in the Derby-Derby 
Line area. 

Lainoille, .S'lowe and 11 ijiooski Valleys. The outlet of Lake Mansfield 
was obviously through Williamstown Gulf (luring Stage V. The outlet 
south of Williamstown was cutting down thus lo\vering the level of the 
lake. The deposits of the lake at this level are definite, but shore deposits 
are not as well developed as in the preceding stages. It is apparent that 
the water level was lowered gradually during the stage, and therefore 
stable levels were maintained for short periods only. 

Several small deltas, or lake gravel deposits, are found at the 900-925 
foot level in the i\Iontpelier and Barre quadrangles. A delta at 900 feet 
occurs in the North Branch valley two miles north of \Vorcester. An 
unnamed tril)utarv stream north of I he \\inooski  River built a delta 
into the lake two miles \vest of l\Iontpclier, and lake gravels almost fill 
Jones Brook valley south of the \Vinooski Valley. Sandy lake sediment 
of this lake stage fills the Stowe Valley in the vicinity of Stowe and the 
Dog River valley south of Northfield. 

TuE END OF THE IlIG1I-L1:vIuL LAKES 

The high-level lakes of north-central Vermont eiuded when the ice in 
the Chti nplain Lowland melted back or receded north of the valleys 
through the Green Mountains, thereby allowing the lake waters of these 
valleys to lower to the level of Lake Vermont. The dif!erent valleys were 
not opened at the same time, however, for Glacial Lake i\ iemphremagog 
remained after Lake i\ lansfield ceaseti to exist. 

The first outlet to the Champlain Lowland to be freed of ice was the 
valley now oc(Upie(1 by I lollow Brook between South fhinesburg 
(Burlington Ounlranglc) and I luntington (Camels I lump Quadrangle) 
between the Cham )lain Lowland and the .1 luntington River valley. 
Inasmuch as Ltle \ lansfield had cxi ELII(le(l into the I iui itington River 
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valley south of Bolton before the end of Stage V, the opening of the 
Hollow Brook valley allowed Lake Mansfield to drop to the level of the 
Quaker Springs stage of Lake Vermont. Since the divide between the 
Winooski and Lamoille valleys at Stowe was lower than the level of the 
Quaker Springs Lake, the lake waters of the Stowe and Lamoille valleys 
also dropped to the Lake Vermont level. 

The Ivlissisquoi River valley through the Green Mountains in the 
vicinity of East Berkshire (Jay Peak Quadrangle) was blocked for a 
considerable time after the opening of a drainageway to the west for 
Lake Mansfield. As a result, the lake waters of the Memphrernagog 
Basin maintained a high level and flowed southward to the Larnoille 
Valley through the Eligo Pond outlet. The outlet was cut down to about 
900 feet and stabilized at that level, where shore features are rather 
common in the Basin (Plate XXXVII, Figure 1). By the time that the 
ice in the Champlain Lowland had receded far enough north to open the 
Missisquoi Valley, Lake Vermont had dropped to the Coveville Stage. 

High-Level Lahes of Southern Vermont 

Damming of the streams by Burlington ice south of the Winooski 
Valley but north of Rutland resulted in few lakes inasmuch as the 
ice crossed the Green Mountains in this area and the streams flowing 
westward were small with very steep gradients. The White River valley 
was free of ice during the Burlington Stade, and no damming on the east 
side of the mountain was possible south of Roxbury. 

In the Rutland area, it is reasoned that Otter Creek should have 
contained a high-level lake south of the terminus of the l3urlington ice. 
Lake sediments, however, are not found above 625 feet in that valley. 
Obviously the water in this valley had some escape route, possibly 
around the ice margin or even under the ice, but a definite answer to this 
problem was not found during the survey. 

The Poultney River was dammed by the Burlington ice in the vicinity 
of East Poultney (Castleton Quadrangle). A lake was thus formed that 
extended upstream to Middletown Springs (Pawlet Quadrangle). The 
lake gravel, probably deltaic, at Middletown Springs has an elevation of 
900 feet, and deposits downstream, two miles upstream from East 
Poultnev, at 700 feet seem to indicate two different levels for this lake. 

The I'viettawee River was dammed by ice at Pawlet, and a small lake 
at about 750 feet elevation formed in the valley between Pawlet and 
East Dorset. 
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LAKE VERMONT 
When the Burlington glaciation was at its maximum, the Champlain 

Lowland was completely covered by ice. As melting began, however, 
lakes were formed beyond the ice margin inasmuch as the only possible 
drainage was southward through the present divide between Lake 
Champlain and the liudson River. Lake waters occupied the Champlain 
Basin until the Burlington ice melted down or receded northward to the 
St. Lawrence Lowland thus allowing the drainage to shift to the north-
east. When drainage was finally possible through the St. Lawrence 
River, the lake waters lowered to the level of Lake Champlain. The 
series of lakes that existed in the Champlain Lowland during the re-
cession of the Burlington glacier is collectively known as Lake Vermont. 

Chapman (1937, 1941) made a detailed study of the lacustrine and 
marine sediments on the Champlain Lowland in Vermont and New York. 
His reports on the glacial and post-glacial lake and marine histories of 
this region arc accurate and complete. It is not the intention of this report 
to supersede the findings or the interpretations of this scientific study. 
We found it to he most helpful and reliable during the mapping program. 
Inasmuch as the present survey covered the whole Champlain Lowland 
and all adjacent areas in Vermont, however, certain new data collected 
are here recorded to add to the work of Chapman. Certain new inter-
pretations, such as a new lake stage, and additional discussion of the 
deposits of Lake Vermont are also included. 

The Calving Retreat of the Burlington Glacier 

The few and scattered occurrences of till and a predominance of 
boulder strewn lake sediment over most areas of the Champlain Lowland 
indicate a calving retreat of the Burlington ice. Whereas we propose a 
stagnant zone retreat over the uplands of Vermont, the evidence in the 
Vermont Valley and the Champlain Lowland suggest an edge retreat. 
The ice edge melted hack against outwash deposits in the Vermont Valley 
and I y calving into lake waters in the Champlain Lowland. Connally 
(1967), Shuts (1966it) and l3ehling (1966) cite evidences of ice readvance 
in the llruuloii area and the \Tenno i it Valley, but no other areas ex-
hibited such evidence. Insofar as present knowledge is concerned, the ice 
may have been stagnated in most areas but calved nonetheless into Lake 
Vermont. Regardless of whether the ice was active or stagnated, it is 
apparent that the glacial margin, buoyed up by the waters of Lake 
Vermont, calved off from the glacier and floated away as icebergs. As the 
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icebergs melted, the detritus contained in them dropped to the bottom 
and was incorporated in the lake-bottom sediment as it accumulated 
there. 

The boulder strewn, lake-bottom sediment is very widespread in the 
Champlain Lowland. The lacustrine material containing the pebbles, 
cobbles and boulders consists mostly of clay and silty clay. The number 
of cobbles and boulders contained in the lake sediment is surprisingly 
large, causing the surface of cultivated land to resemble a till plain. In 
the Burlington region, in particular, the surface of the clayey lake sedi-
ment contains such a large number of boulders that the farmers line the 
fence rows with them. A good exposure of this material is found along 
the shore of Lake Champlain near the mouth of Holmes Brook two 
miles northwest of Charlotte (Willsboro Quadrangle). I lere ten to thirty-
five feet of varved lake clay are exposed along the lake shore in a 
vertical cliff one hundred yards long (Plate XXXVI, Figure 1). Numer-
ous boulders, contained in the lake clay, ranging in size up to thirty 
inches across, were striated and/or faceted, indicating ice erosion (Stew-
art, 1961, p.  105, Plate XVIII, Figure 2). The extent of the 'bouldery 
lake clay" suggests that the calving retreat extended the entire length 
(north to south) of the Champlain Lowland in Vermont. Similar boulder 
strewn lake sediment, indicative of a calving retreat, was reported 
for the western half of the St. Lawrence Lowland by MacClintock and 
Stewart (1965, p. 8). 

The second significant evidence of a calving retreat of the Burlington 
glacier is the virtual absence of till over many areas of the Champlain 
Lowland. Wave activity, of course, was responsible for some removal of 
till along the shorelines of the different lake stages. The erosion by waves 
on till shorelines, however, is easily recognized because of the boulder 
concentrations left after the removal of the finer grain sizes. In many 
areas, the lake bottom sediment is found to lie directly on the bedrock 
These sediments were deposited at depths below wave base where 
removal by any erosive agent would have been impossible. In these 
areas, the striae on the bedrock, under the lacustrine sediments, are 
well preserved and fresh showing that fiuvial erosion did not take place 
before the silts and clays were deposited. Till deposits on the lowland are 
restricted mainly to the foothills of the mountains and the hills standing 
above the highest lake level or areas where the lake water was not deep 
enough to permit calving. This suggests that the ice edge was calving 
both during the advance of the glacier as well as during retreat. 
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Figure 1. Bouldery, varved, lacustrine clay exposed along the Champlain lake-shore 
at the mouth of Holmes Brook (Burlington Quadrangle). 

Figure 2. T-3uilington hasal till exposed iii in excavation at i lain aj id Spear -I eeLs 

in Burlington (Burlington Quadrangle). 

PLATE XXXVI 
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The Quaker Springs Lake Stage 
Chapman (1937, P.  97) noted certain lacustrinc deposits in the Cham-

plain Lowland that were above the level of his Coveville lake stage. 
These deposits he interpreted as having been made in local, high-level 
lakes that formed along the ice margins as the ice margin waned along 
the sides of the lowland, but before the glacier had receded enough to 
form Lake Vermont. Chapman was cognizant of the fact that Wood-
worth (1905, p.  103) had described shore features in New York which 
he believed marked an earlier, higher stage than the Coveville. Chapman, 
however, did not believe that the evidence that he had found in Vermont 
and New York were conclusive enough to warrant the designation 
of an earlier than Coveville stage. The present survey has identified a 
series of higher than Coveville shore phenomena which seem to establish 
the existence of an earlier, higher stage of Lake \Te rmont. Inasmuch as 
Woodworth used the name 'Quaker Springs Stage" to designate the 
lake that he described, this designation already had precedence and was 
used by Stewart (1961, p. 105) to identify the highest stage of Lake 
Vermont. The higher shore features are approximately 100 feet above 
the Covevillc shoreline and extend more or less continuously from 
Lake St. Catherine in the south to the Lamoille River in the north. 
The shore sediments of this stage are best developed in the Burlington, 
Milton and Mt. Mansfield qiadrangles and upstream in the valleys of the 
Winooski and Lamoille rivers. In these regions, the shore features are so 
well developed that they seem to indicate that the Quaker Springs Lake 
was in existence for an interval as long as the later lake stages. 

At Rockville, two-tenths of a mile south of the southern border of the 
Burlington Quadrangle, a shore terrace was cut into the mountain 
slope. A beach gravel deposit extends from the base of the wave-cut 
cliff at an elevation of 695 feet down to the highway (State Route 116) 
approximately one hundred feet below. Because the mountain slope is 
here partly covered by till and partly by karne terrace gravel, the wave 
activity that cut the terrace and deposited the beach left a heavy 
concentration of large boulders on the surface of the terrace. Several 
bars and/or spits were built on the terrace more or less normal to the 
shoreline. 

In the vicinity of ilinesburg (Burlington Quadrangle) the lake shore 
phenomena are at the same level as the flat-topped kame terraces. As 
described earlier in this report, the wave activity of the Quaker Springs 
Lake planed off the terraces and carried the sediments out over them 
depositing a mantle of delta-like foreset beds. The amplitude of the 
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foreset beds is over one hundred feet, down to the base of the ice-contact 
slope, as seen in exposures of the large gravel pits. At some places, on the 
tops of the terraces, beach gravel deposits are found and in other sections 
lacustrine clays and silts show lake waters to have been at that level. 
The tops of the terraces and the beach gravel deposits have an elevation 

of 700 feet. Gravel pits penetrating the outer slopes of these terraces 
show evenly bedded, medium textured gravel dipping away from the 
flat tops covering kanie gravel exhibiting ice-contact structures (Plate 
XXXIII, Figures 1 and 2). Early investigations of these deposits 
assumed that the dipping beds were deltaic in origin, but the underlying 
kame gravel was prohal)ly not exposed at that time. 

Along johimv Brook, one-half mile south of Fay's Corners, a Ia-
custrine sequence consisting of lacustrine silts and clays covered by kame 
gravel was exposed at the time of the mapping. The top of the deposit 

is at an elevation of 740 feet. These sediments may have been deposited 
in a local ice-marginal lake since they seem to he above the Quaker 
Springs level in that area. 

The shore sedinients of the Quaker Springs Lake arc well developed 
in the jericho-Underhill region (Camels I lump and Mt. Mansfield 
quadrangles). A gravel pit on the south side of the Lee River valley, 
one-half mile north-northeast of Jericho Center, showed ten to fifteen 
feet of beach gravel. The gravel follows the valley for a distance of two 
miles and has a top elevation of 725 feet. An extensive deposit of beach 
gravel and near shore-level sand and gravel occurs south of Browns 
River along the highway (State Route 15) between Jericho and Riverside. 
The level valley floor, including the section from which Underhill Flats 
derives its name, is a deposit made It about water level in a shoaling 
cove that extended upstream from the lake. Some of the gravel, however, 
is (lehnitcly beach with bars found on the surface, particularly in the 
vicinity of Jericho. The elevation of the highest bars in this end of the 
valley are 710 to 725 feet. Lake gravel (leposits upstream from Underhill 
indicate at least one earlier ice-contact lake higher than the Quaker 

Springs level. 
The most northerly deposit of the Quaker Springs Stage in the 

Champlain Lowland is located on Prospect I lill two miles south-south-
west of Fairfax (Milton Quadrangle). On the north slope of the hill, a 
beach gravel was deposited over the till, and a low, but definite, shore 
cliii was eroded. The elevation at the top of the gravel and at the base of 
the cliff is 750 feet. Beach gravel is spread over the slopes for a distance of 
ahout four miles. 
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Eviclences of a higher than Coveville lake are found throughout the 
valleys of the Lamoille, Winooski, North Branch, Dog and I [untington 
rivers and to a lesser extent along the Mad River. Inasmuch as these 
valleys were all occupied by one or more lakes during the high-level 
stages, described in the preceding chapter, it is difficult in many cases to 
separate the sediment of the upper and lower lake sequences. After the 
high-level lake dropped to the level of Lake Vermont, the streams 
rapidly cut down through the unprotected sediment filling the valleys 
and reworked the easily eroded sands and gravels at the lower lake 
levels. Shoaling (lid occur, but the sediment filling the lakes was mostly 
sand and pebbly sand. Shore features, mostly beach gravel and a few 
deltaic deposits, do occur, and these are the best indicators of lake levels. 

In the Lamoille Valley, the most prominent lake-level markers are the 
gravel flats composed of beach materials in the vicinity of I\lorrisville 
(Hyde Park Quadrangle). The village stands on a gravel terrace at 670 
feet (Coveville), forty feet above the floodplain of the Lamoille River. 
A second gravel-capped terrace, at l\Iorrisville, standing at an elevation 
of approximately 720 feet, lies to the east of the lower level marking the 
Quaker Springs in that area. The Morrisville I ugh School stands on the 
second level. An excavation at the high school, at the time that region 
was mapped, penetrated fifteen feet of horizontally bedded, uniformly 
sorted, fine gravel. A wave cut terrace. behind the high school rises to 
710 feet. To the south, across a post-glacial ravine, the country club, 
hospital and armory are located on another terrace at about the same 
level. This terrace, approximately one mile long and one-half mile wide 
rises from elevation 750 feet at its north end to 790 feet at the south. 
The flat-topped terrace also displays shallow water topography in-
cluding spits, bars and low wave cut cliffs which are conspicuous on the 
fairways of the golf course. Gravel pits at the south edge of the terrace 
expose ten to fifteen feet of horizontally bedded, fine, clean gravel with 
pebbles ranging from one inch to one and one-half inches in size, but 
with no cobbles or boulders, lying on clean, well sorted sand. The 
foundation excavations for the hospital on the south-central part of the 
terrace penetrated fifteen feet of the same surface gravel, ten to fifteen of 
sand, and a dense, blue, silty clay of lacustrine origin. 

An 800-foot lake level is also manifested by shore deposits along the 
Lamoille Valley between I lardwick and l\ lorrisville. This lake level was 
not noted iii the discussion of the high-level lakes inasmuch as it is now 
believed to be a transitional lake between the higher and lower lake 
stages. The 800-foot lake shore is marked by a broad, level terrace on the 
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south side of the river one and one-half miles west of Hardwick Lake 
(Ilardvick Quadrangle). A second terrace occtirs on the north side of the 
river one mile to the west. Both terraces are composed of horizontally 
bedded, uniform, gravelly sand. At one place, in a gravel pit on the 
second terrace, deltaic bedding with a twelve-foot amplitude and a 
westward (lip is exposed. This lake level is also indicated by four small 
terraces in the vicinity of Wolcott and two large terraces between 
Wolcott and Wild Branch. On the I lycle Park Quadrangle, gravel 
capped terraces at 800 feet altitude are found as far west as Morris-
yule (Plate III, Figure 1). The deposits west of Morrisville have been 
dissected to a lower level except along Foot Brook, one and one-half 
miles northwest of Johnson, where horizontally bedded, pebbly sand, 
shore terrace material is exposed in a large gravel pit. 

Connally (1967) reported the elevations of the lake levels along the 
Lamoille Valley in the Mt. Mansfield Quadrangle at 840, 740 and 660 
feet. It is apparent, therefore, that the lake levels in the valley dropped 
from a 800-840-foot level to it 720-740-foot level and then to 666-670 

feet. 
In the Winooski Valley, the Quaker Springs shore phenomena have 

been much eroded and are not too conspicuous. Good evidence of a lake is 
found north and south of Montpelier in the North Branch and Dog 
River valleys. Two miles west-northwest of Monipelier and one mile 
north of the Winooski River, a delta was deposited by a small unnamed 
stream. The topset and foreset beds are well developed as was exhibited 
in a gravel pit during the mapping of the l lontpelier Quadrangle. The 
highest elevation on the flat topset beds is 820 feet. A lower terrace 
level, which seems to be about the top of the foreset beds, has an eleva-
tion of 760 feet. 

In the North Branch valley, north of Moiitpelier, a large flat la-
custrinc gravel deposit extends one mile upstream and one and one-half 
miles downstream from the village of \\orcester. The  (leposit averages 
about one-half mile in width. The sediment was mapped as lake gravel 
inasmuch as no openings or exposures were found in which the attitude 
of the l)eddillg could he ascertained. It is believed, nonetheless, that this 
is the delta of the North Branch that was built into the Quaker Springs 
Lake. The lacustrine origin of the detritus is unquestionable since the 
surface layers of the gravel could he studied in two shallow pits located 
in it. The elevation of the flat surface ranges from 700 feet to almost 
780 feet. Two other small deltaic (lel)osil s at 700 feet elevation occui 
downstream from Worcester. These are on the east side of the North 
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Branch one and one-eighth and one and one-half miles south of Putnam-
yule. 

A deposit in the Dog River valley, south of Montpelier, that resembles 
the deposit at Worcester occupies both sides of the valley between 
Riverton and Northfield Falls (Barre Quadrangle). The flat-topped, 
gravel-capped terraces have elevations of 700 to 740 feet. Whereas the 
deposits at Worcester are definitely believed to be a delta, the Dog 
River terraces may be either deltaic or shoaling gravel. Pits in the 
Riverton area show sandy gravel and pebbly sand at the surface grading 
downward into sand without pebbles at depths of ten to fifteen feet. 
Two well-developed beach gravel deposits were still intact in the Dog 
River valley at the time of this survey. One beach, at elevation 700 feet, 
is on the west side of the valley one mile north of Riverton. The latter 
deposit, before its removal for road metal, exhibited even-sized, flat 
pebbles with imbrications overlapping both into and away from the 
shore. 

There is much gravel and sand in the Huntington River valley (Camels 
Hump Quadrangle) which includes kame, lacustrine and post-glacial 
fluvial materials. A great amount of erosion, reworking of the sediment 
and redeposition has taken place in the valley since the Lake Vermont 
interval. There are, however, a series of sand and gravel terraces, the 
tops of which have elevations ranging from 700 to 750 feet, that es-
tablish the existence and level of the Quaker Springs Lake in the valley. 
A pebbly sand terrace lies to the south of the river near its mouth, high 
on the valley wall, one mile south-southwest of Jonesvillc. Lake sand in 
the vicinity of Towers School, two miles upstream from Jonesville, 
seems to indicate two lake levels at altitudes of 720 and 640 feet. Pebbly 
sand at 700 feet drapes the west side of the valley at Huntington and the 
east side of the valley along Brush Brook just north of Huntington 
Center. The Brush Brook deposit is probably deltaic. 

The Quaker Springs level is marked in the Mad River valley south of 
Moretown (Lincoln Mountain Quadrangle) by a wide, pebbly sand 
terrace on the west side of the river. The terrace extends upstream 
(southward) from the vicinity of Moretown for a distance of two and 
one-half miles. Elevations on the inner margins of the terrace, at the 
contact with the mountain slope, are 725 to 750 feet. A small beach 
gravel deposit one-fourth mile east of Moretown rises from 700 feet 
elevation at the outer margin to 800 feet at the contact with the valley 
wall, indicating a lowering from the 800-foot level to that of the Quaker 
Springs. 
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South of the Burlington region, on the Champlain Lowland, the 
shore phenomena of the Quaker Springs Lake Stage are scattered, not 
too well developed and, at this writing, still confused with the features of 
the Coveville Stage. Calkin (1965), who mapped the Middlebury 
Quadrangle, reports a wave-cut terrace and a weak scarp one-tenth 
mile east of Starksboro at 680 to 690 feet. A second fairly well developed 
wave-cut bench and beach ridge were mapped one and one-half miles 
due west of the south end of Lake Winona (Bristol Poid) at an elevation 
of 650 feet. These, according to Calkin, are the only evidences, such as 
they are, of the Quaker Springs Lake in the Middlebury Quadrangle. 

In the Brandon Quadrangle, the Forest Dale delta, reported by 
Chapman (1937, 1942), is probably a Quaker Springs feature at elevation 
620 to 640 feet. Chapman interpreted this and other deposits that he 
found above the Coveville level in the Brandon area to be evidences of 
local glacial lakes. The local lakes, according to Chapman, occurred 
along the mountain front before the glacial ice melted from the Cham-
plain Lowland in that region. Several small beach gravel deposits at or 
near the 600-foot contour occur along the mountain slope between 
Forest Dale and Pittsford (Castleton Quadrangle). just north of Pitts-
ford, pebbly lake sand and gravel capping a kame terrace indicate a 
lake level at 600 feet. 

South of Rutland (Rutland Quadrangle), on the west side of Otter 
Creek valley, four small deltas were mapped with elevations from 580 
to 620 feet. The most northern of these is within the southern limits of 
the city of Rutland. Several abandoned gravel pits were found in the 
deposit but structures were obscured due to slumping. This deposit at 
620 feet is the only one of the four above 600 feet elevation. A second 
delta at North Clarendon was built into a lake by the Cold River. The 
third delta, a deposit made by an unnamed tributary of Otter Creek, is 
located one and one-half miles south of North Clarendon. The fourth 
deposit is the delta of the Mill River at Clarendon. 

Lacustrinc gravels around Lake St. Catherine and southward to the 
vicinity of North Pawlet (Pawlct Quadrangle) have elevations as high as 
525 feet. Behling (1966) describes these features as having been made in a 
local, ice dammed lake which he called Lake Granville. These may, 
however, be associated with the Quaker Springs Stage. The shoreline 
of such a lake would follow the foothills of the low Taconics into New 
York State, and that area was not investigated during this survey. 

The drainage of the Quaker Springs Lake had to he southward over 
the divide between Lake Champlain and the Hudson River. Inasmuch 
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as this divide is in New York State and was therefore not studied 
during the present survey, the exact location of the outlet is not known 
at this time. LaFleur (1965), who has studied the sediments of Lake 
Albany in the Troy, New York region, has suggested that these deposits 
seem to show that all three levels of Lake Vermont were controlled by 
levels of Lake Albany. More recently, Connally (1968) has reported 
that his data from the Champlain Lowland of New York and Vermont 
supports LaFleur's conclusion that the Quaker Springs and Coveville 
lakes were continuous with levels in the hudson Valley. Connally does 
not, however, believe that Fort Ann Lake was controlled by a lower level 
of Lake Albany. 

The Coveuille Labe Stage 

The Coveville Lake was thought to be the highest level of Lake 
Vermont prior to this survey and the publication of The Glacial Geology 
of Vermont in 1961. Chapman (1937, 1942), as already stated, considered 
all lake-shore phenomena above the Coveville strand-line to have been 
formed in local, independent lakes that existed for a short time before 
the recession of the Burlington glacier. According to Chapman (1937, 
p. 95) the Covcville was so named because the outlet, according to his 
interpretations, was through a col at Coveville, New York. The tilted 
water plane of this lake rises from an elevation of 450 feet near Brandon 
to an elevation of 700 feet in the vicinity of Milton, the northern limit 
of the Coveville Lake recorded by Chapman (1937, p.  95). 

Data collected during the present survey seems to prove that the 
Quaker Springs Lake, and not the Coveville, had its northern limit 
just north of the Lamoille River in the Milton region. Shore features, 
believed to be those of the Coveville Stage, have been traced to the 
Canadian border along the Missisquoi River and its tributaries in the 
Enosburg Falls, Jay Peak and Irasburg quadrangles. 

At East Richford (Jay Peak Quadrangle), a delta at the international 
boundary at an elevation of 740 feet occurs at the mouth of Lucas 
Brook on the south side of the I\lissisquoi River. The foreset bedding of 
this deposit, with amplitudes of thirty feet or more, rest directly on 
varved clay and laminated silt. One and one-half miles southwest of the 
East Richford deposit, at Stevens Mills, a delta at the mouth of Moun-
tain Brook has an elevation of approximately 760 feet (Plate XXXVII, 
Figure 2). The foreset beds of this delta, exposed in a new road cut at the 
time the quadrangle was mapped, were dipping into the valley with 

169 



- 	 -. 

Li:1 	 1 
:r 

: 

N~ 
Figure 1. Foreset bedding of a small delta built into Lake Memphremagog, one mile 
south of Lowell. Top elevation 900 feet (Irasburg Quadrangle). 
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Figure 2. Ikita built into Coveville Stage of Lake Vermont by Mountain Brook at 

Stevens Mills. 'I'op elevation 760 feet (Jay Peak Quadrangle). 

PLATE XXXVII 
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the toe resting on the ice-contact gravel of a kame terrace in the Missis-
quoi Valley. Similar deltas occur along the Missisquoi Valley at Richford 
near the mouth of North Branch and two miles south of Richford 
where the small stream that drains Guilirnettes Pond enters the Missis-
quoi. A large gravel pit in the North Branch delta exposes foreset 
bedding with amplitudes of fifty to sixty feet. The top of the foresets is 
at 640 feet, but the surface of the deposit slopes upward to over 700 feet 
at the top of the terrace. 

Along Alder Brook, a tributary of the Trout River, at South Richford, 
beach gravel and beach ridges occur at the 760-foot contour. Two miles 
south of I\Iontgornery Center the South Branch of the Trout River 
exhibits delta levels with elevations at 720 to 740 feet that were dissected, 
reworked and redeposited to make a flat delta top at 600 to 625 feet. 

At the headwaters of the l\Iissisquoi River in the Irasburg Quad-
rangle, a pebbly sand terrace extending three miles to the south of 
North Troy stands at elevations of 720 to 740 feet. Smaller patches of a 
pebbly sand terrace at the same elevations south of Troy suggest a 
shoaling lake at that level. Dissection by post-glacial stream erosion has 
exposed lake clays below the pebbly sand veneer in these areas as well as 
kame gravel below the lacustrine sediment. 

A well-developed series of beaches and one delta define a gently 
sloping shore strand-line in the Enosburg Falls Quadrangle. The shore 
features rise from an elevation of 710 feet in the extreme southwestern 
part of the quadrangle to 740 feet in the vicinity of West Enosburg. 
Four beach deposits along Tyler Branch, Bogue Branch and The Branch 
mark the level of a lake south, southeast and east of West Enosburg at an 
elevation of 740 feet. The deposits in that area include gravel beaches 
one-half mile west-southwest of Enosburg Center, on the south side of 
Boguc Branch two miles southeast of West Enoshurg, one at Bordoville 
and another one mile north of Bordoville. A gravel bar was mapped two 
miles west of Bordoville. In the southwestern part of the quadrangle, a 
delta built into the lake by the Fairfield River, three and one-half miles 
upstream (south) from Fairfield, stands at an elevation of 710 feet 
(Cannon, 1964b). 

The above data leads us to conclude that the Coveville lake waters 
extended as far north as the Missisquoi River and up the Missisquoi 
River to the Canadian border and beyond McDonald (1967, p.  110) 
notes iiearshore features occurring at an altitude of 760 feet southeast of 
Sherbrooke, Quebec, that rise to approximately 86() feet near Windsor. 
This lake, designated Lake Orford by McDonald, we postulate, is a 
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Figure 1. 	l,acusLiiie iltaiiil very Pile eiiil iii twenty foot high terrace cue-half 

mile north of Proctor (Castleton Quadrangle). 

Figure 2. Beach gravel cii lake silt and sami. lop elevation 551 feet I y hand-level. 

West side of Otter Creek valley, three miles south of Proctor (Castleton Quadrangle). 
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northward continuation of the Coveville Lake. 
The present elevations of the shore sediment, noted above, compare 

favorably with the water planes and isobases established by Chapman 
(1942, Figures 12 and 20). According to Chapman's isobase map, the 
Fort Ann level should be near the 600-foot contour at the Canadian 
border in the Enoshurg Falls Quadrangle, and the Coveville shore 
should be 120 to 140 feet higher than the Fort Ann. 

Scattered deposits of beach gravel and pebbly sand, although not as 
well developed as those along the Missisquoi River, make it possible to 
trace the shore of the Coveville Lake from the Enosburg Falls Quad-
rangle to the Lamoille River in the vicinity of Milton. Beach gravel 
drapes the slopes of Aldis I lill at St. Albans on all sides. The foliage and 
urban development on this hill, however, make it impossible to establish 
the top of the lacustrine material. Immediately east of Aldis Hill the 
beach gravel overlapping the slopes of a hill has a top at the 700-foot 
contour. Beach gravel on the southwestern slope of Bellevue Hill, two 
miles south of St. Albans, has an elevation of 680 feet at the contact with 
the slope. In the northern part of the I'dilton Quadrangle, a deltaic 
deposit one mile north of the Lamoille River on the head\vater of Beaver 
Meadow Brook has an elevation of 660 feet. 

As noted earlier in this chapter, a terrace level in the village of Morris-
ville stands at an altitude of 670 feet. The village of Hyde Park, two 
miles to the west, on the north side of the Larnoille River is located on a 
beach gravel terrace at the same elevation. Connally (1967), as also 
noted earlier, reported the Coveville shore features in the Mt. Mans-
field Quadrangle at elevations of 640 to 660 feet. Stewart (1961, p.  97) 
recorded the Coveville beach deposits of the Winooski and Dog River 
valleys at elevations of 650 to 675 feet. 

In the Burlington region, the shore terrace of the Coveville Lake on 
Mt. Philo at 520 feet and North Williston Hill at 540 feet were noted by 
Chapman (1942, p.  81). The data collected by the present survey, 
published by Stewart (1961, pp. 107-8), include a wave-cut terrace 
north of Monkton Ridge (585 feet), wave-cut terraces at South Hines-
burg (600 feet), a beach deposit on the south side of Pease Mountain 
near Charlotte (545 feet), and beach gravel at Fay's Corners (620 feet). 

Calkin (1965) reported that the Coveville shore phenomena in the 
Middlebury Quadrangle have elevations ranging from 560 to 595 feet. 
Two of these deposits that are quite well developed mark the lake level 
in the northern part of the quadrangle. One deposit is a beach ridge 
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three-fourths of a mile long that forms a semicircle around the southeast 
end of Winona Lake (Bristol Pond). The elevation of the ridge varies 
from 580 to 595 feet. A few hundred feet to the south a fifty-foot wide 
wave-built terrace standing at 520 feet is also probably a correlative of 
the Coveville Stage. The other shore deposits, also noted by Chapman 
(1937, pp.  118-19) are on the kame terrace at Bristol. The flat-topped 
terrace on which the village and the airport are located has an elevation 
of 577 feet which is probably the highest Coveville in that area. Other 
terraces on the gravel deposit occur at 520 and 570 feet. The gravel beds 
along the margin of the kame terrace are quite similar to those already 
described at Hineshurg and Barnes Hill. The wave erosion carried the 
gravel out over the icc-contact slope forming inclined beds similar to a 
delta. At Bristol, the beds dip two to twenty-five degrees away from the 
kame terrace. Here, as at Hinesburg and Barnes Hill, the underlying 
ice-contact structures of the kame terrace are exposed in gravel pits that 
penetrate below the lake sediment. 

On the west slope of Snake Mountain (Port Henry Quadrangle), 
one-half mile east of Willrnarth School (three miles south of Addison), is 
a horizontal beach ridge of sand and gravel. The ridge is about ten feet 
high and fifty to seventy feet wide with a top elevation of 500 feet. 

Chapman (1942) reported a Coveville delta at Brandon (Brandon 
Quadrangle) with an elevation of 430 feet. Connally (personal com-
munications), who mapped the quadrangle during the present survey, 
however, reported the elevations of the Coveville beach deposits at 
540 to 560 feet. 

In the Castleton Quadrangle, the lake sands in the Pittsford area 
have elevations up to 500 feet and lake clay occurs at 495 feet at Horton-
ville (Plate XXXVIII, Figure 1). A well-developed beach located on the 
west side of Otter Creek valley, three miles south of Proctor, has a top 
elevation of 551 feet (Plate XXXVIII, Figure 2). 

The Fort Anu Stage 

The final stage of Lake \ermont, named the Fort Ann for the gorge 
near Fort Ann, New York, through which it drained, has a water plane 
approximately one hundred feet below the Coveville (Chapman, 1942, 
p. 61). According to Chapman, the water plane of this lake in Vermont, 
as indicated by strand-line features, rises from 36 feet elevation at 
Snake Mountain, west of Middlebury, to 591 feet east of Green's 
Corners Station. 
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The Fort Ann shore phenomena do not seem to be as well developed in 
Vermont as the earlier lake stages, and they are also more scattered. 
The implication seems to be that the Fort Ann Lake was not in existence 
as long as the two preceding lake stages. The evidences where found are 
quite definite and conclusive but do not seem to be as prominent. If our 
interpretation of Chapman's statements is correct, he found the beach 
deposits and shore terraces, in general, to be better developed on the 
New York side of Lake Champlain than in Vermont. 

In extreme northern Vermont, the Fort Ann features, like those of the 
Coveville Stage, are best developed in the Missisquoi River valley. In 
the headwaters of the river in the Irasburg Quadrangle, beach gravel is 
found at the northeast limit of North Troy at 600 feet elevation and 
one-half mile to the east at 620 feet. A flat, pebbly sand terrace one 
mile north of North Troy also stands at an elevation of 600 feet. The 
delta two miles south of Montgomery Center that was reworked at an 
elevation of 600 to 625 feet has already been noted in the Jay Peak 
Quadrangle. A basement excavation in this deposit at the time of this 
survey showed good beach gravel at 625 feet. Several patches of beach 
gravel on shoreline terraces were found along the Trout River valley 
between Montgomery Center and East Berkshire. One of the best 
developed of these is located one mile northwest of Montgomery Center 
where fifty feet of small, clean beach gravel lies on twenty-five feet of 
laminated silt and clay. The beach forms a flat-topped terrace at 600 
feet altitude. A single Fort Ann beach was mapped in the Enosburg 
Falls Quadrangle on the south side of Bogue Branch valley, two and 
one-fourth miles southeast of West Enosburg. The top of the terrace has 
an elevation of 600 feet. 

