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STATE OF VERMONT
OFFICE OF STATE GEOLOGIST

BURLINGTON

To the Board of Conservation and Development,
Montpelier, Vermont.

Gentlemen: 1 herewith present my biennial Report, as State
Geologist, for 1937-38.

; The Report is late owing to the long time needed for its prepara-
ion.

In the Report I present an interesting article by my colleague,
Professor Charles G. Doll, on the Geology of Clay Point, Col-
chester; a posthumous report by the late Professor Charles H.
Richardson, and James E. Maynard of Syracuse University, on
The Geology and Petrography of Vernon, Guilford, and Halifax;
a short paper by Professor Benjamin F. Howell of Princeton
University, entitled The Cambrian Rugg Brook Formation of
Franklin County; and the results of my geological investigations
in the Green Mountains of northern Vermont.

Besides the preparation of this bulletin, I have attended to the
large correspondence connected with this office and have advised
with various people on their geological problems.

Respectfully submitted,

ErsringeE C. Jacoss,
State Geologist.

Fleming Museum,
University of Vermont.
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Introduction

In his First One Hundred Years of American Geology! the
late George P. Merrill wrote: “The year 1809 must ever be notable
in the history of American geology, since it brought forth (Wil-
liam) Maclure’s Observations on the Geology of the United
States, with a colored geological map of the region east of the
Mississippi. With the exception of Guettard’s mineralogical
map of Louisiana and Canada, published in 1752, it was the

t New Haven; Yale University Press (1924).
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earliest attempt at a geological map of America, and has caused
its author to become known as the father of American geology.”

On the map ‘A continuous range of mountains was figured
extending from northern Maine, along its western boundary,
through eastern Vermont, western Massachusetts, across south-
eastern New York and New Jersey to Pennsylvanma,” ete. These
mountains were made up, according to the early classification,
of “Primative rocks,” which included granite, gneiss, mica-slate
(schist), clay-slate, “primative limestone,” ‘“primative trap”
(basic 1gneous rocks), sienite (syenite), porphyry, serpentine,
and others. Maclure included in his “Secondary rocks’ the lime-
stones and slates “skirting Lake Champlain about Ticonderoga
and Crown Point.”

The “continuous range of mountains’’ evidently included the
Green Mountains and the Taconics.

The first agitation for a geological survey of Vermont was
made as early as 1836 and the first state geologist, Professor
Charles Baker Adams, was appointed in 1844. Since then eight
state geologists and many other geologists, both within and
without the State, have contributed to our knowledge of this
coxmonwealth but, although Vermont is predominantly moun-
tainous, geological investigations have been carried on very
Jargely in the lowlands.

The reasons for this preference are not difficult to find. Geologiz-
ing in the Green Mountains is especially arduous and difficult.
The mountains are in general heavily wooded; the rock masses
much broken and difficult of access. The lower slopes are mantled
with glacial accumulations and, in the field seasons, rank vegeta-
tion which too often hide important contacts. The mountains
are made up of metamorphic rocks in which fossils, the guiding
stars of the sedimentary geologist, are almost unknown; so that a
stratigraphy of the rocks has perforce to be based on lithic
similarity, or thin section study, and in most cases is impossible.

Furthermore, the subject of metamorphism was but little
understood by the early geologists. The petrographic microscope
and, with its aid, the study of thin rock sections did not come into
use until about 1870. Without these aids the investigation of
metamorphic rocks is futile. The chemical analyses of rocks is
an important aid to the geologist but the earlier analyses were
far from accurate and so not eritical in their findings.

Small wonder, therefore, that wise geologists have kept to the
lowlands with their fossiliferous strata, and let “fools rush in
where angels fear to tread.”

The first geologist to include a consideration of the Green
Mountains in his investigations was President Edward Hitch-
cock of Amherst College. In 1857 President Hitchcoek was invited
to take charge of the geological work in Vermont. He associated
with himself his two sons, Edward Hitcheock, Jr. and Charles
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H. Hitchcock (who was later Professor of Geology in Dartmouth
College), and Albert D. Hagar. Hltchcock was one of the fore-
most geologists of his day and his Geology of Vermont, in two
quarto volumes, which he published in 1861, was an outstanding
work of its time and the most comprehensive ever attempted
in this State. )

Hitcheock’s announced objects are: 1. To classify and map
the solid rocks of the State. 2. To study the surface geology,
including the glacial accumulations. 3. To collect, arrange, and
name specimens of rock, minerals, and fossils from every part
of the State, for the State Cabinet. 4. To obtain a full .collectl_on
for the Cabinct of specimens valuable in an econprmcal point
of view, including many that are smoothed and polished (glacial
specimens). 5. To identify the metamorphosed rocks of the State
with those that have not been changed, etc. )

Hitchcock notes that eminent geologists of his era were not
agreed upon the character of the metamorphic rocks of Vermont
and that “this has been a sort of battle ground for opposing
theories.” However, he is satisfied that a “mighty wave of meta~
morphic influence has swept over the State from north to south,
increasing in intensity as it advanced.” We shall have t(L take
exception to the direction of the “metamorphic influence.

President Hitchcock and his associates, between 1857 and
1861, traversed the State, from east to west, in thirteen different
latitudes and published in his volumes some ﬁnely.-colored
sections, as well as a generalized section. As a result of his study
of these sections Hitchcock concludes that the rocks of Vermont
“have been thrown into a succession of folds while in a semi-
plastic condition by a force from the direction of the Atlantic,
and that their crests have been subsequently denuded.”

He traces out two chief “anticlinals,” the first in the eastern
part of the State, extending through Guildford, New{ane,
Windham, Sharon, Washington, Peacham, Danville, and Shef-
field ; the second, along the crest of the Green Mountains. Between
these anticlinals synclines are found, “most of them rema}"kabl,}:
sharp, bringing the strata into an almost perpendicular position.
He further recognizes that the schists and gneisses are ‘‘not only
crumpled together but pressed down by the lateral thrust of the
mountains towards the west.” )

A good deal of Hitchcock’s work is still valuable, particularly
the locations of economic minerals, mineral springs, and the
like. But the old explanations of glacial aceumulations, and
erosional features—explanations based upon the Mosaic deluge—
have long since given way to the more rational theory of Agassiz,
while old correlations of Vermont strata have, in light of paleonto-
logical discoveries and progress, been almost wholly revised.

In the matter of faults Hitchcock was all at sea. Professor
Schuchert! tells us that ‘“overthrusting was unknown in those

1 Charles Schuchert: Cambrian and Ordovician of Northwestern Vermont; Bull. Geol.
Soe. Amr., vol. 48 (July 1, 1937).
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days” and “not till 1861 did anyone see a fault’” (in Vermont,
where it turned out to be a big overthrust beneath the ‘red
sandrock” which is now called the Monkton quartzite). To be
sure Hitchcock! shows a fault, in his generalized section, which
is the Champlain thrust, but he explains it as an ‘““‘inverted dip,”
that is a recumbent fold which would bring the older strata
above the newer. In discussing his sections through St. Albans
he remarks: “There may be faults. The great difficulty arising
from this view is that one fault will not satisfy the opponent
of this view. The theorist’s desire for faults, in speculating upon
these rocks, is no more readily satiated than the miser’s desire
for gold—the more he obtains the more he wants!”’

Perhaps this gibe was inspired by the letter of Sir William
Logan to M. Barrande, a letter which Hitcheock reproduces? and
from which the following quotation is taken: “A series of such
dislocations traverses eastern North America from Alabama to
Canada”’*** “The one in question ¢omes upon the boundary
of the Province (Quebec) not over a couple of miles from Lake
Champlain. From this point it proceeds in a gently curving line
to Quebec, keeping just north of the fortress; thence it coaststhe
north side of the Island of Orleans, leaving a narrow margin on
the island of Hudson River or Utica formation. From near the
east end of the island it keeps under the waters of the St. Law-
rence to within eighty miles of the extremity of Gaspé.” This is
probably the first mention of the great overthrust which is now
known to extend down through western Vermont to Cornwall,
and probably farther.

In this frame of mind Hitcheock could not make much real
progress in this region of many thrust faults. His own sections
show many faults but he could not recognize them as such.

Hitcheock’s terminology is today archaic. “Calciferous mica-
schist,”” “talcose schist,”” “talcose conglomerate,” “plumbagenous
shale,” “aeolian limestone” cte., without a glossary, can mean
but little to the average reader.

In more recent years C. S. Whittle?, Raphael Pumpelly?, T. N.
Dale®, W. G. Foye®, Arthur Keith?, G. H. Hubbard?, and others,
have worked on the more southern parts of the Green Mountains
but the northern portion has remained untouched.

During the past seven years, as opportunity has offered, the
writer has been engaged in investigating the Green Mountains
in the region lying between the Winooski and Lamoille rivers

1 Geology of Vermont, vol. 1, p. 37o (1861).
2 Geology of \ermont vol. 1, p. 379
3 Algonkian Rocks in Vermont )our Geology, vol. 2 (1894).
4 Geology of the Green Mountains in Mass., U.S. G S. Mono. 23 (1894
¢ Structural Details of the Green Mountain, Region, U.S.G.5. Bull. ’\Io 195 (1902), The
Cambrian Conglomerate of Ripton i in Vermont, A.J. S. (4) 30 (1910).
(191; lﬂgsport of Geological Work in the Rochester Quadrangle, 11th Rpt. Vt. State Geol.
7 Stratigraphy and qtructure of Northwestern Vermont, Journal of the Washington Acad.
of Science, vol. 22, No, 13 (193
8 Geolovy of South Central Vermont, 14th Rpt. Vt. State Geol. (1923-24).

cassmne
> __

/JOnnScN A

ouca I\s rron
A CAMBRIOGE ] N/ 7

~ /\ b 7 7, 4 \l/"f v m
oA [ / ﬁ ” -

/‘}{Onms.ow\

7«:

SaLrALOEN

BTN

iLeeans, \
Town /

7~ i l
‘Pa funsronsss \\% <
T S~
cam / ~
N
~

Sonricuo| @ ! /\n Dr"wa,f'

! -~
ghaon CRELSEA ms»«n/ A'/ \\‘
0 R~ P« /5&:/‘, 1:
"OLPN/ Iy /
Jc“unc'on < /rwam&éﬂwrm <, ,," F
s 7

noglcstea /

A ‘,
l‘; /-\ ) \7&. //wur:mn }
P s 5 G aLTOY ey ) o
v N ,Q\ Jonancn / \)/
‘\\ / - g // CORNIEH
o . Jeomraer! A,

&
<
MT ASCUTNEY.
| E
] ~
H g
1 O l g
» : ], Nuow"f tanar 3
I l v A COUNT
: ) . «0‘NN& A Y M4
3 '_ ‘ OF THE \ STATE OF
=z :
ul z VERMONT
COMPILED BY
N Z
el :EL At ”;\‘:‘"i ”““J‘S;Z“"»EO?O: c[»nw;-:;:;:ncu.ws
- -ﬂ 'R'ADS - T_ - . CCALL 1A
Mk iAVAMrOQ"‘HCRolme'% [:ul@if-u“-"oﬂb; rr—
: v ! :
ek 3 svenite -ﬂc;kmma.g
2 MASSACHUSETTS

PLATE 1



6 REPORT OF THE VERMONT STATE GEOLOGIST

as well as their approaches in the
: s * castern part of the Mi
%%i(;;azgr%lle,f i%udym}g{; the composition, strgcture, azll(;i 1\1/111135(?
m of the rocks, and endeavoring to establish { fons
and their ages. The work is not complete but it is tho(if;g%ti)oeg:

to record the results so far obtained, leaving further work for .

subsequent reports of the State Geologi
i
In the Twenticth Re 57369, 1
port (1935-'36), under the capti

;?Icrfl()){énsv ;))fr ;’serpn;oq‘f) 1Ge‘3c(})110%)y, th? writ’er tried to pre&ligni’nig
§ ssible the basic facts of geolo in ord
%1};36 gg;%r;} (1;<f3atdher might the better understangy\’zvhato§oflgsv}é?1t

e present article is referred to this R ;
the refi:rence books mentioned therein (p. 43), and to otheeli‘oxl;rt(;rli(s)
on ’lg}?o 0gy, as a preliminary to studying this article.
uk e vx}rlter 18 deeply indebted to the United States Geological
o hizyco?fe ;cggeex;m;natloncc})f sleveral rock sections; especially

. his ! rofessor arles G. Doll, for much id
criticism; to MIS,S Natalie E. Carlet f ’ e o
for work on the sections: to M O(%, rones G Barliue student,
> ; . Clarence G. Bail
former graduate student, wh : drminads N
: nt, 0 has made the drawings:

Wallace M. Cady, of Middlebury, who has traced out fcl}%esz ’bf)(l)lnlzll;-'
ries in the Central sequence; and to others. '

Geomorphology (Physiography)

As pointed out in the Twenti
rentieth Report, the
ifo ‘illfn(?taé‘c}lee f‘aflls nattur%llﬂ into five diV*isiOIls:g’(is)ﬁgO?e};?rll(())%l}tf
) , ermont Valley, the Taconics, th -
tains, and the Vermont Piedmont, which is abi)eneeplGairs?n Moun

The Green Mountains

The Green Mountains, whi

t 1 , which are a part of the gr -
l\itglnlglntcal;a&n, ?redtélﬁ outﬁtanding physiographicgltf?;ttﬁgpif

exten roughout the length of the S i
southern extension, in Massach B callod. tha oot
) ) ) tts, 1 lled the H
Mountains; while tl”lell‘ northe ! continuation. in da, makes
uprl%}:e got’re Dee o northe és continuation, in Canada, makes
e Green Mountains, as outlined on th ispi
! » e frontispiece /
gloe mf(ﬁllg \?ir?n c()hit%/rtﬁd hourﬁlass whose southern gsslgcgét}éﬁég
d nont Valley to the Connecticut Ri is

some thirty-six or thirty-sev i ; e anee of
] y-seven miles. The t f th

lies along the Canadian border, in F in, Barkabire, Bk

the Can order, in Franklin, Berkshi i
gfzy,tgnd Troy, with a width of perhaps t“’renty fll:fees’ RTlﬁilfggg_,
s nr(llc }1)(:& s(f)ife lfihe }llourgislllss isdnorth of Mt. Pico, in Chittenden
n tt » where the width is about eight miles. N rth o
iﬁ;scgglrgfﬂgﬁ mountains spread out, fanlike, into three pr?fl%?pg{
ext(?nd's 2 i oﬁiaﬂ;fo rilir.s‘cé 011‘\I Fro%’c Range (the most Wcsterly)
¢ randon into New Haven and Bristol i

The second, or Main Range, extends the length of t?ﬁt&nSShtlftsé
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and contains the highest peaks. An offset of the mountain mass,
northeast of Mt. Mansfield, is called the Sterling Range. The
third range begins in Rochester and runs through Roxbury,
Worcester, Eden, Lowell, and Newport to the border. In different
parts of its course the third range is known as the Rochester
Mountain, Braintree Mountain, and WorcesTER RanGE. There
is also a fourth, poorly defined, range of low hills which extends
from Randolph through East Roxbury, East Northfield, Berlin,
Montpelier, Calais, West Woodbury, and dies out in Hardwick.
One section of it is called the Northfield Mountains. This range
does not properly belong to the Green Mountains.

The valley between the second range and the third range is
very narrow in Rochester but widens northward to some siX
miles in Morristown and Johnson, beyond which it narrows to
the border.

The highest peaks of the Green Mountains, from south to
north, are: Glastonbury Mountain, 3,767 feet above sea level;
Stratton Mountain, 3,869; Shrewsbury, 3,737 feet; Killington,
4,241; Pico, 3,967; Lincoln, 4,013; Ellen 4,135; Camels Hump,
4,083; Mansfield, 4,393; Belvidere, 3,360; and Jay, 3,861.

Drainage

The rivers which drain the Green Mountains belong to the
Champlain-St. Lawrence, the Connecticut, and Hudson drainage
hasins.

To the Champlain-St. Lawrence belong the Missisquoi, La-
moille, and Winooski river systems, all of which are undoubtedly
superposed streams. The Missisquoi rises in the mountains, in
Lowell, Westfield, and Troy, flows into southern Quebec and then
roturns to the State in Jay and, flowing across the lowland, enters
Missisquoi Bay, in which it has built a great delta. The Lamoille
rises in Greensboro, Waldon, and Woodbury and, cutting through
the mountain ranges, enters Lake Champlain south of the Sand
Bar bridge. Its sediments were instrumental in forming the sand
bar. The Winooski rises far east of the mountain mass, in Cabot,
flows through its water gap in the mountains, and reaches the lake
south of Colehester Point. It is some seventy imiles long.

Farther south the New Haven and Middlebury rivers have
cut gorges in the western front of the mountain mass and made
their way across the lowland to the Otter Creek.

To the Hudson drainage belong the Batten Kill and the Wal-
loomsae, which have their sources in the Green Mountain massif
and in the Vermont Valley.

Belonging to the Connecticut drainage area are the Black
River, rising in Plymouth; the Ottauquechee, having its head
waters chiefly in Stockbridge; the Williams River, in Windsor
County; Saxtons River, which rises in Grafton and flows south-
easterly to its confluence with the Connecticut near Bellows Fally;
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the West River, whose upper branches are found far within the
mountain mass in Londonderry, Peru, and Weston; and the
Deerfield, which rises in Stratton, flows southward through the
Green Mountains in Windham County and into Massachusetts,
where it joins the Connecticut at Greenfield.

From his rather hurried examination of most of these rivers
the writer believes that they are superposed streams which have
been let down upon the mountain mass from a cover of sediments
long since washed away.

Stratigraphy

In studying the geology of a mountainous region it is necessary
to find a suitable point of attack, one where the edges of the
mountain rocks are exposed and their attitude to the strata of
the lowlands is revealed.

In the present investigation the Milton region (Plate 2) was
chosen, since here, on the whole, the formations are most largely
developed and the foot hills, or rather ridges, of the Green
Mountains begin. Furthermore the rock structures around Milton
village and in Brigham Hill are complex and, hitherto, have not
been mapped.

This investigation therefore takes the form of a traverse from
Arrowhead Mountain eastward across the Green Mountains to
East Montpelier, a distance of some thirty miles. The traverse
crosses eastern Milton (Plate 1), Westford, Cambridge, Under-
hill, Morristown, Stowe, Flmore, Worcester, Middlesex, Calais,
and East Montpelier and is offset to include the chief structural
features.

The Vermont Lowland

In 1923 Keith! found that the lowlands could be divided into
several major tracts, or sequences, each separated from another
by major thrust faults. He divided the Vermont lowland into a
Western, a Central, and an Eastern sequence. Later® he added the
Green Mountains sequence.

The Western sequence which, in this region, includes the lake
shore, North and South Hero, Isle la Motte, and other, smaller,
islands, is separated from the Central sequence by the Champlain
thrust fault (the old Logan’s line), while the Mountain Border
thrust, with its outliers of Arrowhead Mountain and Milton
lower gorge, is the dividing line between the Central and
the Eastern sequences. Keith later changed the name of this to
the Hinesburg thrust. In the Milton region the Mountain Border
fault of Keith must, in the light of later discoveries, be extended
to the west as indicated by the solid and dashed lines on Plate 2,

1 Cambrian Succession of Northwestern Vermont; Arthur Keith, Am. Jour. Science, vol.
5 (Feb., 1923).

2 Stratigraphy and Structure of Northwestern Vermont; Arthur Keith, Jour. Washington
Acad, Sciences, vol. 22 (July 19, 1932).
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since Arrowhead Mountain and its continuation southward are
erosion remnants (Klippes) of the overthrusting Cheshire quart-
zite and Brigham Hill graywacke, from the east, which were
once continuous across the Lamoille valley. Erosion has revealed
the underlying, younger, Rutland dolomite, which thus con-
stitutes a Fenster, or window.

The thrust line which separates the Eastern from the Green
Mountains sequence is indefinite and has received no designation.

Of these sequences the Western, which extends from Canada
along the lake shore to Orwell, is made up chiefly of limestones
and shales, of Ordovician age. It was the least affected by the
great thrusting movements; rather, it received the thrusting,
and the rocks of the Central sequence, along the Champlain
fault, are piled up on its eastern border. The Western sequence
is called the Foreland (Plate 2).

The Central sequence is composed of dolomites and slates,
of Lower Cambrian and Upper Cambrian ages, while the Eastern
sequence contains dolomite, quartzite, and graywacke, of Lower
Cambrian age.

The Green Mountains sequence is a complex of schists, gneisses,
phyllites, quartzites, and some amphibolites.

In July, 1937, Schuchert! published the most detailed account
of the geology of the Central sequence that has ever appeared.
His map of the region studied, many illustrations and drawings,
and the definite localities of the formations described (which too
many writers fail to give) are of the greatest assistance to the
geological student of this region. Since the journal in which this
article appeared is not available to the general reader, it has
been thought well to reproduce here portions of Schuchert’s
paper.

DISCUSSION

Comparing the generalized column of the old 1935-'36 Report
of the State Geologist with Schuchert’s table, one notes, in the
Middle Cambrian division, various reassighments of the pre-

viously named formations and the introduction of several new
ones.

HUNGERFORD SLATE

The Highgate formation, formerly regarded as Upper Cam-
brian, has been found by Schuchert to contain Lower Ordovician
fauna and is restricted to the northeastern Highgate region;
while the slate belt extending from Canada through central
Highgate, Swanton, and western St. Albans and Georgia town-
ships, and from one-eighth to seven-eighths of a mile wide, has
been shown by him, on fossil evidence, to be Upper Cambrian.

1 Cambrian and Ordovician of Northwestern Vermont; Charles Schuchert, Bull. Geol.
Soc. America, vol. 48, No. 7 (July, 1937).

X >
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i e slate has been chosen, from
this belt the name Hungerford slate has n,
fl?er type locality on Hunger?ord Brook, in southern Highgate.

Formations of the Central Sequence, Northwestern Vermont (Schuchert)

Taconian (including the Green Mts.) orogeny, late Ordovician time.
Long break. .

Grandge slate, at least hundreds of feet thick.

Quebec orogeny. Best seen on Grandge farm. )

Corliss breccia, 30 feet. Known only at type locality.

Lower
Ordovician
1000 + feet

GATE
SouTHWEST OF MILTON Georcra TownsaIP Viciniry oF Hien

Corliss conglomerate, or Grandge

slate.
Highgate slate, 220 -+ feet
Highgate limestone, 80 feet
Highgate thrust breccia, 25 feet

Georgia formation, at | Upper Gorge limestone, 145 feet
least 600 feet
Rockledge breccia, 0—40

feet

Lower Gorge dolomite, 75 feet

g
£ Erosional unconformity. ‘I?reak and thgust
g 2 B Hungerford slate, 600+ | Hungerford slate, 700 feet Hungerford” slate, 200 feet
@ o
585 fect Mill River breccia, 20 feet X " i
O‘* = § Milton dolomite 700 feet | Erosional unconformity “Milton” dolomite, 300 feet
§ a5 Break. Some of earliest | Upper Cambrian absent
5
(Lower Cambrian) (Middle Cambrian, St. | (Lower Cambrian, Parker)
Albans)
= § ® | Late Middle Cambrian. St. Albans slate, 60-270 feet
§ s Rugg Brook dolomite breecia, 0 to 20 feet
= “E’ § Break. Most of Middle Cambrian unrepresented
o

Lower

Parker slate, 115-670 feet

Short break, at least locally

Mallett dolomite and quartzite, 100-630 feet
Probable local breaks

Winooski dolomite and marble, 200-385 feet
Monkton quartzite, 0-300 -+ feet

Thrust contact

Cambrian
415-1985 feet

Ordovician basement, Western sequence (the Foreland), over which the above is thrust.

ROCKLEDGE BRECCIA

i i Reefs
I 1935-'36 Report, under the caption, Limestone Re
andn ]t?»}ilghermsl, theré) were described “‘enormous marble-like

1 Bioherm, from the Greek Bios, life - herma, a sunken reef.
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oval or moundshaped growths, usually varying i i
meter from fifteen feet to upward of ‘IVOO fezt, galig %gng}fiitkgé?g
up to ten feet or more. They are often conspicuous white objec;s
on the landscape. One on the Rockledge estate, some five miles
north of St. Albans on the Highgate road, measures 170 x 110
x 8 feet; another mass, 90 x 50 feet, may be a part of it; four
miles southwest of St. Albans there are four in close association
the smallest 15 x 10 feet and the largest 140 x 120 x 10 feet:
nearby, one in the forest is 200 feet long and 80 feet, wide; while
one and one-half miles north of Highgate Center is the largest
example, about 600 feet long” — “All are homogeneous ma%qes
of light-blue limestone that show no bedding. They appearkto
be algal growths in thin sheets and vertical columns” (Schuchért)
o To this list Schuchert adds other localities: North of Skeels
orners, six and one-half miles from St. Albans, a bioherm 65
f(}et long, 35 fect wide, and 15 feet thick; four n’niles southwest
(;4 St. Albans, four bioherms in close association. the largest
0 x 120 x 10 feet; and others. These bioherms are among the
I\g;)istt striking features of Vermont geology and are well worth a
_ Closely associated with the bioherms are large exposur
lslelil?rsltgliienﬁzg(?u001381 an&ide up of “blue limestonegof (V‘*alr)io(;sllllsI (;Sizgg
one or dolomit s ich is r i
grains of etched sand” (chgc%é(t}artg.whlch s replete with rounded
_ The type locality is the Rockledge estate, where the breccia
is to be seen surrounding the great bioherms. There are many
other localities for the breccia, the most striking of which are on
the Bliss farm, just north of Skeels Corners; the Pattee farm
one half-mile west of Georgia Center; at the Mayre Ledge tW(;
miles south of St. Albans, west of the highway (Route U.S 7);
:gg{f :ta?epémft ahqliz,lrter (ii a mile southeast of this ledgé. .Thé
chuchert’s or Keith’s i i
by Fthc .;vrit}fr, wi}lll be given in du: igﬁ?’;g')ns. Others, discovered
ossils show the Rockledge breccia to be of U i
age and so distinct from the Corliss conglomeraté) I()'ill)sgrm (g);:iilz
vieian) with which 1t was formeily included. Schuchert states
Ebat thed Rockledge lies disconformably on the Hungerford forma-
iI110\2L Sziléln.’ with the Georgia slate, begins a new cycle of marine
Thlee the btheI:nlS, these breccias are most striking and unusual.
The localities given, and others, should be visited by those
interested in the geology of this region.

GEORGIA SLATE

The Georgia slate, which occupi i
: ¢ ceuples an area in the eastern part
of Georgia township where it “forms a belt three miles v&g?le,

1 Breccias are irr
egular, unrounded fragments of rock i 1 i
ock, of v E
cement of the same or other rock flour, or coarser material. vAIVIng size, set in a paste or
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with a thickness rather over than under 2000 feet and crops out
nearly continuously to a point beyond the Canadian border,”
was formerly classed as Lower Ordovician, though no fossils
have been found in it. Schuchert states: “As the Georgia slate
is intimately tied stratigraphically with the Rockledge breceia,
now known to be of early Upper Cambrian time, there can be
no doubt that these slates are also of this epoch.”

WILLISTON LIMESTONE

The Williston limestone which Keith placed in the upper
(Saratogan) part of the Upper Cambrian should, according to
Schuchert, be classified as Beckmantown (Lower Ordovician)
age.

