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‘ STATE OF VERMONT
QFFICE OF STATE GEOLOGIST

BURLINGTCGN

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

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

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

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 IL
Richardson, and James H. 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, 1 have attended to the
large correspondence connected with this office and have advised

with various people on their geological problems.
Respectfully submitted,
Ereringe C. JACOBS,
State Geologist.

Fleming Museum,
University of Vermont.
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Introduction

In his First One Hundred Years of Amertcan 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

1 New Haven: Yale University Press (1924).
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i ttempt at a geological map of America, and has ca,useg
ie;’r];ist%gr to é)ecome lginown as the father of American geology.d
On the map “A continuous rangé of mountains was ﬁ%ure
extending from northern Maine, along its wesiern boun aé"g,
through eastern Vermont, western Massachusetts, aCross STOE -
castern New York and New Jersey to Pennsylvania, et_(ﬁ t.ese
mountains were made up, according to the early classifica ioil,
of “Primative rocks,” which included granf,g:a,‘ggn(?ms, _mma;s ate
(sehist), clay-slate, ‘“‘primative limestone,” “primative i'_ape
(basic igneous rocks), sienite (syenite), porphyry, ;,s’erperi_ me:
and others. Maclure included in his “Secoqdary rocks‘ tht(ai 1y
stones and slates “skirting Lake Champl_am about Ticonderoga
By int.” ) )
an%h(ér(‘j‘?é;tl:i’guous ran%e of mountains” evidently included the
ntaing and the Taconics.
Gr';‘(li- %1?8111: agitation for a geological survey of Yermong was
made as early as 1836 and the first state geologist, Pro e_ssgi
Charles Baker Adams, was appointed in 1844. Since t_hgr} eig 5
state geologists and many other geologists, both wit 11} ?].’Illis
without the State, have contributed to our knowledge o ;
corcmonwealth but, although Vermont is predominantly mou;l
tainous, geological igvestigatmns have been carried on very
in the lowlands. _ ]
]ar%(ﬁlg rg;s%ns for this preference are not difficult to find. Gg(;f}ioglﬁ-
ing in the Green Mountains is especially arduous a1:1d difficuls.
The mountaing are in general heavily wooded; the rock maii%eg
much broken and difficult of aceess. The lower slopes &rc:i-i man te
with glacial accumulations and, in the field seasons, ran ve%e_ a-
tion which too often hide important contacts. The moun! éx_ms
are made up of metamorphic rocks in which fossils, the gu;1 1};{1{;
stars of the sedimentary geologist, are almost unknown; so tl_ gh‘a
stratigraphy of the rocks has perforce to be based on 'l'bliac
similarity, or thin section study, and in most cases 18 1mpossi%tﬂ.
Furthermore, the subject of metamorphism was but httle
“understood by the early geologists. The petrographic mlerosqoge
and, with its aid, the study of thin rock sections d}d not come in {;
use until about 1870. Without these aids the mvest;g,atlol? of
metamorphic rocks is futile. The chemical analyses of rocks is
an important aid to the geologist but the earlier anajyses were
far from aceurate and so not critical in their findings. -
Small wonder, therefore, that wise geologists ha:\:e kept toh he
lowlands with their fossiliferous strata, and let “fools rush in
angels fear to tread.” . '
WhTe;zz ﬁr%st geologist to include a consideration of the G_re%n
Mountains in his investigations was President Edward Hitch-
cock of Amherst College. In 1857 President Hitchcock was mylteg
to take charge of the geological work in Vermont. He associate
with himself his two sons, Edward Hitcheoek, Jr. and Charles
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H: Hitcheoek (who was later Professor of Geology in Dartmouth
College), and Albert D. Hagar. Hitchcock 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 classifly 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 collection
for the Cabinet of specimens valuable in an economical 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, ete.

Hitcheock notes that eminent geologists of his era were not
agreed upon the character of the metamorphic roeks of Vermont
and that ““this has been a sort of battle ground for opposing
theories.” However, he is satisfied that s, “mighty wave of meta-
morphie influence has swept over the State from north to south,
increasing in intensity as it advanced.” We shall have to take

“exception to the direction of the “metamorphic infleence.”

President Hitcheock 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

‘ “hav_e been_thrown into a sueccession of folds while in a semi-
~ plastic condition by a force from the direetion of the Atlantie,

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, Newfane,

~ 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 remarkably

.sharp, bringing the strata into an almost perpendieular position.”

He further recognizes that the schists and gneigses are “not only
crampled together but pressed down by the lateral thrust of the
mountaing towards the west.”

A good deal of Hitcheock’s work is still valuable, particularly
the locations of economic minerals, mineral springs, and the
hke.' But the old explanations of glacial accumulations, and
erostonal features—explanations based upon the Mosaic deluge—
ha\_re 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 Hitcheock was all at ses. Professor
Schuchert? tells us that “overthrusting was unknown in those

! Charles Schuchert: Cambyi d Ordovicis Nort ;
Soc. Amprtles B iy Tomh ian an rdovician of Northwestern Vermont; Bull. Geol.
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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 Hitcheock! 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 thiz view is that one fault will not satisfly 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 Hitcheoek 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 bhoundary
of the Province (Quebec) not over a couple of miles {from Lake
Charplain. From this point it proceeds in a gently eurving 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 8t. 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 Hitchcock 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,” “aeclian limestone” etc., without a glossary, can mean
but little to the average reader. :

In more recent years C. 8. 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. &, p. 375 (1861).
2 Geology of Veruont, vol, 1, p. 378,
3 Aigoninan Rocks in Vermont, Jowr. Geology, vol, 2 (1894).

4 (Geology of the Green Mountains in Mass., T.8.G.8. Mono. 23 (1894).

& Structural Details of the Green Mountain Region, 1.8.G.8. Bull. No. 195 {(1202), The
Cambrisn Conglomerate of Ripton in Vermont, A.J.3, (4} 30 (191G).
(191’;-53??0“ of Geological Work in the Rochester Quadrangle, 11th Rpt. Vi. State Geol.
7 Siratigraphy and Structure of Northwestern Vermont, J ournal of the Washington Aead.

of Science, vol. 22, No, 13 (1832},
3 Geology of South Central Vermont, 14th Ept. Vi. State Geol, (1023-24).
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as well as their approaches in the eastern part of the Milton
quadrangle, studying the composition, structure, and meta-
merphism of the rocks, and endeavoring to establish formations
and their ages. The work is not complete but it is thought best

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

subsequent reports of the State Geologist.

In the Twentieth Report (1935-'36), under the caption, An
Account of Vermont Geology, the writer tried to present in as
simple. way as possible the basic facts of geology, in order that

the general reader might the better understand what followed..

The reader of the present article is referred to this Report, to
the reference books mentioned therein (p. 43), and to other works
on geology, as a preliminary to studying this article.
 The writer is deeply indebted to the United States Geological
Survey for the examination of several rock sections; especially
to his colleague, Professor Charles G. Doll, for much aid and
criticism ; to Miss Natalie . Carleton, a former graduate student,
for work on the sections; to Mr. Clarence G. Bailey, another
former graduate student, who has made the drawings; to Mr.
Wallace M. Cady, of Middlebury, who has traced out the bounda-
ries in the Central sequence; and to others.

Geomorphology (Physiography)

As pointed out in the Twentieth Report, the geomorphology
of the State falls naturally into five divisions: The Vermont
Lowland, the Vermont Valley, the Taconics, the Green Moun-
tains, and the Vermont Piedmont, which is a peneplain.

The Green Mountains

The Green Mountains, which are a part of the great Appa-

lachian Chain, are the outstanding physiographic feature of .

Vermont and extend throughout the length of the State. Their
southern extension, in Massachusetts, is called the Hoosac
Mountains; while their northern continuation, in Canada, makes
up the Notre Dame Mountains.

The Green Mountaing, as outlined on the frontispiece, have
the form of a distorted hourglass whose southern base extends
from the Vermont Valley to the Connecticut River, a distance of
some thirty-six or thirty-seven miles. The top of the hourglass
lies along the Canadian border, in Franklin, Berkshire, Richford,
Jay, and Troy, with a width of perhaps twenty miles. The con-
striction of the hourglass is north of Mt. Pico, in Chittenden
and Pittsfield, where the width is about eight miles. North of
this point the mountains spread out, fanlike, into three principal
ranges. Of these the first, or Front Range (the most westerly)
extends from Branden into New Haven and Bristol fownships.
The second, or Main Range, extends the length of the State
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and contains the highest peaks. An offset of the mountain mass,
northeast of Mt. Mansfield, iz called the Sterling Range. The
third range begins in Rochester and runs through Roxbury,
Worcester, Hden, 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 Rance. There.
iz also a fourth, poorly defined, range of low hills which extends
from Randolph through East Roxbury, East Nerthfield, 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 .

'Fhe rivers which drain the Green Mountains belong to the

‘Champlain-St. Lawrence, the Connecticut, and Hudson drainage

basins.

To the Champlain-8t. Lawrence belong the Missisquoi, La-
moille, and Winooski river systems, all of which are undoubtedly
superposed streams. The Missisquoi rises in the mountaing, in
Lowell, Westfield, and Troy, flows into southern Quebee and then
returns to the Btate in Jay and, flowing across the lowland, enters
Missisquoi Bay, in which it hag 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. Tts sediments were instrumental in forming the sand
bar. The Winooski rises far east of the mountain mags, in Cabot,
flows through its water gap in the mountaing, and reaches the Jake
south of Colehester Point. 1t is some seventy miles 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 Ottanquechee, 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 Falls;
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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, lows southward through the
Green Mountains in Windham County and into Massachusetis,
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 & 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, Klmore, Worcester, Middlesex, Calais,
and East Montpelier and is offset to include the chief structural
features. _

The Yermont 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 Fastern sequence. Later? he added the
Green Mountains sequence.

The Western sequence which, in this region, includes the lake
shore, North and South Hero, lsle 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 Bastern 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 diseoveries, be extended
to the west as indicated 0y the solid and dashed lines on Plate 2,

! Cambrian Succession of Northwestern Vermont; Arthar Keith, Am. Jour. Science, vol.
5 {Feh,, 1923).

2 Stratigraphy and Strusture of Northwestern Vermont; Arthur Keith, Jour, Washington
Aecad. Sciences, vol, 22 (Fuly 19, 1032),




10 REPORT OF THE VERMONT STATE GEOLOGIST

since Arrowhead Mountain and its continuation southward are
erosion remnants (Klippes) of the overthrusting Cheshire guart-
zite and Brigham Hill graywacke, from the east, which were
once continnous 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 o the
geological student of this region. fince the journal in whieh 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 reassignments of the pre-
viously named formations and the introduction of several new

OiLes.,

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 8t. 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.

! Cambrian and Ordovician of Northwestern Vermont; Charles Schuchert, Bull. Geol.
Boe. America, vol. 48, No, 7 (July, 1037}, :
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For this belt the name Hungerford slate has been chogen, from
the type locality on Hungerford Brook, in southern Highgate.

Formations of the Central Sequence, Northwestern Vermont {Schuchert)

Tagonian (neluding the Green Mts.) orogeny, late Ordovician time,

Long break.

Grandge slate, at least hundreds of feet thick.
Quebes orogeny. Best seen on Grandge farm,
Corliss breecia, 30 feet. Knowa only at type locality.

and Bioherms!

1 Biokerm, from the Greek Bt'o-r, life <- horma, a sunken reef.

g E Sovrawasr or Miuron | Groreia TownsHIp Vicemrry or Hicmeare
¥
EE A i ;
K 5 Coriisst conglomerate, or Grandge
g slate.
o3 ? ? Highzate slate, 220 4 feet
Highgate limestone, 80 feet
Highgate thrust breceia, 25 feat
Georgia formation, at | U G i
S a pper Gorge limestons, 145 feet
I}ggti‘fledge breecia, 0-40 | Lower Gorge dolomite, 75 feet
g
.8 "
B Erosional unconformit Break and th
E ormity. 1
% g g H?gfterford slate, 600+ | Hungerford slate, 700 fegt "ESngigord’gu:}tute. 200 feet
&g - | Mill River breveia, 20
&85 | Miltondolomite 700 f Crosions) uncontormity < | “Mi i
"8 on dolomite cet | Erosional uneonf 1 ”
& "" Break., Some of earliest Upper Cambrianoéggleg% Miléon™ delomite, 300 feet
<)
{Lower Cambrian} (Middle Cambrian, St. (Lower Cambrian. Parker)
Albang) )
08w
g & | Late Middle Cambrian, St, Albans slate, 60-270 feet
T2 & | Rugg Brook dolomite brecei
g 5 e ugeE ok dolomite breceia, 0 to 20 feet
& Break. Most of Middle Cambrian unrepresented
- Parker slate, 115-670 foet
S § Short break, at least locally
§ E w Mallett dolomite and quartzite, 100-630 fest
E -§ % Probable loeal breaks
= 24 Winooeki dolomite and marble, 200-385 feet
% | Monkion guartzite, 0-300 + feet
Thrust contact
Ordovician basement, Western sequence (the Foreland), over which the above is thrust.
ROCKLEDGE BRECCIA
, . .
In the 1935-'36 Report, under the caption, Limestone Reefs

» there were described “enormous marble-like
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oval or moundshaped growths, usually varying in longest dia-
meter from fifteen feet to upward of 100 feet, and in thickness
up to ten feet or more. They are often conspicuous white objects
on the landseape. 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 cloge assoclation,
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” — “Alj are homogeneons masses
of light-blue limestone that show no bedding. They appear to
be algal growths in thin sheets and vertical columns’’ (Schuchert).
To this list Schuchert adds other localities: North of Skeels
Corners, six and one-half miles from St Albans, a bioherm 65
feet long, 35 feet wide, and 15 feet thiek ; four miles southwest
of 8t. Albans, four bicherms in close association, the largest
140 x 120 x 10 feet; and others. These hioherms are among the
most striking features of Vermont geology and are well worth a
visit, :
Closely associated with the bicherms are large exposures of
limestone brecciast, made up of “blue limestone of various sizes

set in a limestone or dolomite paste which is replete with rounded

grains of etched sand” {Schuchert).

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, two
miles south of St. Albans, west of the highway (Route U.8. 7);
and, at a point a quarter of a mile southeast of this ledge. The
above are Schuchert’s or Keith's locations. Others, discovered
by the writer, will be given in.due course.

Fossils show the Rockledge breceia to be of Upper Cambrian
age and so distinet from the Corliss conglomerate (Lower Ordo-
viclan) with which it was formerly included. Schuchert states
that the Rockledge lies disconformably on the Hungerford forma-
tion and, with the Georgia slate, begins a new eycle of marine
invasion.

Like the bioherms, 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 cccupies an area in the eastern part
of Georgia township where it ‘“forms a belt three miles wide,

* Breccies are irvegular, unrounded fragments of roek, of varying size, set in a paste or
cement of the same or other rock flour, or cosrser material,
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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 breccia,
now known to be of early Upper Cambrian time, there can he
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
SBchuchert, be classified as Beekmantown (Lower Ordovician)
age. . ‘

THE GRANDGE SLATH

The remaining new comer in the geological column of the
Central Sequence is the Grandge slate, whose type locality is
on the Oliver Grandge farm, four and one-half miles north of
Highgate Center. This is remarkable because 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 abd, possibly with the Corliss congiomeérate, marks & new
cycle 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 disturbanee
and it was placed at the close of the Upper Cambrian!. The
orogeny is now found to have occurred in the Lower Ordovieian,
“Later, during the Taconic orogeney, hoth 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 is at
work on the geology of western Vermont. My, Cady finds® that
the “Winooski” marble at Ethan Allen Park, Malletts Head and
FEagle Mountain (and north along the lake shore) eannot he

“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

! Texthook of Geology; Schuchert and Dunbar, John Wiley and Song (1933}.