From the above statistics we conclude that the present elevation of 
the Fort Ann strand-line at the Canadian border is about 625 feet. In 
southeastern Quebec, a lake described by McDonald (1967a, p.  110) 
has nearshore features that rise from 625 feet southeast of Sherbrooke 
to 700 feet in the vicinity of Windsor. These seem to be the Fort Ann 
strand of that region. 

Chapman (1942) stated that he found no shore features of Lake 
Vermont in the Champlain Valley north of the Missisquoi River. lie 
concluded that the lake waters were draining around the ice front by the 
time it had receded that far to the north. Cannon (1964b), who mapped 
the Enosburg Falls Quadrangle, agrees that no evidence of the lake was 
found in the Champlain Lowland north of the river. But, he believes 
that silt and clay terraces in the southern section of the Lake Carmi 
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valley, as well as those in the Missisquoi Valley, were deposited in Lake 
Fort Ann. 

Chapman (1942, P.  81) has rioted the Fort Ann shore features along 
the slopes of St. Albans Hill (570 feet) and Aldis Hill (580 feet) in the 
St. Albans Quadrangle as well as the Milton and Cobble Hill terraces 
(537 feet and 527 feet) in the Milton Quadrangle. The present survey 
studied the gravel terrace on the slope of Cobble Hill and by aneroid 
barometer measured the elevation of the top to he 575 feet. Most of the 
gravel has now been removed for construction and road building pur-
poses. A delta on the headwaters of Malletts Creek, located one mile due 
east of Milton, has a top elevation of 600 feet. The delta seems to have 
been reworked down to about 560 feet, and stream dissection has re-
moved a goodly part of the deposit. The original top of the deposit was 
undoubtedly at the Coveville level. A beach gravel deposit in the south-
ern part of the Milton Quadrangle, one-half mile north of Butlers 
Corners at an elevation of 580 feet, was reported by Stewart (1961, p. 
109). 

In the Burlington area, Chapman (1942, p.  81) recorded the Fort 
Ann level of the Winooski Delta at Richmond at 500 feet elevation and 
the Mt. Philo terrace at 431 feet. Stewart (1961, p. 109) noted Fort 
Ann beach gravel on Pease Mountain and Jones lull, near Charlotte, at 
elevations of 460 and 465 feet respectively and one-half mile west of 
North Williston Hill at 525 feet. 

In the Middlebury Quadrangle, Calkin (1965) mapped four Fort Ann 
shore features that establish the strand-line in that area between 
elevations of 390 to 410 feet. The most northerly of these, that seems 
to be above the Fort Ann level, is east of the foot of Shellhouse Mountain, 
two and one-fourth miles west-southwest of Monkton where a gravel 
beach and low scarp have an elevation of 475 feet. A beach ridge was 
mapped at the foot of Buck Mountain (northwest side) two and one-half 
miles south of Vergennes. The elevation of the ridge is 390 to 400 feet. 
In the central part of the quadrangle, a wave-cut bench and beach are 
located three-fourths of a mile west of Greenwood Cemetery near the 
junction of State Routes 17 and 116 west of Bristol. A well-developed 
beach ridge one mile long near The Ledge at Cornwall, two and one-half 
miles west of Middlebury, marks the shore of the lake in the southwest 
corner of the Middlehury Quadrangle. The elevation of the beach ridge 
is 390 to 400 feet, and the till above it is wave washed to 450 feet. 

On the north slope of Snake Mountain (Port Henry Quadrangle), one 
and one-half miles east of Addison, the Fort Ann shore is manifested by a 
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beach deposit of sand and gravel at an elevation of 366 feet. 
In the Brandon Quadrangle the Fort Ann strand is marked by a ridge 

of beach gravel over a mile long, one mile northwest of Middlebury 
Center. The elevation of the top of the deposit is 440 to 450 feet. A small 
delta one mile northwest of Salisbury at an elevation 450 feet was ap-
parently deposited by the stream flowing out of the Lake Dunmore 
depression just to the east. A small beach gravel deposit on the west side 
of Otter Creek valley two miles east of Sudbury also has an elevation of 
450 feet. The sandy lake sediment in the Otter Creek valley between 
Pittsford and Proctor (Castleton Quadrangle) have been terraced from 
their highest level at 600 feet elevation down to the present floodplain 
of the stream. A distinctive pebbly sand-capped terrace at 400 to 420 
feet seems to be the best marker for the Fort Ann in that area (Plate 
XXXVIII, Figure 1). The pebbly sand terraces along the Castleton 
River are at 440 to 460 feet. The village of Fair Haven (Whitehall 
Quadrangle) stands on a lake plain one by two miles in area at about 
360 feet elevation, which appears to be a deltaic mass built into the 
former lake by the Castleton River. 

POST LAKE VERMONT EROSION INTERVAL 
After the draining of Lake Vermont due to the recession of the Burl-

ington ice to beyond the St. Lawrence River, the Champlain Lowland, 
above the level of Lake Champlain, was dry land and subjected to an 
interval of weathering and fluvial erosion. Prior to 1958 it was assumed 
that marine waters invaded the St. Lawrence and Champlain lowlands 
as soon as the St. Lawrence Valley was free of ice. Studies of the Ia-
custrine and marine sediment in the St. Lawrence Lowland, however, 
have shown that an erosional interval did occur after the deposition of 
the lake sediment and before the placement of the marine elastics on top 
of it. The excavations for the St. Lawrence Seaway and Power Project 
exhibited lacustrine varved clays with the top foot or two oxidized and 
"fractured" into a sort of a breccia (MacClintock, 1958; MacClintock 
and Terasmae, 1960; MacClintock and Stewart, 1965). i\lacClintock 
and Terasmae (1960, p.  238) interpret these fractures and the oxidation 
as evidence of weathering and desiccation of the lake clays before the 
deposition of the overlying marine sediment. The shrinkage caused by 
the dewatering and drying out of the clays and silts apparently caused 
the fracturing of the upper layer. 

The evidences of erosion following the recession of the Burlington 
ice and the draining of Lake Vermont are not as spectacular in Vermont 
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as those described above, but certain evidences do exist. 
In the Missisquoi River valley, particularly in the Enosburg Falls 

Quadrangle, the marine sands and pebbly sands deposited during the 
Champlain Sea interval lie in the bottom of the valley. The valley walls, 
in this area, are covered by lake bottom sediment, mostly silty clay, 
to heights of fifty to eighty feet above the marine sands that form the 
valley floor. It is assumed that the lake bottom sediment filled the valley 
at the time that the lake waters drained. Stream erosion must have 
subsequently removed much of the sediment before the invasion of the 
sea. An erosion surface is also indicated by the fact that the top of the 
lake sediment, below marine sands, is channeled and rilled with scattered 
deposits of fluvial gravel in them (Cannon, 1964b). 

In some sections of the Champlain Lowland the marine sediments, 
including clay, silty clay and sand, contain cobbles and boulders. It 
cannot be assumed that these boulders were ice rafted because the 
glaciers were north of the St. Lawrence River valley when the Champlain 
Sea existed. The source of these must have been the till and the boulder 
strewn lake sediment. Two possible erosive processes could have been 
responsible for the concentration of the larger fragments. In the first 
place, the wave erosion by the marine waters (luring the deposition of the 
sediment could have winnowed out the boulders. The only other pos-
sibilitv is that erosion (luring an interval preceding the Champlain Sea 
left the boulders as a lag concentrate and the marine sediment was 
deposited over them and washed oil later. Some of the finer sediment 
containing boulders must have been deposited below wave base where 
wave erosion was unlikely. 

In recent years, the interpretation of certain radio-carbon dates has led 
to the conclusion that the Fort Ann Stage of Lake Vermont, and probab-
ly Lake Iroquois, may have existed at the same time as the Champlain 
Sea (McDonald, 1967a, p. 122). Such an interpretation, radio-carbon 
dates notwithstanding, seems most improbable to the writers of this 
report. In Vermont, the deposits of the highest marine limit lie well below 
those of the lowest Fort Ann, indicating no gradual lowering to the 
marine stage. The marine sediment with fossil shells overlies varved lake 
sediment in both the St. Lawrence and Champlain lowlands. All evidence 
in these regions indicates an erosion interval between the lake and marine 
episodes. 

We conclude, therefore, that the Champlain Lowland was not below 
sea level at the time that the Burlington ice withdrew. The lowland was 
invaded by marine waters because of the eustatic rise of the sea. After 
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the Champlain Sea episode, the land rose out of the water because of 
isostatic adjustment. 

THE CHAMPLAIN SEA INTERVAL 

Following the post-Lake Vermont erosion interval, the eustatic rise of 
the sea caused a slow rise of marine waters into the Champlain Basin 
to form a body of water, connected with the sea, that has been designated 
the Champlain Sea. The manifestations of the ocean waters are found in 
the beach and bottom sediments that are similar to the lacustrine 
material except that they contain fossil shells of marine invertebrates. 
The marine estuary extended up the St. Lawrence Valley at least as far 
west as Ogdensburg in New York State (MacClintock and Stewart, 1965, 
p. 115) and southward into the Champlain Valley to the approximate 
vicinity of Whitehall, New York (Chapman, 1937, p.  113). 

Chapman (1942, pp.  75-77) believed that there were times of stability 
during the marine stage that were of sufficient duration for strand-
lines to develop, lie recognized five different shorelines below the 
upper marine limit which he named, from higher to lower, the Beek-
maritown, Port Kent, Burlington, Plattsburg and Port Henry stages. 
Three of these, the Port Kent, Burlington and Plattsburg, he recognized 
in Vermont. The present survey did not find shore phenomena below 
the highest marine limit that seemed to establish a 'water plane." We 
believe, therefore, that the withdrawal, as the land rose out of the sea, 
was slow, but at a constant rate. We also contend that the marine beach 
deposits at various levels are indicative of such a withdrawal. All of the 
better developed beach deposits below the marine limit, it seems, were 
formed in quiet waters that were protected from wave erosion by rock 
outcrops and other topographic forms. The environmental conditions 
influenced the location of these deposits rather than a standstill of the 
marine waters or the land. For this reason, all of the following discussion 
of the data collected during the present survey concerns only the upper 
marine limit. 

The most northerly of the marine shore features mapped during the 
survey are in the Enosburg Falls Quadrangle one-half mile east of East 
Highgate. At this location the upper marine limit is marked at an eleva-
tion of 500 feet by a sand beach and dune area. A gravel beach occurs in 
this same locality and at the same elevation two miles north-northeast of 
East Highgate. During the marine interval, the Missisquoi River was 
depositing a large sand delta in the Sheldon Springs-East Highgate area 
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Figure 1 Sea caves in the Claretidon Springs Formation formed by Champlain Sea 
waters. Elevation 240 feet. Three-fourths mile southeast of Chimney Corner (Milton 
Quadrangle). 
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and much of the northwestern portion of the quadrangle was being 
blanketed by marine silts and clay (Cannon, 1964b). 

The highest marine level is indicated in the St. Albans region by a 
marine beach that extends southward from a point two miles north of the 
city limits to a point one mile south of Georgia Center, a distance of 
ten miles (St. Albans and Milton quadrangles). The beach goes through 
St. Albans on the slopes of the hill just east of Main Street, with elevation 
on the top of the beach near the southern limits of the city measured at 
430 feet. The activity of the waves in this region is manifested by large 
areas of wave-washed till strewn with huge boulders and of marine 
beach gravel over the slopes and in low areas. Near Lake Champlain, 
west of St. Albans, beach bars are common below the 180-foot contour 
(Plate XXXIX, Figure 2). The delta of the Lamoille River is spread 
out over a wide plain west of Georgia Station (East Georgia) that 
extends from West Georgia southward to Cobble Hill and westward to 
Lake Champlain. Sea caves occur in the Dunham and Clarendon 
Springs dolomite formations just east of Chimney Corner and southwest 
of Walnut Ledge (Plate XXXIX, Figure 1). The region between the 
Missisquoi River (near Swanton) and the Larnoille River (near Milton) 
undoubtedly has more marine beach deposits and the greatest variety of 
features formed by marine water action than any other area of Vermont. 
Chapman (1942) described the deltas at East Georgia, Milton and 
Colchester Station. 

South of Burlington a well-developed shore cliff, with beach gravel at 
its base in most places, attests to the highest marine limit. The shore 
cliff, rising above the sands of the Winooski delta, can be traced almost 
continuously to Shelburne Village. The conspicuous cliff runs parallel to 
and about a mile east of U.S. Route 7. The elevations on the top of the 
gravel at the base of the cliff range from 325 to 330 feet. Excavations for 
a new wing of the Dc Goeshriand Memorial Hospital in the city of 
Burlington, near the University of Vermont, were made in a marine 
beach deposit in 1960. The elevation of the top of the gravel, as near as it 
was possible to ascertain, was approximately 340 feet. Two miles south 
of Charlotte (Willsboro Quadrangle) fossiliferous beach gravel covers the 
top and western side of a ridge to an elevation of 275 feet. 

The most clearly defined marine beach ridge in the Middlebury 
Quadrangle lies to the northwest of Shellhouse Mountain and east of 
U.S. Route 7. The ridge stretches from East Slang Creek northward 
for more than a mile and one-half where it merges with a section of 
wave-washed till. The southern end of the ridge is one and three-quarter 
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PLATE XL 

Sea cliff along the northwest slope of a ridge trending southwest from Vergennes (Port Henry 
Quadrangle). 



miles north-northeast of Ferrisburg. The top elevation is 270 feet (Calkin, 
1965). 

In the Port Henry Quadrangle, a prominent sea cliff along the north-
west slope of a ridge that trends southwest from Vergennes marks the 
shore in that area (Plate XL). The ridge, composed of bedrock, is capped 
with twenty to thirty feet of lake sediment at the north and till at the 
south. The scarp, cut into the lake sediment and till, is dissected by many 
gullies. The smaller gullies have, at the base of the cliff, horizontally 
bedded beach sand and gravel instead of alluvial fans. These deposits 
show that the gullies were formed while waves and currents were trans-
porting the sediment away from their lower ends, thus accurately 
marking the level of the waves of the Champlain Sea at 247 feet present 
altitude. One mile south of East Panton the sea cliff is cut into till and 
makes a bluff forty feet high. This bluff is also dissected by gullies which 
end, at their lower end, in a horizontal deposit of beach gravel at about 
240 feet. One mile south of the mouth of Otter Creek marine fossil shells 
were found in a sandy beach gravel on top of a hill at elevation 230 feet. 

One small beach gravel deposit at an elevation of 220 feet, one and a 
quarter miles east of West Bridport, is the only beach material-mapped 
in the Ticonderoga Quadrangle. A prominent shore cliff, however, 
follows the 200-foot contour from the northern border of the quadrangle 
map almost unbrokenly to West Bridport, a distance of two and one-half 
miles. Other wave-cut shore terraces occur east of Leonard Bay and the 
southern end of Stony Cove at the 180-foot contour. 

POST-GLACIAL TILTING OF THE LAKE 
AND SEA SHORELINES 

The best evidences of post-glacial uplifts are the tilted shorelines of the 
lake and marine waters that are found in northern North America. In 
Vermont, as has already been described, the lacustrine and marine 
shoreline and nearshore deposits are tilted, to rise gently toward the 
north. In the Connecticut River valley, as previously noted, the Lake 
Hitchcock shore features rise to the north 4.15 feet per mile. In the 
Champlain Lowland both the Lake Vermont and Champlain Sea 
shorelines rise to the north at the rate of about 3.5 feet per mile. Chap-
man (1942, p.  78, Figure 2), who studied the shore phenomena on both 
sides of Lake Champlain, found that the direction of tilting (uplift) is to 
the north-northwest. On a north-south coordinate, nonetheless, the 
isobases drawn by him on the Fort Ann strand line, show a rise of 
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approximately four feet per mile. McDonald (1967a, pp.  111-14 and 
Figures 14 and 15) calculated the tilt of the shore deposits of Glacial Lake 
Orford, in southeastern Quebec, to be in a northwest direction, rising at a 
rate of 3.8 feet per mile. 

Inasmuch as the shore deposits of all three stages of Lake Vermont and 
the upper marine limit of the Champlain Sea are parallel to each other, 
uplift must have begun after the maximum sea invasion. It seems 
logical to assume that the uplift responsible for the tilting was the same 
isostatic rise that brought the land up out of the marine waters. Mac-
Clintock and Terasmae (1960, p.  238 and Figure 6) have assumed that 
both land and sea were rising after the Fort Ann Stage. They explain 
the erosion interval following Lake Vermont as resulting from an iso-
static rise of the land that was greater than the eustatic rise of the sea at 
that time. Since the lake and sea strands are parallel, it would seem that 
the uplift following the Lake Vermont episodes was a vertical movement 
rather than a tilting. Perhaps the isostatic rebound of the land had not 
begun at that time, and the eustatic rise of the sea had to await addition-
al melting of the glaciers before sea level could rise above the level of the 
St. Lawrence Valley. 

CORRELATION OF THE VERMONT PLEISTOCENE 

At this writing, the correlation of the I >leistocene events in Vernont 
with the established stratigraphic sequence of North America is un-
certain, since no datable organic remains have been found, and a leached 
zoiic between calcareous tills has been found iii only one place. This 
section of this report is therefore limited to a discussion of the possible 
relationships of the substages of the Wisconsin (Appendix U) and the 
Pleistocene stratigraphv of adjacent areas of New York, southeastern 
Quebec and New England. It is assumed, as stated earlier, that the three 
tills that have been identified in \ermoi it are \\isconsin  in age inasmuch 
as the leaching and decomposition of the oldest (Bennington) till does not 
seem to be sullicient to suggest an older age, and radio-carbon dates in 
New England and Quebec are all less than 60,000 years 13.1). 

Probabk Correiatioii with the St. Lawrence 
Lowland and Southeastern Quebec 

The two areas adacei it to \ennoi it where the I leistocenc stratigraphy 
has been established by detailed stmlv are the St Lawrence Lowland of 
New York (\IwClintock, 1958; i\licClintock and Stewart, 1965) and 
southeastern Quebec, north of the Vennont border (Mcl)onald, 1967a; 
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Gadd, 1964a, 1967). It is apparent that the three areas can be combined 
to produce a framework for possible regional correlation. The tills are 
discussed in reverse order (younger to older) inasmuch as the correlation 
of the younger surface tills seems the most probable. 

Burlington Till. A surface till with northwest fabric orientation has 
been mapped and described in the St. Lawrence Lowland as far east as 
the west shore of Lake Champlain at Rouses Point, New York (Mac-
Clintock, 1958, p.  6; MacClintock and Terasmae, 1960, p.  239; Mac-
Clintock and Stewart, 1965, p.  6). The sediments of Lake Iroquois 
(Lake Vermont) and the Champlain Sea overlie the Fort Covington till 
in the St. Lawrence Lowland as they also do the Burlington drift in the 
Champlain Lowland. Inasmuch as the lacustrine sediment and/or the 
marine deposits are now believed to be Two Creeks in age, based on 
C 14  dates, the Fort Covington drift has been tentatively correlated with 
the Port Huron (Mankato) Substage of the Wisconsin Stage (Mac-
Clintock and Terasmae, 1960, p.  239; MacClintock and Stewart, 1965, 
p. 41). There is still debate as to whether Lake Iroquois (Lake Vermont) 
or the Champlain Sea, or perhaps both, occurred during the Two Creeks 
Interstadial; but it seems certain, at this writing, that one or the other 
was of that interval (Broccker and Ferrand, 1963, p.  779; McDonald, 
1965a, pp.  60-62). 

Because of the similarities of the till, their surface position and their 
northwest fabric orientation, the Burlington till of Vermont is believed 
to he of the same glacial stade as the Fort Covington of New York. 
Assuming that the recent C' 4  dates are correct, the occurrence of the 
Burlington till below the sediments of Lake Vermont and the Cham-
plain Sea would establish its age as pre-Two Creeks. Whether or not the 
age is Port I luron (Mankato) cannot he established on this basis, but 
such a conclusion seems compatible with the known facts. 

McDonald, who has (lone a detailed study of the Pleistocene deposits 
of southeastern Quebec, immediately north of Vermont, has recorded a 
surface till with northwest fabric orientation which he calls the Lenox-
yule. This drift sheet, he says (1967a, p. 95), seems to have reached the 
entire northern border of Vermont. A minimum (late for the deglaciation 
of southeastern Quebec, obtained by the C 14  dating of organic lake beds 
that occur four miles west of Coaticook, is 11,020 ± 330 years B.P. 
As pointed out by i\Icl)onald (p.  96), however, this date was after the 
beginning of the Champlain Sea episode and when the ice must have 
i)eelI far to the north. It seems convnwing that the Burlington till is a 
correlative of the Lenoxville, and the C' 4  dates seem to support the 
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Port Huron (Mankato) age. The I lighland Front Moraine (Gadd, 1964a, 
p. 1249), composed of Lenoxville till that may correlate with moraines in 
New York State, was deposited prior to the Champlain Sea, and radio-
carbon dates establish its time of deposition as prior to 12,000 years ago 
(McDonald, 1967a, p.  107). 

Connally (personal communication) reports a C 14  date of 12,400 years 
B.P. on peat at the base of a bog resting on outwash in the vicinity of 
Glens Falls, New York. The outwash below the peat was from the 
latest glacial advance in that area. The bog is near the outcrop described 
by Hanson, et al. (1961, p. 1415), where décollement structures in varved 
clay were reported under till. The deposit, as described, seems to be very 
much like the Lewis Creek exposure northeast of North Ferrisburg 
described earlier in this report. The date and the characteristics again 
seem to suggest correlation with the Burlington glacial episode. 

From the above dates, it seems probable that the Burlington ice had 
melted from Vermont prior to 12,500 years before the present. 

She/borne Ti/i. The Fort Covington drift of the St. Lawrence Lowland 
is underlain by a till with northeast fabric orientation that is named the 
Malone (MacClintoek, 1958, p 6; MacClintock and Stewart, 1965, 
p. 41). The Malone till has been assigned a probable Cary age inasmuch 
as no evidence of inter-glacial weathering was found, and the weathering 
of the Malone is the same depth as that of known Cary till to the south 
and southwest. Whereas the Fort Covington drift extends as far south as 
the northern slopes of the Adirondacks, the Malone till spreads over the 
Adirondacks into Pennsylvania and New Jersey (MacClintock, 1958, 
p. 6). 

Since the Shelburnc till has a stratigraphic position under the Burl-
ington, similar to that of the Malone below the Port Huron, it is believed 
to be a correlative of the Malone till. A Carv age is suggested, but 
admittedly no positive evidence of the correct age is, as yet, available. 

McDonald (l967a, pp. 22-23, Figures 4 and 5, Table 2) has described 
two stratigraphic sections containing three tills that occur along the 
Ascot River approximately eight miles southeast of Sherbrooke and 
less than twenty-five miles north of the 'vermont border. The bedrock 
in this area and to the northeast of it is the St. Francis Group whereas 
the rocks of the Green Mountain antielinorium lie to the northwest. On 
the basis of till fabric and the abundance of rocks with Green Mountain 
lithologies as compared to those of the St. Francis Group, he has es-
tablished that the lower portion of the till below the Lenoxville, which he 
calls 'Fill II, was deposited by ice from the northeast. The upper part of 

186 



Till II was deposited by ice from the northwest. In between, there is a 
gradual change upward from a northeast influence to a north and, at the 
top, a northwest. These data indicate a change in ice-flow direction 
from the northeast to the northwest during the glacial episode that 
deposited the till at this place. The intermediate till (Till II) is separated 
from the overlying Lenoxville by thirty-six feet of lake sediment. This 
is the same relationship as that between the upper Malone till complex 
and the Fort Covington till in the cuts for the St. Lawrence Seaway 
(MacClintock, 1958). 

In spite of the fact that no other sections studied by I\IcDonald in 
southeastern Quebec show similar changes in flow direction, and none 
have been found in Vermont, the occurrence of this single section must be 
given consideration. The only logical conclusion that can be made is that 
glaciers were active from both the northeast and the northwest from 
different centers of accumulation during that particular glacial stacle, but 
the region was ice-free before Lenoxville time as was true in the St. 
Lawrence area. 

Since it is assumed that the Burlington and Lenoxville tills are 
correlatives, as discussed above, it seems logical to assume that the 
Shelburne till should he of the same ice episode as that portion of Till II 
with northeast fabric orientation. No evidence has been found anywhere 
in Vermont, however, for a northwest ice advance contemporaneous 
with the northeast invasion that deposited the Shelburne till. 

Bennington Till. The earliest glacial stadc recognized in southeastern 
Quebec is manifested in a one foot layer of till near the base of the Ascot 
River section (Mcl)onald, 1967a, pp. 25-27). The fabric orientation of 
the till is northeast but the rock provenance indicates ice movement from 
the northwest. The importance of this single till layer (Till I), aside from 
its recording a glacial stade, lies in the fact that it is overlain by leached 
lake silts hearing plant material. The plant fragments date the inter-
stadial in which the silts were deposited at 41,500 and 54,000 years B.P. 
(Mcl)onald, 19671), p. 42). The Bennington till of Vermont has a strati-
graphic position similar to 'Fill I of the Ascot River section. But the 
single till layer, only a foot in thickness, does not provide adequate 
information for more than a possible correlation. 

Conclusions. From the data noted above, we believe that it is quite 
definitely established that the Burlington till of Vermont was deposited 
during the same glacial stade as the Fort Coviiiglon drift of the St. 
Lawrence Lowland of New York State and the Lenoxville till of south-
eastern Quebec. The correlation of the Shelburne till of Vermont with 
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the Malone till of the St. Lawrence Lowland seems very probable. The 
correlation of the Shelburne with Till 11 of southeastern Quebec is 
suggested, but more study is needed to better equate the parameters of 
the two till sheets. There is no correlative of the Bennington till in the 
St. Lawrence Lowland and its correlation with the oldest till in the 
Ascot River section in Quebec, although their stratigraphic position is 
comparable, is quite problematic. 

Correlation with Other Areas of New England 

The correlation of the drift sheets in New England, in general, is at 
this writing somewhat confusing. There have been no studies covering 
large areas in which the stratigraphic relationships of the drift sheets 
have been established. Numerous radio-carbon dates have been made on 
various organic remains over widely scattered regions of the area. 
Without the stratigraphic relationships, however, the use of the dates 
has been very confusing, and to date no generally accepted stratigraphic 
sequence for New England has evolved. Insofar as Vermont is concerned, 
there have been few studies close enough to the state boundary to be of 
value. Few studies have been made in which the fabric of the till has 
been used for identification, and without C14  dates for the Vermont 
episodes, actual correlation is impossible. 

The radio-carbon dates recorded thus far in New England seem to 
indicate three different Pleistocene events, or glacial intervals, that may 
be related to the stratigraphy of Vermont. Dates on organic materials 
contained in sediment separating an older and younger till have been 
reported as 38,000 B.P. in Maine, 40,000 B.P. in Connecticut, and 
38,000 B.P. in Massachusetts (Schafer and Hartshorn, 1965, p.  113). 
Schafer (1967, p.  55), in a summary of the work of many investigations 
and numerous C' 4  dates, interprets the available data as indicating that 
the last glaciation of New England reached its maximum extent 19,000-
20,000 years ago. Flint (1956), Chute (1959), Kaye (1961), Davis (1965). 
Colton (1968), and others have noted evidences of an ice readvance 
that occurred 13,000-14,000 years B.P. The stratigraphy and the dates 
in New England are much more complex and complicated than the 
above statements imply, but these data, so simplified, may be used as a 
basis for consideration. 

Many studies, as noted above, in various parts of Connecticut and 
Massachusetts have noted the occurrences of two tills in the areas that 
were studied. White (1947) reported two tills, identified on the basis of 
lithology and stratigraphy, in the Stafford Springs area of Connecticut. 
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Currier (1941) noted a grey and a lower brown till in his studies in eastern 
Massachusetts. Judson (1949) and Moss (1943) identified two tills in the 
Boston area and the Concord Quadrangle of Massachusetts. 

Colton (1968), working in the Collinsville Quadrangle of northwestern 
Connecticut, reported two tills, the older deposited by ice from the north-
northwest and the upper till deposited by ice moving from east to west. 
The later movement, he suggests, may be from an ice readvance down 
the Connecticut Valley that spread out to the west over the area he 
mapped. The readvance, postulates Colton, may correlate with the 
Middletown readvance noted above. 

Flint (1961, p.  1687) reported two tills at Lake Chamberlain, north-
west of New Haven, Connecticut. The lower till with fabric orientation, 
rock provenance and striae indicating deposition by ice moving from the 
north-northwest, has been designated the Lake Chamberlain till. The 
upper till, with all data indicating a strong northeast movement, was 
named the Hamden till. The Hamden till is believed to be the surface 
till throughout the New Haven district. 

Without dates for the Vermont till sheets and ice direction data for 
most of the studies in Connecticut and Massachusetts, correlation to the 
south is most speculative. Certain possibilities, however, can be sug-
gested. 

Bennington Till. It is apparent that an older till lies below a surface 
till in many areas of New England which could possibly be, in most cases, 
the same till that lies below the interstadial deposits that have been 
dated at about 40,000 years (Schafer and Hartshorn, 1965, p.  113). This 
date is also comparable to that of 41,500 B.P. on the lowest till in the 
Ascot River section in Quebec (McDonald, 1967b, p.  42). It is therefore 
postulated here that the Bennington till of Vermont might be of the 
same glacial interval. Such a date would place this glacial interval in the 
Farmdale Interstade of the Leighton (1960) classification. 

Shelburne Till. If we suppose that the Bennington till may correlate 
with the oldest till in other parts of New England, it might then be 
assumed that the Shelburne ice invasion correlates with the surface till 
that covers much of the region. The last ice invasion in most areas, 
according to Schafer (1967), reached its maximum about 19,000 to 
20,000 years ago. This date would place the glacial interval that de-
posited the drift at about the Tazewell Substage of Leighton (1933). 

Middletown-Cambridge Readvance. The one complicating factor in the 
above speculations concerning the correlation of the Shelburne till is the 
glacial readvance of 13,000-14,000 B.I. Inasmuch as this readvance, in 
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the area of Middletown, Connecticut, was in the Connecticut River 
valley, preceding the Lake Hitchcock Lake Interval, it does not seem 
possible that such a readvance could have by-passed the Vermont-
New Hampshire section of the Connecticut Valley. It also seems, from 
C' 4  dates in Quebec, that the Burlington glacier may have been covering 
northwestern Vermont at the same time. 

The above statements re-open the question of the surface ablation 
till with northeast fabric (Shelburne) in central and northeastern 
Vermont and the basal till with northeast fabric, under the Burlington 
drift, in the northwestern part of the state. If the Shelburne till in 
eastern Vermont was deposited by the readvance that terminated in the 
environs of Middletown, Connecticut, 13,000 to 14,000 years ago, then it 
may be the same, or of only slightly older, age than Burlington and of 
later age than the northeast till below the Burlington. This is one of the 
problems of correlation pointed out by Shilts and Behling (1968) and 
Shilts (personal communication). It also seems possible that the Middle-
town readvance could be of the Cary stade, as suggested by Flint 
(1956, p.  275), and that the Burlington was somewhat later during the 
Port Huron (Mankato), as proposed for the Fort Covington (Mac-
Clintock and Stewart, 1965). 

Borns (1963) suggests a Port Huron (Mankato) age for the ice margin 
that stood near Bangor, Maine. At this writing, we believe that the 
margin of the Burlington drift trends eastward from the Vermont-
Quebec border near Norton, through New Hampshire north of the White 
Mountains and into Maine, probably to the margin noted by Borns. 
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APPENDIX A 

FIELD DATA AND CALCULATED VECTOR MEAN 

OF FABRICS OF THE BENNINGTON TILL 

WEST N 4 EAST 

7 	10 	8 
II 	20 	5 
II 	30 	6 
0 40 	2 
2 50 	2 
2 60 	2 
I 	70 	0 
4 1  80 	4 

F.b,it I. V.tt, t,t,.,. N 1Y W. 
Stb- 

.,f.t. 

WEST N15 EAST 

6 	IC 	II 
I 	20 	0 
3 30 	0 
2 40 	I 
3 50 	0 
6 60 	2 
I 	70 	0 
I 	80 	2 

F.btit 4. 	 ,,t. N 10 W. 
A,.,ill Qn.d,.tt.i.. St.b.,t.t, till. 
Tb,.. ,,ii.. fl,thtt..l ,t Bl,,fi.ld, 

WEST N 9 EAST 

6 	10 	5 
8 20 	3 
8 30 	7 
9 40 	8 

13 	so 	4 
3 60 	0 
5 70 	I 
I 	80  1 	0 

F.b,it 2. V..t, ,,t..t. N IS W. 
M.,ttph,.,,..,. Qtt.dt*flgl.. St.b_ 
.td.t.l,li. Ttt ,.,il.. tI 
0,1..,,.. 

WEST N 2 EAST 

I 	10 	I 
I 	20 	I 
4 30 	0 
4 40 	I 
7 50 	I 
8 60 	0 
8 70 	2 
I 	80 1 	0 

F,b,j, S. V.,,l,,, ,,t.., N St W. 
H.,d,,j,,k Q,t.d,.,,.i.. Stb.,,,t.,,. 
1,11. T,,,,, ,ttji.. flt,lh-,,,,,lht..l t.t 

B.,,d.  

WEST N 2 1 EAST 

4 	10 	I 
10 20 	2 
14 	30 	I 
7 40 	2 
3 50 	0 
3 60 	I 
2 70 	0 
0 80 	0 

F.b,i,, 3. V,,,l,,, ,,t.. 	 N 27' W. 
At.,lll Qn.d,.,,.l.. Sttb.ttd.,,, till. 
Tb,.. ,,tjl,. .tth tI L.,tti,,.t,,,,. 

WEST N 0 EAST 

8 	10 	7 
13 20 	9 
10 30 	3 

9 40 	4 
5 50 	0 
3 60 	0 
I 	70 	2 
O 80 1 	0 

F.b,j,, 6. Vt,,t,,, ,tt.. 	 N 14 W. 
H.,dtti,,k Qt,.d,.tttl,. St,b.tt,f.t. 
t,il. 0,,t_h.1I ,,tii, .,,t,lfl tI Ct,.,,.- 

	

WEST N12 EAST 	 WEST N5 EAST 	 WEST r40 EAST 

7 	0 	6 	 5 	10 	7 	 6 	6 
16 20 	3 	 5 20 	$ 	 6 	7 
10 30 	2 	 9 	30 	4 	 II 	4 

5 40 	2 	 18 40 	8 	 8 	9 

I'SO 	0 	 1550 	4 	 8 	6 
060 	0 	 660 	4 	 6 	4 
070 	3 	 0 70 	3 	 8 	7 
080 	I 	 080 	2 	 680 	4 

	

F.b,jt 7. V.tt,,t nt.,, N 	 It 	 F.b,i,, S. V,,,In, n,.., N 21" 	W. 	 F.b,,, S. V.,,tn,,n.., N 24' W. 
L,,t,dnntill. Q,t.d,.ttsl.. S,tb.,t,l.t, 	 Lv,dnflttll, Qn.d,.fl.l.. Sttb.,t,f.t. 	 Lt,,d,,ntili, Qnnd,.t,l.. S,,b.tt,l.,,, 

till. C,,i.. P,,d, 	 .,d ,,,,,-h.il 	 1,11. On, ,nd nn,-fntt,th ,ttll.. 	 ..t 	 till. On. .d nn.-ln,tlh nil.....I 
nil.. .n,,lh nO S1.,,n.,d. 	 nI Sl.n,,.,d. 	 ti St.ttn.,d. 