THE GRANDGE SLATE

The remaining new comer in the geological column of the
Central Sequence is the Grandge slate, whose type locality 1s
on the Oliver Grandge farm, four and onc-half miles north of
Highgate Center. This is remarkable beeause it lies unconform-
ably upon the eroded synclinal surface of the Lower Highgate,
the upper Highgate members having been eroded away. The
Grandge, like the Highgate, is found to be of Lower Ordovician
age and, possibly with the Corliss conglomerate, marks a new
eyele of deposition on the eroded Highgate. The evidence of
uplift and erosion of the Highgate was formerly called by
Schuchert the Vermont orogeny or the Vermont disturbance
and it was placed at the close of the Upper Cambrian'. The
orogeny is now found to have oceurred in the Lower Ordovician.
“Later, during the Taconic orogeney, both formations were
folded together” (Schuchert).

The formations west of the Hungerford slate, Plate 2, have
been kindly mapped for the writer by Mr. Wallace M. Cady, of
Middlebury, a Columbia University graduate student who 1s at
work on the geology of western Vermont. Mr. Cady finds?® that
the “Winooski”’ marble at Ethan Allen Park, Malletts Head and
Eagle Mountain (and north along the lake shore) cannot be
true Winooski, whose type locality is at Winooski Falls and whose
continuation northward is shown on Plate 2, but that it is ‘“‘one
and the same in lithology and stratigraphic position as the Dun-
ham dolomite”’—of Clark?, and is of Lower Cambrian age.

Thrusting

Northwestern Vermont is a region of extensive overthrusting
to the northwest. The Champlain overthrust fault traverses the

I Textbook of Geology; Schuchert and Dunbar, John Wiley and Sous (1933).

2 Written communication. ; i .
s Structure and Stratigraphy of Southern Quebec; T. H. Clark, Bull. Geol. Soc. of America,

vol. 45 (Feb. 1934).
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central part of Highgate and Swanton as a series of low escarp-
ments rising above the Western sequence, upon which it is thrust,
to varying heights. In St. Albans it lies less than a mile from St
Albans Bay, south of which it skirts the lake shore leaving only
a narrow strand of the Western sequence.

The thrusting is differential in character bringing different
members of the Central sequence up to the fault line. Thus, on
F. W. Berry’s farm, in western Georgia, the “Winooski” marble,
of Lower Cambrian age, is found thrust onto Ordovician dove-
colored limestone, which is probably Chazy, and this, in turn is
thrust upon the Trenton shaly limestone, also of Ordovician
age. About two miles farther south, along the shore, “Winooski”
marble, forming here Eagle Mountain, is thrust upon the Trenton.
Red Rock Point forms the northern entrance to Malletts Bay.
A quarter of a mile east the “Winooski” marble forms cliffs which
lie on Trenton shaly limestone while, just across the mouth of
the bay, Malletts Head shows the same relationship.

But along the eastern shore of the bay, from Catfish Point
northward, the Lower Cambrian Monkton quartzite presents
a great escarpment to the west, with long gentle dip slopes to
the east. Its base is concealed.

The last Report deseribed in some detail the splendid over-
thrust at Lone Rock Point, which forms the northern end of
Burlington Bay. Here “Winooski” marble is thrust onto Trenton
shaly limestone while, a short distance to the north and east,
Ethan Allen tower lies at the edge of this multiple escarpment.

The next headland, forming the entrance to Shelburne Bay,
1s Red Rocks Park, made up of a mass of Monkton quartzite
rising about sixty feet above the lake. The base is not exposed
but the underlying Trenton shaly limestone is seen across
the Bay at Shelburne Point.

South of Shelburne Bay Pease Mountain and Mount Philo,
in Charlotte; Shellhouse Mountain, in Ferrishurg; Buck Moun-
tain, in Waltham; and Snake Mountain, in Weybridge and
Addison, are all thrusts of Monkton quartzite lying on the
Ordovician formations of the Western sequence, or Foreland.

Thrusting in the Central Sequence

Besides the Champlain fault thrusting there are various minor
thrusts within the Central Sequence. Schuchert' describes the
following:

North of Swanton Junction the Mallett dolomite is thrust
onto the Parker slate.

East of Swanton, on the southeast slope of the Donaldson
farm, the remains of the Hungerford thrust breccia, with a great
bioherm about 105 feet long, Upper Cambrian in age, lies on the
Parker slate of the Lower Cambrian.

L Op. cit.
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North of St. Albans Bay the Lower Cambrian W:n}}oo‘sin
marble or dolomite lies by thrust on the Ordovician Highgate
Springs series. _
bp:(?ﬁighé%@ Falls a striking thrust is to be»soen in t%;orl}ogc};
hank of the Missisquoi, dipping gently to the ((f:a:\t.l e( fhe
Upper Gorge limestone or dolomite, of Dpper <,‘am v)}}ffn 1:0
i< seen thrust onto the Highgate slate, of Lower O1vdo\(151(1n} :_

Asx will be shown the Rutland dolomlt(},qot Lower Jeﬁn )A;c‘m
age, rests by thrust, ig th(;)l(')\\'er gorge at Milton, on the Hunger-
‘ord slate, of r Cambrian age. ) _
ml((}llhh(mft((ﬂ’)}?lfcUlgirii in southornb)ﬁlton townihlp, a dO]‘O]}m.O,’
which Keith has thought to belong to the Lasterp s(iquﬂtll((.t
Bes thrust onto Hungerford slate. It \\;111 be ‘sho“ 1 tlat‘.‘ his
dolomite is probably Lower Gorge, of Upper Cambrian age; or
possibly Milton dolomite, of the Upper Cambrian.

Thrusting in the Eastern Sequence

«everal localities the rocks of the Lastern sequence, along
tllgllg?btilittzxin Border thrust, make salients into the fbfntljz}‘lj
sequence. In St. Albans, Aldis Hill, a Klippe mdde upf(l) d“o\\l(,l
Cambrian Cheshire quartzite overlain, the w ute[l:T n sL ‘ ;)i
Bricham Hill graywacke, rests by thrust upon the Upper dd (1)]C
brian Hungerford slate. Arrowhead Mountain, compose Lo
Brigham Fill graywacke overlying Cheshire quartmteé 1?0 %{10 }iill
Klz'?)pe resting on the Hungerford. Farther south,11 (}{l' e !
i« largely made up of Hungerford slate with a sma K ﬁpetg};
cither Milton dolomite or Lower Gorge dolomite (pr.(zD aE xt ¢
latter) both Upper Cambrian in age, resting upon ﬁ .Chaéhi?e
Cobble Hill, and south of the Rutland dolomite area, ﬁ e c es ire
quartzite-Brigham Hill graywacke ridge rests by thrust on

[ slate. ) x
Hlillige\r\{"(i)ﬁiton township there is another salient. }hIerEr thl(1
quartzite and most of the graywacke are cut out and the fufie
Mountains sequence lies by thrust upon the sedlmentfarl(les 0bo 1£
Lowland. Differential thrusting has caused a tear .au19§6 LH
two miles long, discovered by Clarence G. Ba%\?'}ﬁ' 1;1 viu'aoré
begins about three-quarters of a mile west of Williston ; lage
and strikes S. 80° E. South of this tear the mountal‘n meta or-
phics have been shoved westward to rest by thrust gporllo the
Williston limestone (which Keith classifies as Upper thani “i)r
but Schuchert, on the basis of fossil evidence, placves 11n u e E[) o
Ordovician) and the Hungeifmjd ts}llamte '(1)1fagBer?)?IR&/}ecHa(I)llil?s\?illllé

31 iles farther south, i the w1 1 . sV
:ggl(;b%ﬁtlgllrgﬂe east of the Hinesburg road, Bailey dlsliovflr'ed’-
in 1936, a large overthrust of Brigham Hill gr%/}lrwic 9,,}}511%,
on the “Williston limestone.” He named it the Mechanicsv

thrust.
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Formations in the Milton Quadrangle

Schuchert’s mapping! extends from the international boundary
t9 the latitude of Georgia Plains (Plate 2). As already stated
Cady has mapped the formations of the Central sequence. The
ma.?pl‘ng of the Eastern and Green Mountain sequences is the
writer's.

HUNGERFORD SLATE

In Milton township the eastern boundary of the Hungerford
slate runs along the western base of Arrowhead Mountain and
southward across the lower gorge of the Lamoille, where the
river has cut a small water gap in it, at elevation 160 feet above
sea level. Farther south the western boundary is found about a
quarter of a mile west of Cobble Hill where it rests upon the
Milton dolomite. To the south the contact is concealed. East
of Cobble Hill the Hungerford extends across the valley to the
Mountain Border fault, where the Brigham Hill graywacke
rests upon it by thrust. The slate runs along this fault across the
axis of Colchester Pond and south to the border of the quadrén gle.
The Hungerford forms a narrow ridge cast of the Champl%in
Valley fair grounds (Vermont Route 15), crosses the Williston
Road in South Burlington (U. S. Route 2), makes up most of
Brownell Mountain, in South Burlington and St. George, and
extends into Monkton. At various places the Hungerford bedding
planes dip about five degrees casterly; the cleavage, 45 degrees
casterly, indicating upright folds. - A

Schuchert describes the Hungerford as “blue-black to gray
well-banded slates, with here and there local lentils of yelléwisl;
or reddish-weathering, sandy dolomites, varying in thickness
from one to ten feet.”

COBBLE HILL

During the time when Champlain was a much larger and higher
glacial lake several of the hills and low mountains in the Vermont
lowland appeared as islands into which the beating waves cut
benches. On Cobble Hill such a bench, or terrace, is strikinely
apparent, nearly surrounding the hill, just above the 500-f§0}t
contour line. A similar terrace, strewn with graywacké shingle,
Ed;?n two miles directly east, along the Cheshire-graywacke

Cobble Hill is an erosion remnant of a once larger eminence
It is made up predominatingly of Hungerford sla?e capped on
the east side by a dolomite which lies thrust upon it. i

The slate dips at a low angle easterly, with higher angled
easterly-dipping, cleavage, indicating an anticline. overturn/(‘d]
to the northwest. The capping is a medium-to-dark-gray, silicious

1 Op. cit.
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dolomite, weathering yellow, and containing numerous angular
inclusions of black dolomite. It contains no chert. The rock is
very similar to Schuchert’s Lower Gorge dolomite at Highgate
Falls. Neither the Lower Gorge nor the Cobble Hill dolomite
has yielded any fossils. Professor Schuchert! thinks that the
Cobble Hill dolomite may be either Lower Gorge, or Milton
which also, in places, contains similar black dolomitic inclusions.

ROCKLEDGE BRECCIA

Southeast of Cobble Hill (which were better called Cobble
Mountain) there is a knoll, sloping to the south, which is made
up of Rockledge breccia. Thinly-bedded, light-blue limestone
lentils, the largest 36 by 17 inches, are seen set in a paste of lime-
stone with rounded quartz grains. Many of these lentils are
oriented, south 50° west, while others lie in various directions.
In the upper part of the knoll the lentils are veined with calcite
and the limestone paste shows flow structure. There are no large
bioherms. The underlying Hungerford slate shows bedding
dipping 10° easterly, while the cleavage dips 25° easterly. The
slate here evidently represents the side of a fold, whether a
syncline or an anticline could not be determined.

Just north of the knoll is a smaller knoll also made up of the
Rockledge—limestone lentils set in the usual paste of limestone,
with sandy layers. But on the west side of the knoll one finds
elongated lentils, generally oriented north and south (Fig. 1).
The sizes of these lentils range from two by four inches to sixteen
by six inches, while the long irregular stringer shown at the base
of the photograph is 44 by five inches. But the noteworthy feature
of this mass is the paste of slate in which the lentils are embedded
and which rises around them like black ruching around a woman’s
neck. Outcrops of the underlying Hungerford are seen north
of this knoll, with bedding planes dipping fifteen degrees casterly.

This is the only locality reported where the Hungerford lentils
are surrounded by a slaty paste, instead of by limestone paste.

The Rockledge breccia once extended across the valley to the
cast for, east of the railroad, it forms a ridge over which Vt.
Route No. 116 passes, presenting a steep escarpment to the west.
This ridge is somewhat less than a mile in length and some three-
eighths of a mile wide, beyond which it plunges down into the
valley to the east. The formation rests disconformably on the
Hungerford slate. East of Route 116, on the land of George
Desrauleau, the Rockledge forms several low, north-to-south-
running escarpments facing the west. The usual white and blue
lentils of limestone are again set in a sandy limestone paste
which shows flow structure. On the east margin of the ridge the
Hungerford slate appears, forms the valley floor, and rises to the

3 Written communication.
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FIG. 1. ROCKLEDGE BRECCIA, SOUTHEAST OF COBBLE HILL

next eastward road. Its contact with th
Mountain Border fault is concealed. i
_ The Rockledge breccia further appears on the east side of the
ridge south of School No. 3 and, northeast of this, along Malletts
Creek.. Two outerops of the breccia are also to be seen on the
east side of the ridge west of Colchester Pond.
In southern Williston, at the base of Brownell Mountain, the

Rockledge is seen by the dam on Sucker Brook (Burlineton
quadrangle). x

ORIGIN OF THE ROCKLEDGE

Professor Schuchert has traced the Rockledge breccia, inter-
ruptedly, “from a point south of the Missisquoi River to a point
two mlleg south of Georgia Plains, a distance of 13 miles.”

He believes that the bicherms, lentils, and paste are of biogenic
(algal) origin and that the lentils were derived from the bioherms
by the waves of the Lower Cambrian sea beating upon them
breaklng_ them up and comminuting some of the limestone to
limy sediments in which the fragments foundered. The rounded
sand grains in the paste appear to him to be of sand dune origin.
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The knoll described, southeast of Cobble Hill, is especially
interesting because, while the fragments on top foundered in a
limy paste, those below found a resting place in the black muds
of the sea floor.

The Eastern Sequence

The members of the Eastern sequence which appear in the
Milton quadrangle are the Cheshire quartzite, the Brigham Hill
graywacke, and the Rutland dolomite.

THE CHESHIRE QUARTZITE

The Cheshire quartzite, with two interruptions, runs along the
Mountain Border fault the entire length of the State. Southward,
it extends into Massachusetts to its type locality, the town of
Cheshire. The first interruption extends from a point one and
one-half miles east northeast of Fort Ethan Allen, southward for
about fifteen miles. In this stretch the mountain gneisses and,
interruptedly, the Brigham Hill graywacke, are in contact with
the sedimentaries of the lowland. The second interruption,
according to Keith, extends from the vicinity of Rutland north-
wards for about twelve miles. .

The Cheshire makes up Hog Back Mountain, in Monkton and
Bristol, and is also well exposed at the gorge of the Middlebury
River, in East Middlebury. It underlies the Lake Dunmore region
and rises in Mt. Moosalamoo. Farther south, east of Rutland
and along the Vermont Valley, the Green Mountain front is made
up of the quartzite, which also occupies a wide area some distance
east of Williamstown, Massachusetts. Keith gives its maximum
thickness, in Wallingford, as about 800 feet.

The Cheshire quartzite is in general, a fine-grained rock, white
to light-gray and dark-gray in most localities, but in places it
resembles maple sugar.

In the southern part of the State it is composed of clear white,
interlocking quartz grains and smaller amounts of turbid ortho-
clase, plagioclase, microcline, and perthite, all showing intense
strain shadows. The average grain size is 0.32 x 0.27 mm. and the
ratio of quartz to feldspar is about 2 to 1. Minor constituents,
present in very small amount, are rutile, zircon, shreds of sericite,
ilmenite altering to leucoxene, and limonite. The Cheshire is the
metamorphic equivalent of rather pure sandstones.

In the Mountain Border zone of the Milton quadrangle the
quartzite is of finer grain (average, 0.16 x 0.11 mm.) and is
very rusty in appearance, from the greater content of sulphides.

Fossils found in the Lake Dunmore region, fix the age as
Lower Cambrian.

In northern Vermont, besides making up, with the Brigham
Hill graywacke, the Mountain Border ridge (Plate 2), the
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Cheshire occurs in St. Albans Hi i i
s in St. Albans Hill, Aldis Hill
f()lkowed tg the Missisquoi River (St’. A]ba;s (;uédigﬁgllelj)is been
An te}foslon remnant of the Cheshire found resting by.thrtlst
gp(iln he Rockledge breccia, south of Mayre Ledge (west of the
ig ;\lfay and two and one-half miles south the St. Albans), and
illlllgéestr, tlifszni%r ulz:)n the Milton dolomite, west of Cobbié’Hill
fagges Wes.‘; he Cheshire once extended considerably farther
The further occurrence of the Cheshire i i
1 > “heshire ‘
rangle will be considered presently. sire i the Milton: quad-

THE BRIGHAM HILL GRAYWACKE

q 'lhivs_, second, (memb.er of the Eastern sequence was named by
f)e \?rlt}?r, i 1934', for its occurrence on Brigham Hill, which

orrmbvtke highest point on the Mountain Border ridg’e. The
foilz“(if :0 1:(\& very ﬁne—grlamed, dark-gray to yellowish-hued

some occurrences almost black), weathering reddish i

p%ac"os\ and showing fine filaments of grap,hite along %helbe:isdilig
{) :g{e:s. In some occurrences it is thinly bedded; others the
t)}o sld\re Six to eight inches thick. Where it occurs in open folds
S}ie )(((115 are massive; where thrusting has occurred, they are
: eared and crumpled. The rock is of striking appea{rance and

OI%I;§ an excellent horizon marker. 7 o

un sections show a cataclastic rock m

A s , ade up of angular
t((‘i”);&l;ar;gilﬁ(fc]igagm(eélts (t){ quartz, orthoclasof) plagiogclase

albite), microcline, and perthite, set in a paste of argill
}nat‘erlal in which delicate shreds (,)f sericite }?ave been d%lve?gi)(:}l(lis
ag iS(%me qf the sections the sericite is well developed oriented.
a 1c1 orms a mesh around the sial? grains, which averiage 0.15 x
o1l mr‘n.ll_n d}fimptor. Delicate filaments of graphite cross some
o e ?g(tlons. Fine grains of magnetite, a few larger grains of
a))ur{rvxa‘ me, some small zireons, and patches of limonite form the
o?]%:]?jryﬂ{?lmﬁmls'.‘ A single fossil, found on the western slope
of Bald 1,- y l\'II;SS Natalie Carleton, a graduate student at
the lllnvermty of V ermont, was examined by Professor B. F
‘ ,0\}; 3 of Princeton University, and determined by him to bf;
;?atelijro ;ii:é(i,l (t)deoy\t’(l}lr gan(lbrian age. The graywacke is inti-
: ssoclated with the (Lower Cambrian) Cheshi
zite and normally lies i estire quart-
ate and hon ally lies above it, although in places the two rocks

In 1934 the writer was privi

, er was privileged to spend a day with Pro-
{]eikzbglr"l 1;T1ia]H<;xoCul?r‘k’ of MCGhiH University, and his};tudents Ig)n

S a Xeursion In southern Quebec and saw th ’
Gilman quartzite in which specimens of the brachiop%rg %?tl;lo{i
y

gt 3 ower a]llb y . p
J na (ij L C rian ag(’ oceur ]he ap earance Of the
The Green Mountains of Northern Vermont ; E.C. Jacobs, Pmceedmgs, Geol. Soc. o
1 ' - C Q f

2 Sial is a mnemonie made u i (Sili
p of Si (Silicon i X 1
of quartz and the feldspars, for whic‘h they are) :ggr.;\‘l’ig?ilggmum), two characteristic elements
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rock and thin sections show that the “quartzite’’ is identical
with the writer’s graywacke. Professor Clark said that the Gilman
occupies a belt five to ten miles wide and, areally, covers 50 to
75 square miles. It is folded and Clark estimates its thickness
at from 2000 to 4000 feet. The strike is about North 20° East
(magnetic) and the dip about 75° easterly.

The Brigham Hill graywacke seems to be coextensive and
intimately associated with the Cheshire quartzite, extending
probably throughout the State and into Quebec where it has its
greatest development.

In his work on the Rutland Quadrangle, Professor F.J. Foylest,
of Rochester University, has found the graywacke, at elevation
1190 feet, on Blue Ridge Mountain and along the western slopes
of East and Bald mountains, as well as on the northeast slope
of Blueberry Hill, in Pittsford.

‘On Monkton Ridge the graywacke is found infolded with the
Cheshire. In the gorge of the Middlebury River, at East Middle-
bury, the same relationship 1s seen between the two formations,
while graywacke outerops have been found by the writer along
the road west of Fern Lake, and on the northwest slope of Mount
Pleasant, in Leicester.

Along the Mountain Border thrust, from Monkton to Fssex
Junection, where the Cheshire is cut out, the graywacke occurs
in isolated patches.

Beginning with the most westerly Mountain Border escarp-
ment, half a mile east of the Drury brick yard, on Vermont
Route 15 and, farther north, associated with the Cheshire quart-
zite, the graywacke forms the Mountain Border ridge (Plate 2),
which extends across the Milton quadrangle, and it is also seen in
large development on the east bank of the Missisquoi River, at the
East Highgate bridge, resting by thrust upon the Hungerford
slate. It crops out again north of Sheldon Junction, on the Miss-
isquoi, and north of Bridgeman Hill, in Franklin township.

North of the international boundary, as already noted, Clark
has found it in great extent and thickness in his Oak Hill slice,
in southern Quebec.

North of St. Albans, and about half a mile west of the Mountain
Border fault, the graywacke, lying above the Cheshire quartzite,
forms the upper part of Aldis Hill which is a thrust outlier, or
Klippe, resting on the Hungerford slate. :

The further oceurrence of the graywacke in the Milton quad-

rangle will follow.
THE RUTLAND DOLOMITE

This formation, named by Keith in 19232, is described by him
as lying along the eastern margin of the Champlain Valley,

! Personal communication.
2 Op. cit.
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practically coextensive with the underlyi 1
¢ 7 sl ) erlying Cheshir i
iasn(iy 63‘1‘1132 ‘t(}}le sa(rin_e ntlltlerrupl)ltlons along the mountaine f?(gll?tr tz‘}}i
reloped 1n the valley around Rutland and ives its
name from that place.” Fossils fot i orous. localities
f . sils md In numerous localities
prove its Lower Cambrian age. Kei sti 3 icknoe,
b ’}}}lle I;ufland 1 Cambrian %eet. eith estimates the thickness
e dolomite is a fine-to-medium-grained rock i
Y mity ) 'k of which
gge;kh;toee%ng?mpaé p_l()iases:h one, light-to dove-color; tllig Ottl}ll(:re
X steel-blue. Besides these, in lesser abundance, th is a
’\fir;eﬁ?ltt?gn%h{?e oi plzqkls? aﬁd greenish hues, W'eathe’ringe)rfilllgwa
: 1 1s a striking-looking rock which is easil ized.
Thin sections show the dolomi earoined
) ‘ mite to be a fine-grained, hi
crystalline rock, The light variety i TR
9 ght y is very pure, with onl I
amounts of pyrite and iron oxides as ies ! phas
contains more sulphide and it ( _dacgressorles. s dar.k phses
the rons moro suiphide and s oxidation products which give
. _ . all sial grains oc h
in the slides. The varie i ition e an (hore
. . variegated phase has, in addition, small -
E(())(—)ox al zltlreas.contalmng exceedingly fine flakes of a éreexglL mri?llé?ﬁ
Tima to identify. 1t may possibly be serpentine. ,
ond liomrﬁteélélgg sttﬁldled thltS dol?mite in Williamstown, Mass.,
he mountain front into Milt il
have been found but the o havs oF the
: ‘ presence of all the typical ph
rock and its close lithic similarit A s
thaAt it occurs in the Milton regilor};. to the known Rutland show
e SC }slléo}\:{n on Plate 2, the Rutland dolomite occurs west of
Lamoilles Iilje—gm%fwacke ridge and at least as far north as the
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Special Features in the Milton Region
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arther south, on the road from Milt i
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f;:;iihogftaiﬂfgﬁtPf’-;n?e)’ thfi f(ildeg Cheshire for%ns ?hz)\ g;t;(;g}
: 1t. A Tew rods to the east the graywacke is s
lying on the Cheshire in eroded folds \vhiohg m}':z(li)ewlr‘éﬂgl‘?
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lines overturned to the west. The graywacke extends east-
ward to about the boundary shown on Plate 2. Just east of Milton
Pond the ridge is formed from eroded, overturned synclinal
folds of the graywacke. Since the formation is folded its thickness
cannot be determined but it is probably several hundred feet,
possibly over a thousand.

ARROWHEAD MOUNTAIN

Arrowhead Mountain rises to 947 feet and, like Cobble Hill,
shows a marine bench at the 500-foot contour. Most of the
eminence is made up of Brigham Hill graywacke which rests by
thrust upon the Hungerford slate, but the base is not exposed.
The mountain and its continuation to the south are Klippes,
or fault outliers, which erosion has detatched from the great
ridge to the east, revealing the underlying, younger, Rutland
dolomite as a Fenster, or “window.” Cheshire quartzite probably
lies between the graywacke and the Hungerford but this could

not be determined.
SECTION ON A A', PLATE 2

West of the Mountain Border fault, for about a thousand feet,
the rocks are concealed. Beyond this cover, on the Coutermarch
farm, the Rutland dolomite crops out in small escarpments,
which show all three phases of the formation. West of these
exposures the rocks are again covered. Thin seams of talcose
material are found cutting the dolomite here. Furthermore, in
excavating on the Pinegrove farm, in Milton village, some years
ago, a vein of foliated talc was found in the dolomite. The tale
deposits of the State oceur in the mountain schists and gneisses,
hence we have cvidence that these ‘‘crystallines” lie at no great
depth below the dolomite.!

On the ridge between route, Vermont 116, and the railroad
there is a series of four thrust escarpments. The most easterly
is a small remnant of Cheshire and graywacke; the other three
are made up of Rutland dolomite. All the escarpments face the
west. Fields extend from the last escarpment to the Lamoille
River.

In Milton village the graywacke is exposed in the upper gorge
of the river, under the bridge and below the recently constructed
dam, and on both banks of the river, downstream, for about a
quarter of a mile, when it disappears beneath the cover.

Somewhat farther west the Lamoille has eroded its lower
gorge through a great thrust block of the Rutland dolomite, over
a hundred feet thick and, discovering the underlying Hungerford
slate, has cut a small water gap through a low ridge of this for-

mation.

1 In this connection, a small vein of chalcocite and associ
was recently found cutting the Mallett dolomite on the Parrot fa

ated basic copper carhonates
rm, north of Malletts Bay.
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Jugfc east of the lower gorge power-house the Hungerford
f(‘)rmln'g the thrust plate, is seen in sharp contact with five feet of
Cheshire quartzite, upon which rest six feet of the graywacke
and, on this, 100 feet of Rutland dolomite, the dark phase below;
theﬂhght on top. The dip of the thrust plate is 20° easterly. ’

Evidently the Cheshire-graywacke formations once extended
across the whole section but, with the exception of the two rem-
nants shown, have been eroded away. It is difficult to account
for the presence of the Cheshire and graywacke lying between
the Rutland and the Hungerford. Possibly the continuation
of a tight fold was removed by the thrusting.

In the Hungerford water gap ridge the bedding dips 22°
oasterly;. the slaty cleavage, 55° easterly, indicating an upright
fold. It is thought that the westward thrusting of the Eastern
sequence (Lower Cambrian) members was responsible for the
folding in the underlying Hungerford (Upper Cambrian) slate.