2 gﬁ’ritten coménunicatinn.h South

@ Strueture and Stratigraphy of Southern uebec; T, H. Clark, Bull, Geol. S \ i
vol. 45 (Feb. 1534), @ o T oo Soc. of America,
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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 £t.
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 “Wincoski’” 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 Malletis Bay.
A quarter of a mile east the “Winooski” marble forms cliffs which
lic 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 esearpment to the west, with long gentle dip slopes to
the east. Its base is concealed.

The last Report described 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,
is 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 Ferrisburg; Bueck 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' deseribes the
following: : :

North of Swanton Junction the Mallett dclomite 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.

1 Op. cil
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North of St. Albans Bay the Lower Cambrian Winooski
marble or dolomite lies by thrust on the Ordovician Highgate
Springs geries. _

At Highgate Falle a striking thrust is to be seen in the north
bank of the Missisquol, dipping gently to the east. Here the
Upper Gorge limestone or dolomite, of Upper Cambrian age,
iz geen thrust onto the Highgate slate, of Lower Ordevician age.

As will be shown the Rutland dolomite, of Lower Cambrian
age, rests by thrust, in the lower gorge at Milton, on the Hunger-
ford slate, of Upper Cambrian age.

On Cobble Hill, in southern Milton township, a dolomite,
which Keith has thought to belong to the Eastern sequence,
lies thrust onto Hungerford slate. It will be shown that this
dolomite is probably Lower Gorge, of Upper Cambrian age, or
possibly Milton dolomite, of the Upper Cambrian.

Thrusting in the Eastern Sequence

In several localities the rocks of the Eastern sequence, along
the Mountain Border thrust, make salients into the Central
sequence, Im St. Albans, Aldis Hill, a Klippe made up of Lower
Cambrian Cheshire quartzite overlain, the writer finds, by
Brigham Hill graywacke, rests by thrust upon the Upper Cani-
brian Hungerford slate. Arrowhead Mountain, composed of
Brigham Hill graywacke overlying Cheshire quartzite, is another
Klippe resting on the Hungerford. Farther south, Cobble Hill
15 largely made up of Hungerford slate with a small Klippe of
either Milten dolomite or Lower Gorge dolomite (probably the
latter) both Upper Cambrian in age, resting upon it. East of
Cobble Hill, and south of the Rutland dolomite area, the Cheshire
quartzite-Brigham Hill graywacke ridge rests by thrust on the
Hungerford slate.

In Williston township there iz another salient. Here the
quartzite and most of the graywacke are cut out and the Green
Mountains sequence lies by thrust upoen the sedimentaries of the
Lowland. Differential thrusting has caused a tear fault ahout
two miles long, discovered by Clarence G. Bailey, in 1936. It
begins about three-quarters of a mile west of Williston village
and strikes 3. 80° K. South of this tear the mountain metamor-
phics have been shoved westward to rest by thrust upon the
Williston limestone (which Keith classifies as Upper Cambrian
but Schuchert, on. the basis of fossil evidence, places in the Lower
Ordovician) and the Hungerford slate of Brownell Mountain.
Some six miles farther south, in the village of Mechanicsville
and about a mile east of the Hinesburg road, Bailey discovered,

~in 1936, a large overthrust of Brigham Hill graywacke lying

on the “Williston Bmestone.”” He named it the Mechanicsville
thrust.
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Formations in the Milton Quadrangle

Schuchert’s mapping! extends {rom the international boundary
to the latitude of Georgia Plains (Plate 2). As alveady stated
Cady has mapped the formations of the Central sequence. The
mapping of the Eastern and Green Mountain sequences is the
writer’s.

HUNGERFORD BLATE

In Milton township the eastern boundary of the Hungerford
slate Tuns 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
guarter of a mile west of Cobble Hill where it rests upon the
Milton dolomite. To the south the contact iz concealed. Kast
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 quadrangle.
The Hungerford forms a narrow ridge east of the Champlain
Valley fair grounds {(Vermont Route 15), crosses the Williston
Road in South Burlington (U. 3. Route 2), makes up most of
Brownell Mountain, in South Burlington and 8t. George, and
extends into Monkton. At various places the Hungerford bedding
planes dip about five degrées easterly; the cleavage, 45 degrees
easterly, indicating upright folds.

Schuchert describes the Hungerford as “blue-black to gray,
well-banded slates, with here and there local lentils of yellowish
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 sueh a bench, or terrace, 1s strikingly
apparent, nearly surrounding the hill, just above the SOQ-foot
contour line. A similar terrace, strewn with graywacke shingle,
is seen two miles direcily east, along the Cheshire-graywacke
ridge. :

6obbie Hill is an erosion remnant of a once larger eminence.
It is made up predominatingly of Hungerford slate, capped on
the east side by a dolomite which lies thrust upon it. :

The slate dips at a low angle easterly, with higher angled,
easterly-dipping, cleavage, indicating an anticline overturned
to the northwest. The capping is a medinm-to-dark-gray, silicious

L Op, e,
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dolomite, weathering yellow, and containing numerous angular *
melusions 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 bhe 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 vemed 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 anticlize 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 oné 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
neek. Outerops of the underlying Hungerford are seen north

~of this knoll, with bedding planes dipping fifteen degrees easterly.

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

The Rockledge breccia once extended across the valley to the
east for, east of the railroad, it forms a ridge over which Vit.
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
velley 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 strueture. On the east margin of the ridge the

Hungerford slate appears, forms the valley flcor, and rises to the

! Written communication.



18 REPORT OF THE VERMONT STATE GEOLOGIST

FIG. 1. ROCKLEDGE BRECCIA, SOUTHEAST OF COBBLE HILL

next eastward road. Its contact with the graywacke along the

Mountain Border fault is concealed.

The Rockledge breceia 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 (Burlington

quadrangle),

ORIGIN OF THE ROCKLEDGE

Professor Schuchert has traced the Rockledge breccia, inter-
ruptedly, “from a point south of the Missisquol River to} a point
two miles south of Georgia Plains, a distance of 13 miles. ) ]

He believes that the bioherms, lentils, and paste are of biogenic
(algal) origin and that the lentils were derived from the bioherms
by the waves of the Lower Caml_orlan sea beating upon them,
breaking 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 deseribed, southeast of Cobble Hill, is especially
interesting because, while the fragments onr 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 quartsite, with two interruptions, runs along the
Mountain Border fault the entire length of the State. Southward,
1t 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,
mterruptedly, the Brigham Hill graywacke, are in contact with
the sedimentaries of the lowland. The second interruption,
according to Keith, extends from the vieinity 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 oceupies 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 min., and the
ratio of quartz to feldspar is about 2 to 1. Minor eonstituents,
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



20 REPORT OF THE VERMONT STATE GEOLOGIST

Cheshire occurs in St. Albans Hill, Aldis Hill, and has been
followed to the Missisquot River (8t. Albans quadrangle).

An erosion remnant of the Cheshire found resting by thrust
upon the Rockledge breccia, south of Mayre Ledge (west of the
bighway and two and one-half miles south the 8t. Albans), and
another, resting upon the Milton dolomite, west of Cobble Hill,
suggest that the Cheshire once extended considerably farther
to the west.

The further occurrence of the Cheshire in the Milton quad-
rangle will be considered presently.

THE BRIGHAM HILL GRAYWACKE

This, second, member of the Eastern sequence was named by
the writer, in 1934}, for its oceurrence on Brigham Hill, which
forms the highest point on the Mountain- Rorder ridge. The
graywacke is a very fine-grained, dark-gray to yellowish-hued
rock (in some occurrences almost black), weathering reddish in
places and showing fine filaments of graphite along the bedding
‘planes. In some occurrences it is thinly bedded; in others the
beds are six to eight inches thick, Where it occurs in open folds
the beds are massive; where thrusting has occurred, they are
sheared and crumpled. The rock is of striking appearance and
forms an excellent horizon marker.

Thin sections show a cataclastic rock made up of angular
to subangular fragments of quartz, orthoclase, plagioelase
{albite), microcline, and perthite, set in a paste of argillaceous
material in which delicate shreds of sericite have been developed.
In some of the sections the sericite is well developed, oriented,
and forms a mesh around the sial? grains, which average 0.15 x
0.11 mm. in diameter. Delicate filaments of graphite cross some
of the sections. Fine grains of magnetite, a few larger grains of
tourmaline, scme small zircons, and patches of limonite form the
accessory minerals. A single fossil, found on the western slope
of Bald Hill by Miss Natalie Carleton, a graduate student at
the University of Vermont, was examined by Professor B. F.
Howell, of Princeton University, and determined by bim to be
an Hyolithid, of Lower Cambrian age. The graywacke is inti-
mately associated with the (Lower Cambrian) Cheshire quart-
zite and normally lies above it, although in places the two rocks
are infolded.

In 1934 the writer was privileged to spend a day with Pro-
fessor T. H. Clark, of MecGill University, and his students on
his annual excursion in southern Quebec and saw there Clark’s
Gilman quartzite in which specimens of the brachiopod, Kutor-
gina, of Lower Cambrian age, occur. The appearance of the

! The Green Mountains of Northern Vermont; E. C. Jacobs, Proceedings, Geol. Soc. of
America, 1934, p. 85,

2 Bial is & mnemonic made up of 8 (Silicon) and Al (Aluminum), two characteristic elements
of quarts and the feldspars, for which they are abbreviations,
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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 guartzite, extending
probably throughout the State and into Quebec where it has its
greatest development,.

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

‘On Monkton Ridge the graywacke iz found infolded with the
Cheshire. In the gorge of the Middlebury River, at East Middle-
bury, the same relationship is seen hetween the two formations,
while graywacke outcrops 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 Essex
Junetion, 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 Missisquol River, at the
East Highgate bridge, resting by thrust upon the Hungerford
slate. It crops out again north of Sheldon Junction, on the Migs-
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 Quebee. )

North of St. Albans, and about haif 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 occurrence of the graywacke in the Milton quad-
rangle will follow.

_ THE RUTLAND DOLOMITE
This formation, named by Keith in 1923 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 underlying Cheshire quartzite

and with the same interruptions along the mountain front. ‘Tt
is well developed in the valley around Rutland and receives its
name from that place.” Tossils found in numerous localities
prove its Lower Cambrian age. Keith estimates the thickness
of the Rutland at about 1000 feet,

The dolomite is a fine-to-medium-grained rock of which there
are two principal phases: one, light-to dove-color; the other,
dark steel-blue. Besides these, in lesser abundance, there is a
varlegated phase of pinkish and greenish hues, weathering yellow.
The Rutland is a striking-looking rock which is easily recognized.

Thin sections show the dolomite to be a fine-grained, highly
crystalline rock. The light variety is very pure, with only small
amounts of pyrite and iron oxides as accessories. The dark phase
contains more sulphide and its oxidation products which give
the rock its darker color. Small sial grains oceur here and there

in the slides. The variegated phase has, in addition, small round-

to-oval areas containing exceedingly fine fiakes of a green mineral,
too small to identify. It may possibly be serpentine.

The writer has studied this dolomite in Williamstown, Mass.,
and north along the mountain front into Milton. No fossils
have been found but the presence of all the typical phases of the
rock and its close lithic similarity to the known Rutland show
that it occurs in the Milton region.

As shown on Plate 2, the Rutland dolomite oceurs west of
the Cheshire-graywacke ridge and at least as far north as the
Lamoille River. In the road quarry, two miles north of Milton
village, along route, U.8. 7, hoth the light and dark phases are
seen under the graywacke ridge. The dolomite is also exposed
on Brigham Hill, Bald Hill, Hardscrabble Hill, and east of
School No. 3. Furthermore it forms high cliffs in the lower gorge
of the Lamoille, west of Milton village, and small thrusts on the
- ridge between the railroad and route, Vt. 116, as will be shown.

Special Features in the Milton Region

The Eastern sequence of the Milton region is an area of much
complexity, owing to the extensive thrusting and erosion which
have taken place,

The Cheshire quartzite and Brigham Hill graywacke make up
the ridge running along the eastern border of Milton township
and extending both to the north and to the south. Georgia Moun-
tain is formed of the graywacke and, with the underlying

- Cheshire, is thrust onto the Rutland dolomite along the Mountain
Border (or Hinesburg) fault.

Farther, south, on the road from Milton village to Westford
(north of Milton Pond), the folded Cheshire forms the esCarp-.
ment of the fault. A few rods to the east the graywacke i seen
Iying on the Cheshire in eroded folds which are, apparently,
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synclines 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 gynclinal
folds of the graywacke. Since the formation is folded its thickness
cannot be determined but it is probably several hundred fees,
possibly over a thousand.,

ARROWHEAD MOUNTAIN

Arrowhead Mountain rises to 947 feet and, like Cobble Hil,
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 evidence 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
Eest. Fields extend from the last escarpment to the Lamoille

iver.

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. :

I In this connection, a small vein of chaleocite and associated basic copper carbonates
was recently found cutting the Mallets dolomite on the Parrot furm, north of Malletts Bay.
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Just east of the lower gorge power-house the Hungerford,
forming 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;
the light on top. The dip of the thrust plate is 20° easterly.

Evidently the Cheghire-graywacke formations once extended
across the whole section but, with the exception of the two rem-
nants shown, have been eroded away. It is difﬁcul’q to account
for the presence of the Cheshire and graywacke lying "DetWt_aen
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
easterly; the slaty cleavage, 55° easterly, indicating an upright
fold. 1t is thought that the westward thrusting of the Eastern
sequence {Lower Cambrian) members wag 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, Lelow.
The bedding dips 4° easterly; the cleavage, 40° casterly. 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 members
of the Eastern sequence accompanied the thrusting of these
formations to the west.

THE BRIGHAM HILL SECTION
PLATE 2, SECTION B B'

Brigham Hill (1,032 feet) forms the highest point on the
Cheshire-graywacke ridge, south of Georgia Mountain. The
Brigham Hill graywacke was named for its occurrence here. On
the west the ridge descends in a series of three escarpments to
Colchester Pond near which it lies by thrust on the Hungerford
slate.

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

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

Somewhat 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 and gshows the
underlying Hungerford slate. Farther west there is a capping
(marked $-Q) of green schist, and a quartzite which is not the
Cheshire. The thin sections show, for the schist, a fine-grained
quariz-sericite rock with accessory minerals of zircon, a few
hornblende grains, a small amount of ilmenite and much reguliing
leucoxene, and iron oxides; for the quartzite, large, irregular
grains of quaréz, with strain shadows, surrounded by sericite
flakes and filaments, and accessory constituents of hornblende,
zircons, possibly bleached biotite, pyrite muck altered to iran
oxides, and ilmenite altered to leucoxene. Thege rocks 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 ig found resting by thrust on
the Hungerford slate.