	

WEST N 7 EAST 	 WEST N 5 1 EAST 	 WEST N •0 EAST 

6 	10 	3 	 710 	3 	 210 	3 
720 	2 	 820 	2 	 220 	3 
630 	2 	 830 	5 	 730 	6 

340 	5 	 840 	3 	 740 	3 
450 	4 	 650 	I 	 650 	2 
560 	2 	 560 	2 	 560 	I 
470 	I 	 270 	4 	 870 	0 
280 1 	2 	 080 	I 	 180 	0 

F.b,i,, to. V.0,,, ,,,..,, N 	 17 W. 	 F.b,,, II. WOn, ,n..n N 21 	 W. 	 F.b,,, 12, V.,,,,, ,,,..n N 24 W. 
Lynd,,,,,ill. Qn.d,.n,l.. Sttb.ttd.,, 	 Ly,,dn,,,ill. Q,,.d,.n.l.. Sttb.tt,t.,. 	 Ly,,dnn,ill. Qtt.d,.,,l., S,.b.,,,t.,. 
till. 0,.-f,,n,th ,,,il, ,,..I nI 	St.,- 	 till. 0,,. •nd ,,.-h.lt ,,,il...... - 	 till. On. ,.,il.....nI .Sl.nn.,d. 

,,nflln,..t n(St. ... ,d. 
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WEST N6 EAST 

7 10 6 
6 20 3 
3 30 4 
6 40 0 
3 50 4 
10 60 2 
6 70 I 
4 80 2 

Fnbrict3.VectormesnN2o W.Lyn- 

donoille Quadrangle. Subsurface till. 

ne an 	one-half 
Oest 	

d wes mile, 	 t-north- 
w 	of Stannnrd. 

WEST NO EAST 

15 10 7 
12 20 9 
12 30 5 
9 40 6 
6 50 4 
2 60 0 
2 70 4 
I 1  80 1 	0 

Fabric 	16. 	Vector mean N 22 	W. 

Burke Quadrunglr. 	Subsurface 	till. 
Two 	miles 	east-southeost of 	East 

Haoeo. 

WEST IN 4 I EAST 

4 to 10 

51201 0 

61 30 1 0 
61401 I 
S I0I 3 

71 60 1 0 
2 1 70 1 

Fsbric 19. Vector mean N 24 	W. St. 

Jnhnsbury 	Qundrnngle. 	Subsurface 

till. Three n,iles north of Danville. 

WEST NO EAST 

2 10 2 
5 20 5 
5 30 3 
8 40 0 
13 50 3 
8 60 I 

I 70 3 

80 I 0 

Fabric 22. Vector meno N 29W. St. 

sdeaogle. Johnahuey Qu nce Subsurf 

till. One and one-half miles south- 

east of North Danoille. 

WEST NO EAST 

5 10 8 
12 20 9 
13 30 9 
18 40 
10 50 6 

I 60 I 
3 70 0 
I 80 0 

Fabric 25. Vector men. N IS 	W. 

Wondsnille 	Quadrangle. Subsurface 

till. One and one-half miles south- 

sontheast of Sooth Ryegnte. 

WEST NO EAST 

7 10 7 
I 20 4 
4 30 6 
8 40 4 
6 50 2 
5 60 
2 70 2 
2 80 

Feheic 14. Bnrhe Quudrsogle. Sub- 
surface till. Three and one-half mile. 
enat of East Haoen. 

WEST N 2 EAST 

0 10 I 
4 20 2 
6 30 6 
7 40 I 
9 so 3 
4 60 I 

70 3 
I 80 0 

Fabric 	17. Vector mean N 37 	W. 
Burke Quadrangle. Subsorfuce 	till. 
One-half mile south of East Lyndon. 

WEST N 3 EAST 

5 10 4 

9 20 0 
5 30 I 
II 40 0 
9 50 4 
8 60 0 
I 70 0 
5 80 0 

Fabric 20. Vector meno N 36 W. St. 

Johnsbury 	Qaudreogle. Subsurface 

till. Two and one-half miles north- 
westofFaesumpsic. 

WEST N 10 1 EAST 

IS 	10 	15 
IA 	20 	II 
IS 	30 	5 
5 40 	I 

3 50 	2 

3 60 
I 	70 	I 

0 80 	0 

Fabric 23. Vector ocean NO W. Little-
ton Qaadrungle. Subsurface till. Onc 

and one-hnlf miles east of St. 

Jnhnsbuey. 

WEST N 3 1 EAST 

5 10 I 
II 20 2 
14 30 I 
12 40 0 
6 50 0 
6 60 0 
0 70 0 
0 80 0 

Fabric 	26. 	Vector meno N 30 	W. 

Wcadscille 	Qnsdrnngle. Sabsuefscn 

till. One and nne-fourth miles north- 

west of Ryegete. 

WEST N 0 EAST 

8 10 3 
5 20 6 

10 30 I 
3 40 5 

so 6 
7 60 4 
8 70 3 
2 80 5 

Fabric IS. Burke Qundrsngle. Sub- 
surface till. Two and one-half miles 

enst of Enat l-fanen. 

WEST No  EAST 

6 10 2 
5 20 3 
5 30 8 
8 40 7 
7 so 4 
5 60 3 
5 70 3 
I 80 

Fabric 	18. 	Vector 	mnsn N 10 	W. 
Barb. Qusdrungle. Subsurface 	till. 

Two mile, southeast of Lyndoncille. 

WEST N I EAST 

2 10 3 
5 20 2 

15 30 5 
14 40 I 
8 50 I 
2 60 0 
2 70 0 
0 80 0 

Fabric 27. Vector mean N 35 W. St. 
Jnhnsbory 	Quadrangle. 	Sabaurface 
till. Twa sod one-half miles south- 

east of North Do aville. 

WEST N 4 EAST 

5 10 I 
3 20 2 
8 30 0 
4 40 I 
4 50 I 
5 60 I 
3 70 0 
2 1  80  1 	I 

Fabric 24. Vectormean N33 W. End 

Bnrre Quudrangle. Subsurface 	till. 

Goose Green, two miles south-south- 

east of Cnobnille. 

WEST N 4 1 EAST 

9 10 3 
4 20 4 
II 30 4 

I 40 2 
I 50 I 

O 60 0 
I 70 0 
0 80 0 

Fabric 	27. 	Vector mean N 8 	W. 
Waad,oille Quadrsngle. Subsurface 

till. 	Three 	and 	noe-fuueth 	mile. 

ncrth of East Tnpshsm. 
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WEST N 3 EAST 

2 	10 	2 
4 	20 	0 
3 	30 	2 
8 	40 	2 
3 	50 	0 

60 	2 

3 70 	0 
0 1  80 1 	I 

F.b,it 28. Vth, ,t,.,t N 28 W 
St,.ff,dQtt.dt.t,gI., S.tb.d..tilI 

Ott. ,ttil. .ttttth ttl SttttIh St.fftt,d 

WEST N 6 EAST 

I 	10 	I 
8 	20 	I 

I 	30 	I 
9 40 	2 
8 	50 	I 
5 60 	2 
I 	70 	I 
I 	80 	0 

F.btltt 31. V.ttttt tt,.t. N St W. 
St,,ffttttl Qttttd.ttgl.. 	 Sttb.,t.tt. 
011.0,., ,,.iI.....a N,..tth St,ttfftt.d. 

WEST N M EAST 

II 	10 	8 
5 20 

13 	30 
40 

	

8 50 	6 
3 	60 	I 
8 	70 	I 

	

80 	2 

F.b,itt 29. V.,.t,., 	 N 17 W 
St,.ff,.,d Q...d,.,.gl.. S..b...,0.,.. till 
0,.,-1,...,lh ,,.il.....,.l Oh.!.... 

WEST N 5 EAST 

I 	10 	2 
8 20 

	

30 	I 

	

2 40 	0 
2 	50 	I 

2 60 

	

2 70 	0 

80 

F.b.i. 32. V.,t,, ....,. N 2S W 
Sl,.A.,d Q...d,..,gl,, S,b...d... 
till. 0 .... d .,.-h.11 ,.il..,.,,lh...l 
.3 T...b,jdg.. 

WEST N2 EAST 

	

2 	10 	0 

	

2 20 	0 

3 30 

	

40 	2 

	

5 50 	0 

	

10 60 	0 

	

6 70 	I 

	

80 	0 

F.b,i, 30. V.a.,, ..... N sO W. 
Nt,.11,,dQ...d,.,.,l.. S..b...d.t.tjll. 
W..l N,,..i.h, I,..,...d .,,..-h.l9 

...th .3 S..tth St,.ff... 

WEST N 2 EAST 

	

3 	10 	4 

	

5 	20 	I 

	

2 30 	0 

	

3 40 	0 

	

4 50 	I 

	

6 60 	I 

	

3 	70 	I 

	

0 60 	0 

F.b.i. B. V,,ttt, ,..., N 32 W. 
St,.ff.,d Q..d...gl.. N..b....I.,. 
till. 0., d  
.ET..,h.,d,.. 

	

WEST N 2 EAST 	 WEST N 4 EAST 	 WEST N 7 EAST 

0 	104 	 2 	10 	2 	 8 	104 
2 	20 	2 	 8 20 	3 	 7 20 	2 
7 	30 	0 	 9 	30 	0 	 5 	30 	I 

	

8 40 	I 	 8 40 	0 	 5 40 	2 

	

9 50 	5 	 5 50 	I 	 2 50 

	

8 60 	4 	 I 	60 	0 	 2 	60 	0 
II 	70 	8 	 3 70 	0 	 0 	70 

	

9 80 	8 	 0 80 1 0 	 2 	80 1 	I 

F.b,,t 34. V.a., 	 N 73 W. 	 F.b... 25. Nt.,,,..y N. H.,,p.hi,, 	 F.b.i. 39. V.,l., ....,. N It W. 
St,.l1..d Q...d....l.. S..b..3... 	 Q...d...gl.. St... R...t. Itt, .t.ht 	 R...,,.y N. H.,.p.hi,.. Q...d- 
1,11. 	 .,iI.......3 S..th St,.l_ 	 ,,il,.,.,th.,.t .3 W.,,.,, N... 	 ,..,l.. St.t. R.t, lit, 

.,.il...,.th .3 C..,,,. N... H..ttp- 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NO EAST 

8 	10 	5 	 3 	10 	I 	 2 	10 	0 

	

15 20 	6 	 6 	20 	0 	 3 	20 	I 

	

7 30 	4 	 8 30 	0 	 8 30 	0 

	

40 	I 	 II 	40 	I 	 6 	40 	2 

	

250 	I 	 950 	0 	 650 	0 

	

260 	I 	 460 	5 	 7 60 	0 

	

0 70 	0 	 2 70 	0 	 I 	70 	0 

	

80 	1 	 I 80 	2 	 3 80 	0 

F.b.i. 37. V.a., ,,.... N II W. 	 F.b.i. 38. V.a., ,...,. N 43 W. 	 F.b.i. 39. V..i., ,..... N 43 W. 
Rtl.,.d Qt..d,..,,l.. S,b..d... till. 	 R..Il.,J Qtd,..nl.. S..b..,t.,. till. 	 lttttl.,d Q...d...gl.. S..b..,t... till. 
0.,. tt.,l. ,,,th...l .3 Killi.,t,,. 	 I... .,.d .,._h.11 ,,,il.. ....th...3 .4 	 T.., .,.d ,,._h.11 ..,il,,.,.tth,..t .3 
P.A. 	 E,.t Cl.,.,,d,,.. 	 E..t Cl.,.,d,,. 

	

WEST N 6 EAST 	 WEST N 3 EAST 	 WEST N 8 1 EAST 

	

10 	2 	 2 	10 	5 	 2 	10 	3 
II 	20 	0 	 4 	20 	0 	 14 20 	I 
9 	30 	4 	 3 	30 	2 	 13 30 	I 

	

3 40 	1 	 4 40 	0 	 840 	4 
5 	50 	0 	 II 	50 	' 	 7 50 	5 

	

60 	I 	 10 	60 	0 	 I 	60 	I 

	

4 70 	I 	 17 70 	9 	 2 70 	2 

	

0 80 1  0 	 7 80 	6 	 1 	so 	I 

F.b.i., 43. V.a., ,..... N 23 W. 	 F.b.I. 41. V.,t,, ,,..., N 44 W. 	 F.b..., 42. V.a., ,.... N 22' W. 

W..d.t,.t, Q...d,.,gl.. S,b..d... 	 W..d.I,,k Q,.d...al.. S..b....4.,. 	 34 .... ,, Q...d...gl.. S..b...,4.,. tIll. 

till. T. .,,Il,. ..,lh-....th.,..t .1 	 till. F,... ,.il.. ,.,,9h,...t .3 	 0... ,.,l. ....t_,,flh.t..I .3 H.,99,,d. 

S.,th W,.d.t..k. 	 .t..,k. 
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WEST NO EAST 	 WEST N9 EAST 	 WEST Ni EAST 

2 	to 	0 	 5 	tO 	4 	 2 	10 	I 
2 20 	0 	 I 20 	2 	 4 20 	0 
5 30 	0 	 7 30 	2 	 6 30 	I 
440 	I 	 1 	40 	I 	 6 	40 	I 
350 	I 	 950 	0 	 550 	0 
060 	0 	 2 60 	0 	 I 60 	0 
170 	0 	 4 70 	I 	 7 70 	0 
3 eo 1 	0 	 I 	80 	I 	 280 1 	I 

F.b,i, 43. V.,,t.t tt,... N 40' W 	 F.bti, 44, V.ttt,t ttt..t. N 23 W. 	 F.btttt 49. V,tt,t t't... N 35' W. 

H.t'..., Q,,.d,.t..I., S,tb.,t,f.,. tilL 	 Q,t.d,.tttl.. S,b..tf.tt. till. 	 Qtt.dt..tgl., S,,b..tl.t.ttll. 

Ott. till......5 H.,tt,td. 	 Ott. t.it ........t.th....t .4 Whit. 	 U. S. R,t,t, 4, It.. .tti6......4 

RI.., itttttti,t'. 	 H.,IH,d. 

	

WEST N 4 EAST 	 WEST N IS EAST 	 WEST N 4 EAST 

3 	10 	0 	 4 	10 	4 	 3 	10 	2 
0 20 	0 	 6 20 	I 	 9 20 	3 
2 30 	0 	 5 30 	0 	 9 30 	I 
5 40 	I 	 5 40 	3 	 6 40 	0 
250 	0 	 950 	1 	 450 	2 
560 	I 	 560 	0 	 260 	0 
2 70 	I 	 I 	70 	0 	 3 70 	0 
2 80 	0 	 I 80 	2 	 2 60 	3 

F.bti. 49. V.tt,, ttt.., N 42' W. 	 F.b.i. 47. V.tt,, ,tt.tttt 74 23 W. 	 F,b,,, 44. V,tt,, .,,." N 24 W. 
H ... ... Q,.dt.t.gl., Sttb.,,3.tttittl. 	 Ft ... ,,, T4,tt H.tt'p.hit. Q.,.d- 	 H ... .., N.. H.tt,p.hlt.. Q...d- 
Ott. ,t.tl.tt .tlfl.....I W.ttd.tt.I. 	 ,.t.gl. St.b.t.,I.,.ttll W..t L.h.,t,,t 	 ,.tttl., S..b.t.tl.,. till. Fit. tttil.. 

flttp'tt. 	 .,..th-.,t,th.....I W..t L.b.t.,,t. 
N., ltttt'p.hi,.. 

WEST N 3 1 EAST 

I 	10 	3 
5 20 	0 
9 30 	0 
6 40 	2 
4 50 	0 
3 60 	0 
I 	70 	0 
I 	80 	0 

F.b.i. 49. V,t7,, tt,..t. N SO W. 
H.t'.t.t N.,, H.,t.p.hi,. Q...d- 
,.,gl.. S,,I,.tt'f.,t till. 0.,. Itt,1. 

.5 M.tifl..t, N,t. H.t,p.htt.. 

WEST N I I EAST 

I 	10 	I 
3 	20 	I 

10 	30 	0 
8 40 	0 
3 50 	2 
3 	60 	I 
3 	70 	I 
0 80 	0 

F.b.I. 92. V.,ttt, t,..tt N 07 W. 
N.t. Fhttt.htt. Q...d. 

1.1141.. S,,b.,,,t.,, till. F,,.t tttlt.. 
t.ttth ... t .1 ll,,t,.,t. 71,, H.ttt.,- 

WEST N 0 EAST 

8 	10 	2 
6 	20 	I 
17 30 	0 
II 	40 	0 
7 50 	I 
O 60 	2 
5 10 	0 
7 80 	I 

F.b,i. M. V.,t,, ttt..,. N H' W. 
P.ttl.t Q,,.dt.ttgl.. S,b.,ttt.,. till. 
Tht..-t,,,tth. 	 R. t.t,th .5 Titt. 

	

WEST N 7 EAST 	 WEST NO EAST 

I 	tO 	0 	 4 	10 	4 
0 	20 	I 	 9 	20 	I 
4 30 	I 	 7 30 	0 
2 40 	4 	 10 40 	0 
250 	0 	 550 	0 
I 60 	0 	 3 60 	0 
470 	I 	 I 	70 	I 
780 	I 	 080 	0 

	

F.b,tt W. V.,t,, ttt,., N 45 W. 	 F.bttt SI. V.tt,t ttt..tt N 33 W. 

	

tt.tt,tt, N.tt H..t.ttthi,t' Qt..d- 	 H,tt.tt., N,tt H.,tt1..hi,. Qtt.d- 

	

,.t,glt. St.lt..,tt.t. till. 0,,. ,.,l. 	 ,.,tgl..St,b.,.,I.,ttitl.S,,th.id.,t 

	

,l Ltb.fl,t,. N.,. 	 L.h.t,,t,, N.,. li.tt,p.hi,., 
H.tt,p.ht,. 

	

WEST N 7 EAST 	 WEST N 4 EAST 

5 	10 	4 	 8 	10 	0 
I 	20 	2 	 7 	20 	I 

3 30 	I 	 9 30 	0 
5 40 	I 	 14 40 	2 
750 	2 	 350 	0 
3 60 	0 	 I 60 	2 
4 70 	0 	 4 70 	0 
200 	I 	 280 1 	0 

	

F.bt,.93.V.,I,,,t.... N27 W. 	 F.b,t,S4.V,,t,,,tt,..,,N3O W 

	

M...,ttt. N,, H.t,tp.hi,, Q,.,d- 	 0.14......'N., H.tt,p.ht,. Q,t.d- 

	

,.t,gl.. 5,,b.,.0.,, till. lttt.t.,.s. 09 	 t.tgt. S.d... 7,11. Ot,. ,tttl..... 

	

i,,t,,th .... ... ..1 L.b,,t,t,. 	 0,1.3,1, N,, H.t.,p.ht,,. 

	

WEST N II EAST 	 WEST NO I EAST 

6 	iol 	8 	 I 	10 	2 

	

10 201 5 	 3 20 	0 

	

14 301 6 	 4 30 	2 

	

3 401 3 	 4 40 	I 

	

3 501 3 	 5 50 	0 
4 601 	I 	 10 60 	7 

I 	70l 	I 	 7 70 	5 

	

0 ooJ, 	 II 80 	6 

	

F.b,i, 55 V.,t,t t,t..t, N It W. 	 F.bti, 57. V.tt,, ttt.... N t' W. 

	

t'.,,l.t Q,.dt.,t I. S,,b..ttS.,. till, 	 W.11t,tgt,,d Q,,.d,.,ol.. S,,b..,tf.,. 

	

Th.....a ,,,._f,,,tth tt,il..,t,,th- 	 5,11. 	 S.t,th 	 W.lt,t,05,,d 	 tt,.,bl. 

,t,flh ... t .4 Tit,t.,,,.th. 
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WEST N 8 EAST 	 WEST N I EAST 	 WEST N 7 EAST 

I 	10 	 I 	0 	0 	 o 
2 20 	0 	 4 20 	0 	 8 	20 	I 
8 30 	 3 30 	' 	 5 	30 	4 
5 	40 	I 	 3 	40 	I 	 10 	40 	I 
3 50 	0 	 50 	2 	 7 50 	I 
3 60 	I 	 4 60 	0 	 8 60 	0 
3 70 	0 	 2 70 	0 	 70 	0 

80 	0 	 0 80 	0 	 3 80 	0 

F.b.i. SB. V.th, ..t..t N 28 W. 	 F.b.i. St. V.,t,, ttt..tt N 34 W. 	 F.b.i. 60, V.,l,, .tt..tt N 30' W 
Cl.t,.tt,..l  	 Cl.—,— N,.. H.,,tp.hi.. Q...d- 

	

.. S,,1... till. Tb,.. ttil.....t 	 ,.,tgl., S,,d.,. nil. O. ttil. ,t,,th .8 	 t.ngl.. Stib.,d.,. till. Tb,.. tttfl.. 

	

Cl...ttt.,tt. N.,, H.t,tp.hq.. 	 Cl.,.,,t,.tt, N,,. U.tt,p.hi , .. 	 .,t.th,..t .8 Cl---, N.,, H.t.tp- 

	

WEST N 9 EAST 	 WEST N 7 EAST 	 WEST N 8 EAST 

3 	10 	5 	 I 	10 	 13 	10 
5 20 	7 	 4 	20 	0 	 12 20 	6 
2 30 	I 	 4 	30 	I 	 8 	30 	4 

I 	40 	3 	 8 	40 	I 	 10 40 	8 
0 50 	2 	 II 	50 	2 	 4 50 	2 
060 	4 	 8 60 	0 	 760 	0 
0 70 	0 	 12 	70 	2 	 5 	70 	I 

I 	so 	I 	 4 	80 	0 	 I 	80 	I 

F.bnt St. V.,l,, .tt..,, N 29 W. 	 F.b.i. 62. V.,t,, .t.,,, N 47 W. 	 F.b.i. 63. V..t,,, ,,..... N 22 W. 
,N.,. H.t.p.h,,., Qtt.d- 	 Eq, 	 Eq.tit,,, Q.t.dt.,,gl.. S,b.,.t.t. till. 

	

0,, .ttll, ttt .8 	 Ott. t.til......7 K.11.y St.ttd, 	 Tt., tttil...........h...t .8 S,,th 
N..,p,,t, N,,, H.tttp.hi,.. 	 o,t..l. 

WEST NO EAST 

0 	10 	0 
0 20 	0 
I 	30 	0 
6 40 	2 
II 	50 	0 
IS 	60 	2 
19 70 	0 
10 	80 	I 

F.b.i. 64. V.,t,, ,,t..tt N 64' W. 
S,b.,,,f.,. till. 

Tt.. .ttd ,.t..h.lt t.til......h-.,.,th- 
Atll,,,t,tt. 

WEST N2 EAST 

9 	10 	I 

10 	20 	2 
9 	30 	I 

9 40 	4 
15 	50 	I 

7 60 	0 
3 	70 	I 

0 80 	0 

F.b.i. 67. V..t., t.t..,, N St W. 
L'.t.d,tttt.,tv Q..d,,.t.l.. Sttb.t,tl.,. 
till. J.ttt.i,., 

WEST N 13 EAST 

2 	10 	0 

5 20 	0 
3 	30 	2 
3 40 	3 
3 	50 	I 

3 60 	0 
4 	70 	I 
2 80 	0 

F.b.I. 70. 0.0,, ttt.., N 20" W. 

..ttgl.. S.tb.tt.h,. till. F... t,,il.. 

.,ttth...t .1 W.lt,,l., N.,, H...t.- 

.hi,.. 

WEST N12 EAST 

0 	10 	4 
II 	20 	5 

3 	30 	I 
4 40 	2 

I 	50 	I 
3 60 	0 
0 70 	2 
0 80 	0 

F.b.i. SS. V.tt,, ,,...t. N 6' W. 
Eqtti,,, Qtid,.,,gl.. S.tb...,f.t. till. 
O,,,.q,Il..,,thMM.tt.h..... 

WEST N5 EAST 

4 	10 	3 
4 20 	4 
6 30 	7 
2 40 	0 
6 50 	3 
3 60 	0 
2 	70 	I 
3 80 	2 

F.bt,, U. V.,.,, ...., N Ii W. 
S.,t,,,,. Rit., Qtt.dt.ttgl.. S.,b.,tt- 

till. Ott. ,,,il. ...t .8  
RI,.,. 

WEST N 5 EAST 

2 	10 	I 
3 20 	3 
3 30 	0 
5 40 	2 

5 50 	0 
8 60 	2 

6 70 	0 
3 1 80 	0 

F.b.i. It. V.,t,,.qt..,, Nit W. 
H,,.i. F.H. .N.,, Y,,bi Q,.d,..t,l.. 

N,,th ,t.t.bitq. .1 H.,t.i, 
F.11., N.'. Y.A. 

WEST N 6 EAST 

	

so 	5 

	

3 20 	3 

	

3 30 	4 

	

4 40 	6 

	

4 50 	3 

	

6 60 	2 

	

3 70 	0 
I 	80 	I 

F.b.i. 66. V..t., t,t... N 6 W. 
q.. Ei.t,, Q.t.d,.tttl,. St.b..,tl.t. till, 

O,.tttil..,,th,,IM,ttth..... 

WEST N7 EAST 

4 	10 	I 
12 	20 	2 

	

8 30 	3 
II 	40 	2 
6 	50 	I 

	

2 60 	2 

	

4 70 	I 

	

I 80 	0 

F.b.i. 68 V..t,. ,,,,.,, N 26 W. 
F.H. Q,.d,.ttgl..  

till. Tb,.. .ttd ..t.-h.lt ..til.. 
,,..t,lN,,thW..t.,i.t.t... 

WEST N8 EAST 

	

3 10 	4 

	

9 20 	3 

	

7 30 	2 

	

3 40 	I 

	

O 50 	0 

	

I 60 	0 

	

4 70 	I 

	

80 	2 

F.b.i. 72. V..,,, .,t..tt N 14 W. 
N.,th P,,.,..l N.., V,,h Q...d. 
..,,gl.. S,t,t.,. till. T,,, ,,.il.......1 
St.,,.i,,N.,,Y,,b. 
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WEST N 4 EAST 

I 	10 	0 
o 20 	0 
4 30 	0 

I 	40 	I 
o 50 	0 

2 60 	3 
4 70 	0 

6 80 	3 

F.b.i., 73. V.tl@, ..t,.@ N SB W. 
B.t..,i.t,t.,t. Q.d,,..,l.. S.t,l.....II. 
U. S. R@..t. 7 .t W.,.,dl.,,d H.,ll.,t, 

WEST N 5  EAST 

2 	10 	2 
2 20 	0 
3 30 	0 
5 40 	5 
5 	50 	I 

3 60 	0 
4 70 	3 
2 80 	0 

F.b.i., 16. V..,.,, ..,.,., N 36 W. 
B.fltti..gthfl Q...d...,gl. S.d..,. till. 
F.,..,,.,,d .,,t,-h.11 ...,l.. ..,..lh @1 

WEST N5 EAST 

I 	10 	5 

	

6 20 	4 

2 30 

	

8 40 	0 
3 so 

	

2 60 	0 

	

3 70 	0 
I 	80 	I 

F.b,,., 74. B..,t,i.tgt.,tt Q.,.d...,gl. 
S.,,t.,.,ill. 0.,. .&l. tt.,,lh @1St.,., 
M,d. 

WEST N 2 EAST 

5 	10 	4 

	

20 	0 
5 	30 	I 

2 	40 	I 

	

6 50 	3 

	

4 60 	4 

	

7 70 	4 

	

80 	6 

F.b,,., 77, V.,t,. .,..., N 68 W 
B@flttt I.,. Q...d,,,gl.. S,,,l,.,, till 
0.,. .,ttl. ..,,.,, I, .1 N.,,tl. B.t.,.i.t,l.,., 

WEST N2 EAST 

I 	10 	0 
I 	20 	0 
4 	30 	I 
0 	40 	I 

	

6 50 	0 

	

6 60 	0 

I 	70 	0 

	

80 	0 

F.b.i., 75. V..,l.,, .,...t, N 44 W. 
B,.,.,i..glt.., Q,..d,.,.I.. S.,t,f..,. 1111, 
Vt,., .,,il.. t.,,lh-fl.,,th...l @7 P...- 

WEST N z EAST 

7 	10 	5 
II 	20 	I 

10 	30 	3 
6 	40 	I 

	

2 50 	0 

	

5 60 	2 

	

2 70 	0 
4 So 1  0 

F.b.i., 76. V..,l.,, t,.,.,.. N 25 W, 
H.,,.i., P.11. Qt.,.d,.,t,l,. S,h.t.,,l..,, 
till. Tb,,, .tjl...........h.,.., .1 
Sb. It.b,,.y 

	

WEST N 5 1 EAST 	 WEST NO EAST 	 WEST N 3 EAST 

10 	ioj 	6 	 0 	10 	0 	 I 	10 	0 
14 	201 4 	 2 	20 	0 	 5 	20 	3 
13 	301 	4 	 2 	30 	2 	 4 	30 	7 
17 	401 	5 	 0 40 	I 	 6 	40 	3 
II 	50 	5 	 9  50 	0 	 3 	50 	0 

	

8 601 7 	 3 60 	0 	 7 	60 	0 

	

3 701 	2 	 8 	70 	I 	 8 	70 	2 

	

4 80J 6 	 80 	 80 

F.b.i., 75. V..,,,, .,..... N 86 W. 	 F.b.i. 80. V...,, ..,.,, N to w. 	 F.b,.. BI. V..,.., .....,, N 54 W. 

B....,l.,gl,, Q.,..dt., I,, S,d..,. till. 	 B,.t.,i..,l.,t, Q...d,.,,l.. S.,,l..,. till, 	 B.@tflBl@fl Q.,..d,.,.l., S.,.,l... 1.11. 

0... .,.d ,.,..h.11 ..il.. ,..th.....t .8 	 V.,, ...il,. .,,lh..., .1 N,,th B..,- 	 V... .t.tl.. ,t,,lh a B.....tt.tl,.,. 

N,,lh B....,i,.lt... 

	

WEST N 3  EAST 	 WEST N I EAST 	 WEST N I EAST 

7 	10 	6 	 0 	10 	I 	 0 	10 	4 

	

8 20 	8 	 I 	20 	0 	 4 20 	0 

	

5 30 	3 	 0 	30 	2 	 I 	30 	0 

	

2 40 	3 	 0 	40 	I 	 0 40 	o 
3 	50 	I 	 I 	50 	2 	 2 	50 	I 

	

2 60 	0 	 9 60 	3 	 4 60 	0 

	

2 70 	I 	 9 	70 	3 	 6 70 	3 
I 	80 	0 	 1380 	5 	 3 80 1  0 

F.b,i.,82,V,.,l,......, NIl W 	 F.b,,.,B3.V..,th,.,,...,N82 W. 	 F.b,j.,64,V,.,t,,..... NS0 W. 

B.....i...t,,. Q,,.d,..,gl. N.,,d..,.l,ll. 	 B.........Q.,.d....l.. S,,t...,.lI. 	 B..,fll., t,.. Q...d,.,gl.. S..,l..,. 1.11, 

0,.-5,..,lh ..il......I B.,,.t,gt,.,. 	 Tb,., .l.......1 W..,dl.,J. 	 V... ..i ......'I W.,dl.,,d. 

	

WEST N4 EAST 	 WEST NO EAST 	 WEST N2  1 EAST 

II 	IC 	4 	 I 	10 	0 	 5 	10 	5 

	

ZO 	5 	 3 20 	2 	 520 	I 

	

2 30 	0 	 630 	I 	 730 	0 

	

40 	0 	 6 40 	0 	 340 	I 

	

50 	0 	 5  50 	I 	 650 	0 

	

60 	o 	 860 	0 	 4 60 	0 

	

70 	3 	 6 70 	0 	 370 	2 

	

eo 	I 	 I 	90 	2 	 080 	2 

F.b.I., U. V..,,. ...... N 20 W. 	 F.b.i. M. V.a., ..,.... N 49 vi 	
F.b,,. 67. V..,,,, ..,... N 80 W, 

B.......... Q,,.d,..,.l.. S.d..,. till. 	 B....i.,gt,.. Q,,.d,..,gl.. S,,1.,. till. 	 B,,,,.,gt... Q.,.d,..,.l.. S,.,,l.,. 8.11. 

Th... ..,d ,,.-h.lf ,.,ll.......5 	 F,,, .,ll.. .t,..h.,.., .7 P.,,..I. 	 Th.....,d .,.t,-h.lI ,..11...,,,th.,.., 
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WEST N6 EAST 	 WEST N3 EAST 	 WEST N4 EAST 

	

10 	0 	 1 	10 	0 	 2 	10 	5 

	

I 	20 	0 	 0 20 	2 	 2 20 	5 

	

3 	30 	0 	 I 	30 	2 	 5 	30 	I 

	

3 40 	I 	 2 40 	2 	 2 40 	2 

	

3 50 	I 	 6 	50 	0 	 7 50 	I 

	

4 60 	0 	 5 60 	2 	 I 	60 	I 

	

7 70 	3 	 7 70 	5 	 I 	70 	0 
5 1 80 1 	2 	 5 1801 	3 	 I 	ISO 	0 

F.b,t M. V,tt, ,,...tt N 55 W. 	 tt. 	 N 74 W. 	 F.b,j W. V.tlt.t 	 N IS W. 

	

B.t.ttgt 	 Qdt,,gk. 	 Sd* till. 	 Qttdtgl.. St,t nil. 

	

Ofl• tat .@Ih.t,.I a 	 o._i,ll tilt ...t..tbt..t a Bt,. 	 ,,lt t,t,tb a B.ttltgtt 'P.tk 

WEST N 5 EAST 	 WEST NO EAST 	 WEST N 5 EAST 

	

4 	10 	5 	 6 	10 	0 	 2 	10 	I 

	

2 	20 	I 	 I 	20 	0 	 5 	20 	0 

	

2 	30 	2 	 I 	30 	I 	 5 	30 	I 

	

5 40 	I 	 3 40 	I 	 7 40 	0 

	

2 50 	I 	 3 50 	0 	 o 50 	0 

	

7 60 	0 	 3 60 	3 	 6 60 	2 

	

70 	0 	 4 70 	2 	 4 70 	2 

	

I 	$0 	I 	 7 80 	7 	 3 80 	0 
F.b,k 97. V.d&, 	 N 22 W. 	

F.b,it 52. 	 N 73 W. 	 F.b,k 93. V001,, 	 N 40' W. 

0. 	
Qnd,.glt. St.tO.t.ttll. 	

S,t.t. till. 	 N. 	Ptttt.l Qn.dt.nsl,. Sttttt, 

	

ttttlt 	 tl 	 o,.. 	•tth tl Old B. , ,ittttttt. 	 till. Ott tt,il, t@tth f Nt,th Ptttt.l. 

	

WEST N.Q EAST 	 WEST N 4 I EAST 
0 	10 	2 	 4 	10 	5 
I 	20 	I 	 II 	20 	0 
3 30 	0 	 4 30 	0 
6 40 	I 	 2 40 	0 
6 50 	0 	 I so 	o 
5 60 	0 	 I 	60 	3 
8 	70 	2 	 4 70 	I 
6 1  80 	0 	 5 80 	5 

F.bttt 94. V.tttt 	 N 51 W. 	 Ftb,it 95, V.ttt,, n,&tt N SO W. 
Nt.tth Pt.,..l Qttdt.tgl., S,t.t. 	 Htt.k F.H. Qt..d,.tglt. Stttl*t. till. 
till. Ott .ttd t.-h.11 tilt. tt,th tt 	 59.5. Bttt. 9. 
Ntflh Ptttt,.i. 	 B.,tt.ittgttt. 

	

WEST N 3 EAST 	 WEST *0 EAST 

I 	10 	0 	 0 	10 	0 
5 20 	3 	 2 20 	0 
4 30 	2 	 2 30 	2 
6 40 	3 	 0 40 	I 
3 50 	0 	 9 50 	0 
7 60 	0 	 3 60 	0 
8 70 	2 	 8 70 	I 

	

5 80 1 5 	 7 	80 1 7 

F.btt 97. Stat, t,t.,, N 94 W. 	 F.b,i, 98. V,ttt, ,t..,, N 70 W. 
B,tt,i,gtt,t Qntdt.tgl.. Ntt,t.t. till. 	 5,tt,dtgttt Qn.d,.tgl..  St,l&. till. 