In the continuation of the dolomite ridge, west of route, Vt.116,
south of Milton village, the Rutland dolomite is found in open
synclinal folds, with the lighter phase on top; the darker, 1 elow.
The bedding dips 4° easterly; the cleavage, 40° easterly. The
western border of the ridge forms a steep escarpment. The Brig-
ham Hill graywacke lies on the eastern border in thrust relation
to the dolomite. The graywacke here makes a salient to the west,
perhaps along a tear fault (Plate 2).

We have evidence, therefore, that folding in all three memlers
of the Eastern sequence accompanied the thrusting of these
formations to the west.

THE BRIGHAM HILL SECTION
PLATE 2, SECTION B B’

‘Brlg'ham Hill (1,032 feet) forms the highest point on the
Lheshlre—graywacke ridge, south of Georgia Mountain. The
Brigham Hill graywacke was named for its oceurrence here. On
tbe west the ridge descends in a series of three escarpments to
(loichester Pond near which it lies by thrust on the Fungerford
slate.

On the hill the graywacke forms a somewhat overturned,
broken. anticline, revealing the underlying Rutland dolomite as
a Fenste_r, along the crest of the hill. The east limb of the gray-
wacke dips 40° easterly; the west limb, 50° westerly.

The east liml) is well exposed and shows well-jointed beds,
four to eight inches thick, with branching inclusions, six inches
or more in length and half an inch wide, which suggest fossil
anelid trails or possibly algae. ‘

Someyvhat farther down the slope the graywacke is found
underlain by the Cheshire quartzite and both are thrust onto
the Rutland dolomite, which is folded 14° easterly, 30° westerly,
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with cleavage 75° westerly. The fold is broken an.d shows the
underlying Hungerford slate. Farther west there is a-capping
(marked S-Q) of green schist, and a quartzite which is not the
Cheshire. The thin sections show, for the schist, a fine-grained
quartz-sericite rock with accessory minerals of zircon, a few
hornblende grains, a small amount of ilmenite and much xjesultmg
leucoxene, and iron oxides; for the quartzite, large, 1r1'eg_ul_ar
grains of quartz, with strain shadows, sgrrounded by sericite
flakes and filaments, and accessory constituents of hornblel_ld(‘,
zircons, possibly bleached biotite, pyrite much altered to iron
oxides, and ilmenite altered to leucoxene. These roc}(s clearly
belong to the Green Mountains sequence and show its former
extension to the west. Finally the graywacke which, with .the
associated Cheshire, was once continuous across the section,
forms the great triple escarpment, over 400 feet high, and a
lesser excarpment of 70 feet. The graywacke descends to the
axis of Colchester Pond, where it is found resting by thrust on
the Hungerford slate. o

The dolomite and slate in this section were identified by hthl.(‘
similarity to the corresponding rocks of knovt'n occurrence. 1t is
recognized that they occur at widely differing elevations (for
the slate, 180 feet, a.t., at the power-house contact and about
800 feet for the highest exposure on Brigham Hill; for the d(?lo-
mite, 180 feet at the power-house contact and about 1,000 feet
for the highest exposure on the hill), but_tho graywacke, gxbm.xt
whose identity in the whole area there is no doubt, varies n
elevation from 180 feet at the power-house to 1,032 feet on the
top of Brigham Hill, so that it is probable that the .slat() rand
dolomite which ocecur in the section are correetly 1dent1ﬁ0d. The
writer believes that the intense thrusting in the great ridge has

folded and thrust upward the members into the positions that
they now occupy.

The Rutland is exposed on Bald Hill, to the nort.heast an'd,
further, near School No. 3, so that it is probable that it underlies
the whole ridge. The occurrence of the Cheshire, graywacke, and
Rutland on Hardscrabble Hill will be discussed later.

The Green Mountains Sequence

It has been seen that the Western and Central sequences are
made up of sedimentary rocks while the Eastern sequence 1s
composed of two sedimentary members, the Rutlanql dolomite
and the Brigham Hill graywacke, and one metamorphic member,
the Cheshire quartzite. The Green Mountains sequence contains
nothing but metamorphic rocks. It is necessary at this point to
consider metamorphism.
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Metamorphism

The subject of metamorphism is a formidable one : ou
require for its adequate presentation much nlorei‘}())ﬁ(‘eo C‘:ﬁgn“t%l(;}g
13 room for here. The subject is well discussed, in an elementary
manner in Pirsson and Knopf’s Rocks and Rock Minerals! anglr
m(ge. f}iﬂly zn I-g_larker’s Metamorphism?. o

orieily stated, metamorphism is a natural process ‘hie
sodlmentqry, igneous, or even other met:amngrplcﬁ\;5 rk())}ék\: h;iLllcl
changed in their structure, texture, and mineral oomposjitionr’
either wholly or partially, into new rocks with strikingly different
appearances and properties. Thus, dull limestone is changed
mto sparkling, crystalline marble; soft, weak shales are alt(;;(;d
to harder, lustrous slates with their induced slafy cleavage;
sand stones, in which the grains are plainly visible become glai\;
quartzites which present smooth surfaces; impl;re sandstongé
shales, and conglomerates of the sedimentary rocks are ropr(:-’
sented by schists and gneisses, with their easy splitting or folia-
tions, and scaly surfaces, etc. For igneous rocks ““coarse-grained
feldspathic types, such as granite, ctc., are métamorbhosed to
gneiss; fine-grained feldspathic types, such as felsite, tuffs, ete
il%iiome slate and tscgnsk;[s; ferro-magnesian rocks, such as doler-

S, are represente 1 ibolit
SeI;II?lelntinC egc‘c'” (Knopf};'hornblende schists, amphibolite, tale,

e agencies responsible for these changes are, bri ssur
such as comes from mountain folding or %hrusti’n?}%i);t I%Ii)eg‘sgélre
change of temperature), which comes from within the earth,
mereasing with depth, or from the presence of highly hea‘rod’
magmatic bodies intruded into the earth’s crust: and chemical
substances, already in the rocks, which are rendered active by the
other two agencies. These chemical substances are water, in the
form of moisture or vapor, which all rocks contain in x’zarying
amounts; water solutions of various substances, and gases, such
as chlorine, fluorine, boric acid, and others, which are 2(vgivyen off
by mpltcn magmas. These substances and the hydroxyl, (OH)
supplied by the moisture, are essential to the formation of such
minerals as muscovite, biotite, beryl, tourmaline, etc. ‘and
‘;)l;gggfl%l;e Otfhg presenge (i)'f such minerals in the rocks,argue’s the

s igneous bodies ‘ i i
sidi(lellﬂlable oL tgances away?g’ although the bodies may lie at con-

Che principal metamorphic rocks are gneiss ist i
slate, amphibolite, quartzite and marble.gThes,e S\(i’}e])lrset ’dggg;lilkl)te%
;gaté}ée last Report of the State Geologist, to which reference is

The chief minerals found in metamorphic rocks are: quartz
the feldspars, muscovite, sericite, biotite, chlorite (which is a{
family of minerals, including penninite, perchlorite, diabantite,

! John Wiley & Sons, New York City
¢ E. P. Dutton & Company, New York City.
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ete.), garnet (also a family which includes the red almandite, the
lighter grossularite and the green uvarovite), epidote, zoisite,
clinozoisite, titanite, apatite, actinolite, zircon, rutile, graphite,
tourmaline, beryl, magnetite, ilmenite (and its decomposition
leucoxene), hematite, limonite, pyrite, pyrrhotite, staurolite,
vesuvianite, sillimanite, and others.

When present in characterizing amounts in the rocks, some of
these mineral names (hyphenated) are used as modifiers; thus,
chlorite-schist, quartz-sericite-schist, quartz-sericite-gneiss, cte.

Minerals and rocks are stable under definite conditions of
temperature and pressure. If these conditions, especially the
temperature, are changed the minerals will change to fit the new
environment.

Harker distinguishes, with increasing temperature (increasing
depth of burial or increasing proximity to ignecous magma), the
following metamorphic zones, each mnamed for its eritical
mineral: Chlorite zone, Biotite zone, Garnet zone, Staurolite
zone, Cyanite zone, Sillimanite zone. “A zone of higher meta-
morphism normally underlies one of lower grade, but this relative
position may possibly become inverted by subsequent disturb-
ance’’—Dby thrusting for example.

Instead of these six zones, based on the presence of typical
minerals in the rocks, Grubenmann recognized three zones of
metamorphism, based upon depth within the earth’s crust.
These are the Epi, or upper zone, which is the belt of weathering
and extends to the water table; the Meso, or middle zone, or
zone of cementation, where unconsolidated sediments become
cemented together; and the Cata, or lower zone, where the most
stable minerals are found and the action is chiefly chemical. In
the Epizone the temperature is moderate, the pressure low,
the stress strong; in the Mesozone the temperature and pressure
are higher and the stress very strong; in the Catazone the
temperature and pressure are very high but the stress is weaker.

The Epizone is characterized by the minerals chlorite,
albite, epidote, sericite, dolomite; the Mesozone by staurolite,
garnets, hornblende, actinolite, diopside, biotite, anorthite; the
Catazone by the presence of sillimanite.

It is thus seen that metamorphism is not a static but a pro-
gressive process in which the minerals found depend upon their
environmental conditions, of pressure and temperature. Mrs.
Knopf! notes that: “metamorphism follows a definite and orderly
progress by which rocks of given constitution, under given
conditions of temperature and pressure, assume characteristic
and recognizable forms. For example, under conditions of increas-
ing temperature and pressure an argillite alters to a slate. A
slate in turn is generally conceived of as passing into a fine-

1 Eleanora B. Knopf: Retrogressive Metamorphism and Phyllonization, Am. Jour. Sci.,
5th ser., No. 121 (Jan., 1931).
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grained but perceptibly erystalline phyllite, this in turn becoming
more and more coarsely crystalline until, under conditions of
moderately high temperature and pressure, in the Epizone of
Grubenmann, it becomes either a chlorite-muscovite schist or a
chlorite-albite schist according to its original composition. Under
higher pressure and temperature conditions, in the Meso- or
Catazone of Grubenmann, it would become a garnetiferous
muscovite-biotite schist or cordierite-silliman gneiss Such is th;\
normal course of progressive metamorphism.” o

On the other hand, under opposite physical conditions, schists
are known in the Morristown-Stowe and in the \Vorcestef,vallegrsk
as well as in many other mountainous regions, in which well-
formed garnets are seen, in thin sections, surrounded and pene-
trated by chlorite, into which the garnets are changing. Some of
the garnets are almost entirely replaced by the chlorite. This is
retrogressive metamorphism. The garnet of the higher (garnet)
zone has, to a large extent, been altered to the chlorite of the
lower (chlorite) zone. Such retrogressive minerals are called
diapthorites, from the Greek word, diaptheiro, meaning to destroy.

Other minerals, biotite, staurolite, cyanite, etc., show diap-
thoritic alterations but, with the exception of biotite were not
found in this investigation. ' ’

The Qreen Mountains sequence extends eastward from the
Mountain Border (or Hinesburg) fault tothe Vermont Piedmont.
The traverse made is not an unbroken line but, in order to include
the principal mountain features, crosses Westford (Plate 1)
Cgmbndge, Un(_ic&l‘hill, Morristown, Stowe, Elmore, \Vorcester,
Middlesex, Calais, and East Montpelier, with extensions to thé
north and south.

The rocks of the sequence, in descending order of abundance
are gneisses, schists, quartzites, phyllites, graywackes, and amphi-,
bohtes,_ with both acid and basic intrusives. These rocks are
such a jumble, varying so in their appearance and attitude, that
only in a few cases can they be brought into formations. ’

Where ’the Cheshire quartzite, Brigham Hill graywacke, and
Rutland colomite, of the Eastern sequence, are absent the Green
;\‘Iountalns sequence lies by thrust on the formations of the
Central sequence, but the contacts are concealed. Where the
Eastern sequence, or any of its members, is present the mountain
metamorphics are thrust onto it. Here again the contacts are
generally hidden but one good contact has been found, as follows:

Essex Junction

Half a mile east of the Drury brick i
‘ ast of t y brick yard (Burlington quad-
rangle) the Mountain Border fault crosses route, Vt. %5, inqthree
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escarpments. The most westerly of these escarpments is made
up of the Lower Cambrian, Brigham Hill graywacke, which
strikes N. 21° E. and dips 45° southeasterly. The rock is cut by
thin Lit-par-lit injections of quartz and some feldspar.

Lying on the graywacke, by thrust from the southeast, are
fine-grained, thinly-foliated, chloritic schists, weathering reddish,
of which one is remarkable in that it shows both bedding and
schistosity. The bedding dips 37° southeasterly; the schistosity,
84° southeasterly, indicating an upright fold. Sections show
quartz-orthoclase sericite schists, much chloritized and containing,
as accessories, albite, tourmaline, hornblende fragments, zircon,
zoisite, and much iron oxide. No garnet or biotite is seen.

The two other escarpments, two-tenths and six-tenths of a
mile farther east, respectively, are made up of various schists
and gneisses, cut by lit-par-lit injections. All these metamorphics
are members of the Green Mountain complex.

Now, in the thrusting in the Milton quadrangle, older forma-
tions have been invariably thrust upon younger ones. The situa-
tion at Essex Junction indicates, therefore, that the Green
Mountain sequence is Pre-Cambrian in age. This conclusion is
supported by the fact that the rocks of the Green Mountain
sequence differ radically in structure, mineralogy, and chemical
composition from those of the more western sequences. Further-
more, it will be shown that the Missisquoi formation in the
Stowe valley appears to lie unconformably on the Mansfield
rocks.

In a region of thrusting, where no Lower Cambrian rocks are
found lying, in normal relationship, unconformably on an older
formation (such as at Sucker Brook, at Lake Dunmore, where
Lower Cambrian quartzite lies unconformably upon Pre-Cam-
brian, Mendon dolomite) such evidences of the Pre-Cambrian
are all that could be expected.

East of the last escarpment the metamorphics plunge under
cover to reappear on the north-south-running ridge at Essex
Center (Plate 2). Here the mountain metamorphics are found
inbedded with the Westford schist which soon replaces them to
the east. At Jericho, by the bridge over Browns River, the West-
ford is well exposed but disappears under cover to the east. In
Underhill township the mountain metamorphics reappear and
were followed eastward to Iast Montpelier.

Aldis Hill

In his work on Aldis Hill Keith! found a schist resting by
thrust upon the Lower Cambrian Cheshire quartzite which
forms the hill. As shown on_(page 21) the schist really rests on.
Brigham Hill graywacke, which in turn lies above the Cheshire.

1 Structure and Stratigraphy of Northwestern Vermont; Arthur Keith, Guide Book 1,
International Geological Congress, p. 63 (1933).
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Keith called this schist Pre-Cambrian. Since the Cheshire extends
along the Mountain Border fault, of which Aldis Hill is an
outlier, it is difficult to see how a Pre-Cambrian member could
occur here.

Hardscrabble Hill

Hardscerabble Hill, named by the writer for the Hardscrabble
School, lies on the eastern edge of the Cheshire-graywacke ridge
in eastern Milton, about two miles south of Milton Pond (Plate
2). The name is most appropriate.

From the western limit of the Mountain Border fault the
Brigham Hill graywacke extends up the slope to the summit of
the hill, where it forms the western limb of a southward-pitching
anticline. East of the graywacke, and probably underlying it,
are seen, in turn, the Cheshire quartzite and Rutland dolomite,
giving the same sequence of formations that occurs in the Brig-
ham Hill section and in the section across Milton village. The
eastern limb of the anticline is missing so that the dolomite,
dipping 55° southeasterly, is in hidden contact with green schists
which dip generally 40° southeasterly. The schists extend to the
eastward till they meet the Westford schist.

An eighth of a mile eastward, along the country road and in
line with the ruins of Dolphus Bushey’s house, a thrust ridge
rises eighty feet above the road, with a steep escarpment to the
west. The ridge is 60 or 70 feet wide and, with several outliers,
continues to the south to an undetermined distance. Eroded
traces extend to the north.

The ridge is made up of a dark, greenish-gray, fine-grained
graywacke, entirely unlike the Brigham Hill graywacke. Micro-
scopically the rock is seen to be a cataclastic mass of irregular
fragments of quartz, of varying size, with lesser amounts of
orthoclase and albite, set in a ground mass of fine quartz grains,
and sericite which is much chloritized. Accessory minerals are
almandite garnet, fragments of hornblende, small zircons, grains
of magnetite, ilmenite altered to leucoxene, and iron oxides.
No biotite occurs. The rock belongs to the Garnet zone of meta-
morphism. It much resembles in its petrography Clark’st Lower
Cambrian Pinnacle graywacke.

On the face of the escarpment (Fig. 2) long, board-like inclu-
sions of thinly-foliated, chloritic, sericite schist are seen, weath-
ering reddish on the schistosity planes and resembling the schist
described at the Essex Junction contact. The inclusions are ag
much as a foot in thickness and many feet long. The dip of the
included member is 25° to 30° southeasterly. To the east and
west the ridge is bounded by green schists. This is the only
occurrence, known to the writer, of a graywacke (or, for that
matter, a quartzite or a gneiss) including a schist.

Y Op, cit,

FIG. 2. SCHIST INCLUSIONS IN THE
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SCRABBLE HILL

The Green Schists

i i aster he Lower Cambrian
xtending along the eastern border of tl rian
(‘hT(*.:h(irle(—grﬁywacl:(\ ridge (in the “Belt of n.nxed rr_letamorphlcs,v x
Plate 2) there is found a variety of thinly-foliated to morc
A8s highly chloritic, others less so, nowhere in

massive schists, some : : Sy
visible contact with the rocks of the Eastern sequence. Lndgl th(f
i " generally composed o

i .ope the schists are seen to be i ed
glrigrg:;&ps of quartz, orthoclase, plagioclase, am'l lal little 1t)e11th;fle(i
surrounded by sericite filaments, gene._rally we orﬁol} (13(1 e
chloritized to varying degrees. T Qurmahne, zwc;onsi or (111 ; (frim{l
titanite, pyrite, magnetite, ilmenite more or le'.ss‘ a l&ele A
coxene, and iron oxides make up the accessories. No g

i S.
bl(ﬁifeﬁifé?1'(3('011110i.<sa11(-(‘s across the State, west of t/h.e‘ 1_11‘011117
tains—one on route, Vt. 104; another along the x\Ilssl'SQll(t)l
River on route, Vt. 105—these green .Sf‘hls‘(s have been en(‘o}lr} -
ered and are found to make up a con'sme'rable part of the te 1:[‘ :}11{1;
They are thought to be Pre-Cambrian in age. (see p. 34). They
belong in the Chlorite zone of metamorphism.

GRAYWACKE, NEAR HARD-
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East of the Cheshire-graywacke ridge, containing Brigham,
Bald, and Hardscrabble hills and Georgia Mountain, lie three
north-running valleys, separated by roughly parallel ridges
which constitute the foot hills of the Main Range of the Green
Mountains. These valleys and ridges are occupied by the town-
ships of Fairfax, Fletcher, Westford, Underhill, and Cambridge.

The Westford valley (Plate 2) is crossed by low, longitudinal,
thrust ridges of schist and is drained by Browns River, a sub-
sequent stream which flows through the center of the township
and enters the superposed Lamoille at Fairfax. In 1929 the
U. S. Corps of Engineers laid out a dam site on Browns River,
for flood control, about a mile south of Westford village.

The valley has large deposits of glacial material, while glacial
groovings and striations are noted along the road (Vt. 128)
leading from KEssex Center to Westford village.

The next easterly valley (Vt. 15, Plate 3), through which the
now abandoned Burlington and Lamoille Railroad passed and
the third, or Pleasant Valley, are drained by tributaries of
Browns River. These valleys are also heavily glaciated.

Pleasant valley possesses some unusual glacial features. On
the road running from Underhill Center to Jeffersonville one
notes a typical U-shaped glacial trough, perhaps a mile wide,
between Macomber Mountain and a spur of Mount Mansfield.
It will be remembered in this connection that Lake Willoughby,
in Westmore, also lies in a glacial trough but of much greater
dimensions.

Opposite the cottage of the late Henry B. Shaw, and also in
the pasture to the south, on the road running along Clay Brook
from Underhill Center to the summer colony at Stevensville,
lie several great erratics of what has been called pillow lava. The
erratic in the pasture (Figure 3) measures 19 by 15 feet, by about
10 feet high and shows the elliptical markings, or “pillows,”
characteristic of this type of lava. The rock is studded with
tiny octahedra of magnetite. Thin sections show an olivine
basaltic lava, of volcanic origin, with the olivine largely altered
to serpentine, which gives the rock its green color.

Professor H. S. Palmer, of the University of Hawaii, on exaniin-
ing the rock, denied that it was pillow lava, claiming that it was
not an extrusive, as pillow lavas must be, but an intrusive. Be
this academic question as it may, the fact remains that the nearest
source of this type of rock, known to the writer or to the geologists
at McGill University?, is at Owls Head and Bear Mountain,
near Newport, Vermont, far to the northeast. This evidence and
other evidences to follow show that the Pleistocene ice movements
varied widely in their directions. Professor J. W. Goldthwait, of
Dartmouth College, in a recent conversation with the writer,
did not believe, however, that such differences in azimuth of

1 Written communication from Prof. T. H. Clark.
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FIG. 3. GLACIAL ERRATIC IN UNDERHILL

glacial movements necessarily denoted several advances of the
ice sheet in New England. : :

eTshis region is full of glacial interest and, as suggested by th(i"
illustration, is visited by geology classes of the University o

Vermont.
The Westford Schist

ist 1 7 S ks in the
/est schist is one of the few groups of rocks in t
LI R ‘hich is sufficiently homogeneous

Green Mountains sequence W _ )
‘nd extensive to be called a formation. It was named by the

¢T1 in 1924, for its oceurrence in W'estford_tmvnshm. .
.-]’I]E}?(;’ Lamoillzz River has cut its gorge at Falrgax Falls t}-lr?l;gé}é
some 240 feet of this rock, which strikes N. 55° E. and ((ihyt); :
southeasterly. The schist is dark gray, fine-grained, anS tlllnx
foliated. The average size of the sials is 0.55 x 0.29 mm. elc égns
show a dense mesh of fine sericite, well-oriented Vand inclu mgg1
in its meshes elongated grains of quartz, orthoclase, albite, an
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a very little microcline. The quartz grains are crushed and show
strain shadows. The orthoclase is considerably sericitized.
Accessory minerals are fragments of hornblende, ilmenite or
titanomagnetite altered to leucoxene, zircons, rutile and apatite
needles, titanite altered to a yellow, amorphous mass ard caleite,
an occasional tourmaline, and iron oxides. The sections are only
mildly chloritized. This schist extends northward along 2 ridge
for an undetermined distance.

South of the Lamoille the schist is somcwhat coarser grained,
with fine, pebbly surfaces which are very characteristic. It shows
the same mineralogy, with the addition of a few light-colored
garncts. No biotite is seen in any of the schist scetions. The
rocks belong to the Chlorite zone, verging on the Garnet zone, The
schist makes up the larger part of Westford township where it
forms long, narrow, northward-trending ridges, markedly sculp-
tured by glacial aetion. '

The western border is generally concealed but east of Prospect
Hill, in the northwestern corner of Westford, it is found in
conformable contact with the “Belt of mixed metamorphics.”
As already noted, the Westford is found interbedded with the
Green Mountain schists on the west side of the ridge which runs
northward from Essex Center. Based on this relationship, the
Westford is Pre-Cambrian in age and belongs to the Green
Mountains series.

The green schists to the west, being in conformable contact
with the Westford, may also be considered as Pre-Cambrian
in age.

As stated above, these green schists have been encountered
in two reconnoissances across the northern part of the State,
west of the Green Mountains., Furthermore, Prof. Clark® {ourd,
in southern Quebee, the members of his Oak Hill series rosting
upon a basement of chlorite schist which he therefore presumcd
was Pre-Cambrian in age. He called it the Tibbit Hill schist.
It may well be that the Vermont green schists belong to this
formation.

The eastern border of the Westford schist is seen in Jericho,
where Browns River has cut its small gorge. To the south the
schist has been encountered on the road, Vt. 116, Letween the
Checker House bridge and Tossex Junction, and in Salisbury,
route U. 8. 7, in the road cut.

Southeast of Westford village, along the country road leading
to the southeast, the Westford forms thrust ridges.

Along the country road, next north, the rocks of the Green
Mountain series are found thrust onto the Westford schist in
fow escarpments. If it were not for the thrusting of this series
onto the known Lower Cambrian Brigham Hill graywacke, at
Essex Junetion, one would conclude that the Pre-Cumbrian

1 Op. cit.

|
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rocks began at the Westford thrusting and that the Westford
schist was a Paleozoic member. But, on the whole, the writer
concludes that both the Westford schist and the Green Moun}tmn
series, as well as the rocks of the “mixed metamorphic belt” are
all Pre-Cambrian. ‘

The belt of thrust faulting comes to an end with the “low
escarpments” mentioned above. From here westward to the
base of Arrowhead Mountain the thrust zone is six and one-half
miles wide, To the Champlain fault it is eleven miles wide.

To the cast, on the Mansfield quadrangle (Plate 3), the traverse
crosses the castern part of Westford township, Underhill and
Cambridge (Mt. Mansfield quadrangle, Plate 3) and the town-
ships of the Hyde Park quadrangle. In Un{lorlul} the country 1s
rolling, being made up of northward-trending ridges and inter-
vening valleys. Metealf Hill (1,400 feet above sea—levelh), Macomber
Mountain (1,440 feet), and Hedghog Hill (1,560 feet) u;‘(\.tlw
c¢hief land marks. The rocks of this area are folded into anticlines
and synelines, in places so highly compressed that the dips are
vertical. The land gradually rises to the base of Mount Mansfield.

This relationship of thrust faults, followed towards the source
of the thrusting by anticlinal and synclinal folds, ix typical of
vegions of thrusting. It is scen on a smaller scale at the Rock
Point thrust on the lake shore at Burlington.

The Green Mountain Series

The rocks of this series, along the traverse, are made up of a
complex of schists and gneisses, dipping at high angles and o
diverse in their characteristies that they cannot be brought into
formations. They are gray to rusty-brown, and various shades of
green, depending upon the amount of chlorite prezent. In a few
places silvery-gray rocks, resembling the gneiss on the summit of
Mansfield but without its structure, are noted. The schists are
thinly-foliated to massive. The gneisses are g(,\l'l(‘rall.y coarser-
grained but in places are so thinly foliated that identification 1s
hased on the thin sections, where it is determined by alternate
bands of schistose and granulose minerals.

At the western part of the traverse the rocks are quartz-
orthoclase-sericitic, more or less chloritized s('hists’mth‘ acces-
sories of almandite, epidote, detrital zircons, tourmaline, titanite,
magnetite, ilmenite more or less altered to leucoxene, d'xs‘-
seminated pyrite or pyrrhotite, and iron oxides. The chlorite
includes penninite. The orthoclase is sometimes twinned and an
oceasional grain of plagioclase or perthite is noted. .

Farther cast quartz-orthoelase gneisses appear, with almandite
and possibly grossularite, more or less biotite, epidote, tour-
maline, zircon, cte., and with increasing amounts of magnetite.