The dolomite and slate in this section were identified by lithic
stmilarity to the corresponding rocks of known oceurrence. it 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 dolo-
mite, 180 feet at the power-house contact and about 1,600 feet
for the highest exposure on the hill), but the graywacke, about
whose identity in the whole area there is no doubt, varies in
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 slate and
dolomite which oceur in the section are correctly identified. 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 northeast and,
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" Lastern sequence is

- composed of two sedimentary members, the Rutland dolomite

and the Brigham Hil] graywacke, and one metamorphic member,
the Cheshire quartzite. The Green Mountains sequence contains
nothing but metamorphic rocks, It is necessary ab this point to

_consider metamorphism.
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Metamorphism

The subject of metamorphism is & formidable one and would
require for its adequate presentation much more space than there
ig room for here. The subject is well discussed, in an elementary
manner in Pirsson and Knopf’s Rocks and Rock Minerals' and
more fully in Harker’s Metamorphism?®.

Briefly stated, metamorphism is a natural process by which.
sedimentary, igneous, or even other metamorphic rocks are
changed in their structure, texture, and mineral composition,
either wholly or partially, into new rocks with strikingly different
appearances and properties. Thus, dull limestone is changed
into sparkling, crystalline marble; soft, weak shales are altered
to harder, lustrous slates with their induced slaty cleavage;
sand stones, in. which the grains are plainly visible, become glassy
quartzites which present smooth surfaces; impure sandstones,
shales, and conglomerates of the sedimentary rocks: are repre-
sented by schists and gneisses, with their easy splitting or folia~
tions, and sealy surfaces, etc. For igneous rocks, “goarse-grained
feldspathic types, such as granite, etc., are metamorphosed to
gneiss; fine-grained feldspathie types, such as felsite, tuffs, ete.,
become slate and schists; ferro-magnesian rocks, such as doler-
ites, are represented by hornblende schists, amphibolite, tale,
serpentine ete.” (Knopf).

The agencies responsible for these changes are, briefly, pressure
such as comes from mountain folding or thrusting; heat (better,
change of temperature), which comes from within the earth,
inereasing with depth, or from the presence of highly heated
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 varying
amounts; water solutions of various substances, and gases, such
ag chlorine, fluorine, boric acid, and others, which are given off
by molten magmas. These substances and the hydroxyl, (OH),
supplied by the moisture, are essential to the formation of such
minerals as muscovite, biotite, beryl, tourmaline, ete., and
therefore the presence of such minerals in the rocks argues the

presence of igneous bodies, although the bodies may lie at con-
siderahble distances away.

The principal metamorphic rocks are gneiss, schist, phyllite,
slate, amphibolite, quartzite and marble. These were described

in the last Report of the State Geologist, to which reference is

made. .
The chief minerals found in metamorphie rocks are: quartz,

the feldspars, muscovite, sericite, biotite, chlorite (which is a
family of minerals, including penninite, perchlorite, diabantite,

1 John Wiley & Sons, New York City.
2 E. P. Dutton & Company, New York City.
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ete.), garnet (also a family which includes the re ite,
llghter__ grossularite and the green uvarovite), Cé]?iléré?cugdlzﬁ’sfée
ehnozonyte, titamite, apatite, actinolite, zircon, rutile éraphitejl
tourmaline, beryl, magnetite, ilmenite (and its decémpositiori
leucoxene), hematite, limonite, pyrite, pyrrhotite, staurolite
Ve%};rlamte, sillimanite, and others, . ’
1en present in charactérizing amounts in the roe '
these mineral names: (hyphenated) are used as 1110di1§;18ér:?r¥;1§uosf
chlorite-schist, quartz-sericite-schist, quartz-sericite-gneiss ete.
Minerals and rocks are stable under definite CO?ldit-iOi].S of
:gﬁg:ﬁ:ﬁg;g and 11})1@531156.}_1 If these conditions, especially the
, are chan, i 1 "
lemperature, ged the minerals will change to fit the new
Harker distinguishes, with increasing temper i i
dep‘oh_of burial or increasing ]_oroxirqaitf;r to igneﬁﬁgr;é}gﬁ;%asiﬁg
following metamorphic zones, each named for itg cri,tica,l
mineral: Chlorite zone, Biotite zone, Garnet zone Staurolite
zone, Cyanite zone, Sillimanite zone. “A zone of higher meta-
iﬁf;%}éﬁm norma]lyblimdgrlies one of lower grade, but this relative
may posst ecome 1 i
3,11;3”1:—4:()137 tfl1ru$ting bfror o Qverted by subsequent disturh-
Instead of these six zones, based on the prese i i
minerals in the rocks, Grubenmann recognilz)ecelsilllﬁ‘(;e()fz(ﬁ?gC(?}'
.Imetamorphism, based upon depth within the earth’s CI:uSt
These are the Epi, or upper zone, which is the belt of weathering
and extends to the water table; the Meso, or middle zone 0%
zone of cementation, where unconsolidated sediments bec:)me
ceraented together; and the Cata, or lower zone, where the most.
stable minerals are found and the action is chiéﬂy chemical. in
tiﬁe Epizone the temperature is moderate, the pressure Tow
the stress strong; in the Mesozone the temperature and pressuré
are higher and the stress very strong; in the Catazone the
temperature and pressure are very high but the stress is weaker
The Epizone 18 characterized by the minerals c-hloriteh
albite, epidote, sericite, dolomite ; the Mesozone by staurolite,
garnets, hornblende, actinolite, diopside, biotite, anorthite: the
C&It?z_m}i by the prﬁzsence of sillimanite. J P e
1s thus seen that metamorphism is not a i
gressive process in which the mﬁaerals found desggfllg Eggnatlﬁlg;
envu‘orilmental conditions, of pressure and temperature. Mzrs
Knopf! notes that: “metamorphism follows a definite and orderly
progress by which rocks of given constitution, under giveg
conditions of temperature and pressure, assume characteristic
and recognizable forms. For example, under conditions of increag
mg temperature and pressure an argillite alters to a slate f;
slate in turn is generally conceived of as passing into g fine-

! Eleanora B, Knopf: Retrosress : ; .
5th ser.. N 151 (Jﬂn-r'w&gl).etlogresswe Metamerphism and Phyllonization, Am. Jour, Sei.,
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grained but perceptibly erystalline phyllite, this in turn becoming
more and more coarsely crystalline wntil, under conditions of
- moderately high temperature and pressure, in the Epizone of
Grubenmann, it becomes either a chlertte-muscovite fsehlst or &
chlorite-albite schist according to its original composition. Under
bigher pressure and temperature conditions, in the Meso- or
Catarone of Grubenmann, it would become a garnetiferous
muscovite-biotite schist or cordierite-silliman gneiss. Such is the
normal course of progressive metamorphism.” . )
On the other hand, under opposite physical conditions, schists
are known in the Morristown-Stowe and in the Worcester valieys,
as well as in many other mountainous regions, in which well-
formed garnets are seen, in thin sections, gurrounded and pene-
trated by chlorite, into which the garnets are changing. Some of
the garnets are almost entirely replaced by the chlorite. This is
retrogreéssive metamorphism. The garnet of the higher (garnet)
zone bas, to a large extent, been altered to the chlorite of the
lower {(chlorite) zone. Swch 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 Green Mountains sequence extends eastward i_'rom 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),
Cambridge, Underhill, Morristown, Stowe,' Tlmore, Worcester,
Middlesex, Calais, and Tast Montpelier, with extensions to the
north and south. o

The rocks of the sequence, in descending order of abunda.ﬂcg,
are gneisses, schists, quartzites, phyllites, graywackes, and amphi-
bolites, 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 dolomite, of the Eastern sequence, are absent the Green
Mountains 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 yard (Burlington quad-

rangie) the Mountain Border fault crosses route, Vt. 15, in three
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escarpments. The most westerly of these escarpments is made
up of the Lower Cambrian, Brigham Hili graywacke, which
strikes N. 21° K. 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,
ag 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 Lt-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 HFssex Junection indicates, therefore, that the Creen
Mountain sequence is Pre-Cambrian in age. Thig conelusion is
supported by the fact that the rocks of the (ireen 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 norma} relationship, unconformably on an older
formation (such as at Sucker Brook, at Lake Dunmore, where
Lower Cambrian quartzite liés 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 Fssex

- 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 Eagt 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 akove the Cheghire.

! Structure and Stratigraphy of Northwestern Vermont; Arthur Keith, Guide Book 1,
International Geclogical 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
oceur here.

Hardscrabble Hill

Hardscrabble 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. Kast of the graywacke, and probably underlying it,
are seen, in turn, the Cheshire quartzite and Rutland dolomite,
giving the same sequence of formations that oceurs 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
castward till they meet the Westford schist.

An eighth of a mile eastward, along the country road and in
line with the ruing of Dolphus Bushey’s house, & thrust ridge
rises eighty feet above the road, with & 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. Troded
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 io leucoxene, and iron oxides.
No bictite oceurs. The rock belongs to the Garnet zone of meta-
morphism. It much resembles in its petrography Clark’s' Lower
Cambrian Pinnacie 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 as
much as a foot in thickness and many feet long. The dip of the
included member is 25° {0 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 gneigs) including a schist.

1T Op, il

FIG. 2. SCHIST INCLUSIONS IN THE QR
SCRABBLE HILL
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The Green Schists

. Ext@ding along the eastern border of the Lowes Cambrisn
Cheshire-graywacka ridge (in the “Belt of mixed metamorphics,”’
Plate_ 2) th.erc is found a variety of thinly-foliated to moi"e
massive schists, some highly chloritie, others less so, nowhere in
visible contact with the rocks of the Eastern sequence, Under the
fieroscope the schists are seen to he generally composed of
fine grains of quartz, orthoclase, plagioclase, and a little perthite
surrolupded by sericite filaments, generally well oriented and
(:.hlor'mzed to varying degrees. Tourmaline, zircons, hornblende
titanite, pyrite, magnetite, ilmenite more or less aitered to leu-
coxene, and iron oxides make up the accessories. No garnet or
biotite oceurs. '

In several reconnoissances across the State, west of the moun-
tains—one on route, Vi. 104; another along the Missisquoi
River on route, Vt. 105—these green gehists have been encount-
ered and are found to make up & considerable part of the terrain,
They are thought to be Pre-Cambrian in age. (see p. 34). They
belong in the Chlorite zone of metamorphism. :

AYWACKE, NEAR HARD-
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Jasgt of the Cheshire-graywacke ridge, containing Brigham,
Bald, and Hardserabble 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 ocecupied 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. 8. Corps of Engineers laid out & 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 {Vi. 128)
leading from Essex 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 he remembered in this connection that Lake Willoughby,
in Westmore, algo 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 Uniderhil! 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 1s studded with
tiny octahedra of magnetite. Thin sections show an olivine
basaltic lava, of voleanic origin, with the olivine Iargely altered
to serpentine, which gives the rock its green color.

Professor H. 8. Palmer, of the University of Hawaii, on examin-
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 MeGill University’, iz at Owls Head and Bear Mountaix,
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.
This region ‘s full of glacial interest and, as suggested by the

il}ustratiou, Is visited by geology classes of the University of
Vermont,

The Westford Schist

The Westford schist is one of the few groups of rocks in the
Green Mountains sequence which is sufficiently homogenecus
nd extensive to be called a formation. It was named by the
~riter, in 1924, for its occurrence in Westford township.
The Lamoille River has cut its gorge at Fairfax Falls through
some 240 feet of this rock, which strikes N. 55° E. and dips 78°
southeasterly. The schist is dark gray, fine-grained, and thinly

- foliated. The average size of the sials is 0.55 x 0.29 mm. Sections

show a dense mesh of fine sericite, well-oriented and including
i its meshes elongated grains of quarts, orthoelase, albite, and
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a very littie microcline. The quartz grains are crushed and show
strain shadows. The orthoclage is considerably sericitized.
Accessory minerals are fragments of hornblende, iltmenite  or
titanomagnetite altered to leucoxene, zircons, rutile and apatite
needles, titanite altered to a yellow, amorphous mass and calclte,
an oceasional tourmaline, and iron oxides. The sections are only
mildly chloritized. This schist extends northward along a ridge
for an undetermined distance.

South of the Lamoille the schist is somewhat coarser grained,
with fine, pebbly surfaces which are very characteristic. Tt shows
the same mineralogy, with the addition of a few light-colored
parnets. No biotite is seen in any of the schist sections. The
rocks belong to the Chlorite zone, verging on the Garnet zone. The
schist makes up the larger part of Westford township where 1t
forms long, narrow, northward-trending ridges, markedly seulp-
tured by glacial action. '

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 metamorphies.”
Ags already noted, the Westford is found. interbedded with the
Green Mountain schists on the-west side of the ridge which runs
northward from Tssex Center. Based on this relationship, the
Westford is Pre-Cambrian in age and belongs to the Green

Motntaing series. :

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

As stated above, these green schists have been encountered
in two reconnoissances across the northern part of the State,
west of the Green Mounsains. Furthermore, Prof. Clark! found,
in southern Quebec, the members of his Oak Hill series resting
upon a basement of chiorite schist which he therefore presumed
was Pre-Cambrian in age. He called it the Tibbit Hill schist.
It may well be that the Vermoni 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. 1186, between the
Checker House bridge and Essex 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 Westiord schist in
low escarpments. If it were not for the thrusting of this series
onto the known Lower Cambrian Brigham Hill graywacke, at
Essex Junction, one would conclude that the Pre-Cambrian

1 Gp. cif.
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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 Mountain
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
wmiles wide. "o the Champlain fault it is eleven miles wide.

To the east, on the Mansfield quadrangle (Plate 3), the traverse
crosses the eastern part of Westford township, Underhill and
C‘d'l'an'ldge (Mt. Mansfield quadrangle, Plate 3) and the town-
ships of the Hyde Park quadrangle. In Underhill the country is
rolling, being made up of northward-trending ridges and inter-
vening valleys. Metcalf Hill (1,400 fect abovesealevel), Macomber
Mountain (1,440 feet), and Hedghog Hill (1,680 feet) are the
chief land marks. The rocks of this area ave folded into anticlines
and synclines, 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, is typical of
regions of thrusting. It is seen 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 so
diverse in their characteristics that they cannot be b?ought into
formations. They are gray to rusty-brown, and various shades of
green, depending upon the amount of chiorite present. In a few
places silvery-gray rocks, reserbling the gneiss on the suminit of
Mansfield but without its structure, are noted. The schists are
thinly-foliated to massive. The gneisses are generally coarser-
grained but in places are so thinly foliated that identification is
based 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 chioritized schists with acces-
sories of almandite, epidote, detrital zircons, tourmaline, titanite
magnetite, ilmenite more or less altered to leucoxene diﬁi
seminated pyrite or pyrrhotite, and iron oxides. The chlorite
mciuqles penninite. The orthoclase 1s sometimes twinned and an
oceaslonal grain of plagioclase or perthite is noted.

Farther east quartz-orthoclase gneisses appear, with almandite
and possibly grossularite, more or less biotite, epidote, tour-
maline, zircon, ete., and with increasing amounts of maﬂy‘netite
- 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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ite i hat
phite. Magnetite is very abundant here, so much so t
%ﬁ?l%};gf of tl?e summer colony at Stevensvﬂle “fish" it Ofuih(')é
Clay Brook with magnets. The sections show that some o b i
magnetite is unaltered and probably defrital while, agau:i, i ds
seen surrounded by hematite from which it has been trcz Lu:(; L
The rocks of this series belong to the Chlorite, Bio 1te, a
Garnet zones but only a small amount of biotite is present.