	

Tt, ttt,l.. tt,th a B.ttlt.t,t,. 	 Tt, ttil.. .ttth...t a Nt,th B.,,- 

	

WEST NO EAST 	 WEST N4 EAST 

6 	10 	4 	 2 	10 	0 
5 20 	2 	 5 	20 	I 
4 30 	4 	 3 30 	I 
640 	0 	 5 40 	3 
6 so 	0 	 2 50 	4 
360 	0 	 660 	4 
2 70 	0 	 9 10 	6 
080 1 	0 	 7 1 eO  1 7 

F.bdt tOO. B.,.ttttgttt, Q,t.dt.t.i.. 	 F.b,l, lot. V.0,,, ,,t..,, N 79' W, 
Ntttl.t. till. T,t,, .td tt.-h.11 ,,til.. 	 B.tti,, It,, Q..d,.,,tl,. St.,,t.t. till, 

Wttdt,,,d. 	 Ott tol. .,,nth a N,,,1b B.tt,,lttttt,.  

WEST N 3 EAST 

7 	10 	6 
8 20 	8 
5 30 	3 
12 40 	3 
3 	50 	I 
2 60 	0 
2 	70 	I 
I 	80 	0 

F.bti, 56. V.,t,,, ,t,,.,, N 14" W. 
B,,,fl!flgt,,, Q,od,.t,l.. Std.,,. till. 
O,,._ltn,th ,,tl,t..t tI B.,,,,i,,.tt,,. 

WEST N 10 1 EAST 

10 	10 	6 
14 	20 	4 
13 	30 	4 
17 	40 	5 
II 	50 	5 
8 60 	7 
3 70 	2 
4 80 	6 

F.b,i, 59. V.,tt ,,,..,. N 29 W. 
B.,t  Qn.d,ttgl.. Std.,,, till. 
Ott •fld ,,,,._h.11 ,il..t,,,th,,t.t 
N,,,tl,  

WEST N I EAST 
I 	10 	2 
2 20 	4 
2 30 	2 
II 	40 	I 
4 50 	2 
2 60 	3 
2 70 	0 
I 	180 1 	I 

F.b,i, 202. V.ttt, ,t,..t N 3Y W. 
Wiltt,ittgttt, Qt.d,.,,gl.. S,f.t. till. 
O,,.t,til,.ttth ... t,,tE..ID,,t.,. 
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WEST N 3 EAST 	 WEST N 3 EAST 	 WEST N 5 EAST 

2 	10 	0 	 0 	10 	0 	 1 	10 	I 
2 	20 	1 	 5 20 	0 	 2 20 	0 

2 	30 	I 	 10 	30 	I 	 4 	30 	I 

	

4 40 	I 	 2 40 	0 	 4 40 	I 

	

7 50 	0 	 5 50 	0 	 6 50 	I 
6 	60 	I 	 1 	60 	I 	 3 	60 	2 

I 	70 	0 	 2 70 	2 	 5 70 	2 

0 	80 	' 	 2 180 1 	0 	 2 ISO I 	I 

F.b.,, ID3. V.th, .,,.., N 10 W. 	 F.b,,, IN, V,,t, ,,,,.,, N 36 W 	 F.bt,t III. V..th, tttt*tt N 45 W. 

Wll,,i..g0,, Q,.,d,.gl,. S,.,f.t. till 	 Wjl..,,,,g0,,. Q,,.d,,,t.l.. S,.tt,..t,Il. 	 W,ItttI.th, Q.t.d,.,,gl.. Sttd.t.t,IL 

	

T,,.iI,.,,th ,t S. ... b,.,g. 	 T,., ..,a ,.,._h,lI ,,.il.....th 	 I 	 Tb,.. ttttl.. .,t.th  

W;I,,.;gt,, 

	

WEST N 4 EAST 	 WEST N 5 EAST 	 WEST N S 1  EAST 

0 	10 	2 	 2 	10 	0 	 0 	10 10 
2 	20 	1 	 2 	20 	0 	 4 	201 	I 

	

30 	3 	 5 	30 	4 	 8 301 0 

	

40 	5 	 7 40 	2 	 8 401 0 

	

6 50 	0 	 3 	50 	0 	 2 sol 	I 

	

4 60 	2 	 3 	60 	I 	 2 601 	I 

	

70 	I 	 3 	70 	1 	 2 	iol 	0 

	

80 	1 	 0 80 	0 	
0 ooJ 

F.b,,t III. V.,.,, ,,.... N 33 W. 	 F.b,,, t0. V.,L,. ,..... N 29 W. 	 F.b,,, 306. V.,,,, ....... N 30 W. 

Wibtlflgth Q...d,.flgl.. S,,l.,.liIl. 	 WiI.,,j,.gl,,. Q...d,.,gI,. S,,l.....Ii, 	 W,l...,, I,, Q,..d,.,gI.. S,,f.....II. 

F,,.. .,.iI....,.tb 	 J..k.,,.,iIl.. 	 Tb,,, .,,l........M.,Ib,,,, 	..  

	

WEST NO EAST 	 WEST N 4 EAST 	 WEST N 2 EAST 

I 	0 	I 	 5 	10 	0 	 0 	10 	2 

	

0 20 	I 	 4 20 	I 	 0 20 	3 

I 	30 	2 	 4 30 	0 	 I 	30 	4 

	

4 40 	2 	 8 40 	3 	 0 40 	3 

	

4 50 	0 	 7 50 	I 	 2 50 	2 

	

6 60 	I 	 5 60 	0 	 4 60 	0 

It 	70 	I 	 6 	70 	I 	 13 	70 	2 

	

7 80 	4 	 2 80 	1 	 9  so 	0 

F.b,i, ION V.,t.,,,..., N 70 W. 	
F.b.i 110 V,,t, ,.,.., N 40 W. 	 F.b.,, III V.,t, .,..,. N 79 W. 

WiIt,tit.gth, Q,,.d,...gl. S..,I,. .41. 	 Wil,.i I.,. Q..d.....I.. S,,l.....II. 	 W,l,tv, 7,, Q...dt..gl.. S,,f.....II. 

0... ...J ,,.-h,II ,,il.. t,..11. ,I W..l 	 Ft tt4.......I  

H.lil... 

WEST N0 EAST 

I 	10 	I 
3 20 	2 
2 30 	0 
9 	40 	I 
2 50 	0 

3 60 0 
4 70 	0 

3 80 	0 

F.b,,, Ill. V.,.,, ,...,. N 44 W 
WjI,t.j,g0,, Q.,,d,,flgl.. S..,f.t. 0,11. 
Ofl, .,d ,,,,,_0,.,,Oh 

WEST N I EAST 

2 	10 	I 
8 20 	4 

7 30 	2 

40 
4 	50 	I 
5 	60 	I 
5 70 	2 

3 80 	0 

F.b.i. Ill. V.,t,, .,..,. N 01 06 

WiIt,tht I,, Q...d,....I.. N.. .....II 
.3 W,I,tt,.01thtt. 

WEST N 2 EAST 

2 	0 	7 
7 20 	2 
5 30 	0 
2 40 	0 
5 50 	0 

9 60 	I 
4 70 	I 
2 80 1  0 

113. V.,t,,,...., N 17 W. 
W,t,,fl Q.,.d,.,,It. S..h..,,I.,. 
1,11. 0,.. ,,,d ,,.._k.,,th ...iI.. ..... 

0.., 0,,.,. 

WEST NO EAST 

lol 
4 	201 
3 	301 2 
5 	401 	I 
6 	501 	I 

I 	601 	I 

I 	7o1 	I 
280J 

F.b,,. III, V.,t,, ....., N 26 W, 

Wil..,it01tht. Q...d.... I.. S..d.....II 
T.,, ...d ,fl._h.Il ,,,I...,,.th...l 
J.,k.,,.iII.. 

WEST N I I EAST 

O 	10 	0 
I 	20 	0 

	

6 30 	3 
2 	40 	I 

	

8 50 	0 
5 	60 	I 

	

2 70 	0 

	

0 80 	I 

F.b,,. Ill. V.,t.,, .,.,... N 15 W. 
WiI.,,i,.gi,,, Q,..d,...gl.. S,.h...tl.,. 
till. 0... ..,iI, .,,Ih ... t ,f E..l 

WEST N I I EAST 

5 	10 	5 

	

5 20 	6 

	

9 30 	0 

	

3 40 	2 

	

6 50 	3 

	

5 60 	2 
I 	70 	0 

	

2 80 	I 

F.b.i. 037. V.,.,, ....... N 22 -  W. 

Wil..,i,gt,, Q...d..t.gI.. S..b.,.,l.,. 
till. T.., ...d ....._h.lt ..,il.. 

•3 .1 1. ,k .,,,ill.. 
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WEST N 2 EAST 	 WEST N 2 EAST 	 WEST N 2 EAST 

10 	3 	 I 	10 	0 	 2 	10 	0 
12 	20 	3 	 7 	20 	3 	 0 20 	I 
8 30 	2 	 4 30 	I 	 3 30 	0 
6 40 	0 	 9 40 	I 	 5 40 	0 
2 50 	1 	 5 50 	0 	 5 50 	I 
2 60 	0 	 4 60 	2 	 7  60 	I 

0 70 	0 	 5 70 	I 	 I 	70 	0 
0 1 80 1 	0 	 I 	80 	0 	 I I go 0 

F.b.i. lit. V,,t,, ,,,..tt N 21 W. 	 F.b,jt 119. V..t,, tttfl N 38' w. 	 F.b,t. itt. V.,t,, ....,t N 45 W. 

Wiltttl,,t,,, Qtt.d,.,,8l.. St,t.,. till, 	 B,.ttl.b,.,, Qt..d,.,,,l,. SUb.tt,i.t,  

Th,.,_t,tt,th. ,,tit. ,,,ttlh-.,.th...t 	 till. Tb,.. tttjl,.,,,,th....t .9 B,.ttt.. 	 O,._ft.t'th ..d. ,t..th d H.ltt... 

,tW..tD,t,t. 	 b,,,. 

	

WEST N 6 EAST 	 WEST NI2 EAST 	 WEST N I EAST 

7 	10 	I 	 6 	10 	4 	 0 	10 	0 
4 20 	4 	 II 	20 	4 	 2 20 	0 

9 30 	3 	 10 30 	4 	 2 
7 40 	I 	 5 40 	5 	 3  40 	0 

3 50 	0 	 2 50 	0 	 2 5p 	0 

0 60 	0 	 3 60 	2 	 4 .o 	0 
0 70 	0 	 6 70 	2 	 ' 70 	0 
I 	90 	0 	 I 	80 	1 	 40 	I 

F.b,it tat. V..t,,,,,..t, N 19' W. 	 F.b,k 122. V.,t,, ,,,.., N 14' W. 	 F.b,i 123. V.a., ,,,..tt N 93 W. 
B,.ttl.b,.. Q,..d,..gl.. S,,l.....II. 	 9,.rtI.b... Q,t,d,,.gl.. S,t,l.....Il. 	 K,,,t. 'N.,, H,,,,p.hi,E Q,t.d,.,gt.. 
St. .,d ,,t.-h.lt tt,t6......1 	 0,,. .,d ,.-t,tt,rh ,t,il.......1 	 S,t,l.t, till. Tb,.. ,t,lt..,t,,th,...t 

E..t 0,t,,,,t,.,.t,,,. 	 ti K ... .. N,,, H..,p.hi,.. 

	

WEST N 25 EAST 	 WEST N 7 EAST 	 WEST N 7 1 EAST 

7 	10 	6 	 3 	tO 	7 	 I 	tO 	3 
8 20 	5 	 3 20 	3 	 0 20 	2 
6 30 	I 	 5 	30 	3 	 I 	30 	0 
7 40 	I 	 4 40 	3 	 5 40 	0 
2 50 	0 	 3 50 	I 	 4 50 	2 
I 	60 	I 	 2 60 	0 	 6 60 	0 
4 	70 	3 	 I 	70 	I 	 7 	70 	I 
0 $0 	0 	 3 80 	0 	 2 80 	0 

F.b,k 124. V..t,t ,,,,,. N 9 W. 	 F.b,i. las. K..,,. N. H.,,,.p.hj,,, 	 F.b.i. 126. V.a.. .,a.,, N 42 W. 
K..,,, 	 H.,,.p.hj,.] Q...d , .,al.. 	 Q...fr..gl.. S.tb,,.,t... 1,11, Tb,.. 	 K, ,, tt,t,.p.hi,.' Q.t.d,.ttgl,. 
S.d... tilt. 0.,-h.lt ,,,il. ..,.th.,..l 	 ,,,il,.,,,,th ... t .t B,.ttl.b..,,. 	 S.Z.d., till, N,,th,..t lt.,tlt. ,t Wi,t_ 
.9 Sp.ff.,d, N,,, H..,,p.hi,,. 	 th......N.,, H.,.p.hi'.. 

WEST N5 EAST 

10 	2 
7 20 	0 
2 30 	2 
8 40 	0 
2 50 	2 
6 60 	I 
6 70 	I 
0 90  1 	0 

F.b.i. tal. V,,t,, 	 '*fl N 34 	 W. 

S.d.., 	 till 	 Will.....t,.,,, 

M....,h...tt.. 

WEST N6 EAST 

I 	10 	6 
2 	20 	I 
2 	30 	I 
5 	40 	I 
5 	50 	I 
I 	60 	0 
2 70 	2 
0 90 	0 

F.b.i. Its. V.a., .,,..,t N 28' W. 
NIhh.ld 'M.....h...tt.' 	 Q...d- 
,.,,l.. S.d.,. till. 0,.-t..t,th ,,,il. 

199 



APPENDIX B 

FIELD DATA AND CALCULATED VECTOR MEAN 

OF FABRICS OF THE SHELBURNE TILL 

	

WEST N 3 j EAST 	 WEST NO EAST 	 WEST N I EAST 

3 	oJiE 	 3 	10 	6 	 3 10 	2 

3 20 	15 	 0 20 	6 	 2 20 	6 

4 30 	18 	 I 	30 	7 	 3 30 	6 
O 40 	II 	 2 40 	9 	 2 40 	8 

050 	2 	 050 	6 	 550 	7 
260 	0 	 I 60 	0 	 560 	6 
570 	5 	 070 	0 	 370 	4 
2 80 	7 	 2 80 	0 	 3 80 

I. Vt,,,,,.., N 27 I: 	 F.b,,, t. V.,t,, ,.., N 26 E. 	 1.2,,, 3. V.,,,, ,,..,. N 41 E. 

	

R,t,... P,lflt Q,t.d,.,gl.. S,l,.,.,1.,, 	 0,,... 1,1,1 Q,.d,.,t.l.. S,b.,,f.,. 	 St. Alb.fl. Q,,.d,.,ttl,. S,tb ... l.,. 

till. 	 .1, L, M,tt.. ,,._h.lt ,,,,l. 	 till. 7.1, L, M,tt., 	 t,._h.11 ,.,tl. 	 till. Tb,,, ,tjl,. .,t,lh,,..t .3 St. 

	

.1 S.,,dy P,i,I. 	 •th-.,,th...tdS.,dy F,t?lt. 	 AIb.,.. 

	

WEST N I EAST 	 WEST N 2 EAST 	 WEST N 9 EAST 

3 	10 	0 	 4 	10 	9 	 4 	10 	7 
0 20 	2 	 2 20 	8 	 I 	20 	5 
0 30 	6 	 5 30 	7 	 2 30 	I 
0 40 	9 	 2 40 	II 	 I 	40 	0 
I 	50 	II 	 2 50 	7 	 I 	50 	0 
I 60 	2 	 060 	I 	 060 	2 
370 	I 	 470 	6 	 470 	3 
280 	I 	 080 	5 	 480 	3 

	

F.b,i, 4. V.,t,, ,,t.., 7433 E. 	 F.b.i. 5. V.,,,, 	 N 26£. 	 F.bn, 6. V.,t,, ,,,.,, Na E. 

	

E..b.,, F.11. Q,.d,.,gl.. S,tflt,,,- 	 E ... b,t,, 1.11. Q,..d,.,gl.. S.bt,t,- 	 E,,.bt,, F.1I. Q,t.d,.,.l.. S.b.,,t. 

	

till E..t .6 L.A. C.,,,,i, 62,.. 	 f.till. E,t,.,t, .6 	 lt. C.,., 	 6.,.t,ll. O,t,-h.lf ,,,l..... 

	

il..,,,th .1 S,ttth F,t,,kli,,. 	 St.t, F.,k, 32,.. ,,il.. ,,,th .7 	 5h.ld,,. 

	

WEST N I EAST 	 WEST N 4 EAST 	 WEST N 19 EAST 

3 	10 	I 	 I 	10 	8 	 15 	10 	17 

9 	20 	4 	 2 	20 	II 	 9 	20 	16 

9 30 	5 	 4 30 	6 	 I 	30 	4 

5 40 	10 	 2 40 	4 	 I 40 	3 

8 50 	8 	 I 50 	5 	 050 	0 

460 	8 	 060 	2 	 060 	0 

570 	7 	 I 70 	0 	 070 	0 

080 	7 	 1 	80 	I 	 080 1 	I 

	

F.b.i. 7. V.,t,, ,,..,, N 26 E. 	 F.bN' 8. V.,t., ttt... N 38 E. 	 F.b,i, 8. V.,t,, ,,,.., N 4 E. 

Et,,.b,t,g F.11. 	 d,.,ol,. St,b.,t,. 	
M.,,ph,.,tt.r. Q,,.d,.,t,l.. Stt?ht• 	 M.t,,ph , . ,,, .... Q,..d,.,.l.. S,,,t.,. 

	

M.till. Tb,,. ,,,il.. t,..t .6 E,,.._ 	 till. 0,l..,,.t,.t.,,...t.t.,,. 	 6,11. It,, ,.,l.. .,t,tlt .600,.,.. 

b,,,g F.11. 

	

WEST N 3 EAST 	 WEST N 6 EAST 	 WEST N 9 EAST 

4 	10 	I 	 I 	10 	6 	 7 	10 	12 

3 20 	4 	 I 	20 	7 	 10 20 	7 

3 	30 	II 	 I 	30 	10 	 3 30 	4 

2 40 	IS 	 5 40 	4 	 4 40 	10 

I 	50 	10 	 3 	50 	B 	 6 50 	II 

160 	4 	 260 	5 	 160 	5 

I 70 	5 	 4 70 	6 	 I 70 	4 

080 	2 	 380 	4 	 280 1 I 

	

1.2,1, to, V.,t,t -,tt.., N It E. 	 F.b.Ih, It. V.,t,, tt,..tt 74 37 E. 	 F.b.i. Is. V..t,, ,t.., N Is -  E 

	

M.,tph,,,,...g Q,t.d,.,,gl.. S.b_ 	 M.tt,ph,.t,.g.. Q,..d,.ttgl. St,4.,. 	
M.t,ph,.,,.gg Qt..d,.,,l,. St,tht. 

	

.tt.t.t. till. 0,,.-lt.11 ,,Il......6 	 tIll. Ti.. ,,ll.......70,6..,.. 	 till. H.,1h S.h..l, 8t ,,tl.. ..t.th- 

gKo 



WEST N 3 EAST 

I 	10 	3 
3 20 	6 
2 30 	6 

40 	13 
I 	50 	6 
2 60 	4 
2 70 	0 

80 1 	2 

F.b,it 13. V,tt&tttt..,. N St E. 
M.tph,.ttt..ttg Qtttdt.ttgl., Stt,t.t. 
till. Wjllttt,hby Ri,.,. tttt 

WEST N 0 EAST 

4 	10 	2 
0 20 	6 

I 	30 	4 
2 40 	9 
I 	50 	4 
2 	60 	I 
I 	70 	3 
I 1 80 1 	0 

F.b,t, It. M.t,tph,.,,t.t3 Qt,.d-
t.ttgl.. Sttb.ttd.t. till. N.t.ptt,t 

WEST NO EAST 

4 	10 	II 
3 20 	9 
2 	30 	10 
O 	40 	12 

2 50 	9 
I 	60 	I 

O 	70 	I 
O 180 1 	I 

F.b,lt, It. V.tlitt t,t..tt N St E. 
M,ttpht.ttt.ttg Qtttd,.tttj.. Sttb_ 
.tttl.....ii. Wlll,tt,hhy Rt,.,, It,, 
.ttl.....t  

WEST NO EAST 

2 	10 	I 

O 20 	2 
O 	30 	10 
O 	40 	I 
I 	50 	5 
0 60 	2 

I 	70 	I 
O ISO 1 0 

F.btit It. V.ttt, t...,t N 31 E 
M.,.ph ,ttt, .g,gQt..d,.ttgl.. Sttb. 

till. Tttt .ttd tttt.-h.It t,il,t 
•ttt,th-.,..th...t 

 
If N.t.ptt,t.  

WEST NO EAST 

3 	10 	21 
7 20 	7 
O 	30 	II 
O 	40 	I 

I 	50 	3 
O 60 	4 
4 	70 	I 
0 160 1 	I 

F.b,it IS. M,tttph,.ttt..,g Qt*d-
,.ttgl.. Stth.tttf.t, 1,11, Tt,, .,td 
h.lt ,,til,. 	 .t_.tttth...t ttI D.,bt 

WEST NO I EAST 

5 	to I 
I 	201 	II 

O 301 8 
2 	401 
O 	501 	I 

I 	601 	I 

O 701 2 
o 80j11 

F.b,tt It. M.tttpht.ttt.gttg Qtt.d- 
..tt.l.. S.th.tt,I.t. ilL Tt,, t,til.. 
•ttttth-.tt,th...t ,t E,.t Clt.,l..t,,t. 

	

WEST N I EAST 	 WEST N4 EAST 	 WEST N12 EAST 

I 	10 	2 	 3 	10 	7 	 8 	10 	14 
I 	20 	10 	 I 	20 	6 	 7 	20 	5 
I 	30 	15 	 I 	30 	4 	 5 	30 	5 
O 40 	9 	 0 40 	6 	 3 40 	8 
O 50 	7 	 3 50 	3 	 2 50 	0 
2 60 	2 	 0 60 	2 	 2 60 	I 
O 70 	4 	 0 70 	0 	 2 70 0 
2 80 	2 	 0 80 	0 	 0 80  0 

F.b,i, IS. V.tt,,, ,ttt.tt N 16' E. 	 F.b,it SO. V.,,t,, t,,..tt N IS' E. 	 F.b,lt St. V.,,t,,, ,,,..,t N I 	 E. 
t.l.ttd Pt,,d Qtt*d,.ttgl.. St,h.,td.t. 	 l.l.t,d l't,td Qtt.d,.ttgl.. St,,t.t. till. 	 l.l.ttd Pt.td Qtt.d , .ttgl.. Stttf.,,. till. 
till. itt,, ,,ttI........,,,th,..t tI Mt,- 	 N,,,th .t.d @5 N@,I,,,t P,,td. 	 Ott. .,ttl ,,,t.-h.lt t,,i1......@5 E..t 

	

WEST N 17 EAST 	 WEST NO EAST 	 WEST N II EAST 

2 	10 	6 	 I 	10 	3 	 6 	10 	8 
I 	20 	8 	 0 	20 	5 	 I 	20 	9 

O 30 	2 	 2 30 	7 	 I 	30 	2 

O 40 	0 	 2 40 	2 	 0 40 	2 

0 50 	0 	 2 50 	3 	 0 50 	2 

O 60 	I 	 3 60 	2 	 0 60 	0 

0 70 	o 	 o 70 	4 	 2 70 	0 

I 1  80 	0 	 080 	3 	 I 	80 	0 

F.b,i,, 22. V.ttt, ,,t..tt N 5' E. 	 F.lt,i,, IS. Vt,,t,,, ttt,.tt N 32 E. 	 F.b,it 24. V.tt,,, t,,..,t N 6' E. 

I.l.ttd P,,,td Qtt.d,.ttgl.. Stt,ttt. till. 	 I.l.ttd Ptttd Qtt.Jt.,t.I.. S.t,l.t. till. 	 A,,,jll Qtt.d,.ttgl.. Stflt'I.t. till, Tt.t 

Fl,. tt,il,. 	 tt@,tht...t 	 @5 	 E..t 	 Ott..lt,lt ttttl. .ttttth ... ..I E..t 	 .ttd ,,t..-h.It  

Btitht,tt. 	 Ch.,l,.t,,tt. 

	

WEST N 4 EAST 	 WEST N 5 EAST 	 WEST NO EAST 

6 	10 	7 	 2 	10 	14 	 I 	10 	10 
I 	20 	8 	 I 	20 	8 	 020 	6 

2 30 	8 	 4 30 	9 	 I 30 	9 

O 40 	5 	 4 40 	8 	 I 40 	7 
I 50 	I 	 o 	50 	4 	 050 	6 

O 60 	o 	 2 60 	8 	 3 60 	1$ 

O 70 	I 	 I 	70 	5 	 5 70 	10 
O 80 1  0 	 0 80 	4 	 I 80 	2 

F.b,it 25. V.ttt, tt•ttt N IS E. 	 F.bnt St. V.,I,. ,...,, N St F. 	 F.bnt 57. V.ttt, ,...,t N 43 F. 

At.,ill Qtt.d,.,,sl.. S,.d.t. till. o,. 	 At..ill Qtt.t6,.,tsl.. S.A.I. till. 	 H..tlttttk Q,,.d,.ttçl.. S,tb.t,,t.t, 

,,,il. ...t @5 At.,ill. 	 Th,.. ,,til.. .,,t,th,,..t tf C.tt..tt. 	 1111,1,,,, ,.tll.. ,tt,t ...t ,4 N,,,th 
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WEST N I EAST 	 WEST N I EST 	 WEST N 5 EAST 

o 	0 	9 	 4 	10 	6 	 2 	10 	I 

0 	20 	8 	 7 20 	3 	 I 	20 	6 

7 30 	2 	 10 30 	 3 	30 	7 

5 	40 	Ii 	 8 	40 	4 	 2 	40 	8 
2 so 	6 	 5 50 	3 	 5 50 	0 

2 	60 	I 	 7 	60 	2 	 2 	60 	II 
2 	70 	2 	 II 	70 	3 	 2 	70 	8 

0 80 	0 	 3 80 	 3 180 1 0 

F.b,k 29. V.,.,, ,,,..,. N It' E. 	 F.b,i.29. H.,dt.i,kQ,.d,.., i. 	 F.b,t,. 10. V.,,,., 	 ..t. N 90 E. 

H.,d4,k Q,.d,.,.l.. .%tI.,. till. 	 I.,. tilt. 0,,. ,,.il.....@8 T.yl,, 	 H.,.l,.o,k Q...d,.,l.. S,.d.,. till. 

Tfl@ ,.,il...,.,tlh ... ..I C,..t,.b@,@. 	 s,..,,,. 	 T..@ ..il.....@8 H.,d..i,k. 

	

WEST NO EAST 	 WEST N 2 EAST 	 WEST N I I EAST 

9 	10 	1 1 	 I 	10 	1 	 9 	10 	4 

20 	19 	 2 	20 	7 	 5 	20 

5 30 	12 	 2 	30 	6 	 6 	30 	10 

8 	40 	12 	 4 	40 	8 	 4 	40 	II 

3 50 	6 	 2 	50 	4 	 I 50 	7 

0 60 	7 	 0 60 	0 	 I 60 	5 

3 70 	3 	 0 70 	0 	 0 70 	7 

3 80 	7 	 0 80 	I 	 80 	6 

F.b,i. St. V.,t,., @...,. N 23' E. 	 F.b,k 32, V.,t,., ,,..... N to' E. 	 F.b,,,. U. V.,.t,.. ,,..... N 29' E. 

Ly,td ... ill. Q,.,d,....l.. S.,,l.,.. till. 	 Ly,.d,.ttili. Qt..J,.,.gl.. S,.,t.,. till. 	 Lt'..d,....,ll 	Q,t.d,.,.gl.. 	5.td.t. 

S9..,.,.,d a,,.,.k. ,.,.. ,,.11.....@3 	 St.,,...,d B,,.,.k, ,.t.,...d ,,..-1,..tnh 	 till. 0,.. ,.vl.....@8 
.,il......@9 St.,.,,.,d. 

WEST N 3 EAST 

0 	10 	i- 
I 	20 	I 
6 30 	4 
5 40 	7 
3 	50 	II 

3 60 	6 

O 70 	4 

I 	80 	2 

F.b,,. M. V.,t,, ,...... N 49' 0. 
Ly,.J,.,.,,ll. Q...d....,l.. S,.d.,. till. 
0,.. ,,.il. .,...lh @8 Slt,.  ... ,d. 

WEST N 8 EAST 

2 	10 
3 	201 	6 

3 301 	7 

2 401 	7 
I 	501 	2 

O 601 	2 
0 	701 

0 8O1,± 
F.b,., 37. V.,.,, ,..,.,. N 17 E. 
Ly,.d,,,ill, Q,.d,.,gl.. S.,,l.,, 1,11. 
0,.. ..,d ,,..-1,.,,,th .,,il..,,,.th.,..I 

WEST NO EAST 

3 	0 	3 
3 20 	8 

2 30 	6 

8 40 	5 
2 50 	3 
2 60 	4 
O 70 	3 

O 80 1 	0 

F.t,,i,. 40, B..,. Q...d,.,.gt.. S.,,-
3.,. 1111.0,., ,,il. .,..,th-.,...th,...t 
0l Lt,.d@@. 

WEST N 0 EAST 

9 	10 	4 
5 20 	4 
6 	30 	10 
4 	40 	II 

I 	50 	7 
I 	60 	5 

O 70 	7 
I 	80 	6 

F.b,i. 33. V.,lfl, ,.,.., N 29' E. 
Ly..d,,.tilI. Q,..d,.,.,l.. S..,9.,. tilt, 

@9 Sl .... ,d 

WEST NO EAST 

0 	0 	4 
O 20 	5 

I 	30 	9 

O 40 	7 
2 50 	6 

I 	60 	5 
O 	70 	I 
o 80 	I 

F.b,,, 30. V.,t,., .,...,, N 35" 0. 
L,..d,,.,.ill. 	S.,,l.....'II. 
0.,. ,.,i, ,t,.t_.,,.,lh,...t,.ISI.@- 

WEST NO EAST 

4 70 l 6 
2 	201 
3 30 	6 

2 401 	9 

2 501 	4 

3 601 	2 

6 701 	0 
O80j 

F.b,i,. 41. V.,t,., .,..... N to K. 
B.A. Qt..d,.,..l.. N.t,f.....'II, 
,.,il.. .,..tlh ... l @3 L,...t,.,.,iIl.. 

WEST N 8 EAST 

6 	0 	4 

2 20 	7 
O 	30 	II 
O 40 	7 
2 50 	10 
0 60 	4 
2 70 	2 
O 80 	0 

F.b,i, 39. V.a,.1 ,,..... NOt K. 
Ln.d,..,,lt. Q,..d,.,..l., S..d.....'It. 
0... ..,d ,.,.-1,.,,,l,
,,,.,tb...t,lW..tcl,..,. 

WEST N I EAST 

3 	10 	4 
I 	20 	5 

2 30 	9 

O 40 	12 

I 	50 	8 

0 60 	10 
0 70 	2 

0 80 	I 

till. T,,,. .,.d ,.,..-h.11 fill.. 
.,,,lh...l,lC.....b,.,,B,,.d. 

WEST N 0 EAST 

3 	10 	4 
7 20 	12 

3 30 	6 
4 40 	5 
O so 	3 

I 60 	4 

2 70 	4 
I 	80 	2 

F.b.I. 40. V.,t,., .,..... N It' E. 
8.,,k. S..,f.t. 1111. 0,.. 
.,,il. .@ttlh @8 N.,..,I. H,.tt,.,.. 
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WEST NO EAST 

I 	10 	6 
5 20 	9 
5 	30 	18 

40 	8 
I 	50 	5 
I 	60 	5 
O 70 	2 
o 80 	0 

F.b,i. 43. V..t., t...tt N II E. 
B..,k. Q.a,.ttl.. S.d..... It, 0.. 

E..tLy.td,tt. 

WEST NO EAST 

6 	10 	9 
4 20 	3 

I 	30 	12 
4 40 	3 

I 	50 	3 
I 	60 	I 
I 	70 	0 
O 80 	I 

F.b.i. 46, VOt., ....,. N 22 E. 
till. N,,lh 

..td .1 E..tH..... R...,., It.. 
l..il..... .IE,.lH..,...  

WEST NO  I EAST 

4 	10 	7 
3 	20 	10 
0 30  27 
0 40 	5 

0 50 	5 

0 60 	3 
0 	70 	I 
0 80 	0 

F.b.i. 44, V..t.t ...... N 26 F. 
B.ttk. Q..J ,.t.,l.. S.d... till. 0..-
M.ttlh.t.il......tE..lLy..d.,.. 

WEST NO EAST 

2 	10 	4 
0 	20 	II 
4 30 	9 

2 40 	7 
2 so 	4 
0 60 	0 
3 	70 	I 
0 80 	0 

F.b,., 47. V.,I.t, ,.t..,t N 22 F. 
B..,k. Q...d...,l.. S..,I.,, 1.11, T.., 

I.,..l .1 E..t H..,... 

WEST N 0 EAST 

4 	10 	3 
I 	20 	15 

4 30 	7 
4 40 	10 
3 50 	3 

60 	6 
3 70 	4 
I 	80 	0 

F.b,,, 45. V.l,, ,..t... N 26 F. 
B..,k. Q...d,..ol.. 5,6.,. till. 0... 

.1 E..I B..,k.. 

WEST NO EAST 

2 	10 	2 
2 20 	4 
2 30 	5 
I 	40 	7 

0 50 	6 
I 	60 	10 
I 	70 	5 
I 	80 	3 

F.b.i. 48. V.tttt, ...... N 44 E. 
B..,k,, Q...d,.,,l,. S...t.,. till. Ott. 

.1 Gttlt..p Mill.. 

	

WEST N 7 EAST 	 WEST N 2 EAST 	 WEST N 4 EAST 
4 	10 	8 	 4 	10 	8 	 5 	10 	3 
5 	20 	13 	 0 	20 	16 	 3 	20 	10 
4 50 	12 	 0 30 	14 	 5 30 	5 
0 40 	7 	 0 40 	3 	 I 	40 	10 
O 50 	7 	 0 50 	4 	 I 	50 	6 
O 60 	2 	 4 60 	I 	 I 	60 	2 
3 70 	I 	 3 70 	4 	 I 	70 	0 

	

3 80 1  3 	 080 	7 	 080 	0 

F.b.i. 49. V.,l,,t,..., NW E. 	 F.b,,, W. V.tt,,.....t. Nb 	E. 	 F.bñ,Sl, V...,. ......N IS F. 
C..Ildh.11 Q..d,.,ol.. S..d.,, till 	 0..ildh.11 Q..d,.tt.l.. S.d., till 	 B..,l...gt,t. Q...d..,,l., S..b..d.,. 
S,..Ih....l .1... .1 H.,,,. M,,..I.j.., 	 Fl,. tt.il.. ,t..l .2 0..ildh.11 	 .,ll, 0... .,td ,...-h.lt .ttil.. •,..th .4 

n 4 ...-h.tl .11 	 Sh.lb.,,t,.. 
G..ildh.11 

	

WEST N 4 EAST 	 WEST N II EAST 	 WEST 

r40  

 EAST 

6 	10 	8 	 3 	10 	6 	 3 	9 

6 	20 	12 	 3 20 	7 	 5 	6 

2 30 	 3 30 	9 	 2 	I 

3 40 	12 	 0 40 	4 	 2 	0 

050 	4 	 050 	2 	 0 	2 

060 	I 	 060 	0 	 2 	I 
070 	I 	 I 70 	0 	 0 	0 

080 	0 	 080 	I 	 I 80 	0 

F.1h,.,52. V..l,.tttt... NIB F. 	 F.b.i. D. V.,t,,.,....t NIt F. 	 F.b.i. U. V..t,. ...... Nt F. 
B..,li,,I,fl Q...d...gl.. S,b.,,.f.,. 	 B..,l,..gt,.. Q...d,.,.l,. S..b.t..t.,. 	 M,..lp.li., Q..,dt...gl.. S,.d... till. 
till. 0... ,,.d ,..,-h.11 ..il......F .7 	 till. T... ...d ....._h.11 ...il.,..,,lh- 	 Tb,.. .42.. ,,.th_.,,lh ... l .7 Fl- 
Sh.lb...... 	 ...t .1 N,,Il. F.t,l.b..,g. 