Near the Mansfield end of the traverse the gneisses contain
increasing amounts of garnet and biotite and a good deal of
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graphite. Magnetite is very abundant here, so much so that
children of the summer colony at Stevensville “fish’”’ it out of
Clay Brook with magnets. The seetions show that some of this
magnetite is unaltered and probably detrital while, again, it is
seen surrounded by hematite from which it has been reduced.
The rocks of this series belong to the Chlorite, Biotite, and
Garnet zones but only a small amount of biotite is present,

Mount Mansfield

This is the culmination of the main range of the Green Moun-
tains and lies along the border of Underhill and Stowe, The stum-
mit is a long, narrow, northward-trending ridge whose profile
suggests a “caricature of a face,” of rather an Hibernian type,
with its forchead, nose, lips, chin, and even an Adam’s apple.
According to the late Daniel L. Cady, the Indians saw in this
profile the likeness to a moose and so called the mountain Mose-
o-de-be-wad-so.

East of Mansfield, and separated from it by Smugglers Noteh,
lies Sterling Mountain.

The summit ridge of Mount Mansfield is about one and one-
half miles long and curves in a great arc convex to the west. At
its narrowest point the ridge is only a few rods wide. The “chin,”
4,393 feet above sea level, is the highest point in the State. It is a
dimpled chin, made up of three rocky knolls. The elevation of
the ‘“nose’ is 4,160 feet; of the hotel, 3,849 feet. Numerous open
joints (geological!l), some teninches wide, occur along the summit.
On the cast side of the mountain, under the lower “lip,”” a huge
cleft forms the Cave of the Winds. Here a great mass of rock,
perhaps 100 feet long by 25 feet wide, maximum, has split off
and hangs precariously on the mountain side, awaiting the time
when it will fall into the Notch below, as many other large rock
masses have done. A smaller cleft, on the west side, under the
upper “lip” forms the so-called Subway. Great buttresses descend
from the “chin” and “forehead” into the Stowe valley, while
another buttress runs from the “nose’” down into Stowe. It is
along this latter ridge that the fine toll road, begun as early as
1857, is built with an average grade of 17 percent. The hotel, of
50 rooms and excellent table, attracts an ever inereasing number
of tourists and mountain climbers, drawn by the glorious panor-

ama of the surrounding country, the many trails, and the invigora-
ting mountain air. Of late years skiing has come much into vogue
and week-end “snow trains” bring hundreds of people from urban
centers to the region about the toll road and farther north, in
Smugglers Notch, where ski runs have been laid out and larger
ones are in prospect.
The following, rather quaint, appreciation of the views from
Mansfield is taken from Hitchcock’s Geology of Vermont (1861,
page 877): “The chin furnishes one of the grandest and most
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GLACIATION
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s Lo , and,
1 See the Long Trail Guidebook, published by the Green Mountain Club, Inc., Rutlan
Vermont.
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muscovite-biotite gneiss, somewhat chloritized with diabantite.
Accessory minerals are albite, possibly tremolite, light-colored
garnets, zircon, epidote, titanite, apatite, magnetite, and ilmenite
(or clee titaniferous magnetite), gsomewhat altered to leucoxene.

The west slope of Mansfield, studied along the Halfway House
and Sunset trails, is made up of gneisses and schists. The gneisses
are silvery-gray to dull-colored rocks, coarse in texture, and
containing much included quartz, large grains of magnetite, and
megascopic, delicate needles of tourmaline. Some of these rocks
suggest metamorphosed conglomerates. The schists are thinly-
foliated, silvery-gray rocks of much finer texture.

Both gneisses and schists have practically the same mineralogy.
A composite of the sections would show quartz, orthoclase with
a fow carlsbad twins, muscovite, and sericite (the sericite pre-
dominating) as the essential minerals. The sial grains average
0.42 x 0.30 mm. Considerable chlorite, including diabantite, is
noted. The accessory minerals are albite, hornblende fragments,
almandite garnets, tourmaline, apatite, titanite, epidote, ilmenite
altering to leucoxene, much magnetite, some pyrite and pyrr-
hotite, hematite and limonite.

On the Halfway House trail there also occurs a quartz—mus-
covite_sericite-hornblende schist. The section shows many
porphyroblasts of unoriented, prismatic sections of hornblende,
altering to limonite, possibly through siderite. A few grains of
plagioclase, almandite, titanite, tourmaline, magnetite, ilmenite,
leucoxene, and limonite form the accessories. Such schists are
very rare in the region covered by this study. They probably
represent metamorphosed diorites.

A large part of the summit ridge is made up of brilliant quartz-
muscovite gneiss forming thinly-bedded drag folds (Fig. 4) over-
turned to the west and with an cnormous amount of quartz, in
thin beds lying within the foliations as well ag, in places, cutting
the folds. Some of thix material is probably magmatic. Thin
soctions show quartz and orthoclase, in proportion 2:1, and
contain o few grains of faint plagioclase. This gneiss is also
found along the toll road cown to about the 3,800-foot contour.

A conposite of the gneiss sections shows bands made up of
interlocking grains of quartz and orthoclase, in proportion 3:1,

with albite and a few Carisbad twins. The average grain sizc
is 0.48 x 0.31 mm. These bancs of sial alternate with bands of
muscovite and sericite, well-oriented and much chloritized. The
sials are much crushed and strained. The accessory minerals
are magnetite, ilmenite more or less altered to leucoxene, apatite
needles, hornblende fragments, garnets (chiefly almandite but
also some of lighter color, pro'ally grossularite), a good deal of
tourmaline, some epidote and titanite, an occasional grain of
zoisite, and a small amount of graphite.
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FIG. 4. DRAG FOLDING ON MOUNT MANSFIELD
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siderably chloritized, magnetite, light-colored garnets, epidote,
apatite, and a few zircons.

At still lower horizons, in the road quarry, elevation about
3,000 feet, are found nearly horizontal beds of light-gray quart-
zite, with megascopic tourmaline needles, intercalated with
quartz-sericite schist. The section shows a granoblastic mass of
quartz and orthoclase grains, in proportion 5:1, and with an
average grain size of 0.59 x 0.40 mm., closely interlocked and with
fretted boundaries. Minor amounts of muscovite, light-colored
garnets (probably grossularite), tourmaline, apatite needles,
and a few grains of magnetite make up the accessories.

Such beds are interpreted as metamorphosed sandstones and
intercalated shales. Some of these beds are impregnated with
copper carbonate.

1t is to be noted that the Mansfield rocks fall into Harker’s
Biotite zone and Garnet zone, and into the Epizone and Mesozone
of Grubenmann-Niggli. Biotite is not at all common but garnet,
chiefly almandite, is abundant.

Smugglers Notch

The narrow valley between Mansfield and Sterling Mountain
is known as Smugglers Notch and is one of the wildest and most
picturesque places in the State. Above it, at its narrowest point,
near the great spring, Mansfield’s cliffs rise nearly vertically
while, to the east, are seen the somewhat gentler slopes of Sterling.
The fine highway, which climbs to 1,803 feet above sea level,
brings thousands of motorists each season to enjoy the quiet
and beauty of this mountain pass.

The valley widens markedly to the south and is heavily glaciat-
ed. Great deposits of till are seen along the highway while, in
spite of great rock falls from the cliffs, which have no doubt
obliterated most of them, glacial striations are still seen on the
Hell Brook trail, trending generally parallel to the valley wall.
These striations prove a glacial advance from the northeast,
in contrast to the advance from the northwest, shown on the
rocks near the summit hotel, to which reference has been made.

The Notch road is built along the Sterling side of the valley.
East of it lies the deep valley of the Brewster River which has
its source near the divide separating its waters from those of the
West Branch. The latter stream flows southerly through the
Notch and enters the Waterbury River at Stowe.

Smugglers Notch has been carved out of the Mansfield-
Sterling massif by headward erosion of these two streams, aided
by the erosive action of the ice sheet. It is, in fact, a coll or pass.

The rocks of the Noteh are gneisses, quartzites, and schists.
In Jeffersonville, to the north, the soldiers memorial has been
carved in coarse gneiss whose polished surface shows large
injections of pegmatite lying in the foliations.
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At the entrance to the Notch r lose a i
hinly e arance ocmﬁ}qe fN ot('h road, close by, a hght—grz_iy,
. ¢ ock ¢ s, forming the mountain side. Its strike
is N. 46° E.; its dip, 73° westerly. The rock is so little meta
morphosed that it might easily be classified megaseopicall / a;
a sand stone, but the thin section shows it tjo be a quartzit}efx’ IE
is made up of a granoblastic mass of quartz and fresh orthoclase
grains, in proportion 5:4, with fretted boundaries, tightly inter
locked. Musgovite constitutes about five percen,t of the slide—
Accessory minerals are magnetite, and ilmenite altering to leu-
coxene, a few almandite garnets, an occasional tourmaline erystal
and a few stubby zircons. The feldspars and muscovitz are
moderately chloritized. The rock is probably a metamor h0;01
sandstone which has been invaded by magmatic emanatignsk !

In close contact with the quartzite is a silvery-gray thinl
foliated, sericite schist. The section shows a cry%aliobla%gg
mass of nearly perfectly oriented sericite, enclosing La, relatiV:el '
small number of quartz and orthoclase grains. A feature of thi);
slide is the development of the chlorite, diabantite, with its
purplish interference colors. Minor constituents are man;
%(/iurmahl}e (~1‘y§tal§, a.few zircons, and probably grains of beryl.
Moreover, the section is full of fine rods of ilmenite and leucoxene
ggffect}ly %rllentod in the planes of schistosity. The rock is prob:

y + ]
nm%rica "jlﬁicgfsor,{l(,tamorphosed sandy shale, also affected by mag-

In the area studied the writer has found a good many similar
associations: quartzites lying within sericite schists e

Farther south Smugglers Cave, in the 11arrowoéfpart of the
Noteh, is formed by enormous rock masses which have f‘iﬂ* )
from Mansfield’s cliffs. The rocks are generally (‘lll(iritiz((;d 1]1f1<"€{3“1
of quartz-sericite gneiss, containing small cubes of pyrite .

Outceroppings of rusty tale are found on the Hell Brook trail
representing alterations of a basie intrusive. Their <‘011tinu‘1ti(ni
(*asz:x{'d is found in the tale deposits on Sterling \Iou&ﬁin
_ Farther south in the valley, and a half mile north T)i'Atho ’{[‘:nq—.
ficld toll road, the West Branch forms Bingham Falls, T1 se
are rather a series of eascades which the strea © running abot
L paihen ! ca 5 which the stream, running about

1 the strike of the gneiss, has worn into the rocks. Stream action
has formed a narrow gorge with large pot holes and \\'i{}l the
sylvan :surnr)undmgs, has produced a real beauty ;;()f in the
mountains. The dip of the rocks, 28° casterly (‘()llﬁ]‘l'l}\' 1l *l‘ }(
anticlinal-synelinal structure of the 1'1101'111tai1)1< S epe

Sterling Mountain and Eastward

4“ \ ;. LI > 3
Cx.lxl(n“\[bmugglm.s Noteh exploration was carried on along the
e . . . el
(’12 ()%1(1\ ; ountalln trail, which climbs upward to Sterling Pond
§¥4Y s . 1 (! v
(2,960 feet, a.t.l) and continues northeasterly, for some distance

| ,
a. t.”’ means above sea level,
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along the Sterling Range, crossing Madonna Peak (3,668 fect),
Chileoot Pass (2,920 feet), Morse Mountain (3,468 fect), White
Face Mountain (3,715 feet), and stretching across the foot hills
to the Lamoille River and northward. These mountains and
valleys are heavily wooded and rugged, so that geologizing 18
perforce “sketchy.”

The west slope of Sterling is made up chiefly of dark gneisx,
often very graphitic, infolded with several beds of quartzite and
a few beds of dark, graphitie, thinly-foliated schist. The dips
range from 0° to 35° easterly and up to 14° westerly, suggesting
open synclinal and anticlinal folds.

The Sterling rocks are much contorted and broken, as shown
even in the rock sections. They are quartz-feldspar-sericite
gneisses and schists and a fow beds of quartzite. They are often
highly graphitic but are not highly chloritized. Garnets, apatite
needles, magnetite, and a good deal of ilmenite, almost wholly
altered to leucoxene, are noted. Sizable fragments of ilmenite
are seen along the trails.

There is an enormous deposit of tale on Sterling. It crops out
along the trail before reaching Sterling Pond and is followed
along the shore and eastward for over a mile. This is the only
intrusive scen. As noted above, the tale crops out on the Hell
Brook trail, thus showing the former unity of Mansfield and
Sterling.

From Sterling Pond over Madonna Peak and Chilcoot Pass to
\orse Mountain the trail runs about N. 25° E., roughly following
the general strike of the rocks. Along the trail great masses of
dislodged gnelss are secn which, by creep, have moved down
the mountain slope without indication of thrusting. Massive
quartzite continues to occur, infolded with the gneiss, and there
is also a good deal of free quartz. The dips are prevailing easterly,
averaging 30°. The thin sections of the rock show quartz-sericite-
gneigs, much chloritized and carrying garnet, epidote, tourmaline,
apatite, zircon, ilmenite altered to leucoxene, magnetite, and
pyrite.

From Morse Mountain the trail turns easterly to White Face
<summit. The dips continue easterly, averaging 30°, and present
long dip slopes. The gneisses are increasingly graphitic and,
again, are infolded with quartzite. Considerable masses of free
quartz are in evidence. The mineralogy of the rocks is about
the same as hefore but biotite appears in some of the sections
and graphite occurs in long, narrow bands in the quartz and
feldspar. The sections show much contortion and crushing.

From White Face along the trail to the Lamoille River the
gneisses and schists show prevailing dip slopes, averaging 40°
easterly. On the lower slope of the mountain a 1 ed of gquartzite,
five fect thick, occurs, infolded with the schists.
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Structure

The original, primary structure of the Mansficld-Sterling
massif consisted of open anticlines and synclines (Plate 3).
These folds pitch gently to the south, at angles from 12° to 20°,
Stream and ice erosion on the principal antieline has bifurcated
the mountain mass, producing the Mansfield and Sterling
ranges and carving out the valley known as Smugglers Notch.
Today Mansfield is a synclinal mountain; Smugglers Notch,
an anticlinal valley. That the mountain mass was once greater,
laterally, is shown by the foot hills, Macombter Mountain,
Hedgehog Hill, Metcalf Hill and other eminences, as well as by
the fact that the Mountain Border fault extends along the western
base of Mt. Pritchard, in the township of St. George, in longitude
73°, 8 minutes, while the longitude of Mansficld’s “chin” is
73°, 3 minutes. This difference in longitude is equal to 4.2 miles.
With this greater base must have gone much higher elevations,
so that it is safe to say that the mountains were once far higher
than at present.

The average dips of the major structure on Mansfield are 18°
northeasterly and 20° southwesterly. The mountain is therefore
a slightly overturned syncline, pitching from 12° to 20° to the
south.

The “nose” is made up of synelinal beds, dipping on an average,
18° easterly and somewhat more, westerly, and pitching gently
to the south. Erosion has produced a series of steps in these
beds, up which one easily climhs to the summit.

Impressed on the primary structure arc minor anticlines and
synclines. On the mountain slopes, particularly along the toll
road, and on the summit are seen myriads of delicate bedding
crenulations (Fig. 4), of paper thinness, forming drag folds,
somewhat overturned to the west and pitching at low angles
to the south. Numerous thin heds of quartz and some orthoelase
are infolded with the schist, while other sial masses cut across
the schistosity, giving the rocks a striking appearance. In the
illustration the delicate drag folds of muscovite schist strike
N. 37° E., dip 14° southeasterly and 35° northwesterly, and
pitch 12° to the south. In the schistosity are seen minute needles
of tourmaline.

The two most prominent joint systems run N. 66° W. and
N. 54° E. The former extends along the base of the “nose.”
Glacial erosion along this joint has formed the precipice, some
200 feet high which, with the pitching syneline, forms this feature
of Mansfield’s “face.” Beneath the “chin,” ice erosion along
similar jointing planes has formed the three small escarpments
which form the “Adam’s apple.”

Along the summit are many open joints, caused by the tend-
ency of the rocks to creep down the mountain sides.
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rusting has been found on Mansfield or Sterling—or,
tol\;,(r)ltfgpate f little, in the Worcester range. Large ma{,_sses ;)Z
dislodged rock on the west slopes of Mansfield and Ster glg a e
due to creep. The mountain mass has moved westwar asies
whole and folded and thrust the rocks to the west into a sert s
of anticlines and synclines whose westerly ]1n_1bs lie Ili};ﬁm °
Westford schist or, farther south, upon the Brigham t'l gray:
wacke along the Mountain Border fault, at Essex Junction.

Camels Hump

The mountain known as Camels Hump but which .Cha,mplal,cllrll,
in 1609, called far more aptly Le Lion Couchant, lies on i e
Main Range of the Green Mountains, about fourteen mi (is
south of Mansfield. The whole _proﬁle of 1.',he mountalﬁl Ttlgfges :
a crouching lion with its majestic head facing the sout1 . t'om(l)f
a ridge about half a mile long and with a maximum e iava 1obn f
4.083 feet above sea level. Another eminence, Mt. He eln, l? (’;ﬁe
twelve miles farther sou}tlh,‘i% ﬁfty-’E’WI(i fel({at 1;1%;}1122 Eﬁ(ti talfe ?nac-

iking appearance of the “Hump.” Lack o >
iggsibi%typgf the mountairllvI hax;elp_revgllted a éiettﬁéleglz‘gﬂgyérgﬁg
i igati long the Montclair Glen an )
Ergzv%sglfg a‘i:aoglsar?y pagths cut by the veteran Vermont mountaineer,
Mr. Will 8. Munroe) have brought out the salient features.

THE ROCKS

mit of the ridge is made up of shining muscovite

gnrgilsl:. .Sslilnrﬁlar to that on %\/Iansﬁeld, with its charactegs{;;_c tf_itnee
drag folds (Fig. 4) and content.of almandite garnets aln A 11'0 tle.d .
Lying below this gneiss there is another, rusty, thlnly- o} laThé
with minute scales of muscovite on the peddlng _panes.t he
section shows elongated sials with tightly %nte_rlocklng, su % o
edges and intense strain shadows. _Thq grain size avelzf.g{:ils 033
% 0.24 mm. Considerable muscovite 1s developed an ?this
much ilmenite, almost wholly al@ered to lepcoxene._Son\l}S Oh'n S
leucoxene shows intergrowths with hematite, forming les vlv it;gh
tonite. Perhaps five percent of the section 1s chlorltze it
penninite, showing the ultraf—lﬁue llnéc‘?)rferep&zgt ecol;)irrsc.On C(;(;:tit%

i small grains of beryl (Y), epl , N
nméggfeaél,s a‘i{g hemat%ce. The rock was derived from an impure
Sargosvtgnfﬁe Alpine trail, at elevation 2,825 feet, there occuri?
a dark-gray, fine-grained, very pure quartzite Whlch, mlcroscopd
cally, is seen to be made up of quartz grains, highly compress.e;’ e’
strair’led, and fractured, together with a few laths of mus.co?hié
This is the purest quartzite that the writer has seen In
traverse. 1t represents, originally, a very pure sandstone. dium

Farther down, at elevation 2,000, one finds a rustly, m? -
grained, thinly-foliated quartzite, with minute scales o



46 REPORT OF THE VERMONT STATE GEOLOGIST

on the bedding planes. Sections show the same elongated, strained,
tightly-interlocking grains of quartz and orthoclase, with a few
laths of muscovite. Numerous almandite garnets, some of con-
siderable size, and a good deal of biotite are noted. The biotite
is seen altering to penninite and the garnets also show some
retrogression. Tourmaline, epidote, apatite, considerable mag-
netite, and yellow ribbons of limonite constitute the accessory
minerals. No leucoxene, which is such a common constituent of
Vermont metamorphics, is seen.

The gneisses and quartzites occur here in the same order as
on Mount Mansfield.

The Camels Hump rock, like those of Mansfield, belong in the
Biotite and Garnet zones of metamorphism.

STRUCTURE

The great eighty-foot escarpment which forms the face of the
“camel,” or the ‘“lion,” is due to erosion along east-west joint
planes, similar to the escarpments on Mansfield. Other, tiny,
escarpments are noted at the top of the “face.”

The escarpment gives a fine cross section of the mountain
which is seen to form the west limb of an open anticline, dipping
34° northwesterly, whose east limb has been removed by erosion.
Minor drag folds appear in the quartz-muscovite-gneiss pitching
about 25° northerly. At the 1,950-foot level the eastern limb of
the anticline was found, dipping 28° southeasterly.

Thus, Camels Hump was formerly a great open anticline,
somewhat overturned to the west and pitching to the north.

The Morristown-Stowe Valley

East of the Main Range of the Green Mountains lies a broad
.valley bounded on the east by a range of mountains which, in
the townships traversed by it, is called, variously, Rochester
Mountain, Braintree Mountain and, in the region under discus-
sion, the Worcester Mountains, of which Mt. Hunger, 3,554
feet, is the highest point. The prolongation of the Worcester
Range, in Elmore, is appropriately known as Elmore Mountain.
It is 2,608 feet above sea level. The region is shown on the Hyde
Enk a)nd Montpelier quadrangles. (Montpelier quadrangle,

ate 4).

The valley is very narrow at its southern end, in Rochester,
but widens to some eight miles in Morristown.

The Green Mountain ranges are cut by the superposed Lamoille
and Winooski rivers. The Winooski water gap extends from
Montpelier to Richmond, west of which it debouches onto the
Vermont Lowland. In the valley a divide along the Stowe-Morris-
town line separates the small tributaries of the Lamoille from the
Waterbury, or Little River, which flows into the Winooski one
and one-half miles northwest of Waterbury. The West Branch

GENERALIZED SECTION
ON OR NEAR AA
SCALE 1= 2700 ~HORIZ § VERT

. MACOMBER MT .

Y STERLING MT
SPRUCE P
7 MADONNA MT.

PLATE 3
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of the Waterbury River rises in the divide i
t T vises dvide in Smugglers Notch
K/Ihoﬂe J;ch'e ca% tbmli)clh réses on the western slope %% VV()rces(‘seli
ountain and tumbles down a fold of the i :
forming Moss Clon ons old of the mountain structure,

GLACIATION

The valley is markedly glaci i
) glaciated. Banks of till, and k

%re scattered over it while striations and groovings are st?ﬁn‘g(s)
Pe skeen along the highway (Vt. 100) from Waterbury to Hyde
dar , although many of the most distinct markings have been
Fstroyed by road .bul.ldlng operations. Elmore Pond, just east
?{ glmore Mountain, is of glacial origin while to the north, in
ofyV aer I;ark and I]j]dlfn, are many small glacial lakes and pOlldS
of va 3; 3g size. Lake Lamoille was formed by the damming of

With the melting of the ice sheet several

» . ral ephemeral lak

were formed in the valley, and their strand lines are still tg 152

Z;eél.B’iIé}éTgeév 3l.akes have been described by Merwin!, Fairchild?,

THE ROCKS

ELMORE MOUNTAIN
(HYDE PARK QUADRANGLE)

Elmore Mountain consists of a ridge some thr i
by one and one-half miles wide, culmi%ating at 21((3388HflclzleetS 11?11;%
east of it lies glacial Elmore Pond. Elmore State Forest‘.ll)arkk
occupies the northern lake shore and a part of the M(;untain
The mountain is heavily glaciated and thick till banks are seen
a,lo‘ng the road which the Civilian Conservation Corps has heen
a?é;dlg,;getowardts tllloe sulmmiiol. Where the ledges are uncgvered

seen to be glaci : i

stri‘aifions strike Nor'thg55° %ngst.smoothed and striated. These

‘he rocks are predominatingly garnetiferou - ri
gneisses, similar to those 01% yMgansﬁeld ansdq‘éa;frfei?ulsfgzrg)e
associated with sericite schists and dull gneisses. lntercalate(i
with these are beds of amphibolite. This amphibolite is, when
fresh, a lustrous, black rock of schistose structure sl’lowing
fine needles of amphibole interspersed with lighter’minerals
It alter's readily to the pistachio-green epidote and, in places the
alteration has progressed so far that only thin bands of the afﬁphi—
bole remain, so that the rock becomes an epidote schist. Thin
sections show a mesh of slender, fairly well-oriented prisn'ls and

needles of amphibole, much chloritized, enclosing brilliant grains
1 Some L . . - .
Gool. (1%1(1)1;.0 8a)t.e Wisconsin Shorelines in N, W, Vermont; H. E. Merwin, Sixth, Rpt, Vt. State

3 Post Glasi . . . oo
10151 (%s cial Marine Waters in Vermont; H. L. Fairchild, Tenth Rpt. Vt. State Geol.

3 The L: i E i i
(1931_32)? ast Lake of the Stowe Valley; E. L. Bigelow, Eighteenth Rpt. Vt. State Geol.
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of epidote, orthoclase, some of which is twinned, and a few
plagioclase grains. Black grains of magnetite are scattered through
the sections and an occasional tourmaline is seen.

The number of interbeds of amphibolite could not be deter-
mined on account of the overburden and growth, and limited
time, but it is thought that several exist. The highest amphibolite
found was about 75 feet from the summit; above this only the
muscovite schist is seen. From the summit an interesting view
of the surrounding country is obtained.

From the data obtained along the road and trail which climb
the eastern side of the mountain, the amphibolites and schists
are tightly folded, the dips ranging from 83° westerly, through
90°, to 88° casterly. A cross section of the whole mountain is
needed in order accurately to determine the structure.

The Elmore rocks extend westward into Morrisville. To the
south they have been followed to Middlesex Notch (Montpelier
quadrangle), with the amphibolite no longer associated with
muscovite schist but with sericitc and chlorite, with which it
forms a diminishing proportion and finally disappears. The line
of outcrops runs along the base of the Worcester Mountains
and forms low anticlinal ridges.

To the east of Elmore Mountain the amphibolite crops out
along the road east of Elmore Pond and in the Worcester valley
while, to the north, associated with muscovite schist, it extends
continuously for an unknown distance. 1t was encountered,
however, a mile and one-half to the north, in Wolcott, along the
highway (Route Vt. 15) leading from Morrisville to Hardwick.

Tifteen miles north of Elmore Mountain, and in the same
longitude, an amphibolite of similar appearance to that just
described forms a capping over the chrysotile asbestos deposits
of Belvidere Mountain. These deposits are being worked by the
Vermont Asbestos Corporation.! Marsters? investigated the
deposit but made no attempt to determine the origin of the amphi-
bolite. Keith and Bain?, working on the Belvidere amphibolite,
find that it extends as far north as the Hazens Notch road and

that it is made up of 35 percent dark, blue-green amphibolite
and saussuritized plagioclase. They classified it as a “‘typical
meta-diabase or pyroxene diorite.” They found another body of
amphibolite cropping out between North Troy and Newport.

From the study of the scctions it is at once seen that the
Elmore amphibolite cannot be classed as a meta-diabase or
meta-diorite. The sections and the field relationships suggest
rather a sedimentary origin for the rock. As will be shown later,
the amphibolite and associated mica gneiss erop out also on the

1 Twentieth Report of the Vt. State Geol. (1935-36).

2 A preliminary Report on the Serpentine Belt of Lamoille and Orange Counties; M. F.
Marsters, Fourth Rpt. Vt. State Geol. (1903-04).