Mount Mansfield

is is the culmination of the main range of the Green Moun-
tafrl[l‘glgn(?l %‘ies along the border of Underhill and Stowlt—?l. The :(L)lgll(;
mit is a long, narrow, northward-trending rldge.]vgv ose pt .
suggests a “caricature of a face,”” of rather an Hi {;:rm:an ypip,
Nonting o thelate amel T Gy, the Tndians sav - s
' i the late Daniel L. ,
?f(ff?fj }clkll%e fi(]?ceness to a moose and so called the mountain Mose-
° (}E?ai)f ;}]%\C}Isgsﬁeld, and separated from it by Smugglerg Notch,
i erling M in. _ .
ilegfﬁgegggl%n?tl c;?él;g of Mount Mansfield ig about one and orfg
half miles long and curves in a great arc convex ;510 t%g \Y?(Zsltlm b
its narrowest point the ridge is only a few rods wi he. i E ch iq,a,
4,393 feet above sea level,fist‘}nhe hlgh(f{st Il)(?llc?ltism ’It‘h(é eigv‘;tion‘of

i in, made up of three rocky .
tdéréigifgseq}ﬁuig’fl,lﬁ() feeEL)-; of the hotel, 3,849 feet. Nﬁ}&.m}(-l}rous OIE??
joints (geologicall), some ten inches wide, oceur along‘,‘f_ e,jsunil it
On the east side of the mountain, under the lower “lip, ?Jmc%{
cleft forms the Cave of the Winds. Here a great mfss 0 ) oﬁ”
perhaps 100 feet long by 25 feet wide, m_axunum‘,t. as tshp 1ﬂime
and hangs precariously on the mountain side, awail 1ng1 e time
when it will fall into the l\lTlotchlbf%low, ?:,; m‘iiag; ostidzr fﬁgﬁr o0l
e done. A smaller cleft, on the ,
um;;:?“l}il;x forms the so-called Subway. Great buttresslelzs dei&?grillcé
from the “chin” and ‘“forehead” 1nto”the Stowe vSa, ey, vhil
another buttress runs from the “nose” down into towe.‘E az
along this latter ridge that the fine toil road, begu% fs }?a‘ée{ a8
1857, is built with an average grade of 17 percent. The ho el of
50 rooms and excellent table, attracts an ever increasing nu 1ber
of tourists and mountain climbers, drawn by the glorﬁoqs pa. or-
ama of the surrounding country, the many trails, and‘il _elgnngo >
ting mountain air. Of late years skiing has come mﬂlc fln ) vg}gan
and week-end “snow tra}ians” li);lﬁngt hllllndr?:ldsa?]{i pf;la }fe;?ﬁrltlh i
e region about the toll roa - ;
ggllﬁegl;gsletr(; E\leotch;g where ski runs have been lald out and larger
in prospect. o . ‘

On’%shirgollogringl,) rather quaint, appreciation of the Vle\;fs( gtérln
Mansfield is taken from Hitcheock’s Geology of Vermon | L
page 877): “The chin furnishes one of the grandest and most
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extensive views in New England. Standing on the semmit, on a
clear day, the observer looks down upon the country extending
from the base of the mountain to Lake Champlain as he would
upon a map, and beholds in the outspread panorams an agreeable
diversity of hills and valleys, forests and eultivated fields,
villages and streams of water. Further along in the picture may
be seen Lake Champlain, which at intervals is observed, far to
the north and south, peering out in the blue distance like inlaid
masses of highly polished silver, to give light and beauty to the
scene. The valley of the lake may be traced for its entire length,
beyond which arise the majestic and picturesque Adirondacks,
which give romantic beauty to the backeround of the picture,
and terminate the vision in that direction. by their numerous
pointed summits.”

Mansfield is heavily wooded on its lower slopes but the upper
part is only sparsely covered with spruce and balsams, while
the summit ridge is bare. Sphagnum bogs are seen in the hollows
and south of the “‘nose” ridge. North of the “chin” there are
two tiny bodies of water, the Lake of the Cloude and Bear Pond.
The mountain rocks, on the slopes as well as on the summit,
are much broken in places, and in others present dangerous
sloping surfaces, so that exploration is best carried on along the
numerous trails which eross the mountain in various directions:

. The Halfway House and Sunset trails from the west, the Nebraska
Notch and Maple Ridge trails from the south, the toll road and
the Hazelton, Hell Brook, and Profanity trails from the east,
and many others. The Long Trail” runs along the summit ridge.

GLACIATION

Mansfield was once covered by the Pleistocence ice sheet
but the glacial debris (“till) has been washed down from the
upper levels and is practically absent above the 3,100-foot con-
tour. Many erratics, large and small, are to be found on the
slopes and along the summit. Somewhat southeast of the “upper
lip"” knoll there are several great masses of preiss of not distant
origin: one, in the timber, over 30 feet long and 15 or 20 feet
high; another 21 feet long, by 9 feet high, by 8 feet, and a third
about hsalf as large. A boulder of syenite, which probably had
its home in southern Canada, was taken from along the toll
road, some years ago, to the Stowe cemmetery, where it serves ag a
war memorial. It had better have heen left where it was as a,
true memorial of the ice age.

Faint glacial striae in the rocks by the hotel entrance show
that the movement of the ice sheet was from N. 37° W. But
other striae along the Hell Brook frajl testify, as does also the

! Ses the Long Trail Guidebook, published by the Green Mountain Club, Iﬁo., Rutland,.
Yermont,
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great pillow lava erratic in Underhill, to the varied direetions
of ice movement.

It is interesting to read that Louis Agassiz, in 1840, advanced
his theory of & glacial ice~cap™—“That, at a period geologically
very recent (25 or 30,000 years ago, we now believe) the entire
hemisphere north of the 35th. and 36th. parallels of latitude had
been covered by an ice-sheet possessing all the characteristics of
existing glaciers in the Swiss Alps,”” and that the advance of this
sheet could account for the smoothing, polishing, and striating
of the rocks, the formation of great U-shaped troughs (like those
at Lake Willoughby and Underhill), and the transportation of
sand and gravel, and huge erratics. Moreover, Agassiz came to
America’ in 1846 and, in his travels, found the same glacial
evidences that obtain in FEurope. He argued that the glacial
drift in America was contemporaneous with that in Europe.
Furthermore, the first Vermont State Geologist, Professor
Charles B. Adams, suggested, in 1850, as the cause of the observed
glacial phenomena an ice-sheet 5,000 feet in thickness.

In spite of Agassiz’s work, Hitcheock® clung to the old Noachian
deluge theory and wrote of the erratics on Mansfield as having
been ‘‘doubtless wrenched from their icy matrix as they were
recording the history of the ice berg epoch upon these tablets of
stone, whose record was to reveal to man that even Mansfield’s
lofty summit was once beneath the ocean, and ice bergs sailed
majestically over it"—and (from Heaven knows where) rafted
the boulders which, in grounding, striated the mountain top!
In similar vein Hitchcock taught that the glacial trough in which
Lake Willoughby partly lies was made by “powsarful northern
currents which, during the drift period, rushed with impetuous
force through this deep gorge.” The source of the “powerful
currents” evidently was not investigated. Thus did the great
deluge influence the geologic thought of the day.

THE ROCEKS

Mansfield rocks are gneisses, schists, and quartzites. Of these
the gneisses greatly predominate and are associsted with the
schist, while the quartzites lie below them. The gneisses are
generally coarser-grained than in the valleys and the interbedded
quartz is thicker. The sial grains are larger and secondary mus-
covite takes the place, to a large extent, of the scaly sericite.
Megascopic garnets, delicate tourmaline needles, sizable [rag-
ments of ilmenite, magnetite, and pyrite are seen,

The coarsest gneisses oceur south of the “forehead,” along the
Maple Ridge trail. Here the sections show sial grains, averaging
094 x 071 mm. in size. The rocks are quartz-orthoclage-

! The First Hundred Years of Amerienn Geology; G. P. Merrill, YaleUniversit.y Press

{1024). '
* Geology of Vermont, vol. 2, p. 870 {18G1).

THE GREEN MOUNTAINS OF NORTHERN VERMONT: JACORS 30

muscovite-biotite gneiss, somewhat chloritized with disbantite,
Accessory minerals are albite, possibly iremolite, light-colored
garnets, zircorn, epidote, titanite, apatite, magnetite, and ilmenite
{or else titaniferous magnetite), somewhat altered to lewcoxene.

The west slope of Mansfield, studied along the Halfway House
and Sunset trails, is made up of gneisses and schists. The greisses
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 few ecarlsbad 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-
hetite, hematite and limonite.

On the Halfway House trail there also oceurs a quartz—mus-
covite—sericite—hornblende schist. The seetion shows many
porphyroblasts of unoriented, prismatic sections of horanblende,
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 enormous amount of quartz, in
thin beds lying within the foliations as well a$, in places, cutting

“the folds. Some of this material is probably magmatic. Thin

sections show quartz and orthoclase, in proportion 2:1, and
contain & few grains of faint plagioclase. This gneiss is also
found along the toll road down to about the 3,800-foot contour.

A composite of the gneiss sections shows bands made up of
interlocking grains of quartz and orthoclase, in proportion 3:1,
with albite and a few Carlsbad twins. The average grain size
is 0.48 x 0.31 mm. These bancds of sial alternate with bands of
musecovite and sericite, well-oviented and much chloritized. The
sials: are much crushed and strained. The A¢cessory minerals
are maguetite, ilmenite more or less altered to leucoxene, apatite
needles, hornblende fragments, garnets {chiefly almandite but
also some of lighter color, proLably 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. DRACG FOLDING ON MOUNT MANSFIELD

This type of gneiss is very extensive, being found. also on
Camels Hump, Elmore Mountain, and on the summit of the
Worcester Range. : . -

The “nose” is largely made up of darker, highly chloritized,.
quartz-orthoclase-sericite gneiss. The sections show quartz and.
orthoclase (including some Carlsbad twins) in the proportion
4:5, sericite full of pyrrhotite and pyrite dust, and acees--
sory apatite, tourmaline, almandite, and much magnetite. This
dark gneiss also occurs around the ‘“chin,” a mile and a-half
away, and suggests that the rock was once continuous along the
whole summit ridge but has been removed by erosion, in which
glacial scouring played its part.

Lying below the summit greiss and found, at elevations around.

3,400 feet, on the toll road, are very coarse-grained, thiekly-

foliated, quartz-muscovite gneisses, with delicate crenulations.

and megascopic muscovite, biotite, and almandite. The quartz

grains are as large as 5 x b mm.; the average size in the
sections is 0.61 x 0.43 mm. The sections show quartz, orthoclase-
(with Carlsbad twins and albite), in proportion 1:3, brilliant.
muscovite, much chloritized, a large amount of biotite, con-
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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 granoblagtic mass of
quartz and orthoclase grains, in proportion 5:1, and with an
average grain size of 0.59 x 0.40 mm., clogely interlocked and with
iretted boundaries. Minor amounts of museovite, light-colored
garnets (probably grossularite), tourmaline, apatite needles,
and a few grains of magnetite make up the accessories.

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

It 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 Bterling 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 elimbs 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 douht
obliterated most of them, glacial striations are still seen on the
Hell Brook trail, trending generally parallel to the valley wall.
These stristions prove a glacial advance from the northeast,
in contrast to the advance from the northwest, shown on the
rocks near the summit hatel, to which reference hag 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 hLas
its source near the divide separating its waters from those of the
West Branch. The latter stream Hows southerly through the
Noich 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. Tt is, in fact, a eoll or pass.

The rocks of the Notch are gneisses, quartzites, and schigts.
In Jeffersonville, to the north, the scldiers memorial has been
carved in coarse gneiss whoge polished surface shows large
injections of pegmatite lying in the foliations.
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At the entrance to the Notch road, clogse by, a light-gray,
thinly-bedded rock occurs, forming the mountain side. Its strike
is N. 46° IL.; its 'dip, 73° westerly, The rock is so little meta-
morphosed that it might easily be classified, mega,scoplcal_ly, as
a sand stone, but the thin section shows it to be a quartzite. It
is made up of a granoblastic mass of quartz and fresh 01‘th(_)clase
grains, in proportion 5:4, with fretted boundaries, tightly inter-
locked., Muscovite constitutes about five percent of the slide.
Accessory minerals are magnetite, and ilmenite altering to leu-
coxene, a few almandite garnets, an cecasional tourmaline crystal,
and a few stubby zircons. The feldspars and muscovite are
moderately chloritized. The rock is probably a metamorphosed
sandstone which hag been invaded by magmatic emanations.

In close contact with the quartzite is a silvery-gray, thinly-
foliated, sericite schist. The section shows a _crysta,ﬂobigstm
mass of nearly perfectly oriented sericite, enclosing a relatively
small number of quartz and orthoclase grains. A feature of this
slide is the development of the chlorite, diabantite, with its
purplish interference colors, Minor constituents are many
tourmaline crystals, a few zircons, and probably grains of beryl.
Moreover, the section is full of fine rods of ilmerste and leucoxene,
perfectly oriented in the planes of schistosity. The rock is prob-
ably a highly metamorphosed sandy shale, also affected by mag-
matic “juices.” o

In the area studied the writer has found a good many similar
agsociations: guartzites lying within sericite schists.

Farther south Smugglers Cave, in the narrowest part of the
Notch, 1¢ formed by enormous rock masses 'which have fallen
from Mansfield’s cliffs. The rocks are generally chloritized masses
of quartz-sericite gneiss, containing small cubes of pyrite. )

Outcroppings of rusty tale are found on the Hell Brook trail,
representing aiterations of a basic intrusive. Their continuation
eastward is found in the tale deposits on Sterling Mountain.

Farther south in the valley, and a half mile north of the Mans-
field toll road, the West Branch forms’ Bingham Falls. These
are rather a series of cascades which the stream, running about
on the strike of the gneiss, has worn-into the rocks. Stream action
has formed a narrow gorge with large pot holes and, with the
sylvan surroundings, has produced a real beauty spot in the
mountains. The dip of the rocks, 28° easterly, confirms the open
anticlinal-synclinal structure of the mountains.

Sterling Mountain and Eastward

From Smugglers Notch exploration was carried on along the
Green Mountain trail, which climbs upward to Sterling Poud
(2,960 feet, a.t.!) and continues northeasterly, for some distance

1 “a. t,” means above sea level.
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along the Sterling Raunge, crossing Madonna Peak (3,668 feet),
Chileoot Pass {2,920 feet), Morse Mountain (3,468 feet), 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 is
perforce “‘sketchy.”

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

The Sterling rocks are much contorted and broken, as shown
even in the rock sections. They are guartz-feldspar-sericite
gneisses and schists and a few 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. Tt crops out
along the trail before reaching Sterling Pond and 15 followed
along the shore and eastward for over g mile. This is the only
intrusive seen. 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 Chileoot Pass to
Morse Mountain the trail runs about N. 25° E., roughly following
the general strike of the rocks. Along the trail great masses of
dislodged gneiss are seen which, by creep, have moved down
the mountain slope without indication of thrusting., Massive
quartzite continues to ceeur, 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-

. gneiss, much chloritized and carrying garnet, epidote, tourmaline,

apatite, zircon, ilmenite altered to leucoxene, magnetite, and
pyrite.