	

WEST N 6 EAST 	 WEST N 3 EAST 	 WEST N 2 EAST 

2 	10 	7 	 1 	10 	3 	 210 	2 

020 	2 	 320 	1 	 520 	7 

230 	7 	 I 	30 	3 	 330 	I 

140 	8 	 I 	40 	4 	 140 	7 

050 	I 	 050 	9 	 ISO 	4 

060 	I 	 160 	5 	 060 	2 
070 	2 	 I 	70 	2 	 170 	I 
180 1 	 080 I 	I 	 180 	I 

F.b.i. 55 V.,t,. 	 ... N 23 E. 	 F.b,,, N. V..t,, ,t.,.,t N 37 E. 	 F,b,,, 57. V..t.. tt...fl N 19 F. 

	

...d,... I. S,.tl.,. till 	 M....lp,li., Q...dt.,gl,. S.d.,, 1,11. 	 MtIp.l,.t Q..d,.ttgl.. S...t... tIll. 

	

Th,.,,il.....t .6 7ill VIII. , 	 ' 	 I... ...11.. ...,.th..,.l .6 W.l..b,,y 	 El..,.,. M...,.t,,.. R,.d, I.., 

C....,. 	 ...l .1 M... 01.. F.lI.. 
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WEST NO EAST 	 WEST NO EAST 	 WEST NO EAST 

I 	10 	2 	 1 	10 	5 	 I 	10 	I 
I 	20 	2 	 4 20 	3 	 2 20 	I 
3 30 	6 	 6 30 	6 	 I 30 	3 
I 	40 	6 	 1 40 	9 	 6 40 	9 
4 50 	7 	 2 50 	2 	 8 50 	4 
3 60 	7 	 0 60 	4 	 0 60 	5 
2 70 	5 	 0 70 	1 	 2 70 	4 
080 I 	I 	 1 1 801 	4 	 0 160 1 	4 

F.bti, U. V..t,, ....t. N 45 F. 	 F.b.., 59. Mt M ... b.ld Q,.d,.,.,t., 	 F.b.i. 60. Mt. M ... b.ld Qt..d,.,tl.. 
Mtt,tp.ti., Qtt.dt.,,I.. St..?.,. till. 	 S,h...,t.,.ttlt. 0.. ..t. ,.,tth,..t 	 S..bs..,t.,, till. 0... t,tjl,...t-...tth- 
Th,.. .,jl.. .,,th_,,,th...t .5 	 .5 M,,,.. Mdl. 	 ...t .5 N.,th U,d.,hltl. 
W,t,..t,,. 

	

WEST N 0 EAST 	 WEST N 13 EAST 	 WEST N 0 1 EAST 

7 	10 	6 	 6 	10 	II 	 4 	10 	7 
3 20 	8 	 3 20 	12 	 5 20 	10 
I 	30 	5 	 8 30 	13 	 2 30 	18 
2 40 	4 	 5 40 	23 	 I 40 	14 

2 50 	7 	 8 50 	18 	 I 50 	2 
I 60 	7 	 9 60 	34 	 3 60 	5 

O 	70 	10 	 4 70 	18 	 I 	70 	2 
I 	80 	3 	 5 80 	12 	 I 	80 	I 

F.b.ii, 61. V,,t,, .,.,, N 25 F. 	 F.b,,, 62 V.,th, 	 l.. N 47 F. 	 F.b.I. 63, W,t,.,,,., N 25 F. 
Pl.it.h,td Q,.d,.,ot.. S...?.....It. 	 Pl,,.l.,td Q,,.d,..tgl.. S.,?.,. 1,11. 	 Pl.,.t,.ld Q..,d,..ol,. St.,t ... .. 
Tt,, t,,ll.. .,,.tb...,t .5 M.,.hli.Id. 	 0,. ,..a .,t.-h,lI ,.,l.. .,,th_.,.,t 	 O,.-b.11 ..it. .,,,th-.,..th ... t 

I Pl,i.h.ld, 	 Pl.i..h.ld. 

	

WEST IN0 I EAST 	 WEST N3 EAST 

2110 	I 	 5 	10 	I 

0120 	5 	 520 	6 
0130 	5 	 2 30 	5 

1140 	II 	 I 	40 	21 

0150 	8 	 7 50 	3 

0160 	7 	 II 	60 	8 
0 1 70 	0 	 7 70 	8 

	

0 	 I 80 	0 

	

F.b,i,64,V,,t,,...., NO? F 	 F.btj,Gt.V,t,, .... N47 E.St, 

	

Pt.jflh.Id Q,,d,.,gl,....5.,. till, 	 J,h,.b,,y Q...dt.,ol,, 5,,?.,. till. 

	

,t,,th...t ,tW,ld., 	 O,,-h.It .tIt, ,,,th...l .5 W,.t 

H.i.ht.. 	 IO.tt,tlk. 

	

WEST NO EAST 	 WEST N I EAST 

6 	ol 	I 	 I 	0 	5 

	

5 201 4 	 3 20 	2 

I 	301 4 	 3 30 	7 
I 	401 	8 	 4 40 	12 

5 	501 19 	 5 50 	14 

I 	601 	4 	 4 60 	6 
I 	701 	3 	 3 70 	5 

0 so 	3 	 I 80 	0 

	

F.b.I. 47, V.....,ttt., N 42 E. 	 F.b.i. 68. V...........N tt F. 

	

St. J,h,..b,,, Q,,,d,.,t,l., St..?,,. 	 St. J,fl,.b.,, Q,,d,,,5I. S,,,t.,, 

	

tItl.O,._h.11,..l.,,tth.....tW..t 	 t.II, O,._h,l? .,l. .,,th .5 F..t 

D.tt,ilt.. 

	

WEST N 4 1 EAST 	 WEST N 5 EAST 

2 	10 	II 	 7 	10 	13 

620 	7 	 420 	6 

830 	10 	 630 	9 

8 40 	14 	 3 40 	8 
2 50 	6 	 3 50 	II 

060 	9 	 460 	6 

	

070 	2 	 070 	5 

	

080 	2 	 380 

	

F.b.ii, 70. V.,.,. ,..,, N 20 E. 	
F.b,,, 71. V..........N 21 F. 

	

. 5,,?.....It. 	
Q...d,.,.l.. 	 ..... 

	

Tb,..ttd ,,...t 	 .tIl.......5 	
1.., .,,d 	 h.I5 

,..tth 
	 ttt,t...... .4 

C,..,,.d. 
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WEST N 5 EAST 

2 	iO 	4 
I 	20 	6 
0 30 	I 

I 	40 	2 
I 	50 	2 
0 60 	3 
I 	70 	3 
2 80 	0 

F.h,,, 42. V.,t,,.,.., N 22 E. 
St. J,b,..h,,, Q,,d,.,,l.. S,.tf,,. 
till, 0,. .,.t..,,th .5 E...11. Mill, 

Wm 
  

F.b.I. 60 V.,t,, ..,.., N 34 F. 
L.tlt.t,,, Q..d...,l. S.,t.,.t.lt. 
Th...,.,d .5 

WEST N I EAST 

4 	lOt 	4 
3 201 	3 
3 	sol 	II 
3 401  15 
2 501 21 
4 601 	8 
3 701 	6 

SOj_ 4 

to. V...........N 44 F. 
Littl.t,, Q,..d,,,.l.. St..?.,. tilt. 

.5 W..t W.l..t,.d. 



WEST N 3  EAST 

3 	10 	I 
6 	20 	10 

	

5 30 	20 
9 	40 	10 
2 	50 	12 

	

0 60 	5 
2 	70 	2 

	

0 80 	2 

F.b,,@ 73, Vttt@, 	 N 25 E. 
LlLtl.t@,, Q,..d,.@gl.. S@,f.@. dl. 
0,,. .t,d ,,,,.-h.li ,,,,l..,,,,,th @7 

WEST N6 EAST 

7 	10 	5 
6 	20 	14 
5 	30 	13 
7 	40 	14 

	

4 50 	3 

	

4 60 	2 

	

5 70 	0 

	

2 80 	0 

F.b,i,, 76. Vttth ,,,..,. N r E. 
Litti.L@t, Q,,.d,..,gl., S@,f.ttt,ll. 
0—..d ,@,.-h.li .,,@,tb @1 
c@,t@-. 

WEST N3 EAST 

3 	10 	6 
4 20 	7 
7 	30 	II 
3 40 	14 
8 	50 	16 

I 	60 	4 
0 70 	3 
0 80 	I 

F.b,jt 74. V.tth, @,..@ N 27 E. 

LitLl.l@,. 	 .d,.,,gl,. S,,d.. 7,12. 
,,,,,Lh-,,,,,th,,,,.t  

WEST N I EAST 

6 	10 	10 
0 	20 	12 
0 	30 	13 
2 40 	14 
I 	50 	13 
3 60 	5 
0 70 	3 
3 80 1 0 

F.b,i,, 77. V.,,,,, ,,,.,, N 32 F. 
Middlth,,,,, Q,,.d,.,,gl.. S,b.,,,f,,t 
till. ,,,.-h,,li ,,,iIt. ,,,,,th @2 

71. 9 @1. 

WEST N6 EAST 

	

10 	10 	16 

	

9 	20 	16 

	

4 	30 	II 

	

3 	40 	4 

	

0 	50 	5 

	

2 	60 	0 

	

0 	70 	0 

	

0 	80 	0 

F.b,i, 75. V.,,,,, ,,,..,, N 8 F. 
LiLtl,t,,,, Q,,.d,.,t,l.. N,,d.,,.Litl. 
O,,.,,,il.....,,LC,,,,t,,,d. 

WEST N I EAST 

	

2 	10 	3 

	

0 	20 	2 

	

I 	30 	II 

	

I 	40 	10 

	

0 	50 	6 

	

0 	60 	3 

	

I 	70 	6 

	

I 	80 	3 

F.b,i, 78. V.0,, ,t,.., N 42 E. 

Middi.btt,y Q,.d...gI.. St,b ... .t. 
till. 	 ,,,il.. ,,,,,th 	@7 N,,, H.,,.,, 

	

WEST N 5 EAST 	 WEST N I EAST 	 WEST N II EAST 

3 	10 	8 	 10 	10 	3 	 7 	10 	10 

	

5 20 	4 	 8 	20 	14 	 9 	20 	12 
6 	30 	4 	 II 	30 	5 	 7 30 	4 

	

2 40 	II 	 2 40 	9 	 5 40 	5 

	

2 50 	10 	 2 50 	3 	 2 50 	7 

	

2 60 	12 	 0 60 	3 	 2 60 	3 

	

3 70 	10 	 I 	70 	4 	 3 	70 	3 
II 	80 	8 	 I 	80 	4 	 4 	80 	I 

	

F.b,it 79. V.0,,, ,,,..,, N 27 F. 	 F.bd,, W. 0,0,,, ,,,..,, N 90 F. 	 F.b,i, $I. V.,t,,, .7..,, N 4 E. 

	

Middl.b,,,y Q@..d,.tttl.. S..b ... t.., 	 Middl.b,,,, Q...d,.@gI., S,fl...,i.,,. 	 M,ddl.b,,,t Q...d,.@gi.. S,,h.tLtt.,. 

	

tilt. T.... ,,,il..,,,,,th @7 N.,. H...,,. 	 till. 0.,. ,,@l. ,,Olht..t ,,2 M,,,,kt..fl. 	 tilt, 0,,. ,,,,I. ,,,t.L-.t,,,th,...t @9 V.,- 

	

WEST N 4 EAST 	 WEST NO EAST 	 WEST NO EAST 

3 	10 	3 	 2 	10 	6 	 3 	10 	2 

	

4 20 	8 	 2 20 	4 	 2 20 	5 

	

0 30 	14 	 2 30 	3 	 I 	30 	2 

	

40 	7 	 340 	4 	 2 40 	4 

	

I 50 	6 	 050 	3 	 050 	2 

	

3 60 	10 	 0 60 	3 	 0 60 	II 

	

5 70 	8 	 070 	3 	 I 70 	5 

	

480 	8 	 080 	I 	 I 	80 	5 

	

F.b,i. 82. V.0,,, ,.,..,, N 44 E. 	 0.6,,,, 49. V.,,,, ,,,,.,, N 20 E. 	 F.b.i. M. Vttt,, ,7,.,, N 47 E. 

	

Middi.b@., Q@.d,.nl.. N,,b,.,,i.,, 	 Li.,t,I,, M,flt.i,, Qt..d,.,l.. 0,6- 	 Li,,,,It. M,,@,.t.i,, Q,,.d,.,l.. S,,b_ 

	

till. T,.,, ,,ii.. .7,646 .4 W,yb,ldr. 	 .,,d.t. 7,11. 0,,. ,,,,l. ,,,,,h...t @9 	 .,,,t.,. till. Ofl. @t,l....t @7 

W.it.fi.ld C,,,,,.,,,.. 

	

WEST NO EAST 	 WEST N 4 EAST 	 WEST NO EAST 

O 	10 	I 	 6 	10l 	8 	 I 	10 	0 
0 	20 	I 	 9 	201 	II 	 I 	20 	4 

O 	30 	I 	 8 	301 10 	 I 	30 	7 

	

O 40 	5 	 0 401 II 	 0 40 	6 

I 	50 	10 	 2 	sal 12 	 0 50 	5 

	

0 60 	8 	 3 601 14 	 0 60 	3 

I 	70 	3 	 0 	70 	II 	 0 70 	2 

	

0 80 	3 	 0 80J 2 	 0 80 	I 

	

F.b,i, 45 V.,t,,, ,,,..,, N 55 E. 	 F.b.i. 96. V.,,,,, ,,,..,, N 28 E. 	 F.S,,, 87. V.064 @tLfl N 38 E. 

	

Lit,,,,I, M,.,,,L.i,, Q...d'..oI..  N..,- 	 B.,,, Q,.dt.,,tl.. S..,l.,. till. Ott.- 	 B.,,. Q@&d,.flBlt. S,,,t... 7,11. T.., 

	

till. 0,,. .,,d ,,,,-1,,th ,,,iI.. 	 ith ,,il. 	 @7 Wit- 	 ..,d ,,,.-h.lt ,.,l......@7 	 thh.Id 

@7 R,.b,y,  
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WEST N 2 EAST 	 WEST NO EAST 

6 	10 	2 	 4 	10 	4 
4 	20 	5 	 I 	20 	II 
O 30 	6 	 2 30 	9 
O 40 	3 	 2 40 	4 
O 50 	4 	 0 50 	6 
O 60 	4 	 0 60 	4 

I 	70 	3 	 4 70 	3 
80 1 	I 	 0 80 	2 

	

F.b,t, 88. V.al,', a,,..,, N 2$ E. 	 F.b,ia 59, V.at,',,a,.., N 28 E. 

	

B.,,, Qta.d,n,.l..  S,f.a. tall. Tb,.. 	 B.,,. Qa,.,t,.,,l.. S,a,t.,. till. 	 E.  

	

,.it..,aa,.l_,,.,th,...l a,l N,,,lhh.ld. 	 H. ,,,,thaant ,,l  

	

WEST No EAST 	 WEST N2 EAST 

	

IiO 	3 	 4 	10 	5 

	

3120 	2 	 4 	20 	9 

	

0130 	3 	 2 30 	6 

	

1140 	8 	 4 40 	2 

	

2 1 50 	5 	 0 	50 	I 

	

1 1 60 	7 	 4 60 	3 

	

0 1 70 	6 	 I 	70 	4 

	

,Jeo 	2 	 I 80 	0 

	

F.b,,,' 91. Es., B.,,. Q,'.d,.,gI.. 	 F*l,,j, 92, E..t B.,,'. Q,t,d,.,,l,, 

	

t,ta a,,'l5 	 StatE.,. till. 	 ,,ail.. aaat,lh tat B.,,.. 
•saath-.ta,'th,,..l ad C,,,,k,iIl.. 

WEST N 0 EAST 

2 	10 	3 
2 20 	3 
2 30 	7 
I 	40 	2 
I 	50 	II 
O 60 	6 
2 70 	6 
2 80 	3 

F.b,j, N. V.ata,, "a..,' N 48 E. 
E..t B.t. Qaa.d,.nrl., S,t,f.a. till. 

.a,d ta,t.-t,ta,th 
alI...tth-.a,ttth....t tat CktiIl.. 

WEST N I EAST 

0 	10 	0 
I 	20 	5 
I 	30 	5 
0 40 	3 
I 	50 	2 
0 60 	4 
3 70 	3 
0 80 	3 

F.b,ia 93. V,dta, a,,,.,. N 47 
E..t 0.,,. Qaa,d,asgI.. S,,,t.,. till 
O,.iI.,..t,'lClta,lI.. 

	

WEST N I I EAST 	 WEST IN 2 EAST 	 WEST N I EAST 

0 	10 	I 	 iolio 	9 	 3 	10 	7 
2 	20 	4 	 12120 	8 	 3 20 	7 
0 	30 	5 	 6130 	9 	 2 30 	12 
2 	40 	II 	 4 	40 	14 	 5 40 	10 

I 	50 	5 	 0 1 50 	12 	 I 	50 	13 
0 60 	3 	 I 160 	6 	 0 60 	14 

I 	70 	I 	 2 1 70 	8 	 I 	70 	8 
O 80 	0 	 1 J80 	3 	 0 80 	3 

t'.b,i, M. E..t B.,,, Qa,sd,.,gl.. 	 E.b,l, 95. V.,,,, a,,,., N 20 E. 	 F.b,,, M. V.,l,, a,,..,, N 38 E. 
Saa,f.....II. 0,,. ,,,tl, .,nth...t tat 	 E..t B.,,. Qta.d,.,gl,.Stab.,,,t.,. 	 E..t B.,,, 	 Sa.,t.,. 
Cta,i,th O,,a,.,.. 	 till, On. ,,,ll..,a.ih ... , al B.,,,. 	 Ft., ,.jl.. ,tta,th at O,.a... 

	

WEST NO EAST 	 WEST N 0 EAST 	 WEST NT EAST 

13 	10 	II 	 4 	10 	5 	 7 	10 	4 
4 20 	19 	 2 20 	9 	 9 20 	5 

4 30 	10 	 4 30 	6 	 7 30 	6 

3 40 	9 	 I 40 	4 	 5 40 	7 

2 50 	8 	 250 	2 	 350 	6 

5 60 	10 	 2 60 	4 	 I 	60 	5 
2 	70 	7 	 5 70 	13 	 I 	70 	5 

4 80 	4 	 380 	4 	 480 	8 

F.b,i, 97. V.,,,, a,,..,. N 25 E. 	 Fat,,,. 08. V..t,, a,.., N 20 F. 	 F.b,,a 89. V..,,, a,,.., N to F. 
0.., B.,,, Q,,d,.,,gt.. S,',t.,.till. 	 Es., B.,,. Qaa.aJ,.a..l.. Saaba,l.,. 	 W.,d.,ilt. Qtasd,.,,gl.. S,,,t.,'. till. 
0,,._Iot,th ,,,il. ,,,,lh,s,., .5 E.l 	 till. 0,,, .,,d ,,,.-h.11 ,a,l...,.Lh,..t 	 I,., ,,jl..,,,,th tat W.R. BI,.,. 
B.,,.. 

	

WEST N 5 1 EAST 	 WEST N 3 1 EAST 	 WEST NO  EAST 

4 	10 	s 	 5 	10 	6 	 5 10 	6 
2 20 	II 	 2 20 	5 	 3 20 

3 30 	3 	 0 30 	6 	 0 301 II 
2 40 	8 	 0 40 	3 	 3 40j 5 
150 	6 	 I 	50 	2 	 4501 	3 
5 60 	7 	 6 60 	0 	 I 601 
4 70 	5 	 12 70 	2 	 3 701 	3 
I 80 	3 	 - 	80 	7 	 0 80 

F.b,la 000 V..t,, an..,, N 31 E. 	 F.b,it lot. V..,.., ,.,, N 39 E. 	 F.b,ia 102. V..t,, 	 N 22 E. 

Wasd..ill. Qta.dt.,,,l.. Natal.,, till. 	 Wasd.,ill. Qaa.d,s,.l.. S,,$,,. till, 	 W,tthaall. Qaa.d,.fl1l.. Saad.,, tilt. 

0,a._h.lt sail. ..ttth tat H.11. L.lt.. 	 Ota..,,d ,,'._h.lt .,il......tat Bad- 	 0,t. .,td ,n.-h.lt sail.......9 8.1- 
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WEST N 5 EAST 	 WEST N 5 1 EAST 	 WEST N 7 EAST 

	

10 	10 	12 	 3 	10 	12 	 6 	10 	5 

	

5 20 	12 	 0 20 	13 	 3 20 	4 

	

3 50 	17 	 4 30 	4 	 2 50 	4 

	

0 40 	8 	 3 40 	4 	 3 40 	10 

	

5 50 	5 	 I 	50 	I 	 o 50 	10 

	

760 	4 	 I 	60 	I 	 I 	60 	3 

	

IS 70 	3 	 I 	70 	3 	 1 	70 	3 
I 180 1 	7 	 0 50 	0 	 5 50 1 	3 

F.b,.. SOS. V.,1,, ,,.... N IS F. 	 F.b,.. 104. V.0., .,,.,, N IS E. 	 F.b,.. 105. M...,l..tk. N... H...p- 
W..d..tII. Q...d,.,gl.. S.t,l. 	 1,11. 	 W..d.,,II, Q..d,.,,l.. S.,!... 0.11. 	 .hi,, Q...d,..gl.. St.,l,.. 2.11. F,2t 
C..,,hi,.d ,t...t*S F.b.i.. tel ,,,d 	 I**fl F.,.,, 0.11. n.. 	.1...... 	 ...d .,,_h.IS ...I.....S.f S,.,It...I.,, 
029..,. ...,, l,.o.,.,. 	 H.H. L.k.. 	 N,,, H.,.o.h*,. 

	

WEST N•O EAST 	 WEST NO EAST 	 WEST INO  EAST 

	

4 	10 	7 	 3 	10 	4 	 01 1 0 	I 

	

220 	6 	 5 	20 	6 	 1120 	I 

	

I 30 	4 	 2 30 	8 	 1130 	4 

	

I 40 	S 	 2 40 	7 	 0140 	10 

	

450 	5 	 i So 	4 	 6150 	9 

	

360 	4 	 I 60 	5 	 2 1 60 	14 

	

3 70 	3 	 2 70 	7 	 2170 	14 

	

2 1 80 	7 	 1 80 	3 	 _J80 1 	I 

F.b.i. 506. V.0., .,... N 06' F. 	 F.b.;. 107. V.,.., .,..,, N SI E. 	 F,b,i, SOS. V.,l,, ,.,.,, N SF F. 
R..h..I,. Q,.d..,.gl.. S..0...t,Il. 	 R.,,d.l 9, Q,.d,..,.I.. S..!... 1.11. 	 R..d,Ipl, Q..d...gl.. $.,!.,. till. 
0... ,.il.....t .5 P.15.6.04. 	 1... .,.d ,...-h.Il .,*l.. fl's1hI .5 	 0.. ,,,iI. .,,lh,...l .5 E..I 6,.,.- 

B.lh.l. 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NOl EAST 

	

3 767  10 	 0 10 	3 	 3 	10 1 4 

	

2 20 	4 	 I 	20 	5 	 9 	201 	I 

	

2 30 	5 	 0 30 	4 	 I 	30!  5 

	

0 40 	I 	 I 	40 	I 	 2 	401 8 

	

3 	50 	i 	 2 so 	2 	 I 	501 	I 

	

2 60 	0 	 5 60 	3 	 0 601 I 

	

I 	70 	3 	 I 70 	0 	 0 701 3 

	

0 80 	0 	 0 80 	2 	 0 

F.b.,. ION. V.,I,, ,..., N S F. 	 F.b.,. ISO. V,,7,, .,,.,. N IS F. 	 F.b.i. II. V.,, ....,, N II' E. 
R..sd,lph Q...d,..,t.. S..I... till, 	 R..sd.Iph Q...d...gl.. S.,!.....II. 	 R.,.d,lpI, Q...d,..ol.. S.,l.,, 1,11. 
11111.011. B,..k ,.II., .5 LilI,...lI,. 	 0t. t,*t. ,,t..1 .5 Oly..p... 	 Tb,.. h,,. I .0 5.,.- 

d,Iph. 

	

WEST NO EAST 	 WEST N 2 EAST 	 WEST N 4 EAST 

	

I 	10 	3 	 0 	10 	3 	 $ 	10 	2 

	

2 20 	5 	 0 20 	6 	 I 20 	7 

	

4 30 	4 	 3 30 	5 	 2 30 	12 

	

540 	2 	 240 	5 	 240 	5 

	

250 	2 	 1 50 	3 	 050 	4 

	

260 	2 	 060 	2 	 160 	4 

	

I 	70 	0 	 I 	70 	I 	 2 70 	6 

	

150 	0 	 080 	0 	 ISO 	2 

F.b.I. 512. Rsd,lph Qd,.,gl,. 	 F.b,,, II). V.,l,, ,.... N 27 1. 	 F,b,i, lit. V.,.,, ,..... N SI F. 
S.,!.....II. F,.., .,,I.. ,,,,,h,...t .5 	 S5,.tf.,d Q*.J,.,.I.. St.,!.,. 0,11. 	 S1,.0.,d Q..d.... I.. S..,9.., till. 
R,.td.lph. 	 0,s._9.,,th ,.l. 	.0 W..I 	 0.. ..i!......5 S..oh  

	

WEST N 3 I EAST 	 WEST N 3 EAST 	 WEST N 6 EAST 

	

O 	10 	I 	 I 	10 	7 	 2 	10 	2 

	

620 	3 	 020 	3 	 020 	3 

	

030 	5 	 130 	4 	 030 	5 

	

540 	7 	 040 	9 	 140 	3 

	

I 	50 	7 	 I 	50 	I 	 050 	I 

	

I 60 	2 	 060 	4 	 060 	3 

	

370 	4 	 070 	I 	 070 	I 

	

0 50 	2 	 0 50 	0 	 080 	0 

F.b.i. IS. V.,,,, ,...,, N Sn F. 	 F.b.i. SI!. V.,2.., ...... N 27 F. 	 F.b,,, ill. V.o,, ,.,... N 22' F. 

St,.t7..d Q..d,..tgI.. St.,!.,, till. 	 Sl,.11,,d Q...d..,gl.. S..l.,, 511. 	 N,,lh101d . M, ... ,t....... 

0.s.-h.l7 ..l. ...oh....o .9 W..S 	 0.,. .,d ,,.-h.lt ,,il.......1 Ch.l- 	 51.. S..9.,, 1.11. 0,.. .,,d ,,.-h.15 
.041.......1 N,,lhh.id. M....,h,- 
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WEST N I EAST 	 WEST No EAST 	 WEST NO EAST 

I 	10 	6 	 5 	10 	6 	 3 	10 	7 

	

o 20 	5 	 2 20 	6 	 6 20 	9 

	

30 	9 	 2 30 	6 	 3 30 	6 

	

3 40 	7 	 340 	4 	 340 	7 
I 	50 	2 	 3 50 	0 	 050 	8 

	

260 	4 	 0 60 	2 	 160 	5 
I 	70 	0 	 2 70 	0 	 I 70 	4 
080 1 	0 	 480 	0 	 180 	I 

F.b.i. 110, MI, COb, N.. H.,.p- 	 F.b,,, lit. V,,i. ..... N 22 C. 	 F.bO. 120. V.,i.. ..•... N 22 E. 
•hI,.! Q...d,..gi.. S.,in. Liii, T... 	 WhiL.h.ii Q...d...gi., Sub.L.,0.,. 	 WhiL.h.iI Q...d,..gi.. S.b..,f,.. 
...ii..,.,,ih...i .2 0.i,.dtiii, NIlt 	 iii. T.t. .11.. 	 .2 F.l. H..... 	 till. O1. 	 1.Lii. ,1.(th1...t .0 F.i, 

H.t.t.. 

	

WEST NO EAST 	 WEST NO EAST 	 WEST r40 EAST 

6 	0 	5 	 3 	0 	 3 	6 

	

5 20 	14 	 3 	20 	5 	 3 	9 

	

5 30 	8 	 4 30 	6 	 5 	3 

	

640 	6 	 2 40 	5 	 3 	6 

	

50 	 7 50 	8 	 4 	I 

	

60 	2 	 2 60 	9 	 4 	I 

	

2 70 	 2 70 	9 	 I 	3 

	

0 80 	I 	 3 80 	6 	 I 80 	0 

F.b.i. 121. V.,i ., N 3' C. 	 F.b.i. 122. V.,i..' .... . N La' E. 	 F.b.i. 123. V,,t., ..... N V C. 
WhiL,h.ii Q,.d,.,,ti.. S..b..d.,, 	 WhLi.h.ii Q...d,,, I.. S..b...d.,. 	 C..ti.t,. Q.d....gi.. S..b.,d.,. 
iiii. 0,.-i ... Lh ..ii......I B...... 	 mi. 0... ..ii. ,,nh....i .2 F.i, 	 liii. O.._0 .01......1 W..i R..t- 

i4.t.. 	 I•flO. 

	

WEST NO 1 EAST 	 WEST NO EAST 	 WEST NO  EAST 

I 	10 	6 	 2 	10 	I 	 6 	10 	3 
I 	20 	2 	 2 	20 	I 	 3 20 	4 

I 	30 	4 	 0 30 	3 	 4 30 	5 

	

O 40 	10 	 0 40 	6 	 2 40 	4 

	

O 50 	6 	 0 50 	3 	 0 50 	6 

	

060 	3 	 060 	3 	 2 60 	3 

	

0 70 	3 	 0 70 	2 	 0 70 	10 

	

180 	I 	 080 	0 	 0 80 	I 

F.bn,124,V.,t,,..,...NO2'E. 	 F.b,i,i25.V.,tt........NL3' C. 	 F6,i.120 V 	 MitE 
C..,l.i,.. Q..d...,i.. S.,!... liii. 	 C..ti.o.. Q...d,...gl.. S.,!.,. liii. 	 C ti.t 	 . 	 .2 	 'i 

E. 
 

0.,. ...d ..._h.lf ...ii.. ...LihI...i .1 	 T... ..ui.. ....th-...th...t rC.,!., 	 o 	 ii 	 h iihi 	 it 
C..... ,  R..ii..d. 	 R.fli..d. 

	

WEST NO EAST 	 WEST 1N0 EAST 	 WEST N I EAST 

O 	10 	0 	 I ho 	7 	 0 	10 	5 
2 	20 	2 	 0120 	7 	 0 20 	7 
3 	30 	9 	 4130 	8 	 0 30 	6 

I 	40 	9 	 3140 	4 	 I 	40 	13 

3 	so 	5 	 1150 	5 	 1 	50 

	

0 60 	4 	 0160 	3 	 360 	8 

	

3 70 	0 	 0170 	5 	 470 	2 
0 	80 	1 

	

o 	I 	 080 	0_ 

F.b.i. tO. V...........5 00 C. 	 F.b,.. it!. V..i., ...... N 20 E. 	 F.b1., 129. V.,t,, ...... N fl C. 
C..ti.i.. Q...J,...i.. S.b...0... 	 C..,i.t.. Q...d,...gi.. S.,!... .41. 	 C..Li.i.,, Q...d...gi.. N..,f.,.tLil. 
iiii, N,,th.,..dg, .0,.. 	 T.., .,,d .,.._h&i ...ii,. .,,ih..., .0 	 0... ...d ,...-h.i0 ,..li...,th .1 

C..t P1.Ltitflfl. 	 W..L It..Li.,d. 

	

WEST N I EAST 	 WEST NO EAST 	 WEST r20 j EAST 

	

0 	7 	 6 	10 	9 	 6 	 h 

	

020 	7 	 920 	15 	 9115 

	

2 30 	0 	 3 30 	0 	 3 	0 
I 	40 	II 	 5 	40 	8 	 5 	 1 8 

4 	50 	6 	 I 	50 	2 	 I 	2 

	

5 60 	6 	 2 60 	4 	 2 	 1
4 70 	7 	 I 	70 	0 	 I 	 1 0 

	

O 80 	3 	 0 80 	I 	 0 so 
130 V 	 42" E 	 F.b,,. 131. V..i,, 	 .., N 60' E. 	 F.b.i. 032. V.t!., ....... N LV C. 

C 	 i.0.. 	...d.... IS ,f.,.t.0 	
C..ti.0,, Q,,.d..fl8i.. 5..,!.,, liii, 	 R..ti...0 Q,..d,.,9i.. 3..,!... liii. 

0 	0. 	h it 	 0.4 E..t 	 01.. .1.0 ,...h.i0 .,.il.....th-....th- 	 St..ih ii..ii. .1 CIty .2 R..iiwd. 

Cl1.41.. 	
....i .1 W..i R..ti..d. 
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WEST NO EAST 

I 	10 	5 
o 20 	6 

	

2 30 	3 
o 40 	3 
o 
o 60 	7 

0 70 

	

0 80 	0 

F.b.i. 133. V,.ttt, ....t. N 26 E. 
R.ttl.,,d Q.t.d,..gl.. S..d... till. 

..til. .tt..t .5 N,.th Chill,..- 

WEST N 6 EAST 

2 	10 	6 

	

8 20 	9 

	

3 30 	10 

	

7 40 	9 

	

so 	10 
5 	60 	13 
7 	70 	17 

	

3 80 	5 

F.b.i. 134. V..t., ttt... N 45 6 
Rttll.,td Q...d,..,l.. Sttd.,. till 

Ott. ..til. tt.Oh .5 Cl...,d..t. 

WEST N6 EAST 

6 	10 	9 
9 	20 	15 
3 	30 	10 
I 	40 	8 
I 	50 	2 

2 60 	4 

I 	70 	0 
I 	80 I 	I 

F.b.i. 134. V,,l,, tt.... N 13" 
Rttll.ttd Ott.d,....l.. S..,l.,.till 
S...lh.,,. li,t..t. .1 R..tI..d, I...... 
.5 U. S. R...l. 7. 

WEST N 5 1 EAST 

5 	io 	4 
3 	20 	12 
6 	30 	10 

3 40 	6 
5 50 	5 

9 60 	10  
8 70 	6 
3 80 	2 

F.b.i. 137. V..t,, .tt...t N 28" E. 
R.ttl...d Q.t.d,.,.l.. S.d.,. till. 
Ott. t.,il. ,...lh .0 E..t Cl....d.tt. 

WEST N12 EAST 

6 	10 	5 
9 	20 	II 
5 	30 	19 
5 	40 	16 

12 	50 	16 

II 	60 	10 
3 70 	8 
2 80 	7 

F.b.i. 135. V.d,, ttt..t, N ZE E. 
Ot.11.,td Q..d,.tt8l.. S..f.,. till. 

S.t.th ,,. lit,tll. .5 R.ttl.,d. 

WEST N2 EAST 

4 	10l 	3 
3 	201 9 

I 	301 	6 
3 	401 	I 

o sol 
0 601 	I 

I 	701 	4 

F.b.i. 134. V.,.,, .,t..tt N tE E 
R.tll.ttd Q.t.d..ttgl., St.d.,. till 
Tt., ttt,l.. ....th,...l .5 Sh.,bt.,tt. 