3 Crysotile Asbestos: 8. B. Keith and G. W. Bain, Economic Geology, vol. 27, No. 2
(Mar.-Apr., 1932).
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cast slope of the Worcester Range. The muscovite gneiss
associated with the amphibolite is a very coarse-grained, garneti-
ferous, quartz—muscovite rock with the muscovite flakes as large
as 9 x 6 mm. The sections show quartz grains and broad
muscovite laths, thickly studded with anhedral, almandite
garnets. The garnets were much deformed after their formation
and are chloritized, in some instances so much so that very little
of the original garnet remains. Small grains of magnetite are
scattered through the slide together with stubby rods and irregu-
lar grains of rutile. We have here a case of retrogressive metamor-
phism—sce under Petrogenesis.

Aside from the belt of amphibolite and muscovite already
described, the rocks of the Morristown-Stowe valley (Plate 4)
are predominantly quartz-sericite schists, all more or less chloritic
and graphitic, with lesser amounts of quartzite and gneisses—
this in marked contrast to those of the Mansficld range, in which
gneisses prevail. The fine farming soil so covers the central part
of the valley that outcrops are largely discontinuous.

The highway (Route Vt. 100) runs along a low ridge on which
there is a broken chain of outerops made up of thinly-bedded
quartzite, two or three feet wide, flanked on either side by graphi-
tic sericite schist with concordant quartz stringers. This repre-
sents ancient sand stones and shales which have been
metamorphosed to the present rocks. The kbest outerops of
this chain are seen in North Laporte, about one and one-half
miles south of Morrisville. The strike of the rocks is North 40°
East and the dip, 75° northwesterly.

Some two miles south of Stowe village Gold Brook flows down
from Stowe Pinnacle and enters the Waterbury River, flowing
across dark, thinly-foliated graphitic schists. Free gold occurs
in this brook and has been panned, off and on, for many years.
Mr. Charles Simmons seems to have been the most consistent
“placer miner,” in recent years, and has recovered enough of the
yellow metal to make one or more rings. Needless to say placer
mining in Vermont is, at best, a diversion.

In general the schists vary so in appearance that it has not
been possible to matech them up and assign them to definite
formations.

GNEISSES

Just south of Stowe village the road cut reveals high cliffs of
thinly-foliated, graphitie, sericite-gneiss, striking North 47° East
and dipping 83° southeasterly. This rock also is seen here and
there along the highway to the south.

T
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he section shows a most interesting condition: Narrow bands
of rgne—grained quartz alternate with broader .bands of 1nfci}ded
sericite and graphite, forming dehcate‘antlchnes and syne }ne}?.
In the incompetent beds are seen minute, overturned, pitch-
ing, drag folds, 0.20 to 0.40 mm. wide. 'I"hese drag follds afce
cut by more steeply-dipping cleavages, outlined by fine filaments
of graphite. Fine needles of chlorite, small grains of magnetltle,
and filaments of iron oxides form the only accessory minera hs
Unfortunately the section was not erented, so that the
direction of the overturning and pitching could not be deter-
mined but, like most of the valley meta.mor_phlcs, the ovelrl—
turning was probably to the west and the pitching, to the S}O;l*t .
West of the highway the rocks are generally sericite sc 1sts%
more or less graphitic and not visibly thontu_:; whll.e, east o
the road, the schists are highly chloritic, with brlght—lgre?n
surfaces, this possibly in response to the amphlbqhte bel.t. (il
Waterbury Center these chlorite schists are very thinly foliated,
almost of paper thinness, while farther north they are molre
massive. They all strike north of east and dip at high angles
southeasterly. ' '

On the west side of the Stowe valley and extending & distance
of some 6.5 miles from the northwest corner of the Montpeh((ir
sheet, northeasterly through the :qouth west part of the H%f le
Park quadrangle, nearly to Morristown village, there is a T%t
of light-gray gneiss full of fine isoclinal dragfolds of quartz. 3 e
strike is North 50° East; the dip, 75° .eaysterly.. The gneiss lies
infolded with rusty, thinly-foliated sericite schist. The se_ctlﬁn
shows bands of fine-to-medium grains of quartz, beautifully

“outlined by limonite, alternating with bands of sericite and

i ich are crossed by drawn-out stringers Qf limonite,
akéi(i)\rflet; nglm pyrite. A few ggains.of orthoclase, plagioclase, and
magnetite constitute the accessories. .

On the Brush Hill road, some four miles northeast of Stowe
village, there is an interesting gneiss mgxde up of .dark—l;gray
material, alternating with thin seams of s1a'1. The section s owg
that the sials are quartz, and orthoclase Whlch includes Carlsba
twins., The dark bands are made up of a mineral which has keen
so completely chloritized that no relicts of it remain. In tlge
chlorite are seen non-oriented laths of muscovite and rhombs
and anhedral crystals of carbonate. The whole section is coveljeﬁ
with minute masses of hematite, derivgd from pyrite, of whic
a few relicts are seen. The U. S. Geological Survey kindly exam-
ined this section, among others, and thought that the abunfiancs
of chlorite, and carbonate (which may be ankerite) 1nd19ate
an original rock high in magnesia, possibly a sandy dolomlte:

From the Winooski water gap, at Waterbury, to the Lamqllle
River no roads or passable trails cross the Worcester Mountains.
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Ascent, however, was made from the Worcester valley, to the
east, and will be considered later.

Exploration up the west slope of the Worcester Range showed
the same ‘“‘quartz-sericite schist, all more or less chloritic and
graphitic” (p. 50) as those of the Stowe valley, but with coarser
gneisses. These rocks merge upward into a coarse quartz-mus-
covite gneiss similar to that found on Mansfield, Camels Hump,
and Elmore Mountain, and form the summit of Mount Hunger.
East of this summit and conformable with the quartz-muscovite
gneiss, the “quartz-sericite schists, all more or less chloritic and
graphitic” extend unbrokenly across the Worcester valley to the
contact with the Ordovician phyllite (p. 60).

At Moss Glen Falls, Glen Brook tumbles for 150 feet over
an eroded fold of a quartz-chlorite gneiss inbedded with a graph-
itic schist which forms broad bands, some over two feet wide.
The broad bands, polished by stream action, are very striking
and suggest ribbon gneiss till closer examination shows the
graphitic nature of the interbeds.

To the north, in Morrisville and west of Lake Lamoille,
Terrill Gorge has been cut to a depth of about 200 feet by Ken-
field Brook. At the bottom is seen a dark, fine-grained, thinly-
bedded quartzite, some twenty feet wide, flanked by graphitic
schist. The rock strikes N. 56° East and dips 90°. The extension
of the quartzite is seen at Cadys Falls.

The quartzites which crop out here and also along the highway
south of Morrisville appear to underlie the valley schists.

Route, Vt. 15, from Morrisville to Hardwick, crosses the con-
tinuation of the Worcester Mountains to the north. In the rail-
road cut, somewhat east of the confluence of Wild Branch with
the Lamoille River (east of the Hyde Park quadrangle), excellent
evidence of tight folding in the gneiss is seen. (Fig. 5).

In Hyde Park the schists grow more graphitic till they become
lustrous black, thinly-foliated rocks which will mark paper,
like a lead pencil. An analysis of the schist showed 1.09 percent
of carkbon.

In Johnson graphitic schists and coarse gneisses abound.
They strike about North 40° East and dip uniformly at high
angles southeasterly. At lthiel Falls, several miles down stream
from Johnson, the Lamoille has cut a narrow gorge in dense
gneiss. The gorge was only twelve feet wide and, during the 1927
flood, was responsible for backing up the river and flooding
Johnson, with much loss of life and property. It is now being
widened to prevent future disasters.

INTRUSIVES

No intrusives were found in the Morristown-Stowe valley but
extensive basic igneous rocks occur in the extension of the valley

. Verd antique (serpentine veined
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THE GREEN MOUNTAINS OF N

FIG. 5. TIGHT FOLDING IN WOLCOTT

nd south. Tale lenses! derived from serpentine,
Ev(ﬁai}éhni?lrg}&rr? was derived from peridotite or dunite, é,re gli(()lw(:l
in Berkshire, Enosburg, Montgomery, Wa.terv%le,th arﬁaste;gn:
Johnson (the Johnson deposits are being workedMy tewn o
Magnesia Talec Company, of Burhngton), Foreto g
operated by the Eastern-Magnesia company), ?fs on,L iy
field, Rochester, Stockbridge, Plymou.th, _Rea 1r}g,d g thé
Cavendish, Andover, Chester (the tale is jbemg mm;zl dy o
Vermont Mineral Products Company), Windham (the deposit
is operated by the Vermont Tale Company), and Doverl.1 i
Serpentine bodies occur in Jay, Troy, Westfield, I&ovs{% 1, dham’
Belvidere, Waterbury, Duxbury, Moretown an in .
, with dolomite) has been, or 1s

being, quarried at Roxbury, Warren, Rochester, Stockbridge,
)

Moretown, and Windham.

. State Geol,
1 The Talc and Serpentine Deposits of Vermont; E. C. Jacobs, 10th. Rpt. Vt. State

(1915-16).
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As regards acid intrusives, Keith and Bain! note that “Small
masses of medium-textured granite cut the slates and serpentines
at many places northwest of Lowell.”

Small deposits of chalcopyrite (sulphide of copper and iron)
occur in Richford, Berkshire, and Wolcott. They probably have
no commercial importance.

Structure

From the high eastern slopes of the main range of the Green
Mountains, across the Morristown-Stowe valley and up the
western slopes of the Worcester Range, the dominant structure
(cross section, Plate 4) is isoclinal folding, striking, on an average,
N. 53° Last, dipping at high angles (average 73°) southeasterly,
and presenting long dip surfaces. In this structure are found occas-
ional minor structures: drag folds, low, visible anticlines here and
there, and eroded anticlines with dips changing from 80° westerly,
through 90°, and to 73° easterly. As on the Mansfield quadrangle,
the strike of the rocks in the Stowe valley and on the Worcester
Range cuts across the topography.

No thrust faults were found in the valley or on the Worcester y -
Range. Small, normal faults are seen, here and there, in the drag bt e
folds. - L \\\\\\\\\\\i 3 f\{\\\\\\

Now this abrupt change in dips from the Mansfield massif \\\\\\\\\ i
(average 29.5° easterly, to those of the Morristown-Stowe valley i
and the western slopes of the Worcester Range (average 73°
easterly), and the change from the heavy, contorted, open-
folded gneisses of Mansfield to the isoclinally-folded, lighter
schists and gneisses of the valley, lead inevitably to the conclusion
that the valley rocks lie unconformably against the Mansfield
series; that they are younger and represent a new cycle of deposi-
tion upon the eroded surfaces of the Pre-Cambrian rocks which
make up the Main Range of the Green Mountains and the terrains
west of it. No contacts along the unconformity have as yet been
found but, with the mountain slopes heavily forested and covered
with glacial accumulations, this is not surprising.
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The Worcester Range
MOUNT HUNGER

Mount Hunger (3,554 feet a.t.) is the highest point in the
Worcester, or third, Range and lies in the southwestern corner
of Worcester township. The summit affords a magnificent sweep
of the whole horizon. To the north the low mountains of southern

1 Op. cit.

PLATE 4
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Canada are visible; to the east, the White Mountains, capped
by Mount Washington (6,290 feet); 'farther south, Mount
Monadnock, N. H., and Mount Ascutney, Vermont; while to
the south and west the ranges of the Green Mountains and the
Adirondacks stand out clearly.

The three-mile trail up Mt. Hunger, from the southeast,
begins at Daniel Leonard’s farm, follows a wood road for about
a mile and one-half and then, leaving the road, strikes through
the woods to the base of the great summit dome, around and
over which it climbs to the summit. The trail is a very poor one
and should be improved, for the summit is full of both scenic
and geologic interest.

From the summit, southward, White Rock Mountain (3,200
feet) and Burnt Mountain (2,800 feet) lie along the crest line;
to the north Worcester Mountain (3,286 feet) forms the highest
point.

GLACIATION

Glacial till covers the east slope of the mountain up to about
the 2,700-foot contour, while erratics are found all over its surface
though of much smaller size than on Mansfield.

The upper 500 feet of the mountain is a great dome of bare
rock and is covered with the most extensive development of
glacial striations and groovings that the writer has ever seen.
These glacial markings vary from the faintest striations on the
polished quartz surfaces (brought out by placing tissue paper
on the smooth rock and rubbing over it with a soft lead pencil)
to grooves some four or five inches across and two or three inches
deep. The strike of the striations and grooves varies from (true)
N.67E. to N. 142 E.

Mr. H. B. Chapin, Town Clerk, reports a similar condition on
White Rock Mountain, while Professor Buchanan, of the Univer-
sity of Vermont, has found extensive glaciated surfaces on
Burnt Mountain.

THE ROCKS

The summit dome and the eastern slope of the mountain,
down to the 1,880-foot contour, are made up of quartz-muscovite
gneiss similar to that found on Mansfield, Camels Hump, and
Elmore, Mountain. Presumably this gneiss extends along the
entire summit ridge of the Worcester Range. At the 1,880-foot
contour it merges, conformably, into the sericite schists and
gneisses already noted (p. 52).

The gneiss is “peppered” with small almandite garnets. In
no other place covered by this investigation has such a develop-
ment of garnets been noted.

In the sections muscovite predominates and is seen making
up microscopic folds in which lie sial grains and hundreds of
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minute almandite garnets. Bands of sial grains alternéx_t:ue WII?(;
the muscovite, giving the gneissxé‘ struf),turdq. bAII?iatg (lzheio:it;e
i t by diaban A
occurs in large areas, bordgred and cu kg
into which it is retrogressing. There are also : i
net (uvarovite). The whole section 1s
%iileeell}oc%s I(Q)f 1eu(coxene in which there are a few grains of unaltered
i ite. No biotite occurs. Ay ;
llniin;fe gn(()eiss are seen small masses of a dull, plr_lkls}i&mmetlzak
not noted elsewhere in the Vermont metamorphics. sec 41(2) :
shows these to be made up of thousands of minute gxéam(s) %
almandite garnet, varying in size from 0.18 x 0.16 to 0.03 x 0.

mim.
STRUCTURE

i i 11 overturned
{ f Mount Hunger is coyered with small o
drs?gh ?o%gg (OFig. 6) beautifully ou‘;l'lne% by t?e ex:ﬁgiizgsqgﬁ:;g
ini in the gneiss. Again, in this place ol sup ves, :
}rgcrll;nf%irlr? probibly the ﬁnes,t structura& ?wgﬁlay ofo;ulhi\s/I ;Kggeig
Vermont. The crenulations are not so delicate as £
i ken lines, like forked lig
but they run over the summit in bro es, lik bt
ing, i i . The folds dip 35° southeasterly,
ning, in a most amazing manner : oot e 1
2 terly, and pitch to the south at low angles.
f)(l)anrtle(;rfi}ilg ?7S5° S(})’l’lthea,sterly. The summit of Mt. Hunger forms

the western limb of a syncline.
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The principal joints strike, roughl °W i
E ghly, N. 60° W, as is th e
on Mansﬁold and Camels ’Hump. :&s already ,noted g("}laf?i:i
erosion along such joint planes has been responsible,for the
(Il)lcicste anl(li gtilﬁr f‘eﬁtures of Mansfield, the face of the “Camel”
etter calle e “Lion””) and also for tt
Green Mountains in general. o serrated cxests of the

A beautiful example of o jointing i i
pen jointing is seen on the summit of
?/It. Hunger, where drag folds, once continuous across a rock
face, are now separated by a aistance of several inches, due to
ro;rt wedging and gravity acting along the joint. ’
o attempt was made to explore the western slo

t t e of th
Iinountaln, owing to lack of time and the danger of thpe smoot}i}
iv(}ck surfaces. But, in working up the western slope of Worcester
. aouxflta,nii fr(t)mbthe S‘ilowe valley, the quartz-muscovite gneiss
was found at about the 1,700-f i
T o mge 200 R oot contour with southeasterly

The Worcester Valley

The Worcester valley lies between the W i
. ' t
or third range, and the Fourth Range. orcester Mountains,

The Worcester River, or North Branch, has its v
deeply into the mountain structure and, x,vith t}(;g triléc(as Sfaltlflz
region following the Pleistocene glacial epoch has, like many
other Vermo?t streams, left terraces along its course. The valley
is gencrally “U” shaped in section and is heavily glaciated. Tﬁe
river is classified as a subsequent stream but, instead of eroding
headward into ‘the soft phyllites which form the eastern part
of the valley, it has cut diagonally across the more resistant
:lcglgztss %Il'lld génelsses of thencgnter of the valley and the western

. The stream may we ‘ i
of the superposed WiI}IrOOSki I%ixf(}alre.refore)  superposed tributary

Following the 1927 flood, of unha memor
Goverqment constructed a retention 55131,1 at V\g‘igﬁtg}xlfi}llg eg(?:r?el
fgu}" mlles north of Montpelier, for the purpose of flood control
This dam is of earth and is 1,400 feet long by 90 feet high and,
together with the dam on the Jail Branch, at East Barre and
that on the Waterbury River, has served well its purpose. ’

The rocks of the western side of the valley are, pr i
the sajn}e”“quartz-sericite schists, all moreyor lésI; ec%(ffr)rrlil?iingl{i
graphitic”’ as those of the Morristown-Stowe valley, with lesser
amounts of gneisses and some quartzites, but with m(;re extensive
ui‘truswers. The schists and gneisses extend up the eastern slope
?\I ’l;heo W orcgs‘p‘(el‘ Rangp to the 1,880-foot contour, striking from
. 60° to 67° E., and dipping from 72° to 80° northwesterly.

These rocks were studied and described 1
' § 3 by the 1
Richardson who followed them from the intern);tiosalaégugc.la%;
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to the latitude of Bethel, and named them the Missisquoi Group'.
in 1919. He believed this formation to be of Upper Cambrian age,

This investigation shows that the Missisquoi formation also
forms the Worcester Range and the Morristown-Stowe valley,
and lies unconformably upon the Pre-Cambrian rocks of the
main range of the Green Mountains. 1t is safe to say that the
Missisquoi is of Cambrian age, possibly Upper Cambrian from
its relationship to the Ordovician phyllites of the Worcester
valley.

Along the upper tributaries of Minister Brook, in Worcester
township, the quartz-muscovite gneiss, frequently mentioned
before, is exposed, associated with amphibolite, as it is on Elmore -
Mountain. The same gneiss is also seen along the North Branch,
somewhat south of the dam. Here the muscovite is studded
with almandite garnets as large as 5 x 10 mm. The section shows
anhedral garnets penetrated and surrounded by chlorite into
which they are altering. The groundmass is made up of quartz
and orthoclase grains and long, narrow, deformed laths of mus-
covite. Stubby rods and irregular grains of rutile, a few detrital
zircons, and grains of pyrrhotite make up the accessory minerals.
The garncts, like those north of Elmore Mountain and Mount
Hunger, show retrogressive metamorphism.

Along the valley highway are seen walls of shiny, thinly-
foliated, sericite schists, much chloritized; and more massive,
greenish-gray schists, splitting into thin slabs along glistening,
micaceous bedding planes. The section of the latter is made up
predominantly of quartz grains of varying size, and corroded,
greenish-brown biotite (as large as 0.6 x 0.3 mm.), mostly anhedral
but showing 001" faces here and there. The biotite is, in places,
entirely chloritized, showing retrogression. Oligoclase, apatite
needles, small, green tourmalines, rounded zircons, and much
finely disseminated magnetite form the accessory minerals.
This type of schist finds its counterpart in the Stowe valley. It
is believed to be a metamorphosed sandy shale.

INTRUSIVES

North of Putnamville and just west of the highway there
occurs a great wall of gray, well-jointed, massive schist, showing
fine sericite on the bedding planes. 1t strikes N. 62° E. and dips
75° northwesterly. The section shows a granoblastic mass of
albitic feldspar, in interlocking laths which are extensively
replaced by chlorite. The dark minerals have been entirely
chloritized. Numerous small cavities occur, where some soluble
mineral has been weathered out. The accessory minerals are

(191(_1; Tlge Geology of Braintree, Vt.; C. H. Richardson, Twelfth Rpt. Vt. State Geol., p. 62
-20).
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numerous, small masses of titanite (the largest 0.5 x 0.4 mm.),
small, rounded zircons, apatite needles, fragments of muscovite,
quartz grains, large and small, and some iron oxides. Originally
the rock was probably a diorite. It is now a meta-diorite.

In the bed of the river, south of the dam, a large, branching
dike occurs, now completely altered to chlorite.

Excavations for the dam spillway, east of the structure, have
uncovered a great sill, over 1,000 feet long and 28 inches wide,
lying between a chlorite-sericite schist, which strikes N. 48° E.,
and dips 72° northwesterly, and a dark-green gneiss. The sill
is now a dark-green, chloritic schist, with small inclusions of
lighter minerals. The section shows a granoblastic mass of sodic
plagioclase, pale-green, chloritized hornblende, greenish-brown
kiotite, and considerable zoisite. Much titanite is present. Quartz
grains, a few grains of chromite, and some stubby apatite needles
make up the accessory minerals. The original rock was possibly
a diotite but the section suggests a more basic substance.

Handsome specimens of erystallized epidote are to be found
in vugs in this sill.

The ortho-gneiss, which overlies the sill, is made up of dark,
greenish-gray bands, three to five millimeters thick, alternating
with narrow, black layers, one or two millimeters in width.

The sections show the lighter bands to be composed of small
grains of quartz, albite, and perthite studded with minute grains
of epidote and flakes of chlorite. Minor constituents are apatite
needles, a few light-colored garnets, small zircons, and tour-
malines. The darker bands consist predominantly of epidote
grains, thickly sprinkled with magnetite, and some small, light-
colored garnets. Biotite is sparingly present. Flakes of chlorite
cover the whole section. The rock is a quartz-epidote-gneiss, to
whose composition the sill has largely contributed.

GOLD

Small amounts of gold have been panned for many years in
the Worcester valley. The story is current that some of the old
California ‘“forty-niners,” after their return from the gold
diggings, constructed sluices and riffles along Minister Brook and
washed the stream gravels for the yellow metal. More recent
“placer miners,” using frying pans and other kitchen utensils
in lieu of gold-pans, are washing the gravels of Worcester Brook
and its tributaries, in their spare hours, and are winning very
small amounts of gold. The writer was shown small nuggets
three-eighths by one-eighth inches and finer grains. This notice
is not intended to start a gold rush for gold washing here, as at

Bridgewater and Stowe is, at best, what Perry has called a
“holiday diversion.”
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Ordovician Phyllite

i ier, i high pasture west
. mile north of Montpelier, in the _
of éclli:a)uév‘?)rcester valley highway, Més&:g}lolly sf(;kll;:‘gzdare 1\}?&1(11112
i i - inly- ,
nearly in contact w1fch fine-grained, o phyllito,
Ordovician phylhte_whlqh the writer ﬁ}(aién o O oy
in 1921. On opposite sides of the hidden he average
i ist i ° B.: of the phyllite, N. 43° L. Schis
strike of the schist is N. 53° E.; of the T chis
i i distinguishable. The average dip
osity and bedding are here in S e G e thwoster.
of the schist is 81° northwesterly; of the phy Lorthiveste
Tontpelier, the phyllite, forming
ly. But along Elm Street, Y nip he Py rming
i i i i 'y the into
high cliffs, contains tight drag folds, ou DS T e ot
i he phyllite is about N. & . )
quartz, The striko ol ° hwesterly. The dip of the folds is
the schistosity, about 70° northwesterly. e, folds 15
folds pitch about )
about 68° northwesterly and the Lo R
hyllite therefore lies under the Cambria ,
ﬁggehrtlrﬁﬁzgl)ng This is about in line with Clark’s Bunker
s st .
unf(ibsr:(}elgr;rsgs the age of the phyllite, Rlﬁhardsczln? fguri% §$erges§1%:
i i ite and interb :
beds of crushed graptolites in the phylli lod slate
i i Sabin slate quarry, just eas
and limestone on Clay Hill, in the i Just e
i ill, i d in many other localities.
of Seminary Hill, in Montpelier, an n or, focalitios.
aptolites were sufficiently well preserve ‘
%)rmeRolf(gll? gl%uﬁdermann, of the New York State Geologlgal
Sufvey, to identify Climacograptus pavus and other species
o ’8{3 O;)f}llc;ﬁrii;eagiz' a black, greasy-looking, 9xcec_3dingly ﬁnleyo-l
laminated rock, splitting perfectlyhalct)ngtschllstosmyegéiﬁ?lse %1}110
‘ i i anes I ;
weathering a rusty-yellow. The schistosity plane ¢ o th
in i i licate bandings parallel to
orain in wood. The sections show de 2 ol
tl i i “8” planes) of the bedding.
the schistosity and fine, wavy folding ( ‘ of t dir
i ; te sections of sericite,
The bandings are made up of very minu of sericite,
i i i ting with fine, elongated gra
in optical conformity, alterna ngated grains of
lase. A few broader bands of qua~
quartz and seme oS ted fragments of liotite
been introduced. Larger, elongate ag
ﬁgvgeeneerixlly in the schistosity planes. ;l‘hely E}‘LIOCVVl (;fg(r;(:glgfgz
i i few minute, light-coiore arnets
retrogression to chlorite. A e, R rated srains of
are noted. They show no retrogression. llongate b
i i i leucoxene, apatite needies, a
ilmenite, considerably altere(.l to 1‘ ’e D ohitic
few rounded zircons, an occasional tourmaline, ; .
i i filaments of graphite) make
dust (in some of the sections long : iite) mae
i fow ottrelite sections are noted In tl
e iny ut i d in the broad phyllite
peli hyllite, but in Barre and In the ‘
%%?tnggetlﬁg Eal}{’e W’illoughby region, ottrelite is abund&nﬁ. and
large almandite garnets are scen in the sections. The phyllite is
seen to be a thoroughly reconstructed rock.

4 i ] ’t. State Geol.
: g%e%&ology of Calais, Montpelier, etc.; C. H. Richardson. Tenth Rpt. Vt. State Geol

p. 144 (1915-1916).
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Exploration along the Hillhead and other roads, on the Fourth
Range, which forms the east wall of the Worcester valley, shows
that the schists have disappeared and that phyllite and inter-
bedded slate and the dark, Washington phase of the Waits River
limestone have taken their place, with strikes from 53° to 59°
northeasterly and dips from 50° to 80° northwesterly. Small
granite intrusives occur in the phyllite while, somewhat east, a
larger granite tody is being worked by the Adamant Quarry
Company. This is in the great belt of granite outcrops that
extends from Bethel, through Randolph, Brookfield, Williams-
town, Barre, East Montpelier, Calais, Woodbury, and Hard-
wick, in which the granite has intruded the phyllite and associated
slate and limestone. Balk! notes that garnets, biotite and ottrelite
are common to the phyllite wall rock and that garnetiferous
amphikolites also ocecur.

Going back to Worcester village and working northeasterly
along the road which runs up Worcester Brook and over the
Fourth Range to Hardwick, one finds schists and gneisses for
akout two miles and then, near the eastern border of the Mont-
pelier quadrangle, a road-cut in the glacial till reveals phyllite,
thinly-foliated and much decomposed. 1t strikes N. 62° E. and
dips 62° northwesterly.

Other ‘“‘near-contacts’ between the schists and phyllite were
not encountered in the Worcester valley.