© From Morse Mountain the trail turns eagterly 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 before but hiotite appears in some of the sections
and graphite oceurs 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
gneigses and schists show prevailing dip slopes, averaging 40°
easterly. On the lower glope of the mountain g Fed of quartzite,
five feet thick, occurs, infolded with the schists.
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Structure

The original, primary structure of the Mansfield-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 anticline has bifurcated
the mountain mass, producing the Mansfield and Sterling
ranges and carving out the valley known as Smugglers Noteh.
Today Mansfield is a synclinal mountain; Smugglers Noteh,
an anticlinal valley. That the mountain mass was once greater,
iaterally, is shown by the foot hills, Macomher 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 &t. George, in longitude
73° 8 minutes, while the longitude of Mansfield’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 structare 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 synclinal beds, dipping on an average,
18° easterly and somewhat more, westerly, and pitching gently
to the south. Frosion has produced a series of steps in these
beds, up which one easily climbs to the summit.

Impressed on the primary structure are 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 beds of quartz and some orthoclase
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 teet 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 ereep down the mountain sides.
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No thrusting has been found on Mansfield or Sterling—or,
to anticipate a little, in the Worcester range. Large masses of
dislodged rock on the west slopes of Mansfield and Sterling are
due to creep. The mountain mass has moved westward as a

. whole and folded and thrust the rocks to the west into a series

of anticlines and synclines whose westerly limbs lie upon the
Westford schist or, farther south, upon the Brigham Hill gray-
wacke along the Mountain Border fault, at Essex Junection.

Camels Hump

The mountain known as Camels Hump but which Champlain,
in 1609, called far more aptly Le Lion Couchant, lies on the
Main Range of the Green Mountains, about fourteen miles
south of Mansfield. The whole profile of the mountain suggests
a crouching lion with its majestic head facing the south. 1t forms
a ridge about half a mile long and with a maximum elevation of
4,083 feet above sea level. Ahother eminence, Mt. Helen, about
twelve miles farther south, is fifty-two feet higher but lacks the
striking appearance of the “Hump.” Lack of time and the inac-
cessibility of the mountain have prevented a detailed study, but
investigations along the Monteclair Glen and the Alpine trails
(two of the many paths cut by the veteran Vermont mountaineer,
Mr. Will 8. Munroe) have brought out the salient features.

THE ROCKS

The summit of the ridge is made up of shining muscovite
gneiss, similar to that on Mansfield, with its characteristic fine
drag folds (Fig. 4) and content of almandite garnets and biotite.
Lying below this gneiss there ig another, rusty, thinly-foliated,
with minute scales of muscovite on the bedding planes. The
section shows elongated sials with tightly interlocking, sutured,
edges and intense strain shadows. The grain size averages 0.33
x 0.24 mm. Considerable muscovite is developed and there is

much ilmenite, almost wholly altered to leucoxene. Some of this

leucoxene shows intergrowths with hematite, forming Washing-
tonite. Perhaps five percent of the section is chloritized with
penninite, showing the ultra-blue interference colors. Accessory
minerals are small grains of beryl (7), epidote, zircon, apatite
needles, and hematite. The rock was derived from an impure
sand stone. '

Down the Alpine trail, at elevation 2,825 feet, there occurs
& dark-gray, fine-grained, very pure quartzite which, microseopi-
cally, is seen to be made up of quartz grains, highly compressed,
strained, and fractured, together with a few laths of muscovite.
This is the purest quartzite that the writer has seen in this
traverse. 1t represents, originally, a very pure sandstone.

Farther down, at elevation 2,000, one finds a rusty, medium-
grained, thinly-foliated quartzite, with minute scales of mica
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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

. i : GENER =
minerals. No leucoxene, which is such a common constituent of - C T on %JF{ZN%EQSE\C.;‘ON b,
Vermont metamorphies, is seen. CALE I 270G ~ HORYZ. £ VERT,

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.

L MACOMEER MT.
N

' STERLING MT
5 SPRUCE Pk
MADONNA MT,

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 s 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 hroad
.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, 3,654
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
Park and Montpelier quadrangles. (Montpelier quadrangle,
Plate 4).

The valley is very narrow at its southern end, in Rochester,
but widens to seme 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
VermontLowland. 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

PLATE 3
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'y River rises i . divide in Smugglers Notch,
of the Waterbury River rises in the divide n glers N
while the east branch rises on the western slope of Worcester
Mountain and tumbles down a fold of the mountain structure,
forming Moss Glen falls.

GLACIATION

allev is markedly glaciated. Banks of ]:ill, and kames
ar;ar }slgagtdercc)lr over it whi‘—)lre striations and groovings are stlllv:lo
be seen along the highway (Vt. 100) from Waterbury to I%]) e
Park, although many of the most distinct markings have been
destroyed by road building operations. Elmore Pond, just east
of Elmore Mountain, is of glacial origin while to the north, in
Hyde Park and Eden, are many small glacial lakes and ponds;
of varying size. Lake Lamoille was formed by the damming o
th%ilgﬁrihe melting of the ice sheet several ephemeral lakes
were formed in the valley, and their strand lmes_all‘e still t.qlb;a
seen. These lakes have been described by Merwin!, Fairchild?,
and Bigelow®.

THE ROCKS

ELMORE MOUNTAIN
(HYDE PARK QUADRANGLE)

.« Mountain consists of a ridge some three miles long
byE{}fltemacnd one-half miles wide, culminating at 2,608 feet. J uslt
east of it lies glacial Elmore Pond. Elmore State Forest Par
occupies the northern lake shore and a part of the Mox?ntam.
The mountain is heavily glaciated and thlck‘tlll banks are seen
along the road which the Civilian Conservation Corps has beer&
building towards the summit. Where the ledges are uncovire.
they are seen to be glacially smoothed and striated. These
striations strike North 55° West. . :

The rocks are predominatingly garnetiferous quartz-muscovite
gneisses, similar to those on Mansfield and Camels Hlilmpci
associated with sericite schists a,.nd dul_l gneisses. }nte_rca al’.ole
with these are beds of amphibolite. 'I_‘hls amphibolite is, when
fresh, a lustrous, black rock of schistose structure, show1rl1g
fine needles of amphibole interspersed_mth lighter minerals.
1t alters readily to the pistachio-green epidote and, in places, t}l:_e
alteration has progressed so far that only thin bands of the amph}-
bole remain, so that the rock becomes an epl_dote schgst. T 13
sections show a mesh of slender, ‘fa’,lrly well-oglented prisms an
needles of amphibole, much chloritized, enclosing brilliant grains

1 Some Late Wisconsin Shorelines in N. W. Vermont; H. E. Merwin, Sixth, Rpt. Vt. State

.Gm]" (Il’gog;? _g?z)l:::ial Marine Waters in Vermont; H. L. Fairchild, Tenth Rpt. Vt. State Geol.

(191'5-“'1[‘5]12 Last Lake of the Stowe Valley; E. L. Bigelow, Eighteenth Rpt. Vt. State Geol.
{1931-32).
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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° easterly. 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 sericite 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.

Fifteen 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 sections 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

! Twentieth Report of the Vi. State Geol. (1935-36).
* 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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east 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—see 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 Mansfield 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 best outcrops 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°
Fast 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 match them up and assign them to definite
formations.

GNEISSES

Just south of Stowe village the road cut reveals high cliffs of
thinly-foliated, graphitic, sericite-gneiss, striking North 47° East
and dipping 83° southeasterly. This rock also is seen here and
there along the highway to the south.
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The section shows a most interesting condition: Narrow bands
of fine-grained quartz alternate with broader bands of infolded
sericite and graphite, forming delicate anticlines and synclines.
In the incompetent beds are seen minute, overturned, pitch-
ing, drag folds, 0.20 to 0.40 mm. wide. These drag folds are
cut by more steeply-dipping cleavages, outlined by fine filaments
of graphite. Fine needles of chlorite, small grains of magnetite,
and filaments of iron oxides form the only accessory minerals.
Unfortunately the section was not oriented, so that the
direction of the overturning and pitching could not be deter-
mined but, like most of the valley metamorphics, the over-
turning was probably to the west and the pitching, to the south.
West of the highway the rocks are generally sericite schists,
more or less graphitic and not visibly chloritic; while, east of
the road, the schists are highly chloritic, with bright-green
surfaces, this possibly in response to the amphibolite belt. [n
Waterbury Center these chlorite schists are very thinly foliated,
almost of paper thinness, while farther north they are more
massive. They all strike north of east and dip at high angles
southeasterly.

On the west side of the Stowe valley and extending a distance
of some 6.5 miles from the northwest corner of the Montpelier
sheet, northeasterly through the south west part of the Hyde
Par}«: quadrangle, nearly to Morristown village, there is a belt
of light-gray gneiss full of fine isoclinal dragfolds of quartz. The
strike is North 50° East; the dip, 75° easterly. The gneiss lies
infolded with rusty, thinly-foliated sericite schist. The section
shows bands of fine-to-medium grains of quartz, beautifully

“outlined by limonite, alternating with bands of sericite and

chlorite which are crossed by drawn-out stringers of limonite,
derlved. from pyrite. A few grains 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 made up of dark-gray
material, alternating with thin seams of sial. The section shows
that the sials are quartz, and orthoclase which includes Carlsbad
twins. The dark bands are made up of a mineral which has been
so completely chloritized that no relicts of it remain. In the
chlorite are seen non-oriented laths of muscovite and rhombs
and anhedral crystals of carbonate. The whole section is covered
with minute masses of hematite, derived from pyrite, of which
a few relicts are seen. The U. S. Geological Survey kindly exam-
ined this section, among others, and thought that the abundance
of chlorite, and carbonate (which may be ankerite) indicated
an original rock high in magnesia, possibly a sandy dolomite.

From the Winooski water gap, at Waterbury, to the Lamoille
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° Fast 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 carbon.

In Johnson graphitic schists and coarse gneisses abound.
They strike abtout 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. 1t 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

— I’
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FIG. 5. TIGHT FOLDING IN WOLCOTT

both north and south. Tale lenses' derived from serpentine,
which in turn was derived from peridotite or dunite, are known
in Berkshire, Enosburg, Montgomery, Waterville, Cambridge,
Johnson (the Johnson deposits are being worked by the Eastern-
Magnesia Tale Company, of Burlington), Moretown (also
operated by the Eastern-Magnesia company), Fayston, Waits-
field, Rochester, Stockbridge, Plymouth, Reading, Ludlow,
Cavendish, Andover, Chester (the talc is being mined by the
Vermont Mineral Products Company), Windham (the deposit
is operated by the Vermont Tale Company), and Dover.
Serpentine bodies occur in Jay, Troy, Westfield, Lowell, Eden,
Belvidere, Waterbury, Duxbury, Moretown and Windham.

- Verd antique (serpentine veined with dolomite) has been, or is

being, quarried at Roxbury, Warren, Rochester, Stockbridge,
Moretown, and Windham.

! The Tale and Serpentine Deposits of Vermont: E. C. Jacobs, 10th. Rpt. Vt. State Geol
(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 chaleopyrite (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° East, dipping at high angles (average 73°) southeasterly,
and presenting long dip surfaces. In this structure are found oceas-
ional minor structures: drag folds, low, visible anticlines here and
there, and eroded anticlines with dips changing from 80° westerly,
through 90°, and to 753° easterly. As on the Mangfield 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
%{ange. Small, normal faults are seen, here and there, in the drag

olds.

Now this abrupt change in dips from the Mansfield massif
(average 29.5° easterly, to those of the Morristown-Stows valley
and the western slopes of the Worcester Range (average 73°
casterly), and the change from the heavy, contorted, open-
folded gneisses of Mansfield to the imoclinally-folded, lighter
schists and gnelsses 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 cyele of deposi-
tion upon the eroded surfaces of the Pre-Cambrian rocks which
make up the Main Range of the Green Mountains and the terraing
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,

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
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Canada are visible; to the east, the White Mountains, capped
by Mount Washington (6,200 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 elimbs 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 guartz 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. 6% E. to N. 14° K.

Mr. H. B. Chapin, Town Clerk, reports a similar condition on
White Rock Mountain, while Professor Buchanan, of the Univer-
gity 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-rauscovite
gneiss similar to that found on Mansfield, Camels Hump, and
Elmore, Mountain. Presumably this gueiss extends along the
entire summit ridge of the Worcester Range. At the 1,880-foot

" eontour 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 & develop-
ment of garnets been noted. :

In the sections muscovite predominates and is seen making
tip microscopic folds in which He sial grains and hundreds of
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minute aimz}ndite_ garnets. Bands of sial grains alternate with
the muscovite, giving the gneissic structure. Almandite also
oceurs in large areas, bordered and cut by diabantite chlorite
into which it is retrogressing. There are also a few grains of
green garnet (uvarovite). The whole section is covered with
fine rods of leucoxene in which there are a few grains of unaltered
tlmenite. No biotite occurs.

In the gneiss are seen small masses of a dull, pinkish mineral
not noted elsewhere in the Vermont metamorphics. A section
shows these to be made up of thousands of minute grains of
almandite garnet, varying in size from 0.18 x 0.16 to 0.03 x 0.03
min, '

BTRUCTURE

The top of Mount Hunger is covered with small overturne
drag folds (Fig. 6) beautifully outlined by the extensive quart(j:
veinings in the gneiss. Again, in this place of superlatives, these
folds form probably the finest struetural display of this type in
Vermont. The crenulations are not so delicate as on Mansfield
but they run over the summit in broken lines, like forked light-
hing, n & most amazing manner. The folds dip 35° southeasterly
80° northwesterly, and pitch to the south at low angles. Clea,va,gé

planes dip 75° southeasterly. The summit of Mt Hunger forms
the western limb of a syncline.

FIG. 8. DRAG FOLDING ON MOUNT HUNGER
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The principal joints strike, roughly, N. 60° W., as is the case
on Mansfield and Camels Hump. As already noted, glacial
erosion along such joint planes has been responsible for the
“nose’ and other features of Mansfield, the face of the “Camel”’
(better called the “Lion”) and also for the serrated crests of the
Green Mountaing in general.

A beautiful example of open jointing is seen on the summit of
Mt. Hunger, where drag folds, once continuous across a rock
face, are now separsted by a distance of several inches, due to
frost wedging and gravity acting along the joint.

No attempt was made to explore the western slope of the
‘mountain, owing to lack of fime and the danger of the smooth
rock surfaces. But, in working up the western slope of Worcester
Mountain from the Stowe valley, the quartz-muscovite gneiss
was found at about the 1,700foot contour with southeasterly
dips of 56° to 70°

The Worcester Valley

The Worcester valley lies between the Worcester Mountains,
or third range, and the Fourth Range.

The Worcester River, or North Branch, has cut its valley
deeply into the mountain structure and, with the rise of the
region following the Pleistocene glacial epoch has, like many
other Vermont streams, left terraces along its course. The valley
is generally “U” shaped in section and is heavily glaciated. The
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
schists and gneisses of the center of the valley and the western
slopes. The stream may well be, therefore, a superposed tributary
of the superposed Winooski River.