	

WEST N 2 1 EAST 	 WEST N S EAST 	 WEST N 9 EAST 

o 	10 	2 	 3 	10 	2 	 4 	10 	8 
3 	20 	3 	 2 	20 	7 	 9 	20 	II 

	

4 30 	3 	 0 30 	5 	 8 30 19 
I 	40 	3 	 2 	40 	5 	 10 40 	13 

	

o 50 	4 	 0 so 	4 	 2 50 	6 

	

2 60 	6 	 2 	60 	1 	 7 60 	10 

	

2 70 	5 	 I 	70 	6 	 8 70 	4 

	

080 	4 	 I 	80 	4 	 I 	80 	3 

F.b.i,, 139. V...t,, tt..., N 49 , ' E. 	 F.b.i, ISO. V.,l... .t... N 33" E. 	 F.b.t. 141. V..l,, .,.... N 17 E. 

Rt.11.ttd Qt..d..t.l,. St.d.,. till. 	 Rt.tl.t,d Q...d..t.l,. Stt.f.,. till. 	 R.11.t.d Q...d,.,,l.. S.t,h.. till. 

Ott. tttil. ...l .5 Rttll.ttd. 	 Ot.,-l....,th t,il. ...tth .5 R.tll.,t4 	 Tt.. .tl.. ..ttthtt..t .5 M,,td,tt. 

H,.t.itl. 

	

WEST N 2 EAST 	 WEST N 7 EAST 	 WEST N 5 EAST 

I 	10 	I 	 6 	0 	3 	 3 	10 	3 

6 	20 	3 	 3 20 	10 	 2 	20 	I 

5 	30 	7 	 I 	30 	9 	 2 	30 	2 

6 	40 	io 	 I 	40 	7 	 2 	40 	4 

	

8 50 	7 	 0 50 	2 	 0 50 	4 

	

4 60 	12 	 0 60 	2 	 0 60 	4 

4 	70 	13 	 o 	70 	I 	 I 	70 	8 

	

4 80 	6 	 0 80 	0 	 3 80 	5 

F.b.I. 142. V.,t,. ,tt... N 65 E. 	 F.b.I. 113. V.,l., .tt...t N II E. 	 F.b.i. 144. Vlt.. .,.... N 47 E. 
Rt.tl.ttd Q.t.d,.t.l.. St..f.,. till. 	 W,.4.t,.k Q...d..ttgl.. S.d.....'II 	 W.,.dn,.k Q...d...gl.. S.d.,. I'll. 
Ott. .tt,l.......,nhtt..t .5 Chttl..t- 	 Ott. t.til. ..t.th-.,ttth,..t .5 Wtttd- 	 F.... .ttil.. ,,.thtt.tt .1 W.ttd.t.,k. 

	

WEST N 6 EAST 	 WEST N 2 EAST 	 WEST N 5 EAST 

2 	10 	8 	 2 	10 	6 	 I 	10 	4 

	

2 20 	10 	 2 	20 	6 	 0 20 	2 

	

30 	13 	 0 	30 	14 	 3 30 	8 

	

2 40 	7 	 0 40 	7 	 2 40 	II 

	

3 50 	2 	 I 	50 	6 	 2 50 	3 

	

5 60 	2 	 0 60 	4 	 0 60 	10 

	

2 70 	2 	 0 70 	2 	 70 	6 

	

4 180 	I 	 I 	80 	0 	 I 	80 	2 

F.b.I. 149. V.,t,, ttt.... N 20" E. 	 F.b.i. 146. V..t,, ,tt.,,. N IV E. 	 F.b.I. 147. V.,... ..t.... N 42 E. 

Wtt.d.0..,k Q..d,..t.l.. St..f.....'II. 	 El ... ....N... H.,ttt..hi..l Q...d...- 	 H...... Q..d,...l.. S.t.f... Stll. 

F.. .61.. ..t.Sb.....thtt..5 .6 S,t.th 	 ,l.. Sttt{.,. till. 0., tttil. ..ttth...t 	 OttO H. tt6 .4 H..tI,.d. 

Wo.d.t.d. 	 .5 W..t L.b....tt, N.., H.tt.t..l.i,.. 
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WEST N 5 EAST 

5 	0 	4 
o 20 	6 

	

0 30 	6 
o 40 	5 

	

0 50 	2 
0 	60 	I 

	

0 70 	0 
o 1  80 	1 	0 

F.b,it 145. V.51,, .5..... 14 59 F. 
H....t.,  

0,.. ,..il. •..Sh 
M.,id..., N.., H....p.ht,.. 

WEST N 7  EAST 

3 	10 	8 
' 	20 	7 
0 	30 	10 

	

40 	9 

	

4 50 	6 

	

2 60 	2 

	

70 	7 

	

4 80 	2 

F.b,i, 151. V.,l..t ,.,.... N 27 F. 

.t.d.....-t..,th...11...Ih..ITl..- 

WEST N15 EAST 

5 	to 	3 
4 	20 	II 

4 30 H 
2 	40 	16 
3 	50 	16 
3 	60 	14 

4 70 	s 
2 [Sol 4 

F.l.,lt lit. V,tI,, 	 N 25 E. 
F..,l A,... Q...d,.,gl.. S..b ... 5..,. 
lilt. 0.,. ...d .....-I....tth ,..iI..,...,th. 
.,..l..tW..lp...I.t. 

WEST N2 EAST 

0 	10 	4 
20 	10 

2 	30 	7 
3 	40 	10 
6 50 	9 
3 60 	5 
3 70 	5 

I 	80 	2 

F.b,l., 152. V,tt.., ....... N 35 E. 
P.,,l.5 Q.,.d,..,gl.. S..,5.t, till. 1,.... 
..td .....-h.lI ,,.il,. ,...,1h ... l ..9 R... 

WEST N6 EAST 

to 	2 

2 20 	3 
I 	30 	4 
0 40 
I 	50 	5 
0 60 	2 
0 70 	4 
2 ISO 1 3 

F.b,k ISO. V.,th, tt.,... N 37" F. 
F..,i.t Q...d,...gI.. S...4.,. Sill. 0,.. 

Mlddl.5...... SpA..g.. 

WEST N 9 EAST 

5 	10 	12 
6 20 	7 
5 30 	9 
4 40 	9 
2 50 	5 
3 60 	4 
0 	70 	I 

0 80 	0 

F.b,t, 153, V...l.., S...... N II' 
P...l.5 Q...d..,gl.. N.s.f... Sill. 0... 
.5.4 ..,,,-h.lS .tll.. ....5 ..I D...b, 
F...., C,,,..,.. 

	

WEST N 4 EAST 	 WEST N 4 EAST 	 WEST N 3  EAST 
4 	10 	10 	 0 	10 	5 	 3 	10 	7 
6 	20 	8 	 0 20 	10 	 0 20 	8 

	

4 30 	7 	 0 30 	7 	 0 30 	5 
3 	40 	5 	 0 40 	II 	 2 	40 	6 

I 	50 	2 	 0 50 	6 	 I 	50 	4 

	

0 60 	2 	 0 60 	7 	 I 	60 	2 
I 	70 	0 	 0 	70 	5 	 I 	70 	5 

	

0 1  80 	I 	 I 	80 	0 	 2 	80 	5 

F.b,.. IA. V..t,,..,..... 14 5 F. 	 F.b.l.. 535. V,.t.., ....... N 34' F. 	 F.bti. 54. V.,t.., ,,..... N 34 F. 

	

P..ssl..t Q....l....gl., 	 S,,,t,.,,l,lI. 	 P...,l.I Q...d'..tgl.. S..,5*,, till. F...., 	 P...I.l Q...d'..ol..  S..,!.t. till. O.t._ 
Tlt,,,_l,....lh. .,ll, ,..,tI, ..l Tt.t- 	 ,,.il.......lh I W..5 R..p.tl. 	 M..nh sAl. gM ,l P..,1.5. 

	

WEST NO EAST 	 WEST N17 EAST 	 WEST Nl0 EAST 

6 	0 	2 	 5 	10 	8 	 0 	10 I 	I 

	

3 20 	6 	 2 20 	9 	 4 	201 8 

	

0 30 	10 	 I 	30 	4 	 2 	30j 	5 
I 	40 	6 	 0 40 	3 	 6 	401 8 

	

0 50 	5 	 I 	50 	5 	 2 	501 	7 
I 	60 	0 	 1 	60 	4 	 6 	601 10 

	

0 70 	5 	 2 	70 	6 	 7 	701 

	

4 80 	I 	 0 80 3 	 I 	80J__ 

F.b,,s Itt. V,,t,t..,..,. N 34 E. 	 F.b.i. Si. V..s.., ..t..fl N SI E 	 F.b,,, 559 VSt 	 ,,,... N 35 F. 
W.Il,.,54..,d Q.s.d,...gI.. 	 L.sJI..., Q...d,...gl.. N.s.f... Sill, T..., 	 N.ss H,t.tp.h.,, Q...d- 
0,.. Stt5A 5..,, ..S E..t W.lI.,.gt,td. 	 t,Al......f CA...... 	 ....gl. S..,t.,.l,ll. Cl.,.t.t...tt Sb..p- 

	

WEST N 4 EAST 	 WEST N ii EAST 	 WEST N 5 EAST 

10 	 10 	4 	 5 	10 	7 
2 	20 	5 	 I 	20 	7 	 5 20 	8 
2 	30 	9 	 I 	30 	4 	 I 	30 	16 

I 	40 	8 	 3 	40 	II 	 0 	40 	12 

	

0 50 	6 	 I 	50 	5 	 0 50 	10 

	

60 	2 	 2 60 	3 	 0 60 	10 
I 	70 	4 	 0 70 	3 	 0 70 	2 

	

0 80 	0 	 2 80 	3 	 0 80 	3 

F.b.i. ISO, V,,l.., ,s...t N 25 F. 	 F.b,,. 161. V,,t..,..,.., N as K. 	 F.b.I. 562, V.,l.., ......, N 31 E. 

CI.,,t..,t,S N,.. H..p.hi,,. Q...d- 	 Cl.,S...,..l .14.... F4....p.hit. ,  Q.s.d_ 	 Sh...h.tt Q...d....gl.. N.s.f..,. Sill. 
,...gl.. S.d.....'II. Th,.. ttil.. 	 t...gl.. S...t.,. 1.11. Th,..,.td ,t..- 	 Th,.. ..,il.. ....l-t...tlh.5..l ..f A,.. 
.....5h.....5 ..ICl.,.,.t,..t, N. H....p- 	 5.11 ,,,il.. ,....th .1 C,,,t.i.t, FAA. 	 ll..gt,.t. 

gSA.. 	 N... H...tp.hi,.. 
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WEST N 2 EAST 	 WEST N3 1 EAST 	 WEST N2 EAST 

I 	tO 	3 	 0 	10 	2 	 3 	10 	5 

	

3 20 	2 	 0 20 	3 	 I 20 	9 

	

30 	12 	 2 30 	3 	 I 	30 	12 

	

O 40 	9 	 2 40 	7 	 1 40 	15 

	

6 50 	8 	 I 50 	5 	 2 50 	7 

	

260 	5 	 060 	4 	 160 	2 

	

070 	5 	 010 	4 	 470 	2 

	

080 	I 	 080 	I 	 080 	I 

	

F.b,it 153. V.tl., ,,.t. N 34 E. 	 F.b,lt 64. 	 ,,..tt N 39.  6. 	 F.bt,t 545. V.I(), ,,..,. N Sr E. 

	

Nhs..h.,. Q...d,..,l.. S.t. Sill, 	 Sh%,.h.! 	 N, 	 Yk' 	 Eqi 	 Sttf.t. till. 

	

Tht.. tttll,. ...t l Sh.Sl.btt,y. 	 Stttf.t. till. Ot. .,,il. 	 .9 C...- 	 0... .,,d .tt._h.lt .15.. ..-th ... S .5 

6.3,.. N... V.3., 	 6..t A,lit.,9.,.. 

	

WEST N II EAST 	 WEST N 4 EAST 	 WEST NO EAST 

6 	10 	II 	 0 	10 	4 	 0 	10 	4 

	

2 20 	7 	 0 20 	6 	 0 20 	I 

	

430 	9 	 I 30 	5 	 030 	6 

	

I 40 	12 	 040 	7 	 040 	10 

	

250 	6 	 I 50 	8 	 050 	9 

	

60 	0 	 I 	60 	e 	 060 	12 

	

I 70 	0 	 0 70 	2 	 070 	10 

	

80 	I 	 0 80 	4 	 080 1 	9 

	

F.b.i. 266, Eq..it..- Q.,d...tgl.. S..- 	 F.b.i. 567. V,tt., st... N 40 E. 	 F.b.i. 65. V.5th, ,,t.,. N 54 E. 

	

Sill. 0... .,.d ,.-S..tth t,til,. 	 Eq.i.,. Q...d..tol.. S,,f...lill,0,t, 	 Eq..i,,. Q..d....gl.. S..t.,. 1.11. 

.5,3 ,.t._9.-..lh ,stl.. ..-lh .5 M.,t- 	 0,,, .,.d ...-l...lh ,,stl...-tlh..st.2 

.6...... 	 .5 M..I.ly,, 

	

WEST N 4 	1 EAST 	 WEST N 3 EAST 

4 	10 	I 	 2 	10 	13 

	

3 20 	3 	 I 	20 	9 

	

0 30 	4 	 3 30 	9 

	

2 40 	4 	 4 40 	II 

	

4 50 	6 	 I 50 	10 

	

2 60 	4 	 I 	60 	II 
I 	10 	8 	 I 	70 	19 

	

280 	4 	 380 	8 

	

F.b.i. 59. V..t.. 	 st., N 47 	 E. 	 F.h,st 170. V..,tst, st.,., N 	 45 E. 

	

Eqstl.t,, Q..,d..t,gl, . 	 Sst,t.., 	 1,11, 	 EqsttstS Q.,d,.,tgl.. Sst.l...l,Il. 

0,. ..il. •ststth-..-th...l stt Ash,.- 	 0,5. stttk ...l stI lO.,...,.stll., 

	

WEST N 	7 EAST 	 WEST N 10 EAST 

3 	10 	 II 	10 	2 

	

5 20 	10 	 9 20 	8 

	

3 30 	IS 	 3 30 	6 

	

6 40 	10 	 2 40 	8 

	

7 50 	5 	 I 50 	4 

	

2 60 	II 	 0 60 	4 

	

370 	8 	 270 	3 
I 80 	5 	 380 	4 

	

F.b,,., 572. V.,,.,, 	 ...., N 	24 E. 	 F.b.i. 272, V.0,5, st... N 	 IS E. 

	

Eq.,i,,st, Q,t.d,.,,gl. 	 6.-S.,. 	 nIl. 	 Eq.,.,. Q..d,.-gl.. S.stl.t.l,ll, 
O,,-h.lf ,,,,l.......A,l,,oth... 

	

WEST N 	2 EAST 	 WEST N 2 EAST 

4 	10 	4 	 I 	10 	I 

	

420 	5 	 020 	6 

	

2 30 	12 	 I 	30 	8 

	

4 40 	9 	 4 40 	10 

	

050 	I 	 350 	8 

	

460 	3 	 460 	8 

	

070 	2 	 370 	5 

	

180 	2 	 080 	I 

	

F.b.i. ItS V.S9., 	 st... N 	Si E. 	 F.b,,, 276. V.,,,,, 	 N 	46 E. 

Ld.fld.,,y Q...d...gl.. S.-l.,, 	
L.,,d,..d.,,p Q...d,.,ol,. 5.3..,. 

till. 	 .,,,Sh,...s sIP.,S. 	
t1l, T' 	 St!l...... ,5l 

WEST NO 1 EAST 

I 	tO 	4 
2 20 	14 
4 30 	21 
0 	40 	II 
0 50 	6 
0 60 	5 

I 	70 	4 
3 80 	6 

F.bst. 175. V..,,, ,,..,, N 35 E. 
Eq,i.,. 	 5.-S.,. till. 

T,., .31,. .,,Sht.,.t .1 SoAR Do..L. 

WEST N 6 EAST 

4 	10 	9 
I 	20 	5 
4 30 	6 
4 40 	9 
I 50 	3 
I 60 	4 
2 70 	5 
0 ISO 1 	6 

F.b,st 174. V..,l,5, ,.... N 25 E. 

Q,,.d.. ,ol.. S.d... 

till. 0,,,-h.lf ,,til......9 W..S 
W.,d.b,,,. 

WEST N I EAST 

O 10 	3 
I 20 	4 
0 30 	I 
0 40 	7 
0 50 	3 
0 60 	2 
I 	70 	2 
0 80 	2 

F.b.i. 577. V.,S,, St... N 39 E. 
L,,d...d...v Q..d....l.. S,.9.t, 
Sill. T,., ,.i6......9 B,,td,ill.. 
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WEST Nl4 EAST 	 WEST N3 EAST 	 WEST P44 EAST 

4 	10 	6 	 1 	10 	2 	 4 	10 	0 
20 	3 	 2 20 	2 	 2 20 	2 

0 30 	II 	 0 	30 	0 	 1 	30 	2 
3 40 	4 	 0 40 	5 	 I 	40 	II 
I 50 	3 	 3 	50 	5 	 I 	50 	4 
I 60 	3 	 I 	60 	3 	 0 60 	8 

2 70 	3 	 0 70 	8 	 0 70 	I 
I 	80 	I 	 0 180 	4 	 I 	80 	0 

F.b,it Its Vt.,,,,.,, N 17 E. 	 F.b,., lit. V.,t., ,,,.,,, N St F. 	 F.b,jt ISO. S..t,,t. S.,., Q,.dt.ttgk. 

	

d..,d.,,v Q...t,.,tgl, 	 .S,i,t,t, 	 L,,,,d,,,d.,,v QU.d,.,gl.. S,,l.,. 	 S.d.,. till. 	 ..,iI...... 
till. 0... .,.d ,fl.-h.11 ...,l......t 	 till. Ofl ,,..l..,,th .1 W..I W.,d._ 	 T,tt,.h.,td. 
W,.t W,,d.bfl,. 

	

WEST N 17 EAST 	 WEST N 15 EAST 	 WEST N 5 1 EAST 

5 	10 	4 	 7 	10 	4 	 I 	10 	I 
5 20 	6 	 6 20 	8 	 4 20 	0 
I 	30 	7 	 6 	30 	II 	 0 	30 	3 
2 40 	6 	 3 40 	12 	 0 40 	2 
I 50 	4 	 0 	50 	4 	 I 50 	4 
360 	5 	 0 60 	9 	 I 60 	9 
370 	5 	 0 70 	I 	 070 	5 
280 	2 	 0 	so 	I 	 I so 	I 

F,b,t, Itt. V.,,,, tt,.,t. N It E. 	 F.b.i. 782. V,,, .,..., N It F 	 F.b,i, ISO. V.,,,,, 	 ..,, N SO F. 
8,,., Q,.d,,.gt.. 	N.,. H,p.I,,,. Q.,.d 	 8.11..... V.11. N.,. tt.,,.p.h,,. Q...d- 

till. Tb,.. .fld ,fl.-h.lt  ,,,il....tith_ 	 ,..,,I. S,,l,,.t,ll. 1,., ,,,I..,..t 	 t...gl. S,,t.,. till T,., ,,,il...... 

	

5.,,,,,. R.... 	 ,1 S,.tfl Clt.,l,.t,,..,. N.,, H.,.,p.. 	 ,l S,,tilh Ch.,l..t,,,.,,, N.,. Il..,tp- 
.1,,,,. 

	

WEST N 3  EAST 	 WEST N 5 EAST 	 WEST N 2 EAST 

3 	10 	5 	 2 	10 	6 	 5 	10 	4 
I 	20 	5 	 0 	20 	10 	 2 20 	4 
2 	30 	8 	 0 	30 	13 	 I 	30 	3 

I 	40 	6 	 I 	40 	9 	 2 40 	4 
I 	50 	4 	 I 	50 	16 	 0 	50 	2 
I 	60 	4 	 0 	60 	7 	 I 	60 	5 
I 	70 	I 	 0 	70 	7 	 I 	70 	4 

0 80 	I 	 0 80 	9 	 0 80 	4 

F.b,j. Itt. V,,t,,t,,.,,t N 26 F. 	 F,h,,t ISO V,,I,,,,,.,,, N SI E. 	 F,h,t, ItS. V.,t,,, ttfl N II E. 

8.11,,. F,ll. N.,. t'l.,,tp.hi,.. Q....t 	 ll,,...i, F,ll. N.,. Y,,d, Q,,.d,,,,gl. 	 ll ... i, V.11. N.,. V,,,i.  

,..i.. S,,,l,t. till, O.,._h,lt ,,t.l. 	 S.,,t.,. till SI,,.tt.S,,. lt,,ll,,.. ,.., 	 S,,t,,.till. Whit. C,..k R.,.d. 

•,,.th...t .1 W.lp,l., N.,. Fl.,.p- 	 H,,,,.i, V.11., N., V,..k. 	 .11......IN., Y,,k St.,, Kit,,, U. 

	

WEST N 6 EAST 	 WEST N IC EAST 	 WEST N 4 EAST 

2 	0 	4 	 3 	10 	18 	 2 	10 	16 

3 	20 	5 	 0 	20 	14 	 3 	20 	13 

0 30 	3 	 8 30 	8 	 2 30 	4 

3 40 	3 	 2 40 	2 	 0 40 	9 

3 50 	7 	 0 50 	I 	 2 50 	4 

2 	60 	 I 	60 	I 	 I 	60 	0 

70 	4 	 2 	70 	3 	 2 	70 	I 

I 	80 	I 	 I 	80 	I 	 0 	80 	7 

F,b,tt Itt v,,t,,,,t,,,,, 529 F. 	 F,i,,i, Itt V.............Nt F. 	 F,b,,,ItS.V...........N21 F. 

8.tt,tifltglflifl Qti,flt,,,,gt, S,,t,,,Iill. 	
BflflfltflflgIflfl Q,.d,,,,tl,. S,,,t,,, till. 	 B,,,l..gI,., Q...d..,,l.. S.d.,. till. 

0,,, ,..l. it,,. h,...t,,I N,,th a,..- 	 0,,.,,,il.,,,,t h .1 .Sh,lt.h,,t. 	 B.,,itt,h.,, fl,,p,,,t. 

	

WEST N 2 EAST 	 WEST N 0 EAST 	 WEST N 8 EAST 

2 	ol 4 	 3 	10 	2 	 0 10 	6 

o 	aol 	4 	 I 	20 	2 	 I 	20 	7 

2 	301 6 	 0 	30 	2 	 I 	30 	2 

3 	401 	2 	 I 	40 	0 	 I 	40 	I 

2 	sol 5 	 2 	50 	2 	 I 	so 	I 

	

2 601  6 	 6 	60 	5 	 0 60 	I 

	

3 701 2 	 5 70 	3 	 0 70 	0 

	

3 80J 1 	 7 	80 	II 	 0 ISO 1 0 

V b 	 Ito v 	 74 E. 	
F.b.i. Itt Sflt. 	 fli%ifl FItfl n.., 	 I .h,tt 192. 5.,,,, ,,..,t N 20 F. 

8 	 Q 	 II 	 0.1 	 I 	 Ii 	 B 	 0.1 	 St 

o 	 ,,,l 	 I, 	 IN 	 lB 	 0 	 hIt 	 I 	 I 	 1 	 iT 	 .1 	 t 	 h,,,l 
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WEST N 4 EAST 	 WEST N 5 EAST 	 WEST N I EAST 

9 	10 	3 	 1 	10 	4 	 I 	10 	0 
0 20 	7 	 4 20 	2 	 0 20 	2 

30 	3 	 4 30 	6 	 1 30 
I 	40 	5 	 1 	40 	3 	 0 40 	2 
2 50 	8 	 3 50 	5 	 0 50 	3 
I 	60 	8 	 I 	60 	13 	 I 	60 	3 
170 	4 	 4 70 20 	 9 70 	5 
2 80 1 	I 	 2 1  80 	9 	 9 80 	7 

393. V..t, .....,. N 33 L 	 94. 	 ,..,. N 60 E. 	 F.b.'.. ItS. V..t, 	 N 83 E. 

	

Sd ... t,ll 	 Slt.Il. 	 B*flit 	 S&4d.(. till 
0,.. ...d ,.,.,-h.11 ,.,,I..,.,.,th ... t 

	

	 0,,. .d ,.,.,h.If ,,.,I..,,..t ,.l S,.,.tb 	 7 - T,,,. ,,,,l..,..3 ,.t 
Sh.11.b,y. 

WEST N 8 1 EAST 	 WEST NO EAST 	 WEST N 2 EAST 
0 	10 	4 	 I 	io 	$ 	 3 	10 
I 	20 	3 	 I 	20 	6 	 2 20 	16 
I 	30 	7 	 I 	30 	7 	 0 30 	13 
2 40 	3 	 I 	40 	2 	 2 40 
I 	50 	5 	 0 	50 	I 	 I 	50 	9 
I 	60 	8 	 0 60 	I 	 260 	4 
2 70 	8 	 0 70 	I 	 0 70 	0 
O 	80 	4 	 I 	80 	0 	 I 	$0 	I 

	

F.b,.. 06. V.n,., ,.,..,. N 44 F. 	 F.h,k 397. V.,l,., ,.,..,, N 23 C. 	 F.b,i 398. V.0,,, ,,,..,, N 27 C. 

	

Q...d,.,,gI. St,,.. till 	 B.,,,,i,.gt, Q...d,.,,gI.. S,,,f.,.till. 
tl',,,,,I. 	 .7!, T, 	 d 	 ils•t 	 B.,.,.i,,gl 	Ai,p,l. 

	

WEST N 2  EAST 	 WEST N 3 EAST 

0 	10 	2 	 10 	10 	10 
2 20 	4 	 8 20 	is 
3 30 	4 	 2 30 	14 
2 40 	6 	 0 40 	8 
2 	50 	2 	 I 	50 	2 
3 60 	5 	 2 60 	I 
3 	70 	6 	 1 	70 	I 
I 80 	2 	 0 80 	3 

193.V,,.t,,,,,,..,, N43E. 	 F.b,,,200.V.,l,,,,,...,.NISF. 
B.,.,,,,,gt,,,, Q.d,.flRl.. S,.,l...t.11. 	 B ... ,,,gt,,,. Q...d,.gl.. S..H.,.. till. 
0,.. ,.,.l, ,.,,,,th,...t ,,l N,,,,th B.,.- 	 0.,, .,.d ,,,..-h.lt 	 ,l.. 

Sh.lt.b..,y. 

	

WEST N 5 EAST 	 WEST N 3 EAST 

I 	10 	3 	 I 	10 	I 
I 	20 	7 	 I 	20 	3 
I 	30 	5 	 2 	30 	2 

O 40 	9 	 I 	40 	6 
0 	50 	10 	 I 	50 	I 

0 60 	5 	 I 	60 	3 
I 	70 	0 	 I 	70 	5 
I 90 	0 	 4 80 	0 

F.b,i,. 202, 	 .,,,., N 33 C. 	 F.b,.,. 203. V,,th, ,,.,,,. N 44 E. 

B..,,.i,,gt,,,, Q...d..gl.. S..,t..,. lilt. 	 W,l..,,gth,. Q,,,d,.,,gl.. 

	

0,.. ...d .,,.,-h.Il ,,,il..,..,.th 	 T,.,, .,.d ,,...-h.11 ,.!l.. 	 46 
N,,,th 

	

WEST N IS EAST 	 WEST N 9 EAST 

3 	10 	10 	 0 	10 	3 

2 20 	16 	 5 20 	2 

4 30 	12 	 2 30 	6 

040 	8 	 240 	5 

so 	e 	 I so 	B 
160 	2 	 260 	6 
2 70 	2 	 4 70 	14 
080 	0 	 080 	I 

F.b.i. 205. V.a., ,.,.., N 38 C. 	 F.b,,,. 206. V.a., .,..., N It E. 
Wit,,.j,.gl., Q,..d,.,.gl.. S.,d.,..till. 	 W,t.,,.,.Bth,. Q..d,...gl.. S,,,t.,.,t,ll. 
C..t .id. .3 C..t D..... 	 0.,. ,.,il. ,,.,th .6 W,.t D.,.,. 

WEST NI EAST 

4 	10 	5 

	

4 20 	4 
I 	30 	2 

	

3 40 	6 
I 	50 	3 

	

4 60 	5 
2 	70 	13 
8 80 20 

F.b.i. 201 V.,th, ,...,, N 72 C. 
B,,.agt.. Q...d,..gl.. S,,,t.....'II. 
....,,d ,.,,.-h.lt ,,.,l.....t .9 S.,,th 
Sh.tt.b..,y. 

WEST N2 EAST 

0 	10 	4 
I 	20 	3 
I 	30 	I 

	

0 40 	5 
o 	o 	0 

I 	60 	0 

	

0 70 	2 
2 	80 	I 

F.b,,, 204. V.a., ,,...,. N 44 E 
W,t,.i,,81.,. Q..d,.,.gt.. S..,t.,..I,lt. 
T... .,,d .,..-t ... lh ,..it..,,.,tl. .9 
Wil,,,,.,gl... 

WEST NI EAST 

5 	10 	2 

	

2 20 	0 
I 	30 	I 

	

2 40 	2 

	

3 50 	0 

	

60 	7 
5 	70 	II 

	

5 80 	8 

F.U,,,. 007. V.0,, ,,...,. N 85 C 
W,l,.i..gL,,. Q...d,.,il.. S.d... tilt 
T,.,.,,d ,,,.l.....,th .4 
S.,.-. 
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WEST N 6 EAST 

2 	tO 	2 
4 	20 	7 

	

30 	8 

	

3 40 	4 

	

0 50 	2 
o 60 	0 

I 	70 
o 1 80 	1 	2 

F.b.i. 000. V,@I@. tt,., N 15 F. 
Wil@tth.lt . Q.t.J,...l. S.d... till. 
Fit. .,.d .t,t.-h.It ,.il.. t..th @5 

WEST N 4 EAST 

	

0 	4 
20 

	

0 30 	5 
I 	40 	6 

	

0 50 	3 

	

60 	3 

	

70 	I 

	

0 80 	3 

F.b.i. til. V.,l.,..t..tt N SI E. 
Q.t.dt.,gl., S.1.., till 

Tt.. 	 ..ti.. 	 ,Ih_t.,,,lh,..l 	 .1 

WEST N 7 EAST 

	

10 	5 

	

20 	3 

2 30 
I 	40 	8 
I 	50 	6 

	

3 60 	3 

	

2 70 	2 

80 

F.b.i, 209 V.,t,, .t...tt N 25 E. 
Wil@tit.gt ,.. Q...d,.,gl.. Stt,I.t. till. 
Tb,.. t,,tl.. fl,,th,..l .5 E..t D.t.,. 

WEST N 3 EAST 

4 	tO 	0 
7 	20 
2 	30 	5 

	

0 40 	7 

	

0 50 	7 

	

0 60 	7 
I 	70 	4 
I 	60 	2 

F.b.i. 202. V.a., ,tt.., N 34 E. 

Ott. .t.d ,,t..h.lI  
Will.. 

WEST N 2 EAST 

to 	a 
2 	20 	I 

0 30 

1
40 	3 

0 	 a 
0 60 
0 	70 	2 
0 180 	2 

F.b,it 200. V.,t,t ttt•&fl N to E. 

B,.ttl.b,,. Q.t.d...,l., S.f.,, till. 
F,t.,.,d ,,t.-h.It .t,il.......5 
G.W.M. 

WEST 

r40  

 EAST 

I 	I 
2 	7 

I  

0 	4 
0 	0 
I 	I 
0 	2 

I 	60 	I 

F.lt,i. Ill V..t.., .t..tt N 20' E. 
fltttllltb.,.  S.t,t,,, till. 
Ot,.-h.11,t,il,.t..l.lQ.till,,d, 

	

WEST N 2 EAST 	 WEST N 2 EAST 	 WEST 1N3 1 EAST 

I 	10 	2 	 I 	10 	3 	 2110 	0 
0 	20 	I 	 0 20 	3 	 2120 	4 
2 	30 	2 	 0 30 	6 	 0 130 	0 

	

4 40 	4 	 2 40 	6 	 I 140 
0 	50 	5 	 250 	5 	 2150 	3 

I 	60 	4 	 0 60 	3 	 0 I&o 	7 

2 	70 	5 	 I 	70 	0 	 0 170 	5 
2 	80 	I 	 I 	80 	2 	 3 	80 	I 

F.btt, 214, V.tt,,,t.,.. N St E. 	 F.b,t, 215. V.,t,, ,,.., N 35 E. 	 F.b,, alt. V.,t,, ,tt..t, N 40 
K.,... N.., H....p.ht,.' Qtt.d,.,gl., 	 K...t. N.tt H..t.p.hi.. Q..d,.t,,l,, 	 K..,. N... H.,,tp.ht,. Q..d,.ttgl.. 
Sttd.,.t,lI. T. 	 ,t,.l,. ,,,th .0 	 N,,t.,. till. O..._h.11 ,,ttl......5 	 S,,t.,. ItlI. Ott. ttttl 	 ...tth .5 
Ht.t.4.l.. N., H..t,p.ht,.. 	 W..tt,t,,.l.,J. N., H.tttp.btt.. 	 Ch.....0.td, N., H..,p.h.. 

	

WEST N 5 EAST 	 WEST Ne EAST 	 WEST N5 EAST 

3 	10 	0 	 I 	10 	2 	 5 	10 	7 
I 	20 	7 	 4 20 	4 	 3 	20 	3 

	

3 30 	6 	 0 30 	7 	 2 30 	7 

	

3 40 	IS 	 I 	40 	9 	 4 40 	6 

	

2 50 	2 	 I 	50 	7 	 2 50 	5 

	

2 60 	6 	 060 	5 	 060 	3 
I 	70 	2 	 5 	70 	I 	 0 	70 	3 

	

2 80 	0 	 4 80 	0 	 0 80 	2 

F.b,,. SIt. V,,t.,, tt.fl N 25 F- 	 F.b.i. alt. V.,l,, ,t.., N St E. 	 F.b.i. alt. 0,.,d,, Q..d..t.gl,, 
N., H.t..p.hi,.' Qt..d..t.,l.. 	 S@b.tl.,. till, 0... ,oI.tt..,th,..t 

St..l... till T,,t,,l..t,,,tl......I 	 S.td... ItIl 1,.. .,,l.....,th-,,,th- 	 ,1S.li.b.y, 

	

W..t.tt,,.l...d, N., tt.,t.p.ltt,.. 	 tt•t .5 CIt.....fitlil. N,, H,,ttp.ht,,, 

	

WEST N I EAST 	 WEST N I EAST 	 WEST N 	EAST 
O 	10 	3 	 4 	101 	0 	 10 

	

6 20 	I 	 0 201 2 	 20 

	

0 30 	5 	 I 30 	3 	 30 

	

3 40 	I 	 0 40 	9 	 40 

	

4 50 	8 	 2 501 9 	 50 

	

5 60 	7 	 0 601 8 	 60 

	

3 70 	5 	 0 70 	4 	 70 

	

O 80 	I 	 0 8OJ, 	 60 
F.b.I. 220. Tl ... d..,s. Qt..d..,sl.. 	 F.b,t, Sal. T.,,,d.,,.. Q,.d,.,.l.. 	

F.b,t, 222 V.tt,, ,t.., N 29 0. 
Sttb.t.tl.,. till. O,.-h.l5 ,,il. .,..lh. 	 ttt.,.tt . , ,.- . 'tt . .,ttt - 

	 Middl.b..,, Q...d..,,I.. St.b..td.,. 

	

.5 W..t B.idp..tt. 	 .5.1,5,0 	
tIll. W.tb,&d,. Hill, ... .t.dtht.._ 
tttth. ,t.il.. .,ttth .1 W.yb.d,.. 
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APPENDIX C 

FIELD DATA AND CALCULATED VECTOR MEAN 

OF FABRICS OF THE BURLINGTON TILL 

WEST N 4 EAST 

8 	10 	0 
14 20 	3 
16 30 	4 
II 	40 	0 
6 50 	I 
6 60 	6 
6 70 	4 
0 1  80 1 	I 

F.b,k I. V.@t@, .@..,@ N 30 W. 
8.....P@i@tQ..d.@gI.. N@,Lhll.,@, 

@7 C.@p K.@- 
J@@k.7,. 

