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THE BEDROCK GEOLOGY OF THE
RANDOLPH QUADRANGLE, VERMONT
By
ERNEST HENRY ERN, JR.

ABSTRACT
The Randolph quadrangle is situated in central Vermont and lies on
the east limb of the Green Mountain anticlinorium. To the east and
southeast of the quadrangle are the Strafford and Pornfret domes which
mark the southern limit of the Willoughby arch.
Paleozoic metasediments and metavolcanics, representing nine forrnations, are exposed in the Randolph quadrangle as a series of northtrending parallel belts. From west to cast these stratigraphic units have
been identified as the Ottauquechee, Stowe, Moretown, Cram Hill,
Barnard gneiss, Shaw Mountain, Northfield, Waits River, Gile Mountain and Waits River formations.
The stratigraphic units west of the Cram Hill formation are part of a
homocline on the east limb of the Green Mountain anticlinorium and
dip steeply to the east. The two belts of the Waits River formation, east
of the homocline, are considered stratigraphicallv equivalent. There is
a second or eastern belt of the Gile Mountain formation (type 1 alit v)
east of the Randolph quadrangle.
Graded bedding in the Randolph quadrangle designates the \\eSlefll
band of the Gile Mountain formation as older than the Waits River
formation. However, the western Waits River 1 nh is ennI nn;tl l\
underlain to the west by the Northfield formation.
Argillaceous members along the margibs of the \veslei'iI band 1 the
Gile Mountain formation have been assigned to the Northfield formation and are correlated with the Meetinghouse slate which is exposed
east of the eastern belt of the Gile Mountain formation.
An unconformity at the base of the Shaw Mountain is considered rn
erosional horizon and explains the absence of Gile Mountain lithob ge
west of the Northfield formation.
Two stages of deformation are indicated by the development of two
generations of minor folds and of cleavage. These minor structures are
important in delineating the major structural relations.
The early minor structures in the eastern two-thirds of the quadrangle
strongly suggest that the western hand of the Gile Mountain formation
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is the nose and core of a major recumbent anticlinal fold or nappe-like
structure which plunges to the north. The root zone of this major fold
lies in the eastern band of the Gile Mountain formation.
The later minor structures are the result of the forniation of the
Strafford and the Pomfret domes. As the domes developed the axial
plane of the recumbent fold was arched.
The present interpretation of the structure and stratigraphv calls for
a revision of the stratigraphic units of east-central Vermont ; namely,
the sequence of formations above the Cram Hill is, from older to younger,
Gile Mountain, Shaw Mountain, Northfieid and Waits River.
A number of plutonic bodies are present in the Randolph quadranglc
but they are small and have not aJ)preciahlv alIc 1 ((1 the cia 1 sing 0

INTRODUCTR)N
Location
The area under study includes the entire fifteen-minute Randolph
cuadranglc (Fig. 1)—the most centrally located quadrangle in the state
of Vermont. Also included in this study is a small portion of the northeastern part of the Woodstock quadrangle to the south. The total area
comprises approximately 229 square miles. The Randolph quadrangle
is hounded b parallels 43°45' and 44°00' north latitude and 72°30' and
72°45' west longitude.
Four main highways traverse the area : Vermont Rait as 12. 12 .\. 1 4
and 107. The area is readily accessible by automobile.

Regional Geologic Setting
The Randolph quadrangle lies on the east limb of the Green M()titttain anticlinorium (see Fig. 2) and is also situated just west of a series of
domes and arch structures, the Willoughby arch, which extends iii a
north-south direction from the northern part of Vermont to Mass;ichusetts.
The rocks east of the Green Mountains comprise a thick l'aleozm
series of steeply dipping, north-trending cugeosynclinal metasedirnents
interspersed with volcanics. The formations become progressively
younger to the east and arc intruded to a minor extent by several types
of igneous rocks. The metasedimentarv formations encountered in the
Randolph quadrangle, from west to east, arc the Ottauqucchee, Stowe,
Moretown, Cram Hill, ftirnanl, SJnIiV J nicain, N i'tliliid, \\Thts
River and Gile Mountain.