Following the 1927 flood, of unkappy merory, the Federal
Government constructed a retention dam at Wrightsville, some
four miles 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 Fast Barre, and
that on the Waterbury River, has served well its purpose,

The rocks of the western side of the valley are, predominantly,
the same “quartz-sericite schists, all more or less chloritic and
graphitic” as those of the Morristown-Stowe valley, with lesser
amounts of gneisses and some quartzites, but with more extensive
intrusives, The schists and gneisses extend up the eastern slope
of the Worcester Range to the 1,880-foot contour, striking from
N. 60° to 67° E., and dipping from 72° to 80° northwesterly.

. These rocks were studied and deseribed by the late C. H.
Richardson who followed them from the international boundary
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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 vallay,
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 Ordowvician phyllites of the Woreester:
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 Blmore -
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 chiorite into °
which they are altering. The groundmass is made up of quartz
and orthoclase graing 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 garnets, 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
oceurs 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 Iaths which are extensively
replaced by chlorite. The dark minerals have been entirely
chloritized. Numerous small cavities oceur, where some solubje
mineral has been weathered out. The accessory minerals are

(1915 é[‘ﬂ};e Geology of Braintree, V6.; C. H. Richardson, Tweifth Rpt. Vt. State Geol,, p. 62
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numerous, small masses of titanite (the largest 0.5 x 0.4 mm.),
small, rounded zircons, apatite needles, fra,gment:s of muscovite,
quartz grains, large and small, and some iron oxides. Originally
the rock was probably a diorite. 1t 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 siil
is now a dark-green, chloritic schist, with small inclusions of
lighter minerals. The section shows a granoblastic mass of sodie
plagioclase, pale-green, chloritized hornblende, greenish-brown
biotite, and considerable zoisite. Mueh titanite is present. Quartz
grains, o few grains of chromite, and some stubby apatite needles
meke 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, lHght-
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
Californis “forty-niners,” after ‘their return from the gold
diggings, constructed sluices and riffles along Minister Brook and
washed the stream gravels for the yellow mietal. 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

. About a mile north of Montpelier, in the high pasture west
of the Worcester valley highway, Missisquoi schists are found
nearly in contact with fine-grained, thinly-foliated, Middle
Ordovician phyllite which the writer named the Orleans phyllite,
in 1921. On opposite sides of the hidden contact the average
strike of the schist is N, 53° E.; of the phyllite, N. 43° E. Schist-
osity and bedding are here indistinguishable. The average dip
of the schist is 81° northwesterly ; of the phyllite 72° northwester-
ly. But along Elm Street, Montpelier, the phyllite, forming
high cliffs, contains tight drag folds, outlines by the infolded
quartz. The strike of the phyllite is about N. 50° E., the dip of
the schistosity, about 70° northwesterly. The dip of the folds is
about 68° northwesterly and the folds pitch about 30° to the
north. The phyllite therefore lies under the Cambrian schists by
underthrusting. This is about in line with Clark’s Bunker
underthruist.? '

As regards the age of the phyllite, Richardson® found nunerous
beds of crushed graptolites in the phyllite and interbedded slate
and limestone on Clay Hill, in the Sabin slate quarry, just east
of Seminary Hill, in Montpelier, and in many other localities,
Some of the graptolites were sufficiently well preserved to enable
Dr. Rudolf Ruedermann, of the New York State Geological
Survey, to identify Climacograptus pavus and other species
of Ordovician age.’ '

The phyllite is a black, greasy-looking, exceedingly finely-
laminated rock, splitting perfectly along schistosity planes and
weathering a rusty-yellow. The schistosity planes resemkle the
grain in wood. The sections show delicate bandings parallel to
the schistosity and fine, wavy folding (“S” planes) of the bedding,
The bandings are made up of very minute sections of sericite,
in optical conformity, alternating with fine, elongated grains of
quartz and some orthoclase. A few broader bands of quariz
have been introduced. Larger, elongated fragments of tiotite
lie generally in the schistosity planes, They show scarcely any
retrogression to chlorite. A few minute, light-colored garnets
are noted. They show no retrogression. Elongated graing of -
ilmenite, considerably altered to leucoxene, apatite needles, a
few rounded zircons, an occasional tourmaline, and fine graphitie
dust (in some of the sections long filaments of graphite) make
up the section. Only a few ottrelite sections are noted in the
Montpelier phyllite, but in Barre and in the broad phyllite
belt in the Lake Willoughby region, ottrelite is abundant and
large almandite garnets are seen in the sections. The phyllite is
seen to be a thoroughly reconstructed rock,

1 Op. Ct,

¢ The Geology of Calais, Meontpelier, ete.; C. F. Richardson. Tenth Rpt. Vi, State Geol.
p. 144 (1815-1916),
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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 body is being worked by the Adamant Quarry
Company. This is in the great belt of granite outerops 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 occur.

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
about 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. It 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 bed of Lords Brook, he kelieved
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 between 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

Ag 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 oceur, with dips passing from about 85° south-

1 A Contribution to Structural Relations of the Granite Intrusions of Bethel, Barre, and
Woodbury; Robert Balk, 15th Rpt. Vi. State Geol, (1915-16).
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easterly, through 90° and to about 86° northwesterly. Close 3
folding is seen in the gneiss at the eastern end of the dam spill-
way.

Comparing 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 817 Northwesterly.

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

The Ordovician phyllites in the Worcester valley lie 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 gyneclinal basin which pitches to the south.

The Fourth Range

The quadrangles east of Montpelier and Barre are ag yet unsur-
veyed and mapping ig therefore difficult. Time has not permitted
the writer to study the ground in detail.

~The range extends from western Randolph through eastern '

Roxbury, eastern Northfield, where it is called the Northfield
Mountains, Berlin, along the boundaries between Middlesex-

Worcester-Elmore-Woleott  and Montpelier-Calais-Woodbury-
Hardwick, through eastern Craftsbury, Albany, and dies out in
Irasburg. 1t is a low, poorly-defined, much-dissected range whose
elevations have not been determined. 1ts length is about thirty
miles. The range is made up predominantly of phyliite, with
interbeds of slate and limestone, all of Ordovician age. In main

- structure it is an anticline whose steep, western limb forms the

eastern 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° easterly. Farther south,
in Calais, Marshfield and Plainfield, granite intrusions have so
disturbed the phylitte that dips are unrelinble. 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 & syneline, of Cambrian age; and the
Fourth Range is an antickine, of Middle Ordovician age.

According to Schuchert, {p. }1) the folding and thrusting of
the Green Mountaing took place in late Ordovician time. This
happened over four hundred million years ago. Sinee then the
mountains have been peneplaned at least once. They are now
undergoing erosion in a new cyecle,

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,
Carmmels Hump, and Burlington quadrangles) confirms the results
of the traverse across the mountaing 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 guartz-orthoclase-gericite
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 gueisses, schists, and
quartzites, confaining 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 gyneline, near Duck Brook.

At Richmond the counfry rock iz 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
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87°, to the Mountain Border fault, which runs east of Brownell
Mountain, and across the Lowland to Lake Champlain, where
the Lower Cambrian Monkton and Winooski formations rest
by thrust on the Ordovician shaly (Trenton) limestone of the
Foreland.

No thrust faulting was noted between Montpelier and Rich-
mond. The Green Mountain sequence seems to have moved
northwestward as a unit, piling up the formations of the Eastern
and Central sequences into the series of thrust slices which has
been deseribed.

Volcanics

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

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

Mineralogy of the Metamorphics

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

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

The feldspars are represented most often by orthoclase,
ineluding Carlsbad 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, caleic 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 oceurs as a hornblende -
schist on the western slope of Mount Mansfield and fragmantal
hornblende is rather common in the metamorphics. Of course
the amphibolites of the Morristown valley show the greatest
development.

The pyroxenes are generally so altered that identification is
uncertain. Enstatite was seen in a few slides, .

The mica family is represented chiefly by sericite but there
iz 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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Woreester 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 metamorphies 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, besides appearing as individual graing, it oceurs 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 horder.

Of the chlorites, clinochlorite is the most common, diabantite
is found in a good many sections; penninite in & smaller number,
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 fow, 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 titanomaguetite) occur in many of the
sections while rutile is much less ecommon. Sizable fragments
of ilmenite were picked up along the mountain trails, Where
‘the mineral is titanite it is, in places, altered to an amorphous
Inass of leucoxene and caleite,

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
sehist, 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 developrent, are found in Jeffersonville, and in the
traverse along the Winooski River highway, while Iit-por-lit
injections oceur 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-
‘ments are noted along the various mountain trails, especially
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on the Mansfield and Sterling ranges. The maximum develop-
ment is in"Johnson.

Pyrite is the most common sulphide. Besides being found in
the sections, it occurs in cubes ranging from an inch to three-
eighths of an inch in diameter. One or two specimens, sent in for
identification, show tetra-hexahedral, striated 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 agsociated malachite 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 some of the sections, Ankerite
is probably present in the gneiss of eastern Stowe,

Gold occurs in the gravels of Gold Brook, in Stowe, and in
the stream gravels in the northern part of the Worcester valley.

Tale oceurs 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 identifica-
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

The region studied is one of regional, low-grade metamorphism
(p. 26), the rocks of which belong in the Chlorité, Biotite, and
Garnet zones and never rise to the Staurolite, Cyanite, or Sili-
manite zones. In Grubenmann’s classification (p. 27) the rocks
belong to the Meso, or middle, zone.

The Brigham 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 the
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 inctuding, the Fourth Range, It occurs
in certain belts: 1n the Underhill valley it is found in considerable
quantity; along the Main Range, sparingly. 1t is practicaliy
absent n 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 iz 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
oceur here and there, Garnet beging to appear in the southern
part of the Westford schist and increases in gquantity in the
Green Mountain series. 1t is rather plentiful in ¢he 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 musecovite 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 east side of the Worcester valley. Here, too, the garnet
-is retrogressive. Garnets algo occur in the phyllite of the Fourth

Range. Metamorphism thus increases in infensity to the east.

Dynamic metamorphism is seen in the schistose and gneissose
structure of the metamorphics and has so.okliterated the former
structure of the ancient sedimentary rocks that bedding planes
are difficult and, indeed often impossible, to recognize. Dynamic
metamorphism has also teen 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, seen especially along the southern part
of the Mansfeld ridge.

1t iz believed that some of the biotite and garnet development,
at least, is due to thermal metamorphism, the heat for which
has keen furnished by granitic intrusives. indications of the
presence of such bodies are seen in the oceurrence 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,
iying chiefly in the schistosity, and there is a little pyrite or
pyrrhotite. Several large porphyroblasts of penninite and other
chlorite, muscovite, and sial graing occupy consicerable areas.
No garnet or biotite is present. Faint bedding planes, at about
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60° to the schistosity, indicate that the rock occupled a position
towards the top or bottom of a fold.

The second section was eut 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 replaced
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 niinute laths of muscovite and fragmental
sericite. 'The plentiful chlorite of the Bear Hill section is here
much reduced in amount. Tiny tourmaline erystals and large
apatite needles are noted. But the most striking change ig in the
appearance of biotite and garnet. The biotite occurs in prismatic’
and basal sections, lying in the schistosity and also cutting across
i, lts maximum grain size is 0.78 x (.33 min.; its minimum,

(.05 x 0.02 mm. These biotite grains are numerous and make up -

perhaps six to eight percent of the slide. The single euhedral
almapqlte garnet, 1.2 x L1 mm. in diameter, is only slightly
chloritized. 1t includes grains of magnetite which have confril-
uted to its formation.

The third section was cut from phyllite st the edge of the
quarry. A small part of it is, in mineral composition and structure
like the preceding slide: phyllite studded with porphyroblasté

“of biotite and one or two almanaite grains. Fine chlorite is

present in moderate amount. Beyond a quite sharp line of demar-
cation there is an abrupt change: Chlorite has all but digappeared
and the ground mass is a mosaic of fine sial grains in which there
is a riot of biotite, in prismatie and basal sections (tnaximum
size, 1.00 x 0.55 mm. ; minimum, 0.03 x 0.01 mm.), many inelud-
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 also a few grains
of uvarovite and numerous graing of grossularite, including a
fine euhedral section. Numerous fine tourmaline crystals run
through the section. A few laths of muscovite are noted and &

- small amount of leucoxene.

Thus metamorphism, gradually increasing in grade from the
Cl_llorl‘qe zone of Bear Hill to the Biotite-Garnet zone of Millstone
Hill, with its granite batholiths, is beautifully shown in the study
of theso three sections.

Although metamorphism, in the areas covered by this investiga-

- tion, never rises above the Garnet zone, higher grades of meta-

morphism are knpwn in Vermont. Professor Doll, in his work in
the Newport region, has found crystallized staurolite, and this
mineral, associated with biotite and garnet, oceurs in the old
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abrasive quarry at Gassetts, in Chester township, Moreover the
writer has found erratics containing crystals of staurclite in
Groton. Cyanite oceurs in Irashurg where fine specimens have
been obtained. Sillimanite has not been reported.

Further work on the metamorphism of the Vermont rocks
will be undertaken and published in a future Report of the State
Geologist.

Petrogenesis
Chemical Analyses!
A B C D E
B0, 75.88 65.05 62.96 60.94 61.63
AlO; 1103 14.47 18.18 21.28 18.79
TeyO; 0.57 2.37 4.04 0.86 0.78
FeO 2.24 4.04 3.87 4.14 6.14
TiO, 0.52 0.72 0.54 0.78 0.69
MnO trace trace 0.08 trace 0.45
a0 0.49 2.10 . 1.12 0.32 0.00
MgO 0.83 1.8 1.94 1.92 1.94
K0 6.18 3.22 2.23 4,24 3.26
Na.0 0.94 2.86 1.57 0.58 2.87
H,0-(105°C) 0.25 0.30 0.25 0.30 0.02
H,0+ 0.90 2.83 2.85 3.44 2.88
CO, 0.00 0.00 0.00 0.00 6.060
P.O; 0.26 0.09 0.22 0.13 not det.
C not det. not det. not det, 0.76 ¢«
80, 0,20 o« #
Total 1006.09 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 contain too many
molecules in common to permit a satisfactory calculation of the
pereent of each mineral but, making the most liberal allowances
for 8i0; in the feldspars, biotite, sericite, garnets, and chlorite,
we may arrive at the excess 8i0, which forms free quartz. Doing
this we find, for A, about 47 percent; for B, about 32 percent;
for C, about 44 percent; and for D, about 38 percent.

Moreover, it is noted that the percent of MgO exceeds that of
CaQ in all the analyses but B; while K,0 exceeds Na,O in all.

1Analyses A, B, C, D, by Herdsman, Glasgow, Scotland. Analysizs E, by the writer,
years ago.
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According to Holmes!, the double test of greater Mg(Q than
Ca0 and greater Ky;O than Nay0 was found to indicate a sedi-
mentary origin, as against an igneous origin, in 76 percent of
the rocks investigated. Iolmes 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) quartsz,
there is good reason to suspeet 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
kelieves 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. ‘

It iz seen that the Lower Cambrian Brigham Hill graywacke
differs markedly in its chemical composition from the roeks
B, C, D, E. It is more closely akin to the Cheshire quartzite
with which it is closely associated, while the mountain rocks
show a striking kinghip 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 2 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 gneigses 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 ag
may be from technical terms: The Green Mountains are made
up of two chief members, the Main Range, with its associated

© Bterling 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.

Petrographic Methods and Calculatioﬁ; 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 thickness of -

tissue paper {about 0.03mm., or 0.0012 inch) and studied with
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 changes
which have gone on in them—such as alterations to other
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 sedimentary.