WEST NO EAST 

21 	0 	4 
7 20 	3 
7 30 	0 
2 40 	I 
2 50 	0 
2 60 	0 
4 70 	0 
I 	80 	0 

F.b,j@ 4. V.@t@, ,@..@ N IS W. 

J.y P..k Q@.d.@gI.. O@. ..,d 
h.If ml.. •mth-.mth...t @7 Rith-
fd. 

WEST N12 1 EAST 

25 	10 	7 
16 	20 	I 
18 	30 	3 
4 	40 	I 

	

2 50 	0 
I 	60 	0 

II 	70 	0 
3 	80 	I 

Fb 	 2. V.€t@, 	 .. N IS' W. 
E.m.b@,g F.II. Q@.dm@gl,. 0,,. .,.d 
,,-h.lI ,,,iI,.,.th @7 B.,k.h.,.. 

WEST NO EAST 

8 	10 	2 

	

7 20 	3 

	

12 30 	0 

	

6 40 	I 

	

4 50 	0 

	

4 60 	0 

	

3 70 	0 

	

3 80 	0 

F.,., S. V.,t., ,,...,. N 39 W. 

in P..I. Q...d,.flgl,. T..,, .,,d 
h.17 	 l...mth_.mIh..I .4 J.y 
P..k. 

WEST N I EAST 

4 	10 	0 
II 	20 	0 
17 30 	2 
3 40 	I 
15 50 	4 
3 60 	2 
4 70 	I 
I 	1 80 	I 

F.b,.. 3. V.0,,, 	 N 37 W 
E.b..,g F.Il. Q...d,.@gI.. 0,.. 

WEST N2 EAST 

2 	10 	4 
4 	20 	I 
9 	30 	I 
10 40 	2 
2 50 	2 
9 	60 	I 
9 70 	2 
4 80 	I 

F.bn, 6, V..I,, ,@..,. N 44 W 

I ... b.. Q...d,.@.i.. F, ,,,jI. 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NO EAST 

6 	10 	5 	 I 	10 	0 	 3 	10 	I 
II 	20 	10 	 2 	20 	2 	 8 	20 	3 
5 30 	4 	 I 	30 	3 	 8 30 	I 
4 40 	I 	 5 	40 	I 	 19 40 	2 
4 50 	3 	 6 50 	0 	 9 50 	0 
460 	5 	 7 60 	2 	 360 	2 
0 70 	3 	 12 	70 	2 	 4 70 	I 

	

280 1 2 	 980 	I 	 380 	0 

F.b.I.?. V.0,, 	 ..,, N 4 W. 	 F.b, 8. V.,t,, ,.,. N 65 W. 	 F.b.i. S. V.0,, ,,,..,. N 38 W. 
I,..b..r Q...d,.,gI.. 0,.. ...d .- 	 I ... b,,g Qmdm,.gl.. 0,,. ,,,,l. .th 	 l,..bg Qmd,.ml.. T.., ,,,iI.. 
h,I5 ..........@5 	 C,,.,.5,v. 	 ,,@,7h @7 I..,. 

	

WEST NO EAST 	 WEST No I EAST 	 WEST NO EAST 

8 	10 	4 	 4 	10 	4 	 3 10 	0 
12 20 	3 	 II 	20 	3 	 5 20 	2 
7 30 	3 	 13 30 	5 	 10 30 	I 
8 40 	I 	 20 40 	4 	 3 40 	4 
350 	0 	 650 	I 	 250 	I 
360 	2 	 260 	0 	 760 	3 
470 	3 	 270 	0 	 470 	3 

	

080 1 0 	 000 	I 	 380 	2 

F.b.i. 50. V,,th, ..,, N 9 W. 	 F.b,,, II. V.0,, ,,,..,. N 26 W. 	 F.b,,, 02. V.0,,, ,., N 37 W. 

I,..b,,g Q...d'.ml.. 1.@.. .,. ,,,._ 	 I,..b,,. Q...d'.mI.. o... ..;i 	 2 ... b... Q..d...gI.. T..,, .fld 

0.25 @11..... .-,,,,,00...I @5 N.,th 	 @0 N...p..n C,,,5.,. 	 0:25,,.,......-.,,00...0 @6 N..,p,,t 
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WEST N4 I EAST 	 WEST NO EAST 	 WEST No  1 EAST 

6 	10 	5 	 0 	10 	0 	 6 	10 	3 
$4 	20 	10 	 4 	20 	0 	 6 20 	I 
5 30 	4 	 3 30 	2 	 10 30 	2 
440 	1 	 740 	0 	 540 	0 
4 50 	3 	 2 50 	0 	 I 50 	I 
4 60 	5 	 7 60 	0 	 I 60 	0 
070 	3 	 I 	70 	3 	 270 	I 
280 	2 	 I 80 	I 	 080 	0 

F.b,., II. V.,2,., ,,..., N 20 	 W. 	 F.b,,, 34. V.,.o,., ,...,. N 	 24 W. 	 F.b,., IS. V..o@, ,,...,. N IS W. 

M.,.,ph,.,,..g,.8 Q...d..,oI,. 0... 	 M.!%@ph,.@*,.g Q...d,...gI.. 0...- 

h.II ,,.il,.,.,l @3 I...b..,.. 	 @@I.*..t .2 0,,b, C..,I., 	 h.l7 @I.....@2 D.,by C....,, 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NO EAST 

8 	10 	6 	 9 	10 	4 	 3 	10 	I 
4 20 	4 	 $8 20 	2 	 5 20 	0 
7 30 	6 	 8 30 	I 	 8 30 	0 
840 	4 	 840 	0 	 440 	I 
450 	2 	 I 50 	2 	 350 	I 
360 	4 	 060 	2 	 460 	I 
370 	0 	 070 	2 	 170 	0 
I 80 	0 	 080 	I 	 080 	0 

F.b.... IS. V...I,., ,...... N IS 	 W. 	 F.b,,. 27. V.0,, .,...,. N 	 26 W. 	 F.b,,, IS V..I,., ,....,. N 32 W. 

M.,@ph,,,...u,, Q...d,.,,l.. 	 0,._ 	 M.,.,ph,.....g.g Q...d,.,..I.. 	 1,... 	 M.,@ph,.,@.@, Q@.d,.,01. Th, 

	

V.32 ,,.il.*..I .7 D.,by C.,,,,. 	 ,.,iI,.,,th ... l @0 N...p.,I. 	 .fld ,,,-I,,.,Ih ,,iI.. 
a N.,.p*0. 

	

WEST NO EAST 	 WEST NO EAST 

4 	10 	2 	 I 	10 	6 
II 	20 	4 	 3 	20 	I 
17 30 	2 	 6 30 	I 
440 	2 	 640 	3 
3 50 	I 	 3 50 	5 
3 60 	I 	 6 60 	3 
4 70 	2 	 7 	70 	I 
080 	I 	 280 	I 

	

F,I,,i.. IS. V.,t,, .,..... N 22 W. 	 F.b,., 20. V.0,, ,,,.., N 24' W. 

	

0,@ 	 M.,.,ph,.o.g,g Q...d,.@zl.. 0... 
@11....1 @2 D.,by C.,.I.,. 

	

WEST N I EAST 	 WEST N 2 EAST 

5 	10 	I 	 4 	10 	8 
7 20 	4 	 9 20 	4 

4 30 	I 	 7 30 	7 

5 40 	2 	 2 40 	3 
14 50 	8 	 3 50 	4 

9 60 	2 	 2 60 	0 
470 	7 	 370 	I 

380 	3 	 680 	2 

	

F.b..,22. V.,I,,,,,.... NS2' W. 	 F.b.i. 23. V.,,,, ,.,.... NE W. 

	

M..,,ph,..,..g,.s Q...d,....l.. T,,, 	 M.,,.ph,,.,..g,, Q.od,.,,l.. T.., 

@2 0,1...... 	 ,,iI.......2 0,1..,.. 

	

WEST N 2 EAST 	 WEST NI EAST 

5 	10 	3 	 7 	101 	0 
4 	20 	0 	 4 	201 	I 

5 	30 	5 	 2 	30j 	I 

3 40 	0 	 3 40 	2 

7 	50 	2 	 8 	501 	I 

8 60 	4 	 7 60 	0 

7 70 	0 	 9 	TO 1 	I 
2 80 	0 	 5 

	

F.b.i. 25 V.,l,,..,.N40 W. 	 F.b,i,26.V,,t,,....flNSO W. 

Q...d,.,ol.. o,.. 	 M...ph,.,@.g,g Q.,.d,..ol., 0... 

	

@7 	 W..o 	 @01. ....2h @0 P.,.I,,., P,,d.  

WEST NO EAST 

8 	10 	3 
7 	20 	I 
7 30 	2 
9 40 	2 
8 50 	0 
3 60 	0 
2 	70 	I 
0 80 0 

F,h,., 23, V.0@, .,,,, N 24 W. 
M..,ph........Q...d,.,.gl.. 0,, 

I,,.. 

WEST N 9 EAST 

21 	10 	8 
12 	20 	6 
16 	30 	5 
12 	40 	10 
6 50 	5 
2 60 	2 
4 70 	2 
4 80 	6 

F.h,,, U. V.0,, .,..., N 12 W. 
h,.,,..,,, Q...d,.,oI..  T..@ 

.20,2..,... 

WEST N2 EAST 

8 	10 	4 
4 20 	0 
7 30 	0 
3 40 	0 
5 	50 	I 
7 60 	I 
4 70 	I 
4 80 	2 

F.b,i, 21 V.0,, .,..., N 14 W. 
M.,.ph,..,..,,. Q...d,.,..I., 1.., 
.,.,l...,,Oh,IW..ICV,,l..I,.,. 
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WEST N4 EAST 	 WEST NI EAST 	 WEST N7 EAST 

3 	10 	5 	 3 	10 	I 	 4 	10 	2 
5 	20 	4 	 5 20 	0 	 ii 20 	4 
3 30 	8 	 $ 30 	0 	 Il 30 	2 
5 40 	2 	 440 	I 	 440 	2 
950 	0 	 350 	I 	 350 	I 
10 60 	3 	 4 60 	I 	 3 60 	I 
9 70 	3 	 I 70 	0 	 4 70 	2 
0 80 	6 	 0 80 	0 	 0 80 	I 

F.bn 28. 	 ,,..,, N 41 W 	 F.b,k 09. V.n, 	 N 32 W. 	 F.b,( 30, 	 N 22 W. 
Q!.d,.gI,. O. 	 Th?** 	 Qu.d,.,.gI.. O. 

.fld 	 .._2 ... th 	 h-..th- 

	

WEST N 3 EAST 	 WEST N 9 EAST 	 WEST N 7 1 EAST 

6 	10 	3 	 5 	10 	3 	 9 	101 	7 
7 20 	a 	 3 	20 	3 	 5 201 4 
4 30 	3 	 13 30 	3 	 5 30 	3 
II 	40 	6 	 6 40 	5 	 6 401 2 
8 50 	I 	 8 50 	9 	 s sol 0 
10 60 	7 	 5 60 	5 	 3 601 3 
6 70 	7 	 3 70 	7 	 7 701 2 
7 1 80 	5 	 7 80 	12 	 4 80 

F.b,i. II. V.W, 	 .., N 54 W. 	 F.b,k 32. V.t,, 	 N 53 W. 	 F.b,i 33 	 N 22 W. 

	

O,,._ 	 T 
•.d ,.-h.I5 ,iI.....I 2 D.,bv Lj,. 	 I,th 	l. •lh f H&I.d 	 .d &fl_h$If 	 D.,by 

	

WEST N 7 EAST 	 WEST N 7 EAST 	 WEST N 13 EAST 
4 	10 	6 	 10 	10 	10 	 20 	10 	8 
7 20 	5 	 7 	20 	10 	 12 20 	3 
6 30 	I 	 7 	30 	8 	 12 	30 	I 

15 40 	2 	 6 40 	4 	 5 40 	I 
950 	3 	 350 	3 	 2 50 	0 
560 	I 	 860 	3 	 460 	0 
270 	3 	 I 	70 	3 	 2 70 	0 
680 	3 	 480 	I 	 280 	I 

	

W. 	 F.6ñ35. 	 NJ W. 	 E.fl,0G 	 IS W. 
l.l.!.dPfldQ.d,.gI.T.fld 

I.I.d P&.d.  

	

WEST N I EAST 	 WEST N 7 EAST 	 WEST 

r40  

 EAST 

0 	10 	2 	 20 	10 	3 	 5 	3 
I 	20 	0 	 17 	20 	2 	 5 	3 
2 30 	I 	 6 30 	0 	 5 	2 
540 	4 	 240 	3 	 8 	2 

10 50 	2 	 I 	50 	2 	 4 	0 
14 	60 	I 	 I 	60 	I 	 3 	0 
7 70 	I 	 I 	70 	3 	 0 	2 
480 	I 	 280 	2 	 I 80 	0 

22. V.n, ,,..,, N 59 W. 	 F.b,i. 34. V.n, 	 N 12 W. 	 F.b,, 35. Vth, 	 N 22 W. 
kI.d 

M lb. 	 B€d., •2 

	

WEST NO EAST 	 WEST NO EAST 	 WEST N 2 EAST 

8 	io 	7 	 2 	10 	2 	 2 	10 	3 
10 	20 	2 	 5 20 	I 	 II 	20 	3 
9 30 	4 	 4 30 	2 	 13 30 	3 
15 40 	6 	 II 	40 	0 	 10 40 	I 
II 50 	2 	 1€ 50 	0 	 3 50 	3 
2 60 	3 	 14 60 	2 	 3 60 	7 
770 	3 	 1170 	0 	 ITO 	I 
I 80 	0 	 38.0 	0 	 080 	0 

F.b,tt40.V.t,,,..1N3O W. 	 F.b,i. 	W. 	 F.b,il 42 V.1011 ,,...,NI9 W. 
Hod, P.tI. Qt.d.1gI.. 0.t. ,,I. 	 Hod. P,,k Q.t,dt,,gI.. 0,,. •ttd 	 Hod. P.1k Q.!.d,.,.,I.. Ott• ,,lI. 
tll,th-ltltthl...t 	Elt.,*,. L.k.. 	 t,-h.lf ,.tIl,..11Lh...t a N,,th 	 111th It 

Hod. P.,k. 
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WEST NO EAST 

	

13 	10 	5 

	

3 20 	5 

	

12 	30 	7 

	

II 	40 	5 

	

6 50 	5 
O 60 	2 

	

3 	70 	I 
I 	80 	I 

	

F.b,j 43 	 ,,,... N 32 W 

..... 

WEST NO EAST 

	

3 	10 	I 

	

5 20 	5 

	

9 30 	6 

	

9 40 	0 

	

6 50 	2 

	

1 60 	0 
I 	70 	I 

	

0 80 	0 

F.h,. 45. Vt& 	 N_S. R*,d- 
WiCk  
C..... 

WEST NO EAST 

7 	10 	3 
6 	20 	I 

16 30 	5 
3 40 	5 
3 50 	I 
3 60 	0 
3 70 	0 
0 80 	0 

F.b@,€ 44, V.@t@, @..@ Nfl W 
H.,d@i@k Q@.d,.@.I.. O,.-f@3h 

@OE..LAIb.@y, 

WEST N I EAST 

5 	10 	2 
8 20 	0 
4 30 	I 
9 40 	I 
8 50 	0 
5 60 	I 
4 70 	I 
3 80 	3 

F.b,,@ 47. V.@0@ ,...@ N 32' W. 
H.,d@i@k 	 Ofl• *fld 
h.If ,,I@. .@@Oh...3 @4 

WEST NO EAST 
5 	10 	I 
8 20 	0 
12 30 	2 
4 40 	3 
10 50 	4 
5 60 	0 
2 70 	0 
0 80 	0 

F.b,k 45. V.@t@, 	 N SI' W. 
H.,d.@@k Q@.d@.,361.. N@,0h@..5 
•ld. @4 Cnpi.@ L.k.. 

WEST NO EAST 

10 	10 	2 
7 20 	3 
4 30 	I 

II 	40 	2 
2 50 	2 
4 60 	2 
0 70 	2 
0 80 	0 

F.bi 45. V.,r@, ,,,... N IS' W. 
I1.,d@@,I. I.. S@@th...t 

@4 E..I H,,d,kk. 

	

WEST NO I EAST 	 WEST NO EAST 	 WEST NO EAST 
I 	10 	4 	 8 	10 	I 	 4 	o 	6 
6 	20 	I 	 32 20 	3 	 10 20 	6 
4 30 	I 	 6 30 	0 	 4 30 	3 
4 40 	4 	 5 40 	I 	 7 40 	3 
1050 	3 	 250 	0 	 750 	I 
560 	3 	 260 	0 	 260 	0 
670 	2 	 210 	0 	 470 	2 
380 	I 	 280 	0 	 080 	I 

	

V.b,.@ 45. V.,I@, ,@..,, N 40 W. 	 F.bn@ 50. V.@t@, @,..,, N SI W 	 F.b,i, 53. V.,I@, 	 N II W. 

	

O@. .jl. 	 H.,d,@,,kQ@.d,.@gl,.Th,..,,,iI.. 	 H.,d@@,k Q@.d,.,..I.. T,@@ 

IE..III.,d@d@k 	 .@,,th-.@,.th...L@SW@I,@3t. 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NO EAST 

I 	10 	4 	 5 	10 	4 	 I 	10 	I 
5 20 	I 	 8 20 	5 	 I 	20 	4 

530 	0 	 830 	I 	 430 	I 

2 40 	2 	 10 40 	I 	 I 40 	0 
7 50 	I 	 6 50 	I 	 II 	50 	0 

060 	2 	 660 	0 	 3360 	2 
7 10 	0 	 3 10 	2 	 IT 70 	0 
480 	0 	 680 	0 	 380 1  0 

	

F.b@, 52. V.,t@, ,,,.., N 46 W. 	 F.bñ@ 53. V.€th, 	 N 27 W. 	 F.b,,, 54. V.,s.,, @..,, N 56' W. 

Q...d.@,I.. 	 Tn,..- 	 o.. .i. 	 Hd,k Q@.d,I., T.. 

	

5,,@,Sh. 443. @@,Ih,...I .1 N@,oh 	 .@@Ih @5 H.,d@j,k. 	 @5 C,..b@... 

W@k@7t. 

	

WEST NO EAST 	 WEST NO EAST 	 WEST N4 EAST 

8 	10 	6 	 Is 	10 	10 	 6 	10 	0 
8 20 	2 	 20 20 	2 	 II 20 	5 

7 30 	I 	 8 30 	6 	 12 30 	2 

540 	0 	 740 	3 	 840 	4 

750 	I 	 350 	I 	 850 	6 
460 	3 	 660 	2 	 660 	4 
270 	4 	 270 	2 	 770 	3 
ZgO 	0 	 380 1  0 	 400 	2 

	

F.b,I@ 55 V.,t@, ,,..@ N 24 W. 	
F.b,,, 56. V.44,, ....,. N 26' W. 	 F.b,I, 57. V.44,, ,,..,. N 27' W. 

	

L,d,,,iII.Q,.d,.,I. E,,,@I.. 	
U.,d,.,.k 	 Tb,..- 	 U.,d,.i,I. Q@.d,...I.. 0,,. .,.d 

	

@5 C.....b.-,B.,.d 	
5,,,th. ..iI. ,,,th @5 C,..,.b..,.  
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WEST N 2 EAST 

8 	(0 	12 
14 	20 	7 
B 30 	8 
12 40 	7 
12 50 	2 
II 	60 	I 
5 70 	0 
2 1 80  1 	I 

E.b,ip M. V.,t., ..... N 26' W 

,,th...t.IH.,d,.,.k. 

WEST NB EAST 

3 0 	2 
4 20 	8 
7 30 	I 
8 40 	I 
8 50 	2 
2 60 	2 
I 	70 	I 
2 1 80 	0 

F.b.i. SI. V.a.. ,..... N 29 W, 
P€..t H..,, Q...d..,.i.. T.,. p.11,, 

h,IF.i.b,p.. 

WEST N9 EAST 

3 	10 	5 
2 20 	6 
I 	30 	3 
6 40 	2 
5 50 	3 
5 60 	0 
4 70 	I 
I 1801 	I 

F.b.i. 59. V.,,,, 	 N 14 W. 
P.O H.... Q..d,.,,I.. 0... ..ii. 

WtST N3 EAST 

5 	10 	2 
2 	20 	I 
5 30 	2 
10 40 	2 
12 	so 	I 
7 60 	I 
8 70 	2 
3 80 	0 

F.b,j, 62. V,,I,, 	 N 44 W 
Pp.4 Q..d....,l.. OP .,d 

Oil.. .,..t .4 V,.,,fl,.., 

WEST N 3 EAST 

8 	10 	6 
14 20 	2 
7 30 	4 
4 40 	4 

10 50 	2 
3 60 	2 
7 70 	4 
150 	I 

V.a., p.... N IS W 
P.O H..., Q...d,.fl,l.. Sp.,th.,..l 
.,d.MPp4..hB.,. 

WEST N3 EAST 

5 	(0 	I 
6 20 	3 
830 	I 
4 40 	I 
I 50 	0 
3 60 	0 
4 70 	2 
080 	2 

F.b,i.S3,Vt,,p.....N26 W 
M,..Ip,Ii.,  
.lh...t,IM,,.4C,p.p.p... 

	

WEST N 2 EAST 	 WEST N 3 EAST 	 WEST N 14 EAST 
I 	0 	2 	 3 	10 	3 	 13 	10 	16 

II 	20 	0 	 2 20 	4 	 15 20 	10 
7 30 	0 	 7 30 	5 	 10 30 	4 
1040 	I 	 840 	I 	 340 	I 
8 50 	0 	 10 50 	0 	 3 50 	3 
260 	0 	 460 	0 	 260 	0 
I 70 	0 	 070 	I 	 270 	0 
080 	0 	 180 	2 	 180 	0 

	

F.b,ks4.V.,,,,.,p.,,N42'W. 	 F.b,,,SS,Vp.I,,..,p..N28 W. 	 F.b,,,66. V,,l,, p.,., 755W. 

	

M,plp,Il,, Q..d,.p,l.. 1.., p.ii,. 	 MppIp,li,, Q,.d,.,.gI.. 0,.. ..,iI. 	 B.,I...,.,.. Q...d,.p.I,.  

	

.4 Mill Viii.... 	 •pplh .7 SI,,., 	 .1 M.jp ..d Np... SI,,.,., Bp,li...- 

	

WEST N 18 EAST 	 WEST N 4 EAST 	 WEST N 2 EAST 
6 	10 	16 	 16 	10 	1 7 	 3 	0 	6 

23 	20 	12 	 II 	20 	13 	 2 	20 	3 
0 30 	2 	 9 30 	0 	 7 30 	2 
I 	40 	2 	 6 40 	0 	 II 	40 	4 
2 50 	0 	 2 50 	I 	 8 50 	4 
060 	I 	 I 60 	0 	 860 	2 
070 	I 	 I 	70 	2 	 I 	70 	I 
080 	0 	 I 80 	0 	 680 	0 

	

F.b,i,67. V.a,,p,..,. N S'W. 	 F.b,,5S. V.,lp......, NI W. 	 F.b,i.S9.Vp.,,p, ... N2S W. 
B..l...gt.... 	Q..d,..51.. 	M..ddy 	 B,,lip.th, Q..d,.pgl.. Tb,.. ..il., 	 PI H..,y Q..d,...l.. Op. .pd 

p... oil. .p,fth .5 	 •p..,h...I .4 Hi...b..,g. 	 ,,..h.lI .pil.. .p..lh .7 Addi.,... 

	

WEST N 7 EAST 	 WEST N 8 EAST 	 WEST N 2 1 EAST 
3 	10 	4 	 II 	10 	7 	 3 	10 	7 
5 20 	3 	 18 20 	4 	 16 20 	4 
930 	I 	 530 	6 	 930 	4 
1 40 	I 	 2 40 	4 	 12 40 	5 
850 	0 	 480 	2 	 350 	2 
560 	0 	 460 	4 	 280 	3 
4 70 	0 	 3 70 	3 	 170 	4 

	

2 80 1 0 	 3 80 	0 	 150 	I 

	

F.b,,, 70. V.a., ,....p N IS W. 	 F.b.i. II. V.,,,, p..., N S W. 	 F.b.i. 72. V.4th, .,..., N IS' W. 

	

P,,l H#, Q...d...gl.. 1... .,d 	 Middl.bp., Q.p.d,.,gl.. 0... ..p5 	 Middl.b.p., Q..d...,l.. T.., 

	

.h p.11...........h...I .4 	 ,,,-h.l7 p.il,. ,,.Ih ,7 N,.. H.,.,. 	 ,.,,Ih pIN.., H..... 
Addi.,.. 
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WEST NO EAST 	 WEST N3 EAST 

2 	10 	1 	 2 	tO 	I 
0 20 	0 	 5 20 0 
030 	2 	 830 0 
840 	0 	 640 	2 
9 so 	0 	 13 50 	0 
1260 	0 	 960 	I 
0 70 	I 	 0 70 	2 
880 I 	I 	 I 	80 	I 

F.b,,73 	 N6O W. 	 W. 
MIddkbls,y 	 T' 	 jI.. 	 M,ddI.b,y 	 Th,...,.d 

N.. 1l..,. 	 &,..-h.If 	 5 V.,- 

	

WEST N 17 EAST 	 WEST N 5 EAST 

9 	10 	2 	 3 	10 	2 
920 	2 	 7 20 	I 
830 	3 	 S 30 	2 
540 	0 	 740 	3 
250 	2 	 650 	4 
060 	I 	 460 	0 
I 70 	I 	 0 70 	0 
000 	0 	 I 80 	0 

F.b,k 16 V.,3,,,.., N ii W. 	 F.b,w 77 V.a., ,,,.., N 63 W 
Mjddl.h.,y Q.d,,.gI.. MIddI,h.,y. 	 MlddI.h,,v Q...fr.*,k. T, 
...t.id. .6 Chip,.., 16111. 	 ...s .6 

WEST I41 I EAST 

II 	10 	12 
II 	20 	6 
6 30 	2 
7 40 	2 
II 	so 	3 
7 60 	4 
6 70 	4 
3 80 	2 

F.b.i. is, V.a., ,,,.., N 24 W. 
MiddI.b.,y Q,.d,.,,I,. OP* .,.d 

,.il.....th a N,.th F.,- 

WEST N 7 EAST 

3 	10 	I 
6 20 	2 
I 	30 	0 
6 40 	0 
4 50 	I 
4 60 	0 
5 	70 	I 
3 	00 	I 

r.b,.. 76, V,.t.. ,,,.,. N 35' W 
MaaI.b,y Q..d,.,.gl.. 0,.. Pu! 
,..t a v.,3,... 

	

WEST N 6 	I EAST 	 WEST N 	2 EAST 	 WEST N 8 EAST 

5 	10 	6 	 3 	10 	3 	 7 	10 	2 

	

5 20 	3 	 10 20 	4 	 4 20 	5 
I 	30 	3 	 7 	30 	7 	 4 30 	I 

	

540 	2 	 1040 	4 	 440 	I 

	

5 50 	3 	 12 50 	2 	 1 50 	0 

	

860 	2 	 10 60 	4 	 460 	I 

	

4 70 	3 	 IS 70 	2 	 3 70 	2 

	

880 	2 	 400 	3 	 380 	I 

	

F.b.i. 79 V6,,,,,..,,N35 	W 	 F.bpi.SO.V,.t,,.,,.flN4S 	W. 	 F.b,u.61.V,.6u, ,...,.N27 W. 

M,ddl.b,,y 	 Middl.buu,v Quu.d,,..gI, Tu,. .26.. 	 MuddI.buu,, Q..d,.,.gI.. Th,,....J 

	

.s-.,uuth.,.6 .3 	N... H.,., 	2..,- 	 ,..th.u..t A s11.ta. 	 ,,u.-h.l6 	v.,. 

	

WEST NO 	EAST 	 WEST NO 	EAST 	 WEST N4 1 EAST 

3 	10 	5 	 6 	10 	3 	 12 	10 	7 

	

7 20 	I 	 I 20 	0 	 4 20 	0 

	

7 30 	2 	 5 30 	4 	 5 30 	0 

	

4 40 	5 	 7 40 	3 	 10 40 	6 

	

ISO 	3 	 I 	50 	0 	 450 	2 

	

860 	3 	 160 	0 	 260 	I 

	

270 	I 	 070 	0 	 4 70 	I 

	

I 80 	I 	 0 80 	I 	 3 80 	I 

	

F.b,i. 82. V.a., 	..... N IS 	H' 	 F.b.i. 33. Vu6,, 	p..,. N 10 	W. 	 F.b,,. 54. V.a., p..., N 21 	0. 

	

0,. 	 Lu,l,.N1,,,6.,,Q,.d,,l..O, 	 QuupI..,..l, 

h.11 p.1.....-p.,sh..., .6 w... 	 Th,..-fp.,,h. 	1. .,.nfl,....I .7 

n.M c.p...... 	 J.pp.k,.. 

	

WEST N 	6 1 EAST 	 WEST NO 	EAST 	 WEST N 2 EAST 

5 	10 	3 	 3 	10 	2 	 7 10 	I 

	

520 	3 	 220 	I 	 420 	I 

	

330 	I 	 630 	I 	 230 	2 

	

640 	2 	 340 	3 	 740 	7 

	

so 	6 	 II 50 	2 	 7 50 	5 

	

460 	4 	 360 	2 	 960 	2 

	

870 	3 	 270 	I 	 410 	0 

	

4 80 	2 	 2 00 	0 	 13 160 1 	2 

	

F.b,,, 25 V..5,, 	p..., N 37' 	w 	 F.b.I. 26. LIp..1, 	M,.6.i,. 	Q...d- 	 F.b,,, 67, V..s,, p..., N 51 	W. 

	

Li .1, M.,u.,.,.i,Q.,.d..,,l. 	T,..0 	
,.,.gI..0,._h.l7,,,il..p.th....8,f 	 Lu.. l,,M,6.,,Q..d,p.,.l..T.,. 

	

.1 M,..tp.. 	 E..t 	
..fMp.Ip. 
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WEST N 10 EAST 

6 	10 	8 
4 20 	9 
6 30 	4 
7 40 	2 
3 50 	4 
2 60 	2 
7 70 	4 
4 1 80 1 	I 

F.b,i, 88. V.d,, ,,.,,, N 6 W. 
Li,,I, M,I.,, T,. 
.,.,6 -5,.,th ,.iI.. 

WEST NI EAST 

3 	10 	I 
4 20 	0 
4 30 	0 
3 40 	5 
3 50 	0 
II 	60 	0 
7 70 	I 
0 80 	0 

F.b,; 	N 45 W. 
B.,,, Q,..d,.,.I.. 0.. 
B.,Irn. 

WEST MS EAST 

7 	10 	4 
5 20 	3 
6 30 0 
3 40 0 
3 50 0 
I 	60 	2 
0 70 0 
I 1801 	0 

85. V.,,., ,,,., N IS W, 
0,,. .,.d ,,,.-h.II 

.,iI..,,.,th_,,,Sh,,..L .8 N,,Ihfi.Id 
F.II.. 

WEST NI EAST 

6 	10 	5 
6 20 	5 
7 30 	4 
3 	40 	I 
4 50 	2 
I 	60 	0 
3 70 	0 
I 80 	0 

F.b,,, 92. V.0., .,,., N II 00 
E..t B.,,. Q,.d,.,gI.. T., ,,,jI,. 
,,,th,IB.,,.. 

WEST N-I EAST 

4 	10 	I 
I 20 	0 
2 30 	0 
3 40 	I 
9 50 	0 
8 60 	I 
3 70 	0 
0 180 1 	0 

F.b,., N. V,,t,,,,.., N 45 W. 
0.,,, Q,.,d'.',I.. F,, ,,jI..,,,,80 

.5 N,,SVV.Id. 

WEST NO EAST 

31 	10 	12 
22 20 	I 
IS 30 	3 
3 40 	0 
I 50 	4 
0 60 	I 
I 70 	2 
0 80 	2 

F.b,., 93, V.,I,, ,,,..,, N 10 W. 
0..,0.,,, Q,,.d,.flgI.. 0,.._I,,,,th 

,Ih,..I .8 C,.I B.,,.. 

	

WEST NO EAST 	 WEST N oj EAST 	 WEST NO EAST 
II 	10 	9 	 2 	10 l 	3 	 5 	10 	4 
5 20 	3 	 II 	201 4 	 8 	20 	2 
4 30 	3 	 5 301  3 	 8 30 	4 
I 40 	9 	 7 401 	I 	 7 40 	6 
6 50 	3 	 I 	sol 0 	 5 50 	I 
4 60 	5 	 I 	601 	2 	 I 	60 	4 
3 70 	0 	 0 701 4 	 2 70 	2 
I 1  80 	0 	 0 80,L± 	 I 80 	0 

F.b,i. M. V.,t,, ,,.., N 53 W. 	 F,b,, 95. E..I B.,,. Q..d,..gI.. 	 F.h,,, SO Tk,,d.,.. Q,.d,.,gI, 
.5 O,,,II. 

.8 E..l B.,,.. 

	

WEST N 8 EAST 	 WEST NO EAST 	 WEST N 6 1 EAST 

9 	10 	0 	 I 	10 	3 	 8 	10 	9 

5 20 	4 	 0 20 	I 	 4 20 	7 

I 30 	0 	 2 30 	0 	 6 30 	5 

I 	40 	I 	 240 	I 	 940 	3 
050 	I 	 550 	I 	 450 	2 

0 60 	0 	 II 60 	0 	 4 60 	3 

6 	70 	I 	 12 70 	4 	 10 70 	4 

	

I 80  1  0 	 280 	4 	 280 	6 

51. Ti,,.d.,,g. Q,.d..,gI,. 	 F.h,j, 94. Tk,,.d.,,.. Q...d,.,.I.. 	 F.b,,, SB. B,...d,, Q,.d,..rI.. 0,,, 
T.., ,.,II,. .,..Ih-.,..Ih.,..t .8 Sh,,. 	 0,,.-h.If ,.jI, •,..Ih...., .8 W..I 	 .,d ,,,-h.Il ,,iI,. .,.lh,.., .8 Mid- 
V.,:,. 	 B,idp,,I. 	 dl.b..,y. 

	

WEST N3 EAST 	 WEST NOIEAST 	 WEST NO EAST 

I 	10 	3 	 0 	10l 	2 	 4 	10 	0 

I 	20 	3 	 I 	201 	2 	 5 20 	I 

4 30 	2 	 6 301 3 	 4 30 	I 

6 40 	2 	 6 401 	0 	 II 40 	I 

20 50 	0 	 3 501 0 	 2 50 	0 

17 60 	5 	 3 601 0 	 5 60 	0 

II 70 	6 	 2 701 	2 	 3 70 	0 

IS 180 1 	4 	 0 1eoj 	 0 180 1 	I 

F.b,i, 800. V.0,, ,,,,., N 45 W. 	 F,b,i, III. V.,,,, ,..., N 02 W. 	 F.b,,, 802. V.0,, ,,,., N 31 W. 

B,.,.d,,Q,.d,.,sgI,.0,..,.d,,,- 	 B.,k,,8., Q,,.d,,,:gI.. 0,.. .11, 	 B,:,h.....Q,.d,.,gI.. 0,. ,,.d 

0.11 ,,lI.. .....0h ... I .9 Middl,b,55. 	 •,Oh .8 B,,.dI,,I, 	 ,,.-h.Il ,,,I....,.th,..t .8 
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WEST N 0 EAST 	 WEST NO EAST 	 WEST N 0 EAST 

I 	10 	0 	 3 	10 	I 	 2 	10 	3 
5 20 	0 	 4 20 	2 	 9 20 	2 
4 30 	2 	 3 30 	I 	 7 30 	2 
4 	40 	2 	 2 40 	I 	 6 40 	I 
0 50 	0 	 450 	3 	 550 	3 
3 60 	2 	 260 	1 	 I 60 	0 
6 70 	I 	 470 	0 	 770 	0 
080 	0 	 1 80 	0 	 380 	0 

	

F.I,,i, 103. V.,t.,,.. N 33' W. 	 F.b,,. 204. V.,l., ,,t,,,, N 23 W. 	 F.b.I. 305. V..... ,..... N 32 W. 