The late C. H. Richardson, in his many years of geological
work east of the Green Mountains, established his “erosional
unconformity’ (see “Line of Unconformity,” Plate 1) and traced
it from the international boundary far southward through many
townships. In irasburg, in the ted of Lords Brook, he believed
that he discovered a basal conglomerate which lay at the base
of the Ordovician, in Vermont, and extended to the south as
far as Springfield. Geologists have questioned the basal nature
of this conglomerate but the fact remains that the line on Plate
1 follows approximately the boundary ketween the Ordovician
and Cambrian formations. East of this line Ordovician Orleans
phyllite, Memphremagog slate, Waits River limestone, and
Vershire schist extend across the Vermont piedmont to the
Connecticut; to the west, Pre-Cambrian and Cambrian forma-
tions reach practically to Lake Champlain.

Structure

As in the Stowe valley, the structure of the Worcester valley
is predominantly isoclinal folds, striking N. 56° E. but dipping
at high angles, prevailingly to the northwest. These northwesterly
dips extend up the eastern valley walls into the Fourth Range.

In northern Worcester township and in Elmore, minor synclines
and anticlines occur, with dips passing from about 85° south-

! A Contribution to Structural Relations of the Granite Intrusions of Bethel, Barre, and
Woodbury; Robert Balk, 15th Rpt. Vit. State Geol. (1915-16).

——
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terly. through 90°, and to about 86° northwesterly. Clqse
?(?fé;;g}{s seen ;gn the ;;neiss at the eastern end of the dam spill-
way.

gomparing strikes and dips in the two valleys, we have:

Morristown-Stowe Valley Worcester valley

Average strike, North 53° East North 56° East

Average dip, 73° southeasterly 81° Northwesterly.

The Worcester Range is therefore a somewhat .overtu'rn.ed
syncline, carved out of the isoclinally folded Cambrian, Missis-
quoi formation by erosion. '

The Ordovician phyllites in the Worcester valley lic under the
Missisquoi formation by underthrusting.

The strikes of the rocks, cutting diagonally across the topo-
graphy in the Mansfield and Montpelier quadrangles have been
noted. These strikes, properly corrected for magnetic declination,
were carefully plotted and are seen curving around to the north-
east. They are difficult to interpret but may possibly indicate
an ancient synclinal basin which pitches to the south.

The Fourth Range

The quadrangles east of Montpelier and Barre are as yet unsur-
veyed and mapping is therefore difficult. Time has not permitted
the writer to study the ground in detail. T } t

nee extends from western Randolph through eastern
R(:‘E(?:irgr% egastern Northfield, where it is called the l/\T'orthﬁeld
Mountains, Berlin, along the boundaries between Mlddlesex—
Worcester-Elmore-Wolcott and  Montpelicr-Calais-Woodbury-
Hardwick, through eastern Craftsbury, Albany, and dies out‘rm
Irasburg. 1t is a low, poorly-defined, much—dlssectgd range whose
clevations have not been determined. 1ts length is about thirty
miles. The range is made up predominantly. (_)f phyliite, w1‘gh
interbeds of slate and limestone, all of Ordovician age. In main
structure it is an anticline whose steep, western limb forms the
castern wall of the Worcester valley. After a good deal of explora-
tion the crest of the fold, in much crumpled phyllite and interbeds
of the dark, Washington phase of the Waits River limestone,
was found in northern Woodbury, on the shore of Greenwood
Lake, with the eastern limb dipping 73° eeyste?ly. Farther south,
in Calais, Marshfield and Plainfield, granite intrusions have so
disturked the phylitte that dips are unreliable. 1t is probable
that the structure of this region is much more complicated than
that suggested above. _

The Fourth Range is an anticline, somewhat overturned, like
the Main Range and the Worcester Range, to the northwest.
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Summary

Summarizing, we find that the Main Range (including the
Sterling Range) is an anticline whose rocks are of Pre-Cambrian
age; the Worcester Range is a syncline, of Cambrian age; and the
Fourth Range is an anticline, of Middle Ordovician age.

According to Schuchert, (p. 11) the folding and thrusting of
the Green Mountains took place in late Ordovician time. This
happened over four hundred million years ago. Since then the
mountains have been peneplaned at least once. They are now
undergoing erosion in a new cycle.

The Fourth Range does not properly belong to the Green
Mountain massif but marks the western border of the Vermont
Piedmont.

Traverse Along the Winooski River

An examination of the rocks along the Winooski River, on
Route, U. 8. 2, from Montpelier to Burlington (Montpelier,
Camels Hump, and Burlington quadrangles) confirms the results
of the traverse across the mountains and valleys.

In Montpelier the Orleans phyllite, with its isoclinal folds
dipping about 70° northwesterly, is succeeded by the Missisquoi
formation with about the same dip. The highly chloritic schists
and gneisses of this formation are well shown along the highway
to Middlesex.

The axis of the Worcester Range syncline is reached at the
so-called Palisades, about two and one-half miles southeast of
Waterbury, where drag folds in the schist and gneiss, which
have been dipping northwesterly, become nearly 90°. The drags
show minor faulting. The rocks are quartz-orthoclase-sericite
gneiss, containing, as accessories, almandite garnets, many
tourmalines, and much leucoxene and chlorite, but no biotite.

From the Palisades the dips are uniformly southeasterly.
Seven-tenths of a mile northwest of Waterbury drag folds in
the gneiss indicate the more open folding of the Main Range of
the Green Mountains. The rocks are gneisses, schists, and
quartzites, containing almandite garnets, many tourmaline
grains, a good deal of magnetite, and much chlorite, but no
biotite. Considerable veins of pegmatite are noted.

At Bolton the road crosses a minor anticline with dips ranging
from 45° easterly, through 90°, and to 70° westerly. This is
followed by a minor syncline, near Duck Brook.

At Richmond the country rock is quartz-orthoclase-sericite
schist, with accessories of plagioclase, microcline, microperthite,
almandite, titanite, leucoxene, and a good deal of dolomite. No
biotite occurs.

From Richmond the rocks, in response to the northwestward
thrusting, dip uniformly easterly, at angles varying from 75° to

s
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° to the Mountain Border fault, which runs east of'Brownell
%Zo’untain, and across the Lowland to Lake Champlain, where
the Lower Cambrian Monkton and Winooski formations reﬁt
by thrust on the Ordovician shaly (Trenton) limestone of the
Folil%a‘?}?fust faulting was noted between Montpelier and Rich-
mond. The Green Mountain sequence seems to have moved
northwestward as a unit, piling up the formations pf the Eastern
and Central sequences into the series of thrust slices which has

been deserited.
Volcanics

In several places covered by this investigation thinly-bedded,
chloritic schists were found which suggested metamorpho_sed
voleanics. One of these places was along the country road running
eastward from St. Albans, at a point one mile west of Falrﬁeld
(Enosburg Falls quadrangle) and another in eastern Westford.

Sections of the rocks were submitted to the U. 8. Geologlcal
Survey who kindly examined them and reported that they might
represent voleanics completely recrystallized and changed by
metasomatic processes, but that the evidence was not conclusive.

Mineralogy of the Metamorphics

In this investigation some 325 thin sections of the rocks have
heen examined. The results may be summarized as follows:

Quartz is the most abundant mineral, generally appearing
as interlocking grains, often Witl_l sutured edges, and showing
crushing and strain shadows. 1t is generally colorless although
the blue variety was seen in a few slides. 1t often contains inclu-
sions of tourmaline, epidote, and graphite.

The feldspars are represented most qften by orthoclase,
including Carlshad twins. The plagioclase is most often albite,
with lesser amounts of oligoclase and, in a section of rock from
Lincoln which is possibly voleanic ash, calcic plagioclase. Micro-
cline is more rare and microperthite was noted in a few sections.
The orthoclase is often kaolinized and sericitized. Apatite is
common and is seen as fine needles.

Of the amphibole family, hornblende occurs as a hornblende
schist on the western slope of Mount Mansfield apd fragmantal
hornblende is rather common in the metamorphics. Of course
the amphibolites of the Morristown valley show the greatest

oV n * . . .
dv'\l‘%gpg}lrioienes are generally so alter(_ad that identification is
uncertain. Enstatite was seen in a few slides. .

The mica family is represented chiefly by sericite but there
is also much muscovite and lesser amounts of Liotite, these chiefly
in the mountain rocks. Ottrelite is found in the phyllite of the
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Worcester valley, and the Fourth Range, as well as in Barre
and the Lake Willoughby region.

The red almandite is the most common member of the garnet
family and it occurs in the metamorphics pretty much all the
way from the Mountain Border fault to, and including, the
Fourth Range. 1t is abundant on the Mansfield and Sterling
ranges and reaches its maximum in amount on Mount Hunger
where, hesides appearing as individual grains, it occurs in pinkish-
colored masses. The largest grains are seen just north of Mount
Elmore and in the eastern side of the Worcester valley. A lighter-
colored garnet, probably grossularite, is noted in some of the
sections. The green uvarovite occurs in one or two of the sections
from the Worcester valley. Chromite, the probable source of
this garnet, occurs in the northern part of the State and increases
in amount to the international border.

Of the chlorites, clinochlorite is the most common, diabantite
is found in a good many sections; penninite in a smaller numkher.
Other members are probably present but time has not permitted
the use of heavy liquids for their determination.

Common epidote, or pistacite, is the most frequent member
of the epidote family seen in the sections. Zoisite was found in a
number of the slides and clinozoisite in a few. In the amphibolites
the hornblende is, in places, extensively altered to epidote and
chlorite.

Titanium-containing minerals are abundant throughout the
metamorphic region. Of these minerals titanite, or sphene, and
ilmenite (or possibly titanomagnetite) occur in many of the
sections while rutile is much less common. Sizable fragments
of ilmenite were picked up along the mountain trails. Where
the mineral is titanite it is, in places, altered to an amorphous
mass of leucoxene and calcite.

Of the pneumatolytic minerals {those requiring the hydroxyl
(OH) radical, fluorine, or boric acid for their formation] stubby
tourmaline crystals and needles are sparingly present in the
Brigham Hill graywacke. They are abundant in the Westford
schist, the “zone of mixed metamorphics” (Plate 2), and east-
ward across the mountains to the Fourth Range. They occur
scattered through the sections, but in places in nests of crystals,
indicating the proximity to igneous masses. Pegmatite veins
(off shoots of granitic bodies), which also require “mineralizers”
for their development, are found in Jeffersonville, and in the
traverse along the Winooski River highway, while li{-par-lit
injections occur in the gneisses near Essex Junction.

Detrital, stubby zircons are very abundant in the rocks from
the Mountain Border thrust to the Worcester valley. Graphite
begins to be abundant in Underhill and continues across the
mountains and valleys to the end of the traverse. Sizable frag-

Iments are noted along the various mountain trails, especially

a
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on the Mansfield and Sterling ranges. The maximum develop-
ment is in Johnson. ] )

1 Pyrite is the most common sulphiple. Besides being found in
the sections, it occurs in cubes ranging from an inch to t_hree-
eighths of an inch in diameter. One or two specimens, sent in for
identification, show tetra-hexahedral, strlgted faces. A good
many pseudomorphs of limonite, after pyrite, are also received
at the Geologist’s office. Pyrrhotite, in the form of fragments or
of dust, is frequently noted in the sections. Large masses are
found in Ludlow. ) _

A small occurrence of chalcocite and associated mal.achlte was
found on the Parrot farm, north of Malletts Bay, this summer.
Malachite staining is seen on the toll road .of Mansfield. -

The iron oxides, hematite and limonite, as decomposition
products, are seen in most of the slides. ‘ -

Calcite or dolomite is noted in ?ometof tgf sections. Ankerite
is probably present in the gneiss of eastern Stowe. _

' I()}((;ld oc}é&)rs in the gravels of Gold Brook, in Stowe, and in
the stream gravels in the northern part Qf the Worcester valley.

Tale occurs along the Hell Brook trail of -Mount Mansfield
and around Sterling Pond. Its other extensive occurrences
throughout the length of the State have been given. '

There are other minerals in the metamorphics whose 1(_ient1ﬁca‘-
tion is uncertain. These will require separation from their associ-
ates and the use of heavy liquids, of known refractive indices,
for their determination. They will be considered in a future

Report.
Metamorphism of the Rocks

he region studied is one of regional, 1ow-grade‘ meta:mqrphlsm
(p.T 26), f’he rocks of which belong in the thorlte, Biotite, a}ngi
Garnet zones and never rise to the Staurolite, Cyanite, or Silli-
manite zones. In Grubenmann’s classification (p. 27) the rocks
o the Meso, or middle, zone.
be}%ﬂ% %righam Hill graywacke, Westford schist, and “belt of
mixed metamorphics’’ belong to the Chlorite zone, the lowest
chlorite development being found in the graywacke; the highest,
in the “mixed metamorphics.” The Missisquoi formation of t_he
Morristown-Stowe and Worcester valleys is also rich in chlorite
and, of course, chlorite is found in varying amount all along the
traverse. ) )
Biotite begins to appear in the Underhill valley and continues
along the traverse to, and including, the Eourth Range. It occurs
in certain belts: In the Underhill valley it is found in cons1de_rable
quantity; along the Main Range, sparingly. 1t is practically
absent in the Morristown-Stowe valley and on Mount Hunger
but appears in the Worcester valley and on the Fourth Range.
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In the Worcester valley it is seen retrogressing to chlorite. The
absence of biotite in places where almandite garnet is abundant
is noteworthy and suggests that it has been used up in the forma-
tion of the garnet or that the biotite-making minerals are absent
in these localities. :

Almandite is the chief garnet, while grossularite and uvarovite
occur here and there. Garnet begins to appear in the southern
part of the Westford schist and increases in quantity in the
Green Mountain series. 1t is rather plentiful in the Mansfield
and Camels Hump rocks and in the Sterling Range. Garnet is
practically absent in the Missisquoi formation but is found in
large development in the muscovite gneiss of Elmore Mountain
and just north of it, where almancite shows a large development
and retrogression to chlorite. Almandite reaches its greatest
development, as regards quantity, on Mount Hunger and in
the east sice of the Worcester valley; while, as regards grain
size, its maximum development is seen north of Elmore Mountain
and in the cast side of the Worcester valley. Here, too, the garnet
is retrogressive. Garnets also occur in the phyllite of the Fourth
Range. Metamorphism thus increases in intensity to the east.

Dynamic metamorphism is seen in the schistose and gneissose
structure of the metamorphies and has so.obliterated the former
structure of the ancient sedimentary rocks that Iedding planes
are difficult and, indeed often impossible, to recognize. Dynamic
metamorphism has also keen responsible for the coarsening in
texture along the mountain crests, where solution of the quartz
under pressure and subsequent recrystallization have produced
very coarse gneisses, secn especially along the southern part
of the Mansfield ridge.

1t is believed that some of the biotite and garnet development,
at least, is duec to thermal metamorphism, the heat for which
has keen furnished by granitic intrusives. indications of the
presence of such bodies are seen in the occurrence of tourmalines
in the rocks along the traverse and of pegmatite noted in various
places, while the great granite batholiths in the Fourth Range
stand nearest to the maximum development of the garnets.

This theory is supported by some thin-section studies in
Brookfield and Barre. Bear Hill, in Brookfield, is formed by a
fold in the Orleans phyllite and is eleven miles, in an air line,
from Barre. No intrusives occur there.

The section of the Bear Hill rock shows a delicately-banded,
schistose rock, made up of fine sials, and sericite perfectly oriented
and highly chloritized. Long, narrow rods of magnetite, and
titanomagnetite considerably altered to leucoxene are noted,
lying chiefly in the schistosity, and there is a little pyrite or
pyrrhotite. Several large porphyroblasts of penninite and other
chlorite, muscovite, and sial grains occupy consiaerable areas.
No garnet or biotite is present. Faint beading planes, at about
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60° to the schistosity, indicate that the rock occupied a position
towards the top or bottom of a fold. o

The second section was cut from the phyllite in Barre, on
Millstone Hill and several hundred feet from the Wells and
Lamson granite quarry. On one side of the section the texture
is somewhat coarser and muscovite, to some extent, has re_pla('od
the sericite. Elsewhere in the section sericite and chlorite are
greatly reduced in amount and the slide shows a mosaic of fine
sial grains with minute laths of muscovite and fragmenta,l
sericite. The plentiful chlorite of the Bear Hill section is here
much reduced in amount. Tiny tourmahqe'crystals ar;.d_large
apatite needles are noted. But the most ‘str‘lklng change is in the
appearance of biotite and garnet. The biotite occurs 111'prlsn1at,1f:
and basal sections, lying in the schistosity and also cutting across
it. lts maximum grain size is 0.78 x 0.33 mm.; its minimumn,
0.05 x 0.02 mm. These biotite grains are numerous and make up
perhaps six to eight percent of the slide. The slngle euhedml
almandite garnet, 1.2 x 1.1 mm. in diameter, 1s only slightly
chloritized. 1t includes grains of magnetite which have contrib-

‘ o its formation.
th%(‘lhz third section was cut from phyllite at the edge of the
quarry. A small part of it is, in mineral composition and structure,
like the preceding slide: phyllite studded )Vlth l)orphyrobla.s‘gs
of biotite and one or two almanaite grains. I‘ll].(? chlorite is
present in moderate amount. Beyond a quite sharp line of demar-
cation there is an abrupt change: Chlorite has a!l but olsgppeared
and the ground mass is a mosaic of fine sial grains in which there
is a riot of biotite, in prismatic and basal sections (ma?ﬂmum
size, 1.00 x 0.55 mm.; minimum, 0.03 x 0.01 mr.n.),. many 1nclud-
ing, as before, grains of magnetite but smaller in size and less in
amount than in the two preceaing sections. Almandite garnets
are very numerous, large (maximum size, 1.50 x 1.40 mm.;
minimum, 0.03 x 0.02 mm.), generally anhedral, and contain
numerous inclusions of orthoclase. There are algo a few grains
of uvarovite and numerous grains of grossulaylte, including a
fine eubedral section. Numerous fine tourl_nahne erystals run
through the section. A few laths of muscovite are noted and a
small amount of leucoxene. ) o ‘

Thus metamorphism, gradually increasing m grade fr(_)m the
Chlorite zone of Bear Hill to the Biotite-Garnet zone g)f Millstone
Hill, with its granite batholiths, is beautifully shown in the study
of these three sections.

Although metamorphism, in the areas covered by this investiga-
tion, never rises above the Garnet zone, higher grades of meta-
morphism are known in Vermont. Professor Doll, in his work in
the Newport region, has found crystallized staurolite, and this
mineral, associated with biotite and garnet, occurs in the old
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abrasive quarry at Gassetts, in Chester i

brasi setts, er township. Moreover tl
writer has fognd erratics containing crystals lé))f staurolite 11181
Groton. an.mte. occurs in Irasburg where fine specimens have
been obtained. Sillimanite has not been reported.

. _l]i‘li)rtherdwgrlﬁ on tc}fe metamorphism of the Vermont rocks
will be undertaken and published in g f g

Goole P in a future Report of the State

Petrogenesis
Chemical Analyses!
<o A B c D E
i0, 75.88  65.05 62.96 60.94 61
%1203 11.03 14.47 18.18 21.98 18.?3
;03 0.57 2.37 4.0¢ 0.8 0.78
FeO 2.24  4.04 3.87 414 6 14
TiO, 0.52 0.72 0.5¢4 078  0.69
31110 trace trace 0.08 trace 0 45
‘\//Iaoo 049  2.10  1.12  0.32  0.00
Mg 0.83 1.8 194 192 104
K0 6.18 3.22 2923 424 39
No.O 0.94 2.8 1.57 0.58 287
H,0—(105°C) 0.25  0.30  0.25 0.30 0.02
H + 0.90 2.8 2.8 3.44 283
CO, 0.00 0.00 0.00 0.00 000
P05 0.26  0.09 0.22  0.13 not det.
not det. not det. notdet. 0.76 «“
S0, 0.20 <« o«
Total 100.09 99.91 99.85 99.93 99 63

A, Brigham Hill graywacke
B, Westford schist

C, Mansfield gneiss (summit)
D, Hardwick phyllite

E, Lake Willoughby phyllite

The many minerals present in these rocks contai
molecules in common to permit a satisfactory calcullgt:gr(l) (?f1 2}61111%7
%:)erce.nt qf each mineral but, making the most liberal allowances
or 8i0; in the feldspars, biotite, sericite, garnets, and chlorite
“LG' may arrive at the excess SiO, which forms free ’quartz. Doing’
this we find, for A, about 47 percent; for B, about 32 percent;
forN?O, about 4;1 ‘percen(fi ; and for D, about 38 percent 7

reover, it is noted that the percent of MgO exc
Ca0 in all the analyses but B; W}Iiile K0 excggeds l)iTCaege(()iSirf};ﬁ o

lAnalyses A, B .
years ago.y » C, D, by Herdsman, Glasgow, Scotland. Analysis E, by the writer.

S
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According to Holmes!, the double test of greater MgO than
(a0 and greater K;0 than Na,O was found to indicate a sedi-
mentary origin, as against an igneous origin, in 76 percent of
the rocks investigated. Holmes also notes that another test,
though of less value than the foregoing, may be applied, that
of the percent of free quartz present. “If a metamorphic rock
is found to contain over 50 percent of normative (free) quartz,
there is good reason to suspect a sedimentary, rather than an
igneous, origin.” In our recasting none reaches the 50 percent
figure, although A and C approach it.

As the result of all the evidence, field and laboratory, and
especially the presence of graphite in A, C, and D, the writer
believes that the rocks studied in this investigation, with the
exception of the Westford schist, are of sedimentary origin. .
The case of the Westford is open to question.

1t is scen that the Lower Cambrian Brigham Hill graywacke
differs markedly in its chemical composition from the rocks
B, C, D, E. 1t is more closely akin to the Cheshire quartzite
with which it is closely associated, while the mountain rocks
show a striking kinship in their chemical composition. B and C
represent Pre-Cambrian rocks which have been thrust onto the
Lower Cambrian; their analyses show a sort of chemical uncon-
formity with the analysis of the graywacke.

The writer concludes that the Cheshire is a metamorphosed
sandstone, in places very pure; in others, highly ferruginous.
The Brigham Hill is a thrust micro-breccia rather than a mylonite.
The schists and gneisses have resulted from dynamic and thermal
metamorphism, resulting from mountain folding and from the
presence of intrusive (chiefly granitic) bodies in the rocks.

Non-Technical Summary

To summarize what has been written, in language as free as
may be from technical terms: The Green Mountains are made
up of two chief members, the Main Range, with its associated
Sterling Range, and the Worcester Range. Another, ill-defined
range, which forms the eastern wall of the Worcester Valley,
does not properly belong to the Green Mountains but lies on
the western border of the Vermont Piedmont, which is a pene-
plain.

The mountains and intervening valleys are formed of meta-
morphic rocks—that is, rocks that were once conglomerates,
sandstones, and shales but now, owing to the pressure to which
they were subjected; the heat in the depths from which they
came, and the heat from masses of igneous rocks intruded into
them; and the chemical action of solutions and gases in the rocks,
are chiefly quartzites, gneisses, schists, and phyllites.

1Petrographic Methods and Calculations; Arthur Holmes, Thomas Murby and Sons,
London; and D. Van Nostrand, New York (1930).
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From many sections of these rocks, cut to the thic
tissue paper (about 0.03mm., or 0.0012 inch) and stul((iigziesviiﬁf
the aid of the petrographic microscope, the individual mineral
constituents are seen in their relationships to one another, the
conditions under which they were formed, and the chajnges
whleh have gone on in them—such as alterations to othe;"
minerals, progressive changes to higher grades of metamorphism
or retrogressions to lower grades—are noted. From these studies
and from the evidence of chemical analyses we judge whether
or not the parents, so to speak, of these metamorphics were
sedimentary of igneous—and the conclusion is that, with the
possible exception of the Westford schist, they were seéimentarv
The rocks are vastly old. Those of the Fourth Range and in
fact, all of the Vermont Piedmont, which extends eastw,ard
practically to the Connecticut River, are phyllites, slates, and
crystalline hmestoqes, known by their fossils to ke of Ordox;ician
age, perhaps 440 million years old. North of Montpelier the phyl-
lites have been thrust under the next older rocks (instead of
upon them, as would be the normal relationship) which are the
Missisquoi schists and gneisses, probably of Cambrian age
(althogg_h no fossils have as yet been found in them) and some
500 million years old. This Missisquoi formation makes up the
western side of the Worcester valley and all of the Worcester
RamgeZ extends across the Morristown-Stowe valley, and rests
unconformably on the eroded edges of the most ancient rook:g
of ail, the Ple—Cambrian, at least a billion years old. These most
ancient _metqmorphws make up the Main Range of the Green
Moun'gams, incluaing Mount Mansfield, the Sterling Range
ind Camels Hump, and extend westward to the Mountain
order fault, as shown on plates 3 and 2. This Mountain Border
fa,plt zone, which by no means always borders the present moun-
tilns (%ny more than the Champlain fault always follows the
shore of Lake Champlaln) is made up of the Cheshire quartzite
the Rutland QOloxnlpe, and the Brigham Hill graywacke rocks
kr}oyvn by their fossils to be of Lower Cambrian age, ox;er 500
million years old. These rocks mark the transition from the
phyliites, schists, quartzites, and gneisses of the Green Mountains
to the legs metamorphosed dolomites, slates, conglomerates
and breccias of the Vermont Lowland. ’ N
Farther west lies the Champlain thrust fault which marks
?ggﬁ:egftiinsgloni th(i's time between the ‘“less metamorphosed’
e Lowlan i -
rocks of the powland and the practically non-metamorphosed
) hgvmg seen of what substances the rocks were made, let us
inquire how and when the mountains were folded and u’praised
ana th@ thrust. faults were developed.
President Hitchcock was quite right in saying that the folding
and thrusting force came from the Atlantic, that is from the
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southeast. The axes of the flutings under the Rock Point over-
thrust show this to perfection, while the axial trends of the
mountain ranges also indicate it. The tangential thrusting forced
the ancient strata into anticlines and synclines (swells and hol-
Jows) and overturned them somewhat to the northwest, so that
the northwesterly dips are greater than the southeasterly. The
tangential pressure also furnished the “dynamo” for the dynamic
metamorphism which is seen chiefly in the foliated schists,
phyllites, and gneisses.

This inconceivably great tangential pressure not only folded
the rocks into mountains and lesser ridges but it also seems to
have moved them as a whole (since no thrust faults have been
found within the mountain mass) to the northwest. In the longi-
tude of eastern Westford the rocks were incapable of sustaining
the thrust, unfractured, any longer and so they broke and
developed thrust faults: the two great ones already mentioned
and many minor thrusts lying between them. The thrusting
finally exhausted itself, probably by increasing friction with
the underlying beds, so that the Foreland was but little affected
by it. From Schuchert’s time table (p. 11) it is seen that the
Green Mountain folding is believed to have taken place in late
Ordovician time, possibly some 400 million years ago.

Probably somewhat later than the folding eame the uprising
of igneous rock matter (magma) under such enormous pressure
that it uplifted and penetrated the strata and finally crystallized
to form great granite batholiths, and more basic bodies from
which our serpentine, tale, and asbestos were formed. The heat
of these batholiths and the volatile material emanating from
them aided the thermal metamorphic action on the intruded
rocks and extended it for considerable distances.