The rocks are vastly old. Thoge of the Fourth Range and, in
fact, all of the Vermont Piedmont, which extends eastward
practically to the Connecticut River, are phyllites, slates, and
crystalline limestones, known by their fossils to ke of Ordovieian
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
(aithough 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 Woreester valley and all of the Worcester
Range, extends across the Morristown-Stowe valley, and rests
unconformably on the eroded edges of the most ancient rocks
of all, the Pre-Cambrian, at least a billion years old. These most
ancient metamorphics make up the Main Range of the Green
Mountains, incluaing Mount Mansfield, the Sterling Range,
and Camels Hump, and extend westward to the Mountain
Border fault, as shown on plates 3 and 2. This Mountain Border
fault zone, which by no means always borders the present moun-
taing (any more than the Champlain fault always foliows the

shore of Lake Champlain) is made up of the Cheshire quartzite,

the Rutland dolomite, and the Brigham Hill graywacke, rocks
known by their fossils o be of Lower Cambrian age, over 500
million years old. These rocks mark the transition from the
phyllites, schists, quartzites, and gneisses of the Green Mountains
to the less metamorphosed dolomites, slates, conglomerates,
and breecias of the Vermont Lowland.

Farther west lies the Champlain thrust fault which marks
another transition, this time between the “less metamorphosed”
rocks of ithe Lowland and the practically non-metamorphosed
. rocks of the Foreland.

Having seen of what substances the rocks were made, let us
inquire how and when the mountaing were folded and upraised
ana the thrust faults were developed.

President Hitcheock 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-
lows) 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 dynamie
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 whele (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 itgelf, 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 thaf 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 came 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 bodieg 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
see the net result of these opposing forces of upbuilding and
downcutting in the anticlinal Fourth Range, the synelinal Wor-
cester Mountains, the division of the old anficlinal 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 IHill, and the
other foothills of the Green Mountains.



The Geology of Clay Point,
Colchester, Vermont

Cuarres G. DoLn
UNIVERSITY OF VERMONT

Introduction

Clay point consists of a rounded hillock of rock capped by
the Champlain clays and is situated on the shore of Lake Cham-
plain one mile north of the entrance to Malletts Bay, in the town
of Colchester, Vermont. On the topographic map it is located
in the southern part of the west subquad of the Milton quad-
rangle. The area considered in this paper lies about one mile
west of the Champlain fault and comprises a shore strip from the
extreme end of the point southeasterly for a distance of a quarter
mile. This site is interesting for its display of varied geologic
features within a small compass, especially those exhibiting rock
structures. 1t is an excellent outdoor laboratory for students of
both general and structural geology. Its proximity to the Cham-
plain overthrust of which it is a subjacent part, is of further
importance. '

Stmtigrdphy

Of first importance are a series of intercalated, thin-bedded
arenaceous limestones and calcareous shales of upper middle
Ordovician age, the Trenton shale formation, A basic dike is
intruded into these sediments and may be Cretaceous in age.
A deposit of Pleistocene marine clays and beach sands overlie
the Ordovician roeks,

Petrography

The strata range from one half to ten inches in thickness and
vary in shades of a dull gray, from a light shade on the weathered
surface to an almost black on the fresh surface. The fine-textured
shales possess a well-developed cleavage, and appear to have
undergone a plastic condition. The shales comprise the great
majority of the sediments, and interbedded with them are a
few narrow layers of partially laminated shaly limestone and
crosshedded arenaceous limestone. The crossbedding is distinctly
ma}gked by fine, rust-colored lines of sand on the weathered
surface.

WCambrign Buccession in Northwestern Vermont, Arthur Keith, Rpt. Vi, State Geol.
14th of this Series, p. 136 (1023-24).
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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
& pronounced cleavage. These structures will be deserited 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
occurred along the planes of cleavage in the shales and along
fractures in the more massive thin-bedded limestones. The anti-
cline plunges about 12°NI1O° 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° NI10O° E and the axial plane is inclined 70° SE. The
gently inclined limbs are mildly undulating to the contact at
thrust fauit “a”” (Plate I, fig. 7 and Plate I1, 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 11, 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 arve 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 caleite layer being much the steep-
er. It appears that during compression the more frangible caleite
layer fractured as each suceessive seetion 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 wag undergoing tensional straing 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 forees were active upon
it, the confined layer was also being subjected to compression.
This is seen in the thrust relationship of the caleite 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. Skickensides 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 oceur 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 itgelf 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 1, 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”
structure, portions of which have been severed into separate
lenses. L : o
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i e multitudes of minor displacements within the
exg}?s:ﬁg,s izhis traversed by several large thrust faults, tl;e sur-
faces of which begin with rather steep dips, becoming essJC hs’o
down the dip. The terminations of these faults at tl‘l‘e ?’Eblé“b s
surface are indicated in Plate 1, fig. 5, by 1.;he lfztters a, . ,
“o? and “d.” These faults represent an 1mbr19a§ed Sn:u}(i uﬁe
an:i are the result of the overturning qf the anmf:hne, with t fa
subsequent rupturing of the west limbs in a complicated man%ei:.
The severed anticline is & good e_xample of a break thru;t. 1 e
thrust fault zones are characterized by a pronounced develop-

ent of calcite. '

mThrust fault “a’” strikes N8° W aréd 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 dlr?ctmn
of cleavage in the shale, rarely to the bedding. This fau 1121 car;
be traced northward for half the lenggh of the ex‘l‘)o’s,ure. T rus
b’ has a northerly strike and dips 33 E.. T@rusf; ¢’ also strlke_s
in a general northerly direction and varies in d%p.from a‘ppffﬁ%:
mately 41° B to 58° E down the dip, where it joins ’f,hrusﬁf 24
The surface common to both of these latter faults gtrlkgsh 8
and dips 26° E. The surfaces of these faults begin wit E‘teeip
inelinations, but at depth lose their steepness percepttbl%. ault
“d” is vertical and follows a fracture rather than the“c %?‘VT&%&
in the shale. Downward, fault “d” merges with fault “e. e

downward tapering block between faults “c” and “d,” has the

keystone. The light-colored layer at the top of fault
fa‘lzla’dp?la?sf geenydisplaced approximately six inches. The m_a.nneé
in which these faults unite at depth, gives fi}}?nzg,an 1mbr1fate
structure. Plate 1, fig. 8 ilustrates faults ‘b,” “c,”” and the ;)wcir
part of vertical fault “d.” Plate II, fig. 1 shows thrust fault
“37" on the west side of the exposure, the hammer handle Iqanmg
against the upthrow block. _
gThe southeast-trending cliff beyond the beach in Flate IiI,
fig. 2, is pervaded by faults and flexures of many deseriptions.
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 fdrag
revealing the direction of the relative movements on the ault.
Some of the large faults in this cliff have a steep westerly dip,
while many of the smaller ones stiike and dip at various Othel:
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
elose horizonal relationship of this formation to the Champlain
Fault, it appears that the latter was responsikle fpr the pressures
and resulting movements. The Lower Cambrian escarpment
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of the Champlain Overthrust stands about a mile east of thig .
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 discortinuous. 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, probably of camp-
tonite rock, euts 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
I, fig. 2). The pinched out ends of this dike serve as evidence
against offset by 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 aparse oceurrences 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. Its relationship to the bedding is strikingly shown
in Plate I, 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 bedding
out on the flanks. The bedding and slaty cleavage almost coin-
cide on the flanks of isochinal (parallel limbs) folds. The slaty
cleavage was formed during folding of the shale. As the adjacent
beds slipped past one another the shale wag 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 I, 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.



30

REPORT OI‘; THE VERMONT STATE GECGLOGIST

PLATE 1T
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This secondary structure, slaty cleavage, is of speeial inport-
ance to the structural geologist. He uses it in determining major
structures. Cleavage tfrequently 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
ineludes 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 observer 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 bedaing in a fold have an angular relationship,
perpendicular at the crests and in the troughs, and at some lesser
angle on the limbs. Since folds terminate somewhere along their
strike and, therefore, have a piteh, 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. Tt
then depends on hig at ility to apply the above prineiples 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 structu:al 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 hedding, 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 oceurrence aiscloses the Ledding steeper
than the cleavage, which would signify oveiturned strata. The
broken section of the anticline demonstrates overturning, and
the close-up in Plate 1, fig. 8 shows both normal and overturned
beds. it is fortunate that the overturning in the anticline ean be
seen without the use of the above eriteria, 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 syneline
to the right (west). The younger formations lie to the west,
since one traverses increasingly younger lLecs fiom the crest
of an anticline to the trough of a syncline.

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 thig ex.
posure. Although the slaty cleavage has a fairly uniform nertherly
strike and easterly aip, it is found upon eloser examination to
vary somewhat as a consequence of faulting. imwmediately under
fault “a” the strike and aip of the cleavage is N10° W and 46°
NE, respectively, and atove 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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dings are N20° E and 68° 8E, respectively. The cleavageoz in
iﬁi sti?il intact portion of the anticline has a general N10 Eé
trend and dips steeply to the southeast, but near the (éon‘gaﬁ
with fault “c” the strike changes to a more egsterly one, N23° E.
The above data seem to show that the earlier formed cleavage

isturbed by later faulting. ) . :

Waﬁeﬁﬁ@é beddigg which is so plainly delineated in this exposure
by changes in eolor and shades, seve‘ra.l other primary st}”uetureg
are observable. They are crossbedding, textt}:ra,l gradation, an
possible mud-cracks. Crossbedding oceurs in the arenacgolfs
limestone, on the weathered surface of which it is d?—ﬁmfugy
outlined by rusty, sandy lines (P}ai.;e 11, ﬁg._7). Crosstedaing
is one of the best eriteria 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, fiz. 5) to te overturned. During

deposition the coarser materials find their way to the bottom

lting in a gradation to finer sediments at the top. Plate.
?fsgjg;?eguexhi%its agtextural change with the coarser lgmmat((aid
layer at the bottom. Mud-cracks are formed when moist mu 8
are exposed to the atmosphere and sunlight. The mud cracks
into pelygonal shapes as it contracts in drymg_. The fracture
pattern in Plate II1, fig. 4, which is on a bedding surface, re-

sembles mud-cracks.

PLATE III

i
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Historieal Geology

The geologic history of this area beging with the deposition
of .the Ordovician sediments of Trenton time, Limy muds,
oceasionally 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 wag 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 gea, not to be submerged sgain
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 orogenie
process, but not necessarily in such profusion. These rocks prokab-
Iy 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 Ordovigian 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 ercsional effects are present on the outerop as a smooth
surface with grooves and striae. The direction of the markings .
in Plate 11, fig. 3 is N5° W. Crystalline erratics lie strewn about
on the beach.

The Pleistocene beds consist of marine clays (capping exposure,
Plate 1, fig. 5) containing clay concretions and fossil mollusc
shells. A layer of beach sand in which the molluse shells oecur
in even greater abundance, overlies the elays 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 he
studied here with some profit. Plate IT1, fig. 2 illustrates a cres-
centic beach between two rock headlands. In Plate III, fig. 1,
an island is tied to the mainland by a tombolo.



The Geology and Petrography of
Vernon, Guilford, and Halifax, Vermont

Crmarces H. RicHARDSON AND JaMes E. MAvNarD
Syracuse University, Syracuse, New York

The report upon the geology and petrography of Vernon, Guil-
ford, and Halifax is of necessity brief. The time available for de-
tailed field work and petrographic study in the laboratory at Syra-

cuse University has been altogether too limited to bring out all -

that might be desired as to structure and the original composition
of the rocks involved. Some important discoveries that bear upon
the mineralogical composition and the probable age of some of the
terranes have been made, and it hoped that the results will throw
some light on a field hitherto undescribed. The mode of origin
of the rocks cannot be ascertained with certainty, in some instances,
even with a most careful petrographic study. The metasomatic
changes have been so complete that scarcely a trace of an original
mineral remains and, in one instance at least, there is no trace
whatever of an original mineral. The best example of this pro-
nounced alteration can be seen in an irruptive rock in the extreme
southeastern part of Vernom.: -

The high percentage of microcline, showing the characteristic
grating structure, in rocks that are coarsely laminated is a strong
argument in favor of an igneous origin. Such rocks in this report
are listed as granite gneisses.. It is difficult to determine the actual
age of some of the terranes involved hecause no fossils have been
found in the pre-Ordovician formations in eastern Vermont. The
heavy burden of glacial drift that covers the area renders the cor-
rect mterpretation of structure exceedingly difficalt. In road cuts
and river beds the best evidences of the structure are obtainable.

The area invelved in this teport lies between north latitude
42° 43" and 42° 50’ and between the meridians, 72° 27’ and 72°
44, west of Greenwich. The major portion of the area involved
lies in the Brattleboro Quadrangle. The extreme eastern part is
in the Keene, New Hampshire, quadrangle while the southern
portion falls in the Warwick, Greenfield and Hawley Quadrangles
of Massachusetts. The extreme western portion is included in the
Wilmington Quadrangle in Vermont, Tt may seem strange to some
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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-
tord and Halifax for field work:

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

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

3. "FThey carry the field work eastward to the Connecticut River
for the third time in recent vears.

4. Halifax, the westernmost township studied, contains the ero-
sional unconformity between the Ordovician and pre-Ordo-
viclan (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.

6. The fact that no detailed field work has ever heen done and no
petrographic study ever made of the sedimentaries.

The detailed field work was essentially dome 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, Guilford,
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 between the
different terranes are extremely difficult to find. Contacts were
tound 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 heen
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
arc now definitely proved to be granite gneisses. The presence of
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a large amount of microcline in the microscopic slides substantiates
this view.

Drainage

The drainage of the area involved in this report is to the east,
south and southeast. The chief river is the Connecticut which
flows in a southerly direction and matks the eastern boundary of

- the area. The east branch of the North River flows southerly and

empties into the main North River a little north of Shelburne Falls,
Massachusetts. Broad Brook flows easterly in the northern part
of Guilford and Vernon and empties into the Connecticut River in
the northern part of Vernon. Each of these three rivers receives
several small tributaries which have only local names and need not
be mentioned.

Topography

There are two broad U-shaped valleys traversing the area
covered in this report. The major valley is that of the Connecticut
on the east; the minor valley is that of the East Branch of the
North River in the western part of Halifax. These are pre-glacial
valleys. The numerous transverse valleys are in part pre-glacial
and in part post-glacial,

Certain altitudes that may be of interest are given below. Some
of them were taken with an aneroid barometer while doing the
field work, others were taken from contour maps of the area in-
volved. The lowest altitude is in the southeastern part of Vernon,
200 feet; the highest is on a round mountain in northern Halifax,
which registered 2,034 feet. A round mountain in Halifax regis-
tered 1,949 feet. A mountain south of the same village registered
1,834 feet. Pulpit Mountain, in Guilford, is 1,249 feet. Fast
Mountain, in Guilford, is 1,424 feet. Governot's Mountain, in the
northeastern part of Guilford, registered 1,823 feet. The altitude
of Vernon station is 310 feet. Vernon Center church 290 feet.
South Vernon Junction is 275 feet.