	

R.h,.t., O..d,..,gI.. 0,,. .,,d 	 R..h.....Q..d..,,,I.. 0..,-Itt,,th 	 I5..h..1., Q...d..,I.. Ofl• flhI 

	

.2 	 ..jI. ,..,Ih.... .2 B,..dI,,.(, 	 .,,th ... t .2 Sl..kb,ld... 
C; ,.fl,lII, 

	

WEST NO EAST 	 WEST NO EAST 	 WEST NOj EAST 

3 	10 	I 	 0 	10 	0 	 2 	to l 	I 
4 20 	I 	 0 	20 	I 	 4 201 	3 
9 30 	I 	 2 30 	2 	 7 301 2 
7 40 	I 	 3 40 	2 	 5 40j  0 
6 50 	I 	 8 50 	2 	 5 sot 	2 
5 60 	3 	 7 60 	1 	 12 601 	I 
7 	70 	I 	 4 	70 	2 	 II 	Tot 	2 
I 80 	I 	 0 80 	3 	 9 aoj 

F.b,t, IN. V.I 	 .,,..,. N 39, W. 	 F.b,.. 307. V....,, ...... N 6$' W. 	 F.bfi. 108. V..,t.,, m... N 17 W. 

	

R..h..,., Q,.d,,.,,gI.. 0.,. ...d 	 R.h.....Q.t.d,...,l..Th.....il.. 	 Rflflh..t., Q...d,....I.. 0... ..lI. 

	

I. ... t .2 	 ...th .7 G..h,., F..... C......... 	 ..,.th....l .2 R..h..... 
Pit 1.0.1.1. 

	

WEST NO EAST 	 WEST NO EAST 

2 	0 	I 	 I 	0 	2 
520 	0 	 8 20 	0 
230 	0 	 730 	I 
840 	I 	 440 	0 
750 	0 	 250 	0 
860 	I 	 160 	0 
470 	0 	 I 	70 	I 
380 	I 	 080 	0 

	

F.b.i. 209, V.0,, .,..... N 24 	W. 	 F.bfi, ItO. V.flL,, ,,..... N 2$ W. 

	

R,.h.....Q...d...sI.. T.., 	...il.. 	 R.fld.Iph Q...d,..gI,, Tb......1 
R.bifl..,.. 	 ,,,.-h.Il .,.iI............h....t .8 

B.th.I. 

	

WEST NO EAST 	 WEST NO EAST 

3 	10 	4 	 4 	10 	4 
5 20 	3 	 I 20 	3 

I 30 	4 	 430 	0 

440 	3 	 440 	2 
350 	3 	 550 	I 

760 	4 	 860 	I 
670 	2 	 870 	2 
180 	0 	 2—  so 	2 

	

F.b.i. Ill. V.0,, ....,. N 	24' W. 	 F.b.i, 113. V.,I., ,,..... N 1$' W. 

	

Whlt.h.lI Q...J,...,I.. 1.,. .fld 	flfl_ 	 C..2I.2, Q...d,...gI., 0..._h.12 ...jI. 
2..,2l. ..il...........h...I .,,.,h....I .2 V.0,, R,lI.fid, 

	

WEST NO EAST 	 WEST N'O EAST 

6 	0 	I 	 14 	10 	3 
320 	2 	 820 	3 

6 30 	3 	 14 30 	0 
640 	2 	 640 	4 

450 	I 	 950 	2 
360 	0 	 860 	2 

470 	0 	 470 	I 
180 	I 	 480 	I 

	

F.b0,' Ill. V..,,., .,.... N 	33W, 	 F.b,,.114. V.,2.,..,,.,, N 23W 

	

C..Il.t,. Q...d,..,I.. TI...... .1 	 C...I.l,.. Q...d,.,gI.. Ofl 	 fifihl: 

	

h.hI,,hI......,IW..IR.nl.,d. 	 ,,.,h....I,IE,.,hl,bb.,dl,,..  

WEST NO EAST 

4 	10 	3 
II 	20 	I 

	

4 30 	2 

	

13 40 	0 

	

3 50 	0 

	

3 60 	I 
I 	70 	0 

	

0 80 	0 

F.b.i. III. V.0,,..... N 24 W 
22..,d,Iph Q,.d,.,..I.. 1,. 

.2 R.fld,IpI. 

WEST NO EAST 

7 	to 	7 
II 	20 	3 

	

4 30 	6 

	

16 40 	5 

	

5 50 	0 

	

6 60 	I 
I 	70 	2 

	

0 80 	I 

F.b.i. 234. V.,,,, .t.., N 16 W. 
C..2I.o,, Q...d...,I., O..-h.lI ,,.tI. 
,..t,IW..IR..tl.,d 

WEST NO EAST 

	

5 10 	7 

	

7 20 	3 
I 	30 	2 

II 	40 	3 

	

7 50 	2 

	

6 60 	2 

	

370 	0 

	

0 80 	0 

F.b.i. II?. V...,, .,..., N 20 W 
C..tl.t,,. Q...d,..wl..  T,,,.. fill.: 

.1 H,bb.,d2,,.. 
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WEST NO EAST 

4 	10 	3 

	

5 20 	3 
4 	30 	I 

	

6 40 	2 

	

8 50 	3 

	

7 60 	2 

	

6 70 	2 

	

2 1 80 	0 

F.b,ss 118 V.sth, 's..,. N 29 W. 
2.Il.I.. Q.s.d,.,.gI,, O,.._h.II ,..Il. 

C..tI.l,.,. Cs,...,.. 

WEST NO EAST 

	

0 	4 
5 	20 	I 

	

4 30 	5 

	

7 40 	2 

	

6 50 	0 

	

6 60 	0 
4 	70 	I 

	

180 	I 

F.b.i. 121, V..l. ,.s..,. N 26 W. 
0... 

WEST N 3 EAST 

3 	10 	I 
8 20 	2 
0 30 	6 
5 40 	5 

2 50 	2 

5 60 	3 
2 70 	0 

2 1 80 	I 

F.b.i. 119. V..,,, 	 N 56 W 
C•IItfl Q,'sd....gl.. 0.,. 
.5 PiIt.l.,d Mill.. 

WEST NO EAST 

0 	10 	0 
I 	20 	0 
I 	30 	2 

6 40 	3 

5 	50 	I 
6 	60 	I 
4 	70 	I 
3 80 	I 

F.b,s, 522. V.,t., ,....,. N S7 W 
R.sIl..,d Q...d,.,61,. 

,dn,IR.,tl.,.d. 

WEST NO EAST 

2 	10 	6 
5 20 	4 
12 30 	3 
12 40 	3 

5 50 	3 

5 60 	0 
O 70 	I 
O ISO 1 	2 

F.b.i. 120, V.,,,, ,'s..,. N 21 W. 
Tb,.. .,,lI.. 

lb @9 

WEST N 2 EAST 

6 	10 	3 
5 20 	4 

4 30 	0 
4 40 	I 
2 50 	I 
4 60 	2 
6 70 	0 
3 ISO 	I 

F.b.i. 123, V.,,,. .....,. N 39 W. 
R,tl's,d Q...d..'s.l.. N.,t1,... 

.5 R.sll..,d. 

	

WEST N 0 EAST 	 WEST N 5 EAST 	 WEST N 13 EAST 

3 	0 	0 	 16 	10 	3 	 3 	10 	4 
5 20 	2 	 16 20 	5 	 3 20 	4 
8 30 	2 	 8 30 	0 	 3 30 	5 
5 40 	0 	 9 40 	I 	 14 40 	0 
550 	2 	 650 	I 	 850 	I 
260 	I 	 460 	3 	 560 	I 
470 	0 	 3 70 	2 	 970 	I 
380 	0 	 I 80 	2 	 080 	0 

F.b.i. 524 Vl.,,,..,,. N 34 W. 	 F,b,i, 125. V.,,,, 's.... N 22 W. 	 F.b,,, 126. V..,,, ,...,. N 27 W. 
R,tl,,.dQdfl,ls.O.,..,,,d ,..- 	 R,tl..,d Q'.d..,I, O.'s-I ... .I, 	 P..,l.LQ,,d,.,gl..T...,.,il...,..th- 
h.l1 	I,,,.,,th .5 R,,l.,d. 	 ,,,l.fl.,,Ih @5 R..1l.,d H,.pil.l. 	 sI P,,.lL,.,y. 

	

WEST N 3 EAST 	 WEST N 5 EAST 	 WEST N 9 1 EAST 

3 	10 	0 	 8 	10 	3 	 10 	10 	3 
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APPENDIX D 

Discussion of the Glacial Sequence in North America 
and New Lngland. Reprinted from The Glacial 

Geology of Vermont (Stewart, 196) 

The Pkistocene Epoch iu North America 

The Pleistocene Epoch of the Quaternarv Period in North America 
dates from the climatic extreme that allowed the accumulation of snow 
and ice in such great proportions as to cause the formation of continental 
glaciers. Paleontological research and the study of marine sediment may, 
in the near future, supply a more explicit basis for marking the beginning 
of this glacial age, but at the present time the climatic factor seems to be 
the most reliable. In respect to the marking of the end of this epoch, it is 
not yet possible to ascertain that it has indeed come to an end. The last 
continental glaciers retreated from North America less than 10,000 years 
ago, and since the interglacial stages were of much longer duration, it is 
quite possible that the present is merely an interglacial stage of the Great 
Ice Age or even an interval of deglaciation of the last glacial episode. 

SUBDIVISIONS OF THE PLEIsTocENE EPOCH 

Basically, the Pleistocene Epoch is a four unit interval in geologic 
history, represented by four episodes of glaciation. It is estimated that 
the first ice advance, at the beginning of the Nebraskan Stage, started 
over one million years ago. The Nebraskan was followed by three suc-
ceeding glacial maxima which have been named the Kansan, Illinoian 
and Wisconsin (Table I). During each of these stages, the ice formed far 
to the north, probably in the mountains of northeastern North America 
(Flint, 1952), and the ice moved outward in all directions. At one time or 
another during this short epoch, the whole of the northern and portions of 
the central regions of the North American continent were covered by 
continental ice sheets. In the eastern and midwestern sections of the 
United States the southern limits of the ice invasions extended at least as 
far south as the islands off the coast of New England, into northern New 
Jersey and Pennsylvania and to the Ohio and Missouri rivers. Each ice 
advance was a slow, spreading movement, and after the glaciers had 
advanced to their terminal positions, the withdrawal was also a generally 
slow retreat. 

After each ice retreat an interval of deglaciation followed during which 
time the temperatures rose again, and the climate approximated that of 
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TABLE I 

SUBDIVISIONS OF THE PLEISTOCENE EPOCH 

Post Cochrane 
Wisconsin Stage 

Sangamon Interglacial 
Illinoian Stage 

Yarmouth Interglacial 
Kansan Stage 

Aftonian Interglacial 
Nebraskan Stage 

the present time. These periods of ice retreat, the interglacial stages, have 
been designated the Aftonian, Yarmouth, Sangamon, and the interval 
since the retreat of the last glaciers which this report prefers to call the 
post-Cochrane (Table I). Although it is true that the ice advances and 
retreats progressed quite siowly in the ordinary concept of time, geolog-
ically speaking the Pleistocene Epoch was a very short span and the 
glacial history is a record of four ice advances and retreats in very rapid 
succession. 

SUBDIVISIONS OF THE WISCONSIN STAGE 

Due to the recentness of the Wisconsin glacial invasions and because 
the deposits of this stage have not been overridden by subsequent ice 
sheets, it has been possible to divide it into several subdivisions. For 
many years it was believed that this stage was represented by four, and 
only four, distinct till sheets, and it was therefore subdivided into four 
substages. These were designated (from oldest to youngest) the Iowan, 
Tazewell, Cary and Mankato. More recent studies, however, have estab-
lished the fact that there were more than four maxima (substages) arid, 
at the present time, seven substages are recognized in the Wisconsin stra-
tigraphy (Table II). 

The above-mentioned original four substages were proposed by 
Leighton in 1933. These were well accepted and were in general use 
shortly after they were proposed. In 1943, however, Thwaites identified a 
till sheet, which he called the Valders, that he believed to represent a 
fifth substage. Antevs (1945), however, considered this drift as the same 
age as Leighton's Mankato. Except for the short period during which 
there was debate concerning the Mankato and Valders, the Leighton 
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proposal of 1933 was used as the basis for Wisconsin stratigraphic correla-
tion for almost a quarter of a century. in 1950, Leighton and Willman 
recognized a drift which they believed to be younger than the Iowan 
and this drift has since been mapped by Shaffer (1956) and is now known 
as the Farmdale. In 1957, Elson published the results of his studies of the 
Agassiz Lake basin. In the course of his studies he traced the Valders and 
the Mankato drifts across the basin and established the fact that they 
were of different age, the Valders being the younger. The Cochrane was 
recognized in Canada and described by Karlstrom (1956). 

Like the glacial stages, the substages were also separated by times of 
deglaciation called intervals. These, in general, have not been as well 
delineated and defined as the interglacial stages. The intervals are usually 
simply named the Farmdale-Iowan interval for the time between the 
Farmdale and the Iowan; the lowan-Tazewell interval between the 
Iowan and Tazewell substages, etc. (Table II). An exception to this sys-
tem of naming is the Two Creeks interval between the Mankato and the 
Valders. 

The most significant Wisconsin interstadial so far as this report is 
concerned, is that separating the Mankato and the Valders, the Two 
Creeks interval. This particular interval is important because of the 
forest beds exposed near Manitowac, Wisconsin, which have been dated 

TABLE II 

THE SUBDIVISIONS OF THE WISCONSIN STAGE 

Post Cochrane 
Cochrane 

Valders-Cochrane interval 
lralderS  

Two Creeks interval 
Mankato 

Cary-Mankato interval 
Cary substage 

Tazewell-Cary interval 
Tazewell substage 

lowan-Tazewell interval 
Iowan substage 

Farmdale substage 
Farmdale-Iowan interval 
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by the C 14  method as 11,400 years before the present. Before the separa-
tion of the Mankato and the Valders (Elson, 1957) the Two Creeks inter-
val was believed to separate the Cary and Mankato. 

Hough (1959) in his recent compilation of data on the glacial history of 
the midwest, particularly the Great Lakes region, has proposed three 
new names for the substages of the Wisconsin. These are: the Shelbyville-
Iowan for the Iowan, which he believes may be more correctly correlated 
with the early Tazewell; the Bloomington for the substage that has been 
called the Tazewell; and the Port Huron for the Mankato. In spite of the 
fact that the arguments of Hough may be valid in respect to the Shelby-
ville-Bloomington Morainic System in Illinois, it seems to the writer 
that less confusion would result by retaining the terminology of Leighton. 
It is admitted that the recent change in the stratigraphic positions of the 
Mankato and the Valders has made the new usage of the terms a bit con-
fusing. The fact remains, however, that the Mankato is still a valid 
designation. 

RADIOCARBON DATING 

Much of the confusion in regard to the Wisconsin stratigraphy, partic-
ularly in the classical midwest, has been brought about by the develop-
ment of a radiocarbon (C 14) method of ascertaining the absolute age of 
organic materials buried in, or associated with, the glacial deposits. This 
method was developed by W. F. Libby and was first used about 1937 to 
date archeological materials. The date determination is on the constant 
rate at which an organic body loses its radiocarbon (C 14) after it ceases to 
have life. The dating processes and techniques have been developed to 
the point that the results obtained are now accurate enough (within cer-
tain limits) to make this method most useful. The radiocarbon content 
gives the most accurate dates up to 20,000 years before the present (BP) 
but is considered by many to be relatively reliable between 20,000 and 
35,000 years (BP). 

With the development of this dating procedure, it immediately be-
came a tool for use in the establishing of the Pleistocene sequence. In 
areas where the chronology was already known, for example in the mid-
west, dates were obtained to establish the absolute, as well as the rela-
tive, ages of these deposits in order to set up a basis of correlation by this 
method. Dates were also made on deposits in areas in which the age 
relationships were not so well known in an effort to correlate them with 
the established stratigraphic sequence. As a result, many data have been 
collected relative to the absolute ages of various deposits containing 
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plant and animal remains associated with the glacial drifts. 
As might be expected, confusion resulted from the new method. In the 

first place, dates obtained in the early days of the application of this 
method were not always reliable and a wide range of dates was often 
obtained from the same deposit. With the improvement and further 
development of the method, and with the improvement of equipment and 
techniques, these errors have been greatly reduced, and the former 
criticism based on this factor is no longer valid. 

Secondly, dates obtained from deposits in areas where the sequence had 
been established prior to radiocarbon dating did not always agree with 
supposed chronology. This meant that either the prior sequence had to be 
changed or that the dates had to he ignored. Naturally there were some 
geologists that agreed with the old established stratigraphy whereas 
others took the radiocarbon dates as fact and immediately set about to 
formulate a new sequence. This debate is still in progress and at present 
there are many deposits, the relative ages of which were believed to have 
been established, that are now in very doubtful positions. It should be 
pointed out, however, that there are many deposits where the establish-
ing of a date by the radiocarbon method has been most helpful. In these 
cases, the older stratigraphic units have been given more useful meaning 
by the dating process. 

Probably the most frustrating factor concerning the dating results 
from the fact that it is impossible to obtain dates unless organic material 
is available from the deposits. And the discovery of deposits containing 
buried wood or peat is fortuitous. The organic material, in many in-
stances, occurs in such widely separated areas that the correlation of 
them is not valid without knowledge of the area between. A more dis-
couraging factor is that in large areas where it has been impossible to do 
correlation by stratigraphy alone there seems to he no deposits contain-
ing organic materials suitable for dating. This is true for the whole St. 
Lawrence Valley area as well as for most of New England. The one excep-
tion to this statement is the recently obtained date for the fossil shells of 
the Champlain Sea deposits. 

The Glacial Sequence in New England 

New England was undoubtedly covered by ice sheets before the 
Wisconsin stage, as evidenced by older drifts to the south and southwest. 
Drifts, probably as old as the Kansan, are recognized in New Jersey and 
Pennsylvania, and the logical assumption is that New England was also 
glaciated at that time. The surface materials on the islands off the coast 
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of New York and New England (Nantucket, Martha's Vineyard, Fisher, 
Block and Long islands) have been, at least tentatively, correlated as 
early Wisconsin, maybe as old as Iowan. The older drifts, beneath the 
surface on most of these islands, are believed by many to be pre-Wiscon-
sin in age, perhaps even Kansan or older. The early investigations of 
Veatch (1906), Fuller (1914) and Woodworth and Wigglesworth (1934) 
lead them to conclude that all four glacial stages were represented by the 
drifts on the islands. Crosby (1928), Fleming (1935), MacClintock (1934) 
and Flint (1935), however, have questioned these correlations and have 
suggested that there may be drifts of only one pre-Wisconsin stage. In 
the Boston and Cape Cod regions of Massachusetts, and in central 
Connecticut and Rhode Island, exposures showing two till sheets, one on 
top of the other, have been found. The lower of the two tills is generally 
considered to be pre-Wisconsin because of the great depth of the weath-
ered zone formed at the top of the older drift. The correlation of the older 
drifts is only speculation (Flint, 1957, p.  359) but they serve to show that 
there are older glacial deposits in New England. 

Except for scattered areas such as those above, the glacial surface in 
New England was deposited by Wisconsin glaciers, and the drifts of 
earlier stages, assumed to have been present, were removed by sub-
sequent fluvial or glacial erosion. On Long Island, the Ronkonkoma 
moraine, trending in a northeast direction through Block Island, 
Martha's Vineyard and Nantucket Island, and the Harbor Hill moraine, 
traceable northeastward through Fisher Island to Cape Cod, mark the 
outer margin of a Wisconsin substage. The exact age of these moraines is 
still under debate but they are presumed by many to be early Wisconsin, 
possibly Tazewell or Iowan. This ice invasion covered the whole of New 
England, and the glacial surface material is either of the same age or 
younger throughout the whole region. Striations, grooves, boulder trains 
and eskers indicate that the advance or advances crossed the New Eng -
land states in a south-southeast to southeast direction. 

Correlation of the drifts north of Long Island has been most difficult. It 
has been impossible to apply the same methods of correlation in the 
northeast that have been employed successfully in the midwestern states. 
Chiefly because of the irregular topography and the resulting stagnation 
of the ice, as is explained later in this report, few frontal moraines were 
deposited north of the coastal areas. The tills in most upland areas are so 
thin that a study of their characteristics is almost impossible or at least 
impractical. The valley drift is predominantly glacio-fluvial. The tills 
that are in the valleys were deposited by ice moving parallel to the valley 
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because the topography had caused a change in the direction of move-
ment. 

As vet material recovered suitable for radiocarbon dating north of 
Hartford, Connecticut, has been too scanty to be of much value, and for 
the same reason pollen analyses have not been conclusive. It is believed, 
however, that the tills of northwestern New England are younger than 
those to the south. It also seems that most geologists would agree that 
the drift in southern Vermont and New Hampshire is of Cary age or 
younger and that the Mankato is probably present at least in extreme 
northern sections of these states. Flint (1945) implied that the drift 
represented by the moraines on Long Island extends as far north as 
Hartford, Connecticut, and the assumption has been that these were 
deposited by prc-Cary ice. It seems, therefore, that at least three sub-
stages of the Wisconsin are represented in New England. 

A few studies of pollen from peat deposits in New England have been 
made in recent years, and these have given some very interesting results. 
One of the most recent pollen studies was made by Ogden (1959, p.  366), 
and two aspects of his results should be noted here. In the first place, 
Ogden's location on Martha's Vineyard was beyond the terminal moraine 
of the Wisconsin ice (Harbor Hill-Charlestown-Buzzards Bay-Sandwich 
moraines), and the pollen sequence should possibly record the climatic 
variations of the whole epoch. Secondly, Ogden summarized the previous 
works of Deevey (1943, 1949, 1951), Leopold (1955, 1956) and Davis 
(1958) and correlated his results with these earlier studies. 

According to Ogden (1959, p.  370-376), three climatic extremes are 
indicated by the pollen sequence on Martha's Vineyard. This supports 
the geological point of view stated above. He does not, however, interpret 
his results as indicative of the same age relationships. Ogden (p. 369) 
assigned no age to the deposits of the Buzzards Bay (Harbor Hill) 
moraine, but he dated the drift of the whole of New England north of 
Durham, Connecticut, as Port Huron (Mankato), and he postulated 
that the Valders terminus is north of New England in Canada. The 
implication here seems to be that the drift on the off-shore islands and 
as far north as Durham, Connecticut, is Cary or older and the remainder 
of the New England deposits are Mankato. This correlation as already 
implied, does not agree with the current geological point of view since 
most geologists doubt that the Mankato drift extends so far to the south. 

Although the geological evidence is still quite scanty, many geologists 
believe that the drift north of Connecticut, at least as far north as 
Vermont, is Cary in age. Flint (1956), for example, suggested that the 
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ice advance reaching Middletown, Connecticut, represents the Cary 
Maximum. It seems that the chief difference between Ogden and Flint 
lies in their interpretations of radiocarbon dates from deposits near 
Middletown and Durham, Connecticut. According to Flint, this read-
vance occurred 'before, but not long before, 13,000 years ago," and this, 
he stated, is in "reasonable agreement" with the Cary of the Midwest. It 
is apparent that Ogden believed that the dates from Durham agree more 
favorably with the Mankato. There are geologists who are in more agree-
ment with Ogden than with Flint on these interpretations. MacClintock 
(1954b) found two tills in the St. Lawrence Valley, and these are corre-
lated tentatively with the Cary and Mankato. At this particular time, it 
seems inadvisable to try to use the classical midwestern stratigraphy for 
correlation in New England. 

The correlation of the lake episodes of the Connecticut Valley and the 
Champlain Lowland (and the adjacent areas) is still in a state of con-
fusion. It has been recently established, however, that the marine inva-
sion of the St. Lawrence Valley and the Champlain Basin occurred during 
the Two Creeks interval and not after the Valders as formerly believed. 
The writer believes, from the findings of the survey, that the lake epi-
sodes of the Champlain Basin (Lake Vermont) followed the last glacial 
recession in this section and that the lake sequence in the Connecticut 
Valley may possibly be associated with a different glacial retreat. The 
results of the work of MacClintock (1958) in the St. Lawrence Valley 
would definitely support a conclusion that the Valders ice did not extend 
as far south as New England. These correlations are only tentative, and 
the evidence will be discussed later in this report. 

The glacial drift is generally thin or lacking over the uplands and large 
areas of bedrock are exposed at the surface. This makes correlation even 
more difficult since the valley deposits, which are thicker, are only con-
spicuous as kame terraces banked against the lower slopes of the valley 
sides. 

The discussion of the glacial chronology in North America and New 
England, in this and the preceding chapters, serves to point out some 
very significant facts that are helpful to the understanding of the prob-
lems of correlation in Vermont. First of all, the glacial stages have been 
defined in the midwestern area, but the till sheets have not been traced 
eastward into New England. The correlation of the older drifts in the 
northwest with the classical stratigraphic sequence has not, as yet, been 
possible. Secondly, recent radiocarbon dates of deposits in the areas of 
the classical Wisconsin have been confusing and the proper place of 
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many of the deposits is still in doubt. Thirdly, efforts to correlate the 
deposits of the last glacial stage with the classical Wisconsin have met 
with little success in New England. Fourthly, systematic mapping and 
survey programs have been so limited in extent and detail that data on 
New England are quite incomplete. 

Glacial Advance and Retreat 

The most common concepts concerning the advance and retreat of 
continental glaciers have been formulated in regions of low, relatively 
level to undulating relief such as is exemplified in the Central Lowlands 
of the midwest. In most of these areas, the ice, with little obstruction, 
moved more or less in straight lines to a terminus. Here it maintained a 
relatively stable front for a period of time during which the forward 
movement of the glacier and wastage due to melting were approximately 
equal. It was during this interval that the terminal moraine marking the 
maximum extent of the glacier was deposited. During retreat, the ice 
melted back en masse (from top to bottom) by the ablation process, and 
any stationary periods of quiescence were accordingly marked by re-
cessional moraines. The low relief, with no major irregularity, made 
possible the deposition of features that now record the recession of the 
ice. 

GLACIAL ADVANCE OVER RUGGED TOPOGRAPHY 

As has formerly been noted by Flint (1930) and Goldthwait (1938), the 
concepts described above cannot be adequately applied in an area of 
rugged relief such as that found in New England. IvIany earlier theories 
concerning the relationships of glacial movement and the terrain pro-
posed that the direction of the ice movement over an area more or less 
controlled the resulting topography. This misconception was dispelled 
by Zumberge (1955) from his studies on Isle Royale in Lake Superior and 
in the Rove area of northern Minnesota. Glacial ice, the writer is con-
vinced, is most sensitive to the irregularities of the surface over which it 
moves and the ice direction at the base of a glacier may be greatly modi-
fied by bold, irregular relief without greatly affecting the general, overall 
direction of movement of the upper portions. As a result of the studies 
that have been made of the ice directions across Vermont, the writer here 
submits an hypothesis dealing specifically with the advance and retreat 
of continental glaciers over areas of rugged topography. 

In Vermont, it is believed that at least one of the ice invasions moved 
over the state in a southeasterly direction. This ice, of necessity, had to 
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pile up in order to overtop the Green Mountains that form a north-south 
barrier the entire length of the state. The ice that crossed the mountains 
however, was spread over an area of valley and highland topography. 
Striations show that the basal ice of this glacier moved more or less 
parallel to larger, well-established lines of drainage, with little or no 
relationship to the southeasterly movement of the ice mass. It does not 
seem to the writer that this fact is difficult to understand inasmuch as the 
thickness of the ice was great enough for pressure to cause independent 
movement. The ice in the Dog River valley south of Montpelier (eleva-
tions 500 to 700 feet), for example, was in a deep ravine between North-
field Mountain on the west (elevations 2000 to 2500 feet) and the higher 
ground to the east (elevations 1500 to 2400 feet). The basal ice was not 
greatly influenced by the southeasterly direction of the upper portion of 
the glacier inasmuch as it was located on the lee side of the Green 
Mountains (elevations approximately 4000 feet). The weight of the over-
lying ice, none the less, was great enough to cause movement of the bot-
tom ice which followed the path of least resistance and moved southward 
through the valley. The ice direction was thus changed from approxi-
mately S 40° E to due south. It is apparent that the basal ice followed the 
course of most of the major lines of drainage in this manner, and for this 
reason most valleys were scoured and modified into the U-shape so 
characteristic of those carved also by valley glaciers. 

The evidence of this 'two-directional" movement of the ice has been 
on record for over a hundred years. It is the writer's belief that it was 
this evidence that prompted Hitchcock (1861, p.  66-87) to report two 
agencies causing striations on the bedrock which he designated a drift 
direction and a glacier direction. It was not possible, it seems, for him to 
reconcile diversified movements of the ice and thus he suggested valley 
glaciers as a second agency since striae along the streams usually parallel 
the valley. Dana (1871, p.  233-43) also noted and emphasized the fact 
that the ice moved more or less parallel to the valleys. 

It is probable that independent ice movement in the valleys took place 
in the early stages of the advancing phases of glaciation near the ice 
margins. During this stage of the advance, pressures were not equalized 
in all directions since the ice thickened in the direction from which the 
glaciers invaded. Movement was therefore in the direction of less pres-
sure, in the general direction of the ice margin. After the upper, main 
body, of the glacier had moved over the area, pressures were stabilized 
and the devious movement of the basal ice ceased or was greatly reduced. 

The writer is convinced that, with certain modifications, this concept 
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of ice advance is compatible with the mechanics of glacial motion de-
scribed by Demorest (1942, p.  95-100). It can easily be visualized that 
the surface slopes would be quite irregular as the glacier moved over an 
area of rugged relief and that obstructions to linear flow would be encoun-
tered, particularly by the basal ice, all along the routes of advance. 

DEGLACIATION IN REGIONS OF BOLD RELIEF 

The effects of irregular surfaces on the advance of a glacier are not as 
significant, geologically speaking, as the net effect on glacial waning. 
According to the hypothesis here developed, it is impossible for a moving 
mass of ice to retreat in an area of rugged relief in the same manner as it 
would in a plains region. 

Flint (1930, P.  56-69) proposed that ice stagnation (en masse) was 
necessary to explain the glacio-fluvial and glacio-lacustrine deposits in 
Connecticut. After criticism of certain aspects of his report, and partic-
ularly those of Alden (1931, p.  172-74), Flint admitted that he had been 
somewhat carried away by his new hypothesis. In subsequent writings, 
however, Flint (1931b, p.  174-76; 1932, p.  152-56) has so revised his 
original concepts that the emphasis on stagnant ice has been almost com-
pletely eliminated. Goldthwait (1938, p.  345-72) strongly supported the 
stagnant ice hypothesis although he did not suggest how such stagnation 
might have occurred. He also conceded that the last ice in the Connecti-
cut Valley must have retreated northward as Antevs (1922, p.  65-101) 
had proposed from varve studies. 

The writer agrees that the original hypothesis by Flint was in error in 
the proposed idea of complete stagnation of the glacier and the uncover-
ing of New England from north to south. It seems, however, that the 
evidences presented to show that much of the ice was stagnant during 
the deposition of much material by glacio-fluvial action were, and still 
are, valid. The condition and position of much of the drift in Vermont 
seems definitely to indicate stagnant ice as do those in New Hampshire 
described by Goldthwait (1938, p.  345-57). 

This report contends that the upper, major portion of a glacier did 
recede from south to north in progressive steps, chiefly by ablation thin-
ning, and may have fluctuated or even halted during retreat. The basal 
ice, however, could not so retreat because it was trapped in the basins and 
valleys between high divides and here it had to remain. As the upper 
active ice retreated above the trapped basal portion, pressures may again 
have been so unbalanced that the basal ice was reactivated. The basal ice 
therefore may have moved again in the direction of lessened pressure, 
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away from the direction of the upper ice retreat. It is even possible that 
movement in the lower portions may have been increased by the fact that 
it was nourished by the retreating upper mass. In this case, a valley ice 
lobe might have been active several miles, or even tens of miles, down-
stream from the margin of the retreating upper ice, providing that the 
mass of the glacier was still in an upstream segment of the valley. 

It is the opinion of the writer that it was in this manner that the 
glaciers that covered Vermont were gradually thinned by ablation and 
were reduced to a thickness equal to the heights of the higher elements of 
the topography. It may be deduced that the valleys were the last to be 
uncovered. In general, this is true, but not necessarily so since tempera-
ture variations between high and low altitudes in some areas may have 
been great enough to allow valley ice to melt first. Rounded cobbles and 
boulders on the slopes of the higher areas, particularly in the south-
eastern part of the state, suggest water transportation down the slope 
and tend to support the latter possibility. The kame terraces on the 
slopes of the Green Mountains, particularly in the vicinity of Mt. 
Mansfield, however, would surely show that the ice in this region melted 
from the top down. 

The above hypothesis is not entirely new for evidence has been cited 
by several former studies which tends to substantiate the belief that the 
ice in New England did not retreat in a "normal" manner. The concepts 
here presented are modifications of, and additions to, those of Flint (1930, 
p. 56-69; 1931b, p.  174-76; 1932, p. 152-56), Goldthwait (1938, p. 
345-57) and Rich (1943, p. 95-100). 
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APPENDIX E 

Vecmac Program Used to Compute Vector Meau 
The following explanation of the computer program used to determine 

the vector mean of the till fabrics was written by R. C. Flemal who, with 
W. C. Krumbein, set up the program. 

VECMAC is a computer program in the FORTRAN II language 
designed to compute arithmetic, vectorial, and corrected vectorial sample 
statistics for till fabric data measured in ten degree class intervals, which 
are numbered one to seventeen beginning from azimuth 85° W passing 
through north to 85° E. Class midpoints are at 800  W, 70° W, 60°W, etc., 
to 80° E, and are numbered consecutively from one to seventeen. 

Input: Input (Ofl5i5ts of a control point number and pebble counts for 
each interval. A single card is used for each sample. The input format is 
(6XA4, 1713). The initial six blanks of the data card may be used for a 
project number. The A4 designation is for the control point (sample 
number), which is called KONPT in the program. The seventeen fixed-
point fields (13's) contain the pebble count data. Neither control nor 
master cards are required anywhere before, within, or after the data deck. 

Output: Output is produced in a standard form and for each control 
point consists of: (1) a line histogram of the number of pebbles in each 
class interval; (2) the total number of pebbles in the sample; (3) arith-
metic mean, azimuth, and standard deviation (abbreviated S.D.) taken 
around the arithmetic mean (XBAR); (4) simple vector (RAW VEC-
TOR) mean, azimuth, standard deviation taken around the vector mean 
(VEC XBAR), and the vector strength; and (5) the corrected vector 
mean, azimuth, and standard deviation taken around the corrected 
vector mean (COR XBAR). 

Notes: A rotation of the reference axes is required in this program to 
bring the axes notation used in the data into accord with standard 
trigonometric notation. This is done internally, and output notation is 
the same as that used in the input. 

(2) All azimuths are measured in the output from north. Thus positive 
values of azimuth indicate means east of north, and negative values of 
azimuth indicate means west of north. Azimuths are computed by sub-
tracting 900  from the corresponding mean. 

(3) The corrected vectorial statistics are computed by multiplying all 
class intervals by a factor of two before computing the individual statis-
tics. The effect of this operation is to make coincident observations 
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which are 180° apart, and to make observations which are 180°-n apart, 
where n is a small number, part of a single mode. To retain the same 
reference system with the corrected vector statistics as with the arith-
metic and simple vector statistics, the corrected vector statistics are 
divided by two following their computation and before printout. All 
corrected vectorial operations are done internally. 

(4) Page estimates are approximated by dividing the total number of 
samples (data cards) by five. 
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