Hand in hand with mountain folding and uprise went the
wearing down action of weathering and erosion until today we
sce the not result of these opposing forces of upbuilding and
downeutting in the anticlinal Fourth Range, the synelinal Wor-
cester Mountains, the division of the old anticlinal Mansfield
mass into the synclinal Sterling and Mansfield ranges with the
anticlinal Smugglers Notch between them, and the anticlines
and synclines of Macomber Mountain, Hedgehog Hill, and the
other foothills of the Green Mountains.



The Geology of Clay Point,
Colchester, Vermont

CuarLes G. DoLL
UNIVERSITY OF VERMONT

Introduction

Clay point consists of a rounded hillock of rock ¢
. a

tklle_ Champlgm clays and is situated on the shore of Lakg Ig}(}a};}:
pfam one mile north of the entrance to Malletts Bay, in the town
of Colehester, Vermont. On the topographic map it is located
in the southern part of the west subquad of the Milton quad-
xe?llgle. The area considered in this paper lies alout one mile
west of the Champlam fault and comprises a shore strip from the
ex_tlremg end of the point southeasterly for a distance of a quarter
;nl e. ’Ihls_ site is interesting for its display of varied geologic
iatures within a small compass, especially those exhihitfng rock
?) ructures. 1t is an excellent outdoor laboratory for students of
oth general and structural geology. Its proximity to the Cham-

lain overt ich it i j i
%)mportazlecle.hrust of which it is a subjacent part, is of further

Stratigraphy

Of first importance are a serie i
‘ ) s of intercalated, thin-b
%reélac.e(_)us limestones and calcareous shales of 1,1pper rr??dd(ﬁg
Or oglcla'n age, the Tr'enton shale formation. A basic dike is
intruded into these sediments and may he Cretaceous! in age

A deposit of Pleistocene mari :1e i
the eposit of Pleistoc arine clays and beach sands overlie

Petrography

The strata range from one half ¢ i i i
_ The o ten inches in thickne
v arfy in shades of a dull gray, from a light shade on the wea’fieﬁgg
:ﬁ;lzge r’)c(()) an almost lkflgck (;n the fresh surface. The fine-textured
ssess a well-developed cleavage, and
undergone a plastic condition. The ¢ e b v
lerg . . shales comprise th
;najorlty of the sediments, and interbedded v»il’:c)fl Sf?hgnf frr: a;
ecW Iéal(*irgw layers of partially laminated shaly limestone and
rossbedded arenaceous limestone. The crossbedding is distinctly

marked by fi - . .
surface. y fne, rust-colored lines of sand on the weathered

ICambrian Succession i 7 !
Lith of this Sopienccessior (11%21;.%r4f.)1fwestem Vermont, Arthur Keith, Rpt. Vt. State Geol.
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The dike rock is stained brown by iron oxide on the weathered
surface and is black where unweathered. It is a medium-textured,
homogeneous rock, and probably a camptonite.

Geologic Structures

The exposure is a part of the extensive shale formation directly
underlying the Champlain Overthrust, and as a consequence
of this position and the lithological character of the rock, it
contains a splendid variety of structural detail, as the figures
in the accompanying plates show. The most outstanding features
are a large anticlinal fold, two overturned synclines, one recum-
bent fold, normal and reverse faults of different magnitudes, and
a pronounced cleavage. These structures will be descrited pre-
sently in some detail, along with the less conspicuous features.

A general view of the south side of the outerop (Plate 1, fig.
5), discloses a broken anticline with displaced strata throughout
the arched section, the majority of the displacements having
oceurred along the planes of cleavage in the shales and along
fractures in the more massive thin-tedded limestones. The anti-
cline plunges about 12° N10° E and is overturned asymmetrically
to the west. Plate I, fig. 2 shows a portion of its rounded crest
which is also overturned. The structure in this anticline is some-
what complicated by steeply overturned west limbs cut through
by at least three thrust faults, the locations of which are designat-
ed by letters in the figure. West of this series of thrust faults and
bordering fault “a,” lies a rather flat, symmetrical syncline
overturned to the west (Plate I, fig. 7). The axis of this syncline
plunges 38° N10° E and the axial plane is inclined 70° SE. The
gently inclined limbs are mildly undulating to the contact at
thrust fault “a’” (Plate I, fig. 7 and Plate 11, fig. 1).

Approximately 210 yards southeast of the anticline and beyond
the beach (Plate III, fig. 2), is a recumbent fold overturned to
the west (Plate II, fig. 4). On the nose of the synclinal fold in
Plate I, fig. 1, the thin layers of weaker rock are intricately
crumpled and step-faulted (above hammer) in the direction of
the cleavage. During folding the form of the weaker layers was
determined by the more competent adjacent beds. Many interest-
ing minor structures are frequently present on the limbs of the
folds, especially in the incompetent members of a series. The
anticline herein described, possesses some of these features.

Gravity faults in step-like fashion, ranging from displacements
of a fraction of an inch to a little more than an inch, are numerous
on the exposed limbs. The specimen illustrated in Plate 1, fig.
3, is a typical example of these step-faults with small displace-
ments. The specimen is composed of shale with an upper surface
of thinly banded calcite. The differences in brittleness of the two
substances affected the attitudes of the fault surfaces in each, the
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inclination in the more brittle calcite layer being much the steep-
er. It appears that during compression the more frangible calcite
layer fractured as each successive section slid along the much
less inclined cleavage of the shale. The separate blocks became
tilted slightly toward the upthrow side, and where the calcite
bands were faulted more than their thickness they have been
pressed into the softer shale in an underthrust-overthrust
relationship, depending upon the direction of pressure.

While the stratum was undergoing tensional strains during
folding, as each stratum moved upward past the one below, there
was a tendency to fault normally along the fracture and cleavage
surfaces. At the same time the tensional forces were active upon
it, the confined layer was also being subjected to compression.
This is seen in the thrust relationship of the calcite band men-
tioned above. Not in all cases do the faults continue across the
specimen, but they die out, an example of which may be seen
on the surface of the lowermost faulted section. The miniature
fault escarpments are sinuous in outline and, on the highest
portion of the upper surface of the specimen, they form branch-
ing faults by merging. Slickensides on the surface of the specimen
are the result of slipping along the bedding surface during the
process of folding, and indicate the direction of the movement.
These striations occur on the bedding and fracture surfaces
in the exposure wherever a strong development of calcite has
undergone movement. The slickensides have a general east-west
trend.

The confinement of fractures to brittle layers is shown in
Plate I, fig. 6, in which the dips of the fractures in the limestone
strip are much steeper than those of the cleaved shales on either
side. Faulting has occurred along some of these fractures and,
in consequence of the filling of open fractures, calcite veinlets
occupy many of them. Within the limestone stratum itself the
fractures are not equally inclined, for in the lower laminated
portion they dip in an opposite direction. This dip change may
be due to structural reasons as well as to differences in degree
of brittleness, since the laminated boundary is where the change
in dip begins. A top view and bedding surface of this layer is
shown in fig. 9 of this same plate. The surface is strongly crenu-
lated, and when closely observed the crenulations appear to be
related to the fractures into which they develop in the rock.
The direction of elongation of the crenulations is the same as that
of the cleavage in the adjacent shale, and athwart the direction
of movement of the layer in folding. Plate I, fig. 4 is a “close-up”’
of several layers of the syncline in fig. 7, illustrating minor fault-
ing in the cleavage direction. Throughout much of their lengths
the brittle, arenaceous limestones exhibit “pinch and swell”
?tructure, portions of which have been severed into separate
enses.
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Besides the multitudes of minor displacements within the
exposure, it is traversed by several large thrust faults, the sur-
faces of which begin with rather steep dips, becoming less so
down the dip. The terminations of these faults at the earth’s
surface are indicated in Plate I, fig. 5, by the letters “a,” “b,”
“c,” and ““d.” These faults represent an imbricated structure
and are the result of the overturning of the anticline, with the
subsequent rupturing of the west limbs in a complicated manner.
The severed anticline is a good example of a break thrust. The
thrust fault zones are characterized by a pronounced develop-
ment of calcite.

Thrust fault “a’” strikes N8° W and changes in amount of
dip from 55° E at its emergence to 38° E a short distance down
the dip. The fault surface conforms generally to the direction
of cleavage in the shale, rarely to the bedding. This fault can
be traced northward for half the length of the exposure. Thrust
“b” has a northerly strike and dips 33° E. Thrust “c”’ also strikes
in a general northerly direction and varies in dip from approxi-
mately 41° E to 58° E down the dip, where it joins thrust “b.”
The surface common to both of these latter faults strikes N8° E
and dips 26° E. The surfaces of these faults begin with steep
1nclu}at10ns? but at depth lose their steepness perceptibly. Fault
“d” is vertical and follows a fracture rather than the cleavage
in the shale. Downward, fault “d’’ merges with fault “c.” The
downward tapering block between faults “c”” and “d,” has the
ih?’pe of a keystone. The light-colored layer at the top of fault
“d” has been displaced approximately six inches. The manner
in which these faults unite at depth, gives them an imbricated
structure. Plate 1, fig. 8 illustrates faults “b,”” “c,”” and the lower
Baf’t of vertical fault “d.” Plate II, fig. 1 shows thrust fault

a’’ on the west side of the exposure, the hammer handle leaning
against the upthrow block.

The southeast-trending cliff beyond the beach in Plate III
fig. 2, is pervaded by faults and flexures of many descriptions,.
Plate 11, fig. 5 illustrates a small clean-cut thrust with overlap
and a flaw fault. Fig. 6 in this same plate shows an example of
drag along the surface of an apparent normal fault, the drag
revealing the direction of the relative movements on the fault.
Soxpe of the large faults in this cliff have a steep westerly dip
while many of the smaller ones stiike and dip at various other
angles. These intricate and seemingly chaotic structures appear
to be characteristic of such weak rocks as shales which have been
subjected to strong pressures. From the attitude of the over-
turned folds and the majority of the large faults, and from the
close horizonal relationship of this formation to the Champlain
Fault, it appears that the latter was responsitle for the pressures
and resulting movements. The Lower Cambrian escarpment
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of the Champlain Overthrust stands about a mile east of this
exposure.

A series of prominent fractures with strikes ranging from
N70° W to N85° W, traverse the whole exposure. These fractures
change from vertical to extremely high northerly or southerly
dips. In some instances they persist throughout the exposure,
while in others they are discontinuous. They have a slightly
curving strike and dip, and merge into each other in places. 1t
is along one of these fractures that a basic dike, prokably of camp-
tonite rock, cuts the exposure. The dike strikes N75° W and dips
85° SW. it has a maximum width of eleven inches and extends
a distance of about twelve feet when it pinches out. Two feet
south of this pinched out terminus the dike again appears with
a tapering end, and continues to the top of the exposure (Plate
11, fig. 2). The pinched out ends of this dike serve as evidence
against offset Ly faulting. Rather, the explanation of offset is
found in the discontinuity of the fractures; that is, the fractures
through which the molten material intruded, are discontinuous
where the dike peters out, but connected in another direction.

There are no visible exomorphic effects in the shale, except
at the tapering ends of the dike where the shale has been altered
at the contact into a three sixteenth inch band of hornfels. The
hornfels is cream-colored and possesses a very good conchoidal
fracture. Although the cleavage of the shale has been practically
obliterated in the hornfels there are spaise occurrences of elon-
gated pyrites to indicate its direction. The shale bordering the
hornfels is a little more massive, tougher, and darker than it is
farther away from the contact. Occasional fractures cross the
dike from side to side. A maze of less conspicuous fractures cut
through the exposure.

An outstanding structure in this exposure is the cleavage of
the shale. This cleavage has the characteristic of slaty cleavage,
in that it possesses a fairly uniform strike and dip in a structural
unit, as a fold. 1ts relationship to the bedding is strikingly shown
in Plate 1, figs. 1, 2, 4, 5, 7, and 8. In these views it can be seen
that the slaty cleavage varies from perpendicularity at the crest
and in the trough of a fold, to much less an angle to the tedding
out on the flanks. The bedding and slaty cleavage almost coin-
cide on the flanks of isoclinal (parallel limbs) folds. The slaty
cleavage was formed during folding of the shale. As the adjacent
beds slipped past one another the shale was induced to split
into thin plates, a consequence of the parallel orientation of the
platy and columnar minerals during metamorphism of the shales.
In Plate 1, fig. 5, the relationship of the slaty cleavage to the fold
would tend to show a stress application substantially normal to
the slaty cleavage, although some of the movement may have
been rotational.
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This secondary structure, slaty cleavage, is of special import-
ance to the structural geologist. He uses it in determining major
structures. Cleavage frequently denotes the strike and dip of
axial planes in folds. Field evidence has shown that the cleavage
in a fold coincides with the axial plane which bisects the fold and
includes its crest. In Plate 1, figs. 2, 5, and 7, the axial planes dip
to the right which is east. A knowledge of the relation of cleavage
to folding will enable an olserver to locate himself on a fold,
determine the trend and angle of pitch, and the amount and
direction of overturning. It will be recalled from above that
cleavage and bedding in a fold have an angular relationship,
perpendicular at the crests and in the troughs, and at some lesser
angle on the limks. Since folds terminate somewhere along their
strike and, therefore, have a pitch, a horizontal section looks
very similar to a vertical one and has the same application.
Plate I, fig. 7 illustrates the similarity between both vertical
and horizontal sections in the field.

Very often a geologist finds only a part of a fold exposed. It
then depends on his al ility to apply the above principles correctly
to determine his position on that fold and, if possible, the kind
of fold it is. This exposure has the advantage, in that the student
can apply the structural principles to the more or less complete
structures present, and so acquire a reasonably good working
knowledge of structural fundamentals.

Cleavage is generally steeper than the bedding, which relation-
ship would inaicate that the fold is right side up. The unbroken
portion of the anticline in Plate 1, fig. 5 displays this association.
However, sometimes an occurrence aiscloses the Ledding steeper
than the cleavage, which would signify oveirturned strata. The
broken section of the anticline demonstrates overturning, and
the close-up in Plate 1, fig. 8 shows both normal and overturned
beds. 1t is fortunate that the overturning in the anticline can be
seen without the use of the above criteria, which in turn, serves
as a check on them. Using the above crite:ia in Plate 11, fig. 3,
an overturned anticline lies to the left and an ove: turned syncline
to the right (west). The younger formations lie to the west,
since one traverses increasingly younger lecs fiom the crest
of an anticline to the trough of a synecline.

The angle and direction of pitch in a fold may be had from the
trace of the bedding on a cleavage surface or from the bedding
surface itself. Both of these methods are applicable in this ex-
posure. Although the slaty cleavage has a fairly uniform northerly
strike and easterly aip, it is found upon closer examination to
vary somewhat as a consequence of faulting. immediately under
fault “a” the strike and aip of the cleavage is N10° W and 46°
NE, respectively, and above this fault N15° W and 52° NE,
respectively. Just below fault “L’’ the strike is N11° E and the
dip 43° SE. Under fault “c” and close to it the strike and dip
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readings are N20° E and 68° SE, respectively. Th i
the still intact portion of the ax’lticlirr)le has);, geneer(iafleal‘\ﬁ%(g 1}131
trend a,nd“dl’x’)s steeply to the southeast, but near the contact
’Y‘ig] ;%glt 3 tthe strikte ch}?nges to a more easterly one, N23° E
ve data seem to show i '
wa§ di(siturtl))eéi gl faultingflhat the earlier formed cleavage
esides bedding which is so plainly delineated in this
by changes in color and shades, several other primary s:rﬁ%zi%:
are observable. They are crossbedding, textural gradation, and
Fosmble mud-cracks. Crossbedding occurs in the a-rena::eous
imestone, on the weathered surface of which it is definitely
outlined by rusty, sandy lines (Plate 11, fig. 7). Crosstedaing
is one of the best criteria for determining a stratigraphic sequence
If it is concave upward and truncated at the top, the stratum
is right side up. Crosstedding also shows the teds in the broken
sector of the anticline (Plate I, fig. 5) to be overturned. Durin
deposition .the'coarser materials find their way to the bottongl
first, resulting in a gradation to finer sediments at the top. Plate

I, fig. 6 exhitits a textural change with the coarser laminated -

layer at the bottom. Mud-cracks are f i
\ ormed when moist d
are exposed to the atmosphere and sunlight. The mud cIrIal,%k:
;)r;c&egcl)lgffolr)l?lt s}iairl)esﬁas 41t cﬁntracts in drying. The fracture
’ H . G >
RO mud—cracks., g. 4, which is on a bedding surface, re-
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Historical Geology

The geologic history of this area begins with the deposition
of the Ordovician sediments of Trenton time. Limy muds,
occasionally arenaceous, were laid down in this part of the sea.
At times mild currents gave rise to fine laminations and cross-
bedding in the more sandy layers. The sea bottom was probably
not very deep here, as is evidenced by the crossbedding and
possible mud-cracks. It was probably an extremely wide shore
area, in which, when the tide receded, certain portions were
exposed to the atmosphere. Although fossils are not found here
because of metamorphism, they occur in the rocks of this forma-
tion elsewhere, and so it seems logical to assume life to have been
present here also. After deposition of the Ordovician strata the
region was raised above the sea, not to be submerged again
until the end of Pleistocene time.

However, long before this latter submergence took place,
the Ordovician sediments were subjected to great compressional
stresses which imparted to them the slaty cleavage during fold-
ing, followed by faulting. Very likely all of the different kinds of
structures now present were induced during a single orogenic
process, but not necessarily in such profusion. These rocks probab~
ly experienced at least three orogenies, namely, the Taconic at the
end of the Ordovician, the Acadian at the end of the Devonian,
and the Appalachian at the end of the Paleozoic. Itislikely that
during one of these diastrophic periods the dike was intruded
into the Ordovician sediments.

A great hiatus exists between the unconsolidated Pleistocene
deposits and the Ordovician beds over which the former lie
unconformably. Apparently this area did not receive deposits
during that long time, because of the elevated condition of the
land ; instead, erosion was going on. Before the deposition of the
Pleistocene beds the area was over-run by the continental glacier
whose erosional effects are present on the outcrop as a smooth
surface with grooves and striae. The direction of the markings.
in Plate 111, fig. 3 is N5° W. Crystalline erratics lie strewn about
on the beach.

The Pleistocene beds consist of marine clays (capping exposure,
Plate I, fig. 5) containing clay concretions and fossil molluse
shells. A layer of beach sand in which the mollusc shells occur
in even greater abundance, overlies the clays about 100 feet
east of the exposure. The marine stage during which time the
Pleistocene deposits were made, lasted from the time the reced-
ing ice mass reached a point in the St. Lawrence Valley to the
rising of the rock threshold in the Richelieu spillway at St.
Johns, Quebec. The position of the Pleistocene beds at the present
time reveals uplift of the land since glacial time.

Of the more recent developments, shoreline features can be
studied here with some profit. Plate III, fig. 2 illustrates a cres-
centic beach between two rock headlands. In Plate 111, fig. 1,
an island is tied to the mainland by a tombolo.
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readers of this report that six different quadrangles should be
represented in so small an area.

There are six definite reasons for the selection of Vernon, Guil-
ford and Halifax for field work:

1. They all lie directly south of Brattleboro and Marlboro whose
geology has been worked out by Professor C. K. Cabeen of
Lafayette College.

. They make Professor Richardson’s work continuous, in the
eastern half of the State, from Canada southward to the
Massachusetts State line.

3. They carry the field work eastward to the Connecticut River

for the third time in recent years.

4. Halifax, the westernmost township studied, contains the ero-

sional unconformity between the Ordovician and pre-Ordo-

vician (probably Cambrian) on the eastern side of the Green
Mountains.

5. The presence of both acid and basic intrusives whose mineral
composition has never been worked out and published.

0. The fact that no detailed field work has ever been done and no

petrographic study ever made of the sedimentaries,

3

The detailed field work was essentially done during the sum-
mers of 1933 and 1934, although some work was accomplished with
Professor C. K. Cabeen during the summers of 1930, 1931, and
1932, I wish to express my indebtedness to Carl Hugo Almfelt,
a graduate student at Syracuse University, who has been of great
assistance to me in my field work during the last two summers.
The field relations of the different terranes in Vernon, Guillord,
and Halifax are difficult to determine. The three townships are
hilly, glaciated and in fact densely wooded. With a heavy glacial
till and a dense growth of underbrush actual contacts hetween the
different terranes are extremely difficult to find. Contacts were
found on Windmill Hill in Westminster and on Putney Mountain
but none has been discovered in Halifax.

An aerial map and a cross-section showing the distribution of
the different terranes accompanies this report (Plate V),

The area involved in this report has, in the past, been mapped
as purely sedimentary but both acid and basic intrusives have been
discovered and, so far as possible, their locations shown on the
aerial map. It is interesting to note that some of the rocks con-
sidered by earlier geologists as highly metamorphosed sediments
are now definitely proved to be granite gneisses. The presence of
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ine i i ic sli ntiates
a large amount of microcline in the microscopic slides substa

this view. ]
‘Drainage

The drainage of the area involved in this regort 1s :'O tthe ehat(s:‘;;
X ief river is the Connecticut w
south and southeast. The chie ctieut e
i irecti d marks the eastern boundary
flows in a southerly direction an . undary o
1 the North River flows southerly
the area. The east branch of : T AR Aty
ies i in North River a little north o e ,
empties into the main 1 orth ot urne Falls
flows easterly in the no pat
Massachusetts. Broad Brook ; orthem part
i ties into the Connecticut Riv
of Guilford and Vernon and emp : ver in
Each of these three rivers re
the northern part of Verno.n. s
several small tributaries which have only local names and need n
be mentioned.
Topography
There are two broad U-shaped valleysh tra\frerljmg tﬁczﬁz
in this r j lley is that of the Con
covered in this report. The major va pnecien
i ; is that of the East Branch o
on the east; the minor valley is t : ot t
North River in the western part of Halifax. Th-ese are pre g}zgzi
valleys. The numerous transverse valleys are in part pre-g
and in part post-glacial. . )

Certg.in altitudes that may be of 1x}terest are given l‘)elogr.. Sogllz
of them were taken with an aneroid barometer while doing he
field work. others were taken from contour maps of tthef %;:fn;n

i is in the southeastern part o ,
olved. The lowest altitude is in cast : :
‘;O(;/ feet ; the highest is on a round mountain in 11.01therfl Hahfa_x:
:vhich re’vistered 2,034 feet. A round mountain mn Hahfax. reglsd
tered 1 929 feet. A mountain south of the same village 1‘f:£<grlstle}‘1'f:t
1,834 i:eet. Pulpit Mountain, in Guilford, 15:1’2,49 fee‘t. . ;?e
Mountain in Guilford, is 1,424 feet. Governor’s l\Iournt};;un,lltptude
northeastern part of Guilford, registered 1,823 feet. l}‘1 62 9a() 1)Eeet
of Vernon station is 310 feet. Vernon Center churc .

South Vernon Junction is 275 feet.

Geology and Petrography
The geology of Vernon, Guilford and Il-(Ilagfax llsfmtlrtlc(;xt?n E;d
i - . u e ~
' < < sist of highly folded and fa
complex. The rocks consts ly Lol nd Tanled mesa”
ics ¥ invaded by intrusives of mo
morphics that are often inv. ) : more than ohe
i i tion. These rocks range 1rom q .
period of introduc : : rtzose marbles
i zi with no trace of a
to feldspathic quartzites or gneisses, o Lossil con-
i hly chloritic and epidotic
t, and from phyllites to highly wd nic
Zi?xi%t%—in fact some of the rocks listed as of sedimentary origm



88 REPORT OF THE VERMONT STATE GEOLOGIST

in this report are so highly metamorphosed that it is extremely dif-
ficult to prove that they were not of igneous origin. This holds
especially true of some of the rocks now listed as hornblende schist
and chlorite schist. The intrusives range from soda granites
through diorites and gabbros to amphibolites. In the petrographic
laboratory, under polarized light, the microscope tells us what the
individual constituents in both the sedimentary and igneous rocks
are now but it does not always reveal with certainty the mineral
composition of the original rock. In some instances what con-
stituents have been subtracted and what added, and under what con-
dition various solutions were introduced, we do not know. The
question naturally arises, were solutions rich in iron, aluminum,
calcium, magnesium, and titanium introduced to form the horn-
blenes, zoisite, epidote and rutile now so abundant?

The sediments vary in age from the Cambrian to the Ordovician.
There is no positive evidence of any pre-Cambrian or even Lower
Cambrian formations in the arca covered by this report, nor is
there any evidence of any sedimentary rock younger than Middle

" Ordovician. The intrusives range in age from the Cambrian to
the Carboniferous and possibly to the Triassic.

Cambrian

The term Cambrian as here used denotes a group of highly
metamorphosed sediments which lies between the eastern foothills
of the Green Mountains and the erosional unconformity that
separates the pre-Ordovician terranes from the Ordovician, The
Cambrian formations consist of a series of highly folded and
faulted feldspathic mica schists, often sufficiently coarse textured
to be listed as gneiss, feldspathic quartsites, chlorite, schists, horn-
blende schists, biotite schists, and sericite schists that were de-
rived from the erosion of the Algonkian land mass to the west
during Cambrian time.

That these terranes, listed as Cambrian, are post-Algonkian and
pre-Ordovician in age is proved by three facts:

1. They all overlie the Algonkian gneiss that flanks them on the
west.

2. They all underlie the Irashurg, Albany, and Northfield con-
glomerates which have been definitely proved by fossil con-
tent to be of Ordovician age.

3. The lowest group of Cambrian sediments is the Sherburne con-
glomerate,

T
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Upper Cambrian

There is no evidence of Lower Cambrian rocks in the. a:gz
covered by this report. Upper Cambrian rocks chlo occgr l?)rian
. m
ifax. The terranes listed as Upper La
western part of Halifax. o o D ey rocks
i i highly folded and faulted se 1
comprise a series of ded . . entary Tocke
i - bas trusives. he schis
have been invaded by basic i he schist .
;l;lz; be listed as chlorite schists, hornblende schists, biotite schists,
i i icac tzites.
ovite schists and micaceous quar S ) ,
musl%efore taking up the general discussion of the above named
terranes several significant questions may be raised.

1. Was the deposition of sediments continuous on the .easte?m side
. of the Green Mountains throughout Cambrian times ¢ L ower
2. Did deposition begin with the Sherburne\/[c_odnd%b%ieratt)ei;rll]? oW
. ian ti ith the Middle Cambrian:
Cambrian time and cease w1 ' o
3. Did deposition begin with the Upper Cambrian zu}d c?ease wit
. the uplift that came at the close of t.he Cambrlan.h Creen
4. Is the Middle Cambrian entirely wanting east of the Gr
Mountains ?

The field evidence is that deposition began in Lower fam};rg.lr;
time with the Sherburne conglomerate as the oldest ment tﬁr (iower
i nt conglomerate 1n the
series. The presence of an appare e o the ome
i hel schist would imply that sedimenta
portion of the Bet st wo ety | ; nwas not
i ing C : this conjecture can be p
continuous during Cambrian time. (
by subsequent field work in Windham 211'1(11 Tow?'she'?d thrfl: ilr:
i he break in the continuty ca
seems rational to assume that t . : ntin :
Middle Cambrian time. The rocks listed 1n'th15 report in the
western half of Halifax must be Upper Cambrian.