Geology and Petrograph
graplry

The geology of Vernon, Guiiford and Halifax is intricate and
complex. The rocks consist of highly folded and faulted meta-
morphics that are often invaded by intrusives of more than one
period of mtroduction. These rocks range from quartzose marbles
to feldspathic quartzites or gneisses, with o trace of a fossil con-
tent, and from phyllites to highly chloritic and epidotic mica
schists—in fact some of the rocks listed as of sedimentary origin
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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 nrcroscope 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 Irasburg, 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,
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Upper Cambrian

There is no evidence of Lower Cambrian rocks in the area
covered by this report. Upper Cambrian rocks do occur in the
western part of Halifax. The terranes listed as Upper Cambrian
comprise a series of highly folded and faulted sedimentary rocks
that have been invaded by basic intrusives. The schistose rocks
may be listed as chlorite schists, hornblende schists, hiotite schists,
muscovite schists and micaceous quartzites.

Before 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 eastern side
of the Green Mountains throughout Cambrian times?

2. Did deposition begin with the Sherburne conglomerate in Lower
‘Cambrian time and cease with the Middle Cambrian?

3. Did deposition begin with the Upper Cambrian and cease with
the uplift that came at the close of the Cambrian ?

4. Is the Middle Cambrian entirely wanting east of the Green
Mountains?

The field evidence is that deposition began in Lower Cambrian
time with the Sherburne conglomerate as the oldest member of the
series. The presence of an apparent conglomerate in the lower
portioni of the Bethel schist would imply that sedimentation was not
continuous during Cambrian time. If this con jecture can he proved
by subsequent field work in Windham and Townshend then it
seems rational to assume that the break in the continuity came in
Middle Cambrian time. The rocks listed in this report in the
western half of Halifax must be Upper Cambrian.

Chlorite Schist

The chlorite schists are fine grained, green, schistose and highly
metamorphic rocks. Chlorite or some related species of the chlorite
group, is the dominant mineral, while epidote and magnetite are
invariably present. Quartz grains and plagioclase feldspars are
either wanting or sparingly present. In the extreme northwestern
part of Halifax there is a broad belt of chlorite schist with strike
north 40° east and dip of 45° southeast. The outcrop extends west
into Whitingham, '

Cavendish Schist

The Cavendish schist is a dark gray, fine to medium grained,
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,

A issisquoi Group

The Missisquoi group of terranes comprises highly garneti-
tferous muscovite schists, sericite schists, sericitic quartzites, chlorite
schists and hornblende schists. This group of terranes has been
followed southward from the international houndary 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

Ar 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

S
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mile northeast of Green River there is an extensive outcrop of a
medium to coarse textured biotite schist. The strike varies from
north-and-south to north 30° west and the dip is 43° westerly.
It does not correspond to any beds found in the Ordovician ter-
ranes but is identical with beds found in the Cavendish schist. It
appears to be an outlier of the Cambrian or else the Cambrian has
been brought up by a fault. It is flanked hoth upon the east and
west sides by Ordovician limestones and phyllites.

Chlorite Schist

There are thin beds of chlorite schist in the Missiquoi group
anc_[ m the underlying Cavendish schist that conform in dip and
strike to the enclosing sedimentaries. Such beds are regarded as
of sedimentary origin for the following reasons:

I. The extreme narrowness of the beds.

2. The presence of an appreciable amount of well rounded quartz
grains.

3. ‘Their conformity in dip and strike to beds of unquestioned sedi-
mentary origia.

4. The absence of any altération by igneous intrusions in the walls

of the enclosing sediments.

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

If the above interpretation is correct then the age of these
chlorite schists would be the same as the age of the enclosing sedi-
mentaries. These beds of chlorite schist do not occur in the Ordo-
vician although there are some beds in the Ordovician that are
chloritic from the chloritization of hiotite.

The chlorite schists that cut across the sedimentaries are re-
Ig?rlc'l?d as of igneous origin but they do not occur in Guilford and
[alifax,

Hornblende Schist

There are lenticular beds of hornblende schist in Halifax but
the arguments in favor of a sedimentary origin of these schists
and of an igneous origin were given so fully in the 18th Annual
Report of the Vermont Geological Survey, pp. 332-333 that they
nieed not be repeated here.

. Ordovician

The term Ordovician as here used embraces the series of sedi-
mentary rocks that lie unconformably upon the east flank of the
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Cambrian terranes. They consist essentially -of lir'ﬂe'stones, slates
and phyllites. The structure of the phyllites 1s anticlinal and syn-

clinal,
Waits River Limestone

The Waits River limestone, or quartzose marhle, does not occur
in mapable areas in Vernon and Halifa‘x. ngever, therfa are
very narrow beds of limestone interstratified wﬁh the phy_ihte in
these townships. In Guilford, to the west of East Mountain, and
to the east of Guilford Center, there is a long narrow belt of t}_le
Waits River limestone. The.strike is north 20° east and the_chp
is about 45° easterly. In the central part of Guilford there is a
broad belt of Waits River Limestone. It lies east and squth of
Governor’s Mountain. Some slides show 75 percent of calcite and
25 percent quartz. Some of the outcrops are susceptible o_f a good
polish. The general strike is north 20 to 30° east. Thf:’. dlpoon 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,

Memphremagog Group

The Memphremagog group consists of slates, phyllites and
quartzites. In the northern half of the state the slatle 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 helt 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 2 h'lgh
angle sometimes to the east and sometimes to the west. Two m{les
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 lie!_s east
of these quarries. Two and eight-tenths miles south of _Gruﬂford
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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ou cither side of the road dips nearly vertically,
‘Brattleboro Phyllite

The term, Brattleboro phyllite, has been applied to all the
phyllites that flank the Cambrian terranes on the east in ITalifax.
Vernon and Guilford lie almost wholly on phyllites with interbedded
limestone. The general strike of the phyllites varies from due
north to north 30° east. The dip varies widely. In the northern
part of Vernon, on the Broad Brook road, the strike is north 30°
east and the dip is 50° west. Two miles up Broad Brook road there

' is a large exposure of phyllite with dips from 80 to 85° west. At

the Broad Brook Falls bridge the phyllite has a strike of north
20° west while the dip is vertical. Above the bridge the strike is
north 20° east. Six feet away the strike is north 10° east and the
dip is 85° east.

One-fourth mile east of the north-south road, on the hill,
there is an outcrop of highly metamorphosed, fine grained phyllite
cut by numerous quartz veins, some two feet in width. One and
seven-tenths miles south of Guilford there is an outcrop of slaty
phyllite with strike north 20° east and dip 85° east to 85° west.
Half way down the west side of the mountain there is a rich
tourmaline vein one foot in width from which fine showy specimens
can be secured.

East of Halifax Center there is an outcrop of a highly garneti-
ferous schist, probably phyllite. East of this outcrop there is an
outcrop of garnetiferous phyilite with some crystals of hornblende,

edeid Intrusives

The acid intrusives are confined to Vernon and (ruilford. They
consist of granites and granite gneisses,

Granites wnd Granite Gueisses

Granite outerops do not occur in Halifax but th.cy are numerous
in Vernon and Guilford, None of them is of extensive individual
areas, : ‘

Two and nine-tenths miles south of Brattleboro there is &
small outcrop of granite on the west side of the road leading south
to Vernon, Three miles south of Brattleboro there is another
small outerop of granite. These two are probably connected. Four

1niles south of Brattleboro there is a much larger outcrop of granite

m a fresh road cut. It is traversed by seven quartz veins 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 t}}1s
outcrop and on an east-west road there is an abandoned grax?ﬂie
quarry, from which much stone has been 1'e1noved.. Thg minerals
in order of their abundance are cligoclase, quartz, 1n1g1-ochne, (?rtho-
clase and biotite. The accessory minerals are apatite :‘n;d zircon.
The secondary minerals are epidote, white mica, kaolinite, chlorite
and zoisite. The quartz is crushed and graﬂulated._ Seven:tenths
of a mile south of Vernon there is an outcrop of gneiss that is very
fine grained. One mile south of VEI’HO:] there is an outcro? o"f
granite gneiss on either side of the road. The gneissoid structure is
Ty pronounced.

VelyOxIl)e—half mile west of the River Road, on the ﬁrst.west road
north of Vernon there is a smalt granite outcrop in phyllite.

There is a granite outcrop on the southern _en_gl of ‘the _Brattl_e—
boro Quadrangle, just west of the Verﬂon_ town line; I.)ut in Gul}-
ford, on the right hand side of the road going s'outh, 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 coagse grained and the area is not extensive.

Basic Intrusives

Basic intrusives occur in Vernon, Guilford and Halifax. They
are associated 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 massive. Tts prevailing mineral constituents are horn-
hlende, a plagioclase feldspar, oligoclase to ande_sme, -and secondary
calcite. It also carries some pyrite and magnetite. _

In the western part of Halifax, on the east side of the river,
there is an outcrop of a very massive diorite th‘at cuts a black
splintery mica schist at an angle of 70°. The strike of the rocks
is here north 60° east and the dip is south. o

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

 Professor Richardson did not locate the amphibolite outerop. Eb.
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Gabbro

In the southeastern part of Vernon, about two mites 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 Mowuntains. 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-
burne couglomerate which overlies the Algonkian. The terranes
underlie the Trashurg, Albany and Northfield conglomerates which
form the base of the Ordovician in eastern Vermont. Tf the con-
Jecture is correct that the Bethel schist carries a conglomerate hed
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. However, several samples were sent from
the abandoned slafe quarries in Guilford to Dr. Rudolph Ruede-
mann, State Paleontologist, Albany, New York, for examination.
Doctor Ruedemann writes, “These may well have heen 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 imonite patches in graptolite shales that originated from
pyrite crystals and that have misled many.”

I also sent two samples from N orthfield, Vermont. Concerning
these Doctor Ruedemann writes, “One slab containg 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. T 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 sampie Doctor Ruedemann wrote, “The
coral-like body is certainly most suggestive. Corals are rare in
these early 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 ot 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 guarried 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

vears.

The Cambrian Rugg Brook Formation
of Franklin County

B. F. HowsLL
PrinceTon UnivERsITY
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At first it was thought that only a single dolomite formation
was present above the Mallett, and for this Dr. Keith proposed
in 1923 the name “Milton.” Since 1923 it has been disecovered
that the Milton in its type district, near Milton, contains what
appear to be Late Cambrian fossils?, while some of the dolomitic
beds farther north that had been included in the Milton by Dr.
Keith have heen found to underlie the.late Middle Cambrian
8t. Albans Shale, and are consequently older than the type
Milton. Dr, Keith still used the name “Milton’” for these older
beds in 19323, but in May 1933, Professor Schuchert (in his paper
referred to above) placed most of them in the Parker Shale
{which was known to have interbedded in it some sandy dolomite
beds), and the rest of them in a new formation, which he called
the Rugg Brook Conglomerate (op. cit., pp. 356, 359, 363, 365,
366, 368}, and which he considered to be of Middle Cambrian
age, since he knew that it was separated from the underlying
Parker SBhale by asedimentary and erosional break and he thought
that ¥t was stratigraphically continuous with the overlying St.
Albans Shale.

In the summer of 1933 the writer made a very detailed examina-
tion of the dolomiteg between the top of the Mallett Dolomite
and the base of the 8t. Albans Shale, and discovered evidence
which seems to him to indicate that there is a depositional and
erosional break between the Rugg Brook and the St. Albans and
that some of the dolomites which Professor Schuchert placed,
in his 1933 paper, in the Parker Formation, really belong in the
Rugg Brook, while others of them are of Late Cambrian age.

Professor Schuchert called the Rugg Brook a “conglomerate”
because the beds which he agsigned to it were conglomeratic.
Some of the additional beds which the writer would add to {this
formation are also conglomeratic, but some of the others are not.

For this reason the writer prefers to use the name “Rugg Broek.

Formation,” instead of “Rugg Brook Conglomerate” for the
whole stratigraphic unit.

Professor Behuchert defined his Rugg Brook Conglomerate as a
dolomite conglomerate, which weathered a salmon color and was
usuzally less than 20 feet thick. Ie stated that the type locality
for the formation was on Rugg Brook, less than three miles south-
west of 8t. Albans; and he added that the eonglomerate oecurred
in at least two other localities—the Conner Farm (about a mile
southwest of St. Albans) and near Rockledge (ahout three miles
north of 8t. 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, Cambrian puccession of northwestern Vermont. Amer. Jour. Sci., 8th Ser,, vol.
5, 1923, p. 112,

2Schuchert, C. Cambrian and Ordovician stratigraphy of northwestern Vermont. Amer.
Jour, Sci., 5th Ser., val. 25, 1933, p. 369.

SKeith, A. Stratigraphy and strocture of northwestern Vermont. Jour. of the Wash.
Acad. of Sei., vol. 22, 1932, pp, 371-374.
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a5 two feel in diameter, were from the Parker or Mallett forma-
tions, or oceasionally 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 8t. Albans to ahout
four miles north of that town; and it not only does not outcrop
anywhere nearly continunousty 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 le 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. 1t 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. Albang 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 econ-
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 outcerops 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 northwesi of School 3, two
miles north of the northern outskirts of 8t. 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 Bwanton 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 8t. Albans, whose southernmost known
exposure is half a mile south of the road running from Everett
School to Bt. 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 ig, 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 8t. 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 proh-
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. It should
also be reealled 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. , ,

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 sandsfone 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 to him to be more probably intra-
formational, or at least mainly such.
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In one outerop, about one and a half miles southeast of Swan-
ton Junction, angular blocks of Rugg Brook Dolomite, one of
them one and a half feet long and six inches thick, ¢an be seen
in the lower part of the St. Albans Shale ; but this is the only

- exposure known to the writer in which undoubted pieces of the

Rugg Brook are to be found in the St. Albans Formation. :

Dr. Keith! has stated that fossils, considered by Dr. Schuchert
to be of Early Cambrian age, were found in the matrix of a
conglomeratic bed of the Rugg Brook formation just north of
the road running from 8t. Albans to St. Albans Bay; but the
writer is informed by Professor Schuchert that this record is
an error, and that these fossils came from the matrix of conglom-
eratic beds which are now considered to be in the Parker Forma-
tion.

Until fossils are discovered in the Rugg Brook Formation its
age must remain doubtful, since it is separated by disconformities
from the Parker Shale helow and the St. Albans Shale above.
It may have been deposited near the end of Early Cambrian
times, or it may not have been laid down until sometime during
the Middle Cambrian Epoch. As the St. Albans Shale is of very
late Middle Cambrian age, a long time elapsed between the
time of its formation and that of the Parker Shale. Without
more conclusive evidence than is now available, we can say no
more of the age of the Rugg Brook than that it is younger than-
the Parker Shale and older than the St. Albans. Dr. Keith?
believes that the Shelburne Formation was deposited between
the time of the formation of the Rugg Brook and the time of the
laying down of the 8t. Albans. Since no fossils have been found
in the Bhelburne, however, its age relative to that of the Rugg
Brook can not yet be determined with certainty. The two forma-
tions may possibly be of approximately the same age. In hig
paper published in 1932 Dr, Keith? stated that the Shelburne
is underlaid conformably in the region around Burlington by a
formation that he correlates with the Rugg Brook (which he
at that time spoke of as the “Milton”); but the identity of this
formation with the true Rugg Brook can not be proved at the
present time, and the question of the ages of all of these forma-
tions must remain for the present an open oné.

10p. cit., p. 371,

0p. «it., p. 361,
3Loc. cit.
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