Chlorite Schist

The chlorite schists are fine grained, green, sch'istose and }Elllghlz
metamorphic rocks. Chlorite or some relat'ed species of the E‘t 01;1 e
group, is the dominant mineral, while epldot‘e and mal%ne ite are
invari;bly present. Quartz grains and plagioclase fe stsgaisstem

i i i t. In the extreme northw
either wanting or sparingly presen . ' hwestern
i i belt of chlorite schist with s

t of Halifax there is a broad

Ir)l?)l;th 40° east and dip of 45° southeast. The outcrop extends west

into Whitingham.
Cavendish Schist

The Cavendish schist is a dark gray, fine to medi.um glrained,
highly metamorphosed, sedimentary rock. In Cavendish, the type
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locality, the essential minerals are quartz and biotite. The rock is
often hornblendic and the hornblende sometimes replaces nearly
all of the biotite. Among the accessory minerals epidote is very
abundant. A plagioclase feldspar is invariably present, but usually
in small amounts. Garnet, tourmaline, chlorite and magnetite are
common, Zoisite, zircon, rutile or titanite are found in many
slides.

A broad belt of this mica schist flanks the chlorite schist on
the east in Halifax and extends across the entire township. The
strike is north 40° east and the usual dip is from 45 to 50° south-
east. The biotite is fresh and unchloritized.

Missisquoi Group

The Missisquoi group of terranes comprises highly garneti-
ferous muscovite schists, sericite schists, sericitic quartzites, chlorite
schists and hornblende schists. This group of terranes has been
followed southward from the international boundary on the north
to the Massachusetts State line on the south, a distance of 150
miles. The mineralogical content of the sericite schists and sericitic
quartzites in the northern half of the state is fairly constant, but
in Bethel biotite begins to replace the sericite and in Halifax the
rock becomes a biotite schist in some of its outcrops.

Sericite Schist

In structure the sericite schists are finely laminated, schistose
and granular. In texture they are fine to medium grained. In
color they range from a silvery white to a slightly greenish tint.
In some instances the green color is due to the chloritization of
biotite and in others to the chloritization of hornblende. In both
instances the green color is intensified by grains of epidote which
result from the interaction of the feldspars and the ferro-magnesian
minerals. The only essential minerals are sericite and quartz. If
the sericite is in excess of the quartz the rock is listed as a sericite
schist, but if quartz is in excess of the mica it is called a sericitic
quartzite. The normal accessory minerals are biotite, albite, garnet,
magnetite, pyrite and apatite. The secondary minerals are epidote
and chlorite.

On the Hinesburg-Reid Hollow road in the northern part of
Guilford the strike was north 20 east and the dip was 45° west.
By the concrete bridge there is a fine grained, very quartzose rock
with strike north 20° east and dip of 45° southeast. One-half
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mile northeast of Green River there is an extensiyle(t outc%‘osp f?-i ;
i biotite schist. The strike varie

medium to coarse textured o esterly

0° west and the dip 1s .

north-and-south to north 3 ; o7 e
beds found in the Ordovic

It does not correspond to any A o

is i i i ds found in the Cavendish schist.
ranes but is identical with be _ S
i brian or else the Cambria S
ypears to be an outlier of the Cfxm '
?egn brought up by a fault. It is flanked botch upon the east and
west sides by Ordovician limestones and phyllites.

Chlorite Schist

There are thin beds of chlorite schist in the Missiquo(xi .grogg
and in the underlying Cavendish schist that conform in 1dp ?as
strike to the enclosing sedimentaries.v Such beds are regardec
of sedimentary origin for the following reasons:

he beds.

1. The extreme narrowness of t ’

2. The presence of an appreciable amount of well rounded quartz
orains. ‘ _ .

3. Their conformity in dip and strike to beds of unquestioned sedi
mentary origin. ) ‘ L '

4. The absence of any alteration by igneous intrusions in the walls
of the enclosing sediments.

5. The absence of any plagioclase feldspar that could not have been
derived from sediments.

If the above interpretation is correct then the age .Of thzsﬁ
chlorite schists would be the same as t'he age of the en‘clostllngosedo_
mentaries. These beds of chlorite schist do not oceur in t eh r >
vician although there are some beds in the Ordovician that ar

iti itizati biotite.
hloritic from the chloritization of ‘ ) 3
= The chlorite schists that cut across the sed1m§ntar1.es aile rcd
garded as of igneous origin but they do not occur in Guilford an
Halifax. '
Hornblende Schist

There are lenticular beds of hornblende thist in Hahfaxhpttlt

the arguments in favor of a sedimentary 1(irlg'm Ef tlké(z;e ;; n1lslas1
i igi '] so fully in the

and of an igneous origin were given

Report of the Vermont Geological Survey, pp. 332-333 that they

need not be repeated here.

Ordovician

The term Ordovician as here used embraces the series of fsetdhl—
mentary rocks that lie unconformably upon the east flank of the
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Cambrian terranes. They consist essentially of limestones, slates
and phyllites. The structure of the phyllites is anticlinal and svn-
clinal.

Waits River Limestone

The Waits River limestone, or quartzose marble, does not occur
in mapable areas in Vernon and Halifax. However, there are
very narrow beds of limestone interstratified with the phyllite in
these townships. In Guilford, to the west of Fast Mountain, and
to the east of Guilford Center, there is a long narrow belt of the
Waits River limestone. The strike is north 20° east and the dip
is about 45° easterly. In the central part of Guilford there is a
broad belt of Waits River Limestone. It lies east and south of
Governor’s Mountain. Some slides show 75 percent of calcite and
25 percent quartz. Some of the outcrops are susceptible of a good
polish. The general strike is north 20 to 30° east. The dip on the
east side is to the east 45° and on the west side the dip is 45° west.
This formation does not extend far south of Green River,

TMemphremagog Group

The Memphremagog group comsists of slates, phyllites and
quartzites. In the northern half of the state the slate has appeared
as a continuous belt from Northfield to the international boundary
on the north. South of Northfield the belt has been more or less
broken. On the eastern side of the Ordovician terranes slate has

appeared in nearly every township southward from Waterford to
the Massachusetts State line.

Slate

There is a long narrow slate belt in the extreme western part
of Vernon and the eastern part of Guilford. The strike varies
from due north to north 20° east. The dip is invariably at a high
angle sometimes to the east and sometimes to the west. Two miles
south of Guilford there is a slate quarry with dip on the west side
85° west, and on the east side of 20° east. This quarry is traversed
by a fault. On the fault plane the slate is much crumpled and
broken.

At the intersection of the north-south road with the east-west
road from Vernon the slate dips 85° west and the fault es east
of these quarries. Two and eight-tenths miles south of Guilford
there is a large quarry on the west side of the road with dip nearly
vertical. Three and seven-tenths miles south of Guilford the slate

<
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on either side of the road dips nearly vertically.
‘Brattleboro Phyllite

The term, Brattleboro phyllite, has been applied.to all‘fthe
phyllites that flank the Cambrian terranes on 'the east in H]fl:j (?)il
Vernon and Guilford lie almost wholly on phyl'htes w1t.h interbe de
limestone. The general strike of the phy_llltes varies fromh ue
north to north 30° east. The dip varies widely. .In 'Ehe nort ;:,61:
part of Vernon, on the Broad Brook road, the strike is nor(‘{hh
east and the dip is 50° west. Two milgs up Broad Broolz road t e;i
is a large exposure of phyllite with dips ?rom 80 to 8? wefst. i
the Broad Brook Falls bridge the phyllite has a strike o .nli)r'
20° west while the dip is vertical. Abovt? the brldgs the strike t}is
north 20° east. Six feet away the strike is north 10° east and the

ip i ° east. )
e (l)snf—sfo;rth mile east of the north-south road, on the 1?11,
there is an outcrop of highly metamorphosed, ﬁne gramed phy! 1tza1
cut by numerous quartz veins, some two fee.t in width. One ian
seven-tenths miles south of Guilford there is an outcrop 5oof s att):r
phyllite with strike north 20° east and dip 85 ‘ cast to 8 we'sd;

Half way down the west side of the mountain there is a ri
tourmaline vein one foot in width from which fine showy specimens
red. ' .
Can};);sts e;fu Halifax Center there is an outcrop of a highly garneti-
{ferous schist, probably phyllite. E.ast of this outcrop therells zlm
outerop of garnetiferous phyllite with some crystals of hornblende.

odcid Intrusives
The acid intrusives are confined to Vernon and Guilford. They
consist of granites and granite gneisses.

Granitee und Granife Gueisses

Granite outcrops do not occur in Halif.ax but they are numerous
in Vernon and Guilford. None of them is of extensive individual
dre%;.wo and nine-tenths miles south of Brattleboro t}’}cre is @
small outcrop of granite on the west side of the road lea.dmg south
to Vernon. Three miles south of Brattlehoro there 1s ano?her
small outerop of granite. These two are probably connected. T our
miles south of Brattleboro there is a much larger outcrop of granite
in a fresh road cut. Tt is traversed by seven quartz veims some of
which cut across the gneissoid structure of the granite. Some of
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them are three feet in width. Two hundred yards south of this
outcrop and on an cast-west road there is an abandoned granite
quarry, from which much stone has been removed. The m?nerals
in order of their abundance are oligoclase, quartz, microcline, ortho-
clase and biotite. The accessory minerals are apatite and zircon.
The seF911(1a1')* minerals are epidote, white mica, kaolinite, chlorite
and zoisite. The quartz is crushed and granulated. Seven-tenths
of a mil'e south of Vernon there is an outcrop of gneiss that is very
fine gramed. One mile south of Vernon there is an outcrop of
granite gneiss on either side of the road. The gneissoid structure is
very pronounced.

One-half mile west of the River Road, on the first west road
north of Vernon there is a small granite outcrop in phyllite.

There is a granite outerop on the southern end of the Brattle-
boro Quadrangle, just west of the Vernon town line; but in Guil-
ford, on the right hand side of the road going south, this granite is
coarse grained and has been extensively quarried. One-half mile
from the Guilford-Massachusetts road, on the first east-west road
north of the state line, there is an outcrop of biotite granite. This
granite is coarse grained and the area is not extensive.

‘Basic Infrusives

Basm.mtruswes occur in Vernon, Guilford and Halifax. They
are assoclated with the Cambrian and Ordovician terranes. They
consist of amphibolites, diorites and Gabbros,

Diorite

Just west of the amphibolite’ outcrop there is an extensive out-
crop of diorite. This extends south into Massachusetts and west-
ward for some two miles. The rock is from fine to medium
grained and n.lassive. Its prevailing mineral constituents are horn-
]:1@11.(163, a plagioclase feldspar, oligoclase to andesine, and secondary
calcite. It also carries some pyrite and magnetite.

In .thc western part of Halifax, on the east side of the river,
tlle}‘e is an outcrop of a very massive diorite that cuts a black
§phntery mica schist at an angle of 70°. The strike of the rocks
is here north 60° east and the dip is south.

In the extreme northern part of Halifax there is a diorite that
cuts the Cambrian schists, It is fine grained and massive.

1D . .
Professor Richardson did not locate the amphibolite outcrop. Eb.
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Gabbro

In the southeastern part of Vernon, about two miles west of
the Connecticut River, there is an outcrop of a very coarse textured
gabbro. Its mineral composition is coarse hornblende, augite and
feldspar (oligoclase to andesine). It is associated with the diorite
mass that extends westward past Lilly Pond and is probably a
phase of this great intrusive.

Paleontology

No fossils have been found in the pre-Ordovician terranes on
the eastern side of the Green Mountains. The relative age, there-
fore, of these formations must be determined by their stratigraphic
position, continuity and lithological characteristics. The pre-
Ordovician terranes as they appear in Halifax are unquestionably
post-Algonkian, for the base of the Cambrian series is the Sher-
hurne conglomerate which overlies the Algonkian. The terranes
underlie the Irasburg, Albany and Northfield conglomerates which
form the base of the Ordovician in eastern Vermont. If the con-
jecture is correct that the Bethel schist carries a conglomerate bed
in Windham, then the Cambrian terranes as they appear in Halifax
are upper Cambrian, for they overlie the Bethel schist.

The Ordovician terranes here unquestionably overlie the upper
Cambrian, with an erosional unconformity separating the two
groups of formations as in northern Vermont. It is unfortunate
that no well defined beds of graptolites were found in Vernon,
Guilford and Halifax. ITowever, several samples were sent from
the abandoned slaje quarries in Guilford to Dr. Rudolph Ruede-
mann, State Paleontologist, Albany, New York, for examination.
Doctor Ruedemann writes, “These may well have Leen graptolites
but they are too far gone to be recognized any more. These elliptical
films all have a median line of depression. I have had frequently
similar limonite patches in graptolite shales that originated from
pyrite crystals and that have misled many.”

I also sent two samples from Northfield, Vermont. Concerning
these Doctor Ritedemann writes, “One slab contains undoubted
graptolites. The long bodies are clearly Phyllograptus, like Phyllo-
graptus angustifolius in outline. The smaller ones are forms of
Diplograptus. By turning the specimens in the light one can
clearly see the traces of the original structure, especially the thecal
walls near the margins. [ have seen, east of here, graptolites go
through all stages of the disappearing act where the shales grad-
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ually change into phyllite and schist. The same must be true of
these.”

Concerning the second sample Doctor Ruedemann wrote, “The
coral-like hody is certainly most suggestive. Corals are rare in
these carly Paleozoic rocks. It might more probably have been a
cephaloped. It suggests in outline one of the many Cyrtoceras
forms of the Trenton formation, but of course retains no septa and
therefore is inconclusive.”

The Paleontological evidence was given so fully in the Biennial
Report of the Vermont State Geologist, 1927-1928, that it need
not be reproduced here.

Economics

There are no known commercial metallic minerals in Vernon,
Guilford and Halifax or in their immediate environs. However,
there are some non-metallic mineral products of commercial
significance.

The granites of Vernon and Guilford are susceptible of a good
polish and can be used locally for monumental or constructional
work. A considerable amount of granite has been quarried in both
Vernon and Guilford but the quarries are not exhausted.

In the Guilford valley there are many abandoned slate quarries.
The slate has a fairly good rift and splits readily into slabs three-
sixteenths of an inch in thickness. It is well suited for roofing
purposes and constructional work.

One-half mile west of the Connecticut River, on the Broad
Brook road, there are five gravel beds opened up for road con-

struction. The supply of this glacial gravel is ample for many
years. '

. < r -

The Cambrian Rugg Brook Formation
of Franklin County

B. ¥. HoweLL
PriNcETON UNIVERSITY

Buff and salmon weathering sandy dolomites of Cambrian age
have long been known to be present along the western border of
Vermont, but it is only recently that geologists have come to
realize that these ‘“Red Sandrocks” (as the earlier investigators
called them) include beds of several different ages. The strati-
graphy and structure of the belt of Cambrian and Ordovician
sedimentary rocks which parallels the eastern shore of Lake
Champlain are so complicated that the determination of the ages
and relations of the numerous formations present has been an
unusually difficult task, which is only now nearing completion;
and one of the most troublesome parts of the problem has been
the determining of the age, the stratigraphic relations, and the
most probable mode of formation of these dolomites, which,
although now known to have been deposited at several different
times in the Cambrian Period, all look so much alike that, even
after careful study has demonstrated that they were deposited
at different times, they still present some puzzling questions to
the geologists who are trying to classify them.

At least four different more or less sandy dolomite formations
are now known to be present in the Cambrian stratigraphic
column of northwestern Vermont, and there are sandy dolomite
beds in two of the other Cambrian formations of the region.
Two of the four main dolomites—the Winooski and Mallett—
are known from their fossils to be of Early Cambrian age. A
third—the Milton—has recently yielded fossils which indicate
that it was deposited in Late Cambrian times. The fourth—the
Rugg Brook-—has not yielded any fossils, and its age is con-
sequently still doubtful. The other two formations, in which
sandy dolomite teds occur (although the formations, as a whole,
are not dolomites) are the Parker Shale and the Mill River
Formation.

When first examined by geologists, the sandy dolomites of
northwestern Vermont were all spoken of as the “Red Sandrock,”
and no idea was entertained that they were referable to more
than a single formation. Recent studies by Professor Schuchert,
Dr. Arthur Keith, and others have demonstrated that the Win-
ooski and Mallett dolomites are distinct stratigraphic units,
and that there are other dolomites still higher in the section.
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At first it was thought that only a sinele i i
;};flai 9p2rgesetrllt above :cl}\(} %\/Iallett, ar};d for t%is %?0%3;}}1%11‘?;5;23
' the name ‘“Milton.” Since 1923 it has been di
that the Milton in its type district, near Mi e
i I , ilton, con
%pgeafr to be Late Cambrian fossils?, while some of ‘?h«;c adlz)llsorZﬁ?(S
Ke ts farther north that had been included in the Milton by Dr
Stelt};lgmve }‘foen found to underlie the late Middle Cambrian
M;lm a]gs S]}}a.le, and are consequently older than the type
faed ‘ 'n.l 3r . xelth st1H used the name “Milton” for these older
. s in 1932% but in May 1933, Professor Schuchert (in his paper
re ﬁyred to above) placed most of them in the Parker Shale
éwdlch was known to have interbedded in it some sandy dolomite
k l?e Sl)%’ and the rest; of them in a new formation, which he called
the ugg Brook Conglomerate (op. cit., pp. 356, 359, 363, 365
, 3.68), and which he considered to be of Middle ’Cam’briari
ai)ge,k smSce he knew ’ghat it was separated from the underlying
tha;t (;10‘ hale 1t)y a_sedune;ntary and erosional break and he thought
ot 1t \év}almsl g ratigraphically continuous with the overlying St.
In the summer of 1933 the writer made a v i i
tion of the dolomites between the top of t?lreylelfﬁﬁgftd]%xoai?&g?e
arllld the base of the St. Albans Shale, and discovered evidence
which seems to him to indicate that there is a depositional and
e}rlosmnal break between the Rugg Brook and the St. Albans and
¢ a},;c.. some of the dolomites which Professor Schuchert placed
1}1{1 is 1933 paper, in the Parker Formation, really belong in the;
ugg BrookA while others of them are of Late Cambrian age
. Professor bchucher@ called the Rugg Brook a “conglomet‘gafe”
S(e;(rzra;usef t%e beds which he assigned to it were conglomeratic.
; e of the additional beds which the writer would add to this
Fgrmzﬂc}on are also conglomeratic, but some of the others are not.
Fglrvrgaltsiorrf%’soirrl] tgle (vivrltfer‘%refers to use the name ‘“Rugg Brook
, stead of * ”
wlig)lefstratigraphic 1ot ugg Brook Conglomerate” for the
rofessor Schuchert defined his Rugg Brook Congl
dolomite conglomerate, which weathe%%d a salmongcc())lrtl)ll:3 3}& ?vsaz
;1sually less than 20 feet thick. He stated that the type locality
or the formation was on Rugg Brook, less than three miles south-
west of St. Albans; and he added that the conglomerate occurred
in at least two other localities—the Conner Farm (about a mile
southwest of St. Albans) and near Rockledge (about three miles
north of St. Albans). He said that the matrix of the conglomerate
was composed of round-grained sand, cemented by dolomite
and that the boulders found in it, some of which were as much

1Keith, A, C i i . ;
5, 1923 . 115, ambrian succession of northwestern Vermont. Amer. Jour. Sci., 5th Ser., vol.

2Schuchert, C, C i ‘o .
Jour. Sci., 5th Ser., vg]r.ng;aﬁ)g;dp.oggg.v ician stratigraphy of northwestern Vermont. Amer.

3Keith, A. Strati
Acad. of Sci., vol, 23, %%%i;’é%ﬁé?é‘fmre of northwestern Vermont. Jour. of the Wash.

.
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as two feet in diameter, were from the Parker or Mallett forma-
tions, or occasionally from the Winooski.

The writer would, as a result of his studies, now re-define the
Rugg Brook Formation as a sandy, sometimes conglomeratic,
salmon brown to buff brown weathering gray to buff colored
dolomite. This dolomite is believed to outcrop along the strike
only from a point three miles southwest of St. Albans to about
four miles north of that town: and it not only does not outcrop
anywhere nearly continuously for those seven or eight miles,
but is actually absent entirely at some places along the strike,
where the St. Albans Shale can be seen to lie directly on the
Parker Shale. The greatest thickness of the Rugg Brook that is
exposed, or can be surmised with any certainty, is about 75 to
100 feet. 1% varies greatly in thickness from place to place, and
usually measures only from 10 to 40 feet from top to bottom.

The exposures usually stand up as knobs or ridges, as they have
resisted erosion better than the Parker and St. Albans shales
beneath and above them. The beds always dip to the east, but the
dip varies from place to place because of the thrusting which has
affected them. The southernmost outerop believed by the writer
to be referable to this formation is a small one, not far north of
the road which runs east from Everett School to St. Albans Hill.
The exposures which show the formation at its greatest thickness
are about a mile southwest of the southwestern outskirts of St.
Albans, on the Conner Farm and adjacent farms, where about
75 to 100 feet of sandy dolomite,. often with pebbles of similar
rock or of white weathering gray or buff sandstone, up to six
inches or more in diameter, outcrop. The best developed con-
glomeratic bed in the known Rugg Brook is near the top of the
formation, on the Conner Farm, where boulders of sandy dolo-
mite and sandstone as much as four feet in diameter may be
seen. At the base of the formation in this area the contact with
the underlying Parker Shale is exposed, and can clearly be seen
to be a disconformity. There are small exposures of the Rugg
Brook on the road from St. Albans to St. Albans Bay, and for
a short distance to the north; but for two miles northeast of that
locality there are no good outcrops of Cambrian rocks, and the
position of the St. Albans Shale and the underlying Rugg Brook
have to be guessed at from float boulders and the position of the
exposures of those formations northeast and southwest of that
covered area. Then, from a point northwest of School 3, two

miles north of the northern outskirts of St. Albans, the Rugg
Brook is exposed almost continuously along the strike for about
two miles, until it thins out and disappears a mile east-southeast
of Swanton Junction. The two places where it can be seen in
contact with the St. Albans Shale are close to, and half a mile
south of, the northern end of this series of exposures, where the
contact can be seen to be a disconformable one. The formation
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is repeated by thrusting west of this northern end of its area
of exposure, and some of the western exposures are conglomeratic.
The Rugg Brook outcrops along the strike in a belt parallel
with the St. Albans Shale. It does not show at the surface quite
as far south as the St. Albans, whose southernmost known
exposure is half a mile south of the road running from Everett
School to St. Albans Hill; and it thins out to nothing a few hun-
dred yards south of the northernmost known exposure of St.
Albans Shale. The distribution of these two formations is, how-
ever, so nearly the same as to suggest either that the two forma-
tions are related in origin or that they are limited in their present
distribution along the strike by the same cause. Professor Schuch-
ert assumed in his 1932 paper that the Rugg Brook was the
basal formation of the beds laid down during the depositional
eycle in which the late Middle Cambrian St. Albans was deposited,
and he therefore placed the Rugg Brook in the Middle Cambrian.
The discovery of a disconformity between the Rugg Brook and
the St. Albans makes this interpretation open to doubt, although
it does not entirely disprove it. But the additional discovery that
the two formations are cut off on the strike at both their northern
and their southern ends by the Upper Cambrian Mill River
Formation, so that the failure of both to extend farther is prob-
ably due to that fact alone, makes the similarity in areal distri-
bution of the two of less significance. 1t is to be kept in mind in
this connection that, although the Rugg Brook, as exposed, does
not extend quite as far north or south as the St. Albans, it is
always intermittent in its outerop, and may, before having been
eroded away, have extended farther in both directions. 1t should
also be recalled that the disconformity above the Rugg Brook,
and its discontinuous distribution, presumably mean that that
formation was partly eroded away before the St. Albans was
deposited on top of it. v
The Rugg Brook beds must have been laid down in shallow
marine waters. They are almost always sandy, and they some-
times include small lenses, and occasionally beds, of almost pure,
gray-weathering sandstone, some of which are more than a foot
thick. The grains of sand in these beds vary in size up to half the
size of a pea. They are usually of normal size, however, and are,
most of them, more or less rounded. Small pebbles of the gray-
weathering sandstone are common in some of the more dolomitic
beds. As they weather more slowly than the dolomitic matrix,
they stand out in relief on the weathered surfaces of the latter.
Professor Schuchert has stated that the Rugg Brook contains
boulders derived from some of the underlying formations; but
the writer has not been able to discover any boulders in this
formation which he felt sure came from any beds beneath it.
Its conglomeratic beds seem t6 him to be more probably intra-
formational, or at least mainly such.
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In one outerop, about one zmcfl ‘1l{ half rélileskso)g:c)}llgﬁtt é)f ()Srrzagg
i <8 00 €,
ton Junction, angular blocks of Rugg rh (Dolomite, 000 o
d a half feet long and six inches thick, c
licxllletlﬁeolrt)i)vzrrl p:rt- of the St. Alhans.Slllmle;d bugtt}(ili) ilsc(‘:;ui) fog}l}}g
known to the writer in which undou i e >
%{(lrl)gogsuBrioolll{O;'e to be found in the St. Al_gansdfborril)a;t1g2}.m(3hert
Dr. Keith! has stated that fossils, considere t};} r. Schuchort
- Cambrian age, were found in the 3
Egnglaorcilfeg%ir(}ybed of the Rug’g Brooksforglﬁ)tlon %3115‘0 nt()):;zht }(1)2
i to St. ans Bay; - th
the road running from St. Albans o Bt Albans Doy eeerd i
writer is informed by Professor Schue eh o
d that these fossils came from the ma fe -
i?a(‘:{g%‘éc?sn which are now considered to be in the Parker Forma
tlolr};ltil fossils are discovered in t_he Rugg Brookdformfaotgl(;r;t;f}:
age must remain doubtful, since it is separated by 1SSCI§ml itic:
from the Parker Shale below and the St. Albans ; BE] (; mbriari
It may have been deposited n?a{i téle engnfc)ifl gﬂoegl g;ime i
i i not have been laid down 1
:ilxgels/ii?itﬁg Iél;glbrian Epoch. As the St. Albans Sh:a%letlseoefn v;:}rsé
late Middle Cambrian age,lD ha tlonfgﬂtllem% a(;l}f?gseéihaleé WWithout
i its formation an at o e Pa ale.
grfr)lr(ae %irif‘?us(i)vre evidence than is now avallame,.vve can sfzhgg
more of the age of the Rugg Brook than that 1tt) is yolgl;g T
the Parker Shale and older than the St. Al ams:lc o, R
believes that the Shelburne Formation was dec{)fc)il i d et
the time of the formationnof thesi[.{ugg E)r?gii?;ha{' : Sime of t1e
i of the St. Albans. Since no toss / d
%iyltllll%: %%vg{lburne, however, its c?ge‘ g§13§;¥§i£2yth'%ﬁ eo{ v:c}l;ef ()Ir{&gé;;_
t yet be determined wi . A
g;?lgkxfli; r;;)osglibly be of approximately the sam(}e1 agSe};ellkl)lu }]riesz
aper published in 1932 Dr. Keith? stated that]:3 t 1{3 il
fs underlaid conformably in the region aroundB u; ﬁn%whieh o
O ot o cg rrelaﬁes“ﬁ%}tlog’l’g'%ﬁ%gtheri(zlentity of this
hat time spoke of as the i ; i
?(grfn:tion Witﬁ the true Rugg Brook can not ﬁe %)rt%xggg fe(x)’r; 151 aﬁ
present time, and the question of the ages of all o
tions must remain for the present an open one.
10p. cit., p. 371

2Op. cit., p. 361.
3Loc. cit.