Figure 2. Map of the donntl structures in northwestern New England. Modified
from Lyons (1955), Figure 4. Randolph quadrangle in heavy outline.
A second band of the Gile Mountain formation (including the type
locality) is exposed in the eastern part of the state and is overlain by
the Meetinghouse slate. This is the termination of the rocks in the
so-called Vermont sequence whose relationship to the rocks east of the
Connecticut River in the New Hampshire sequence is still uncertain.
The structural setting of the rocks in central and eastern Vermont is
lu result of two major stages of deformation which produced two disinct types of minor folds and two types of cleavage. Part of the regional
t ructural complexity is due to the superposition of the later deformai nal c1Tc s oii Ilic carlicr cii.
IS

No fifteen-minute quadrangle in this region is sufficiently complete
in stratigraphie units, structural features and exposures to reveal the
stratigraphic and tectonic events which occurred in central and eastern
\errnont. Reference will constantly be made to information available
from surrounding quadrangles in order to clearly present the gcologic
position of the Randolph quadrangle with rcspeet to the regional
gcologv.
Precious Work

An excellent, but early, treatise on the complex geology of east-central
Vermont is the monograph and the accompanying map published in
1861 by Edward Hitchcock. Although this was a reconnaissance survey,
it has served as a basis for later and more detailed work.
In the early part of the century C. H. Richardson mapped a series of
townships in eastern Vermont extending from the International Boundary southward to the state of Massachusetts. His reports on the townships of Northfield, Braintree, Randolph, Bethel, Barnard, Pomfret, and
Woodstock were published in 1919, 1921, 1923, 1924 and 1927. He was
primarily interested in tracing what he considered to he an erosional
unconformity between the Cambrain and the Ordovician throughout
the state. This horizon was later studied in detail by Currier and Jahns
(1941) who pointed out its significance, not as the Cambrian-Ordovician
boundary, but as an important fossiliferous horizon in the Ordovician.
The horizon separates the dominantly argillaceous and arenaceous
schists, gneisses and granulites on the west from the calcareous and
argillaceous crystalline limestones, schists and phyllites to the east.
Richardson also included the area of the present study in reports he
published on the Terranes of Orange Count, \enii ii ( I °)02 a
I lii
Ordovician Terranes of Central Vermont (1919.
The granitcs within the area received attent a 1 a T. X. I )a] (19() (),
1923) and a comprehensive study of the Bethel granite was made in
Balk (1927).
White's detailed studies in the Woodsville area, Jahns' mapping in the
Barre quadrangle and reconnaissance field investigations by both
writers in conjunction with work already available in nearby areas was
presented as a comprehensive discussion of the regional geologic structures of east-central Vermont (White and Jahns, 1950). They clearly
pointed out the existing problems and offered suggestions concerning
the regional structure iii] at rat igl';i hio Sn 1 1 011 ev soiding lao ii lot ailed
work in adjoining area a.

A study of gravity anomalies was conducted by Bean (1953) across
the Randolph quadrangle in the latitude of Bethel as part of a largescale investigation spanning from eastern New York, through central
Vermont and central New Hampshire to the Maine border. A negative
gravity anomaly was found associated with the Strafford dome and has
had considerable bearing on delineating the origin of the domal structures east of the Randolph quadrangle.
Reports have been made on the following quadrangles adjoining the
Randolph quadrangle: Bane (White and jahns, 1950) ; East Barre
(Murthv, 1957); Strafford (Doll, 1944); Hanover (Lyons, 1955); lower
two-thirds of Woodstock (Chang, 1950); Rochester (Osberg, 1952) and
(l-Iawkes, 1941); and Lincoln Mountain (Cady, in press).
Although considerable information has been compiled on the stratigraphy and structural features of the rocks in east-central Vermont,
there is still a lack of agreement among the workers as to the regional
structural setting. Problems which occur in the Randolph quadrangle
that are signiheant to an understanding of the geology in east-central
Vermont are the following:
(1) The stratigraphic and structural correlation of the formations vanouslv mapped as Barton River and'or Waits River and the secluenec, Westmore or Gile Mountain () and/or Gile Mountain.
(2) The significance of the strikingly similar lithologies of the Northfield and Meetinghouse formations.
(3) The significance of the Standing Pond volcanics with reference to
the Waits River-Gile Mountain contact.
(4) The regional implication of the unconformity at the base of the Shaw
Mountain and Northfield formations.
(5) Whether the closure of the western hand of the Gile Mountain
hrmatioii (Westmorc formation of Murthv( in the Randolph
qiat(l ajigli s s'i nut ui-al feature or (iUe to a fu'ies change.

Present Study
iisideratioii was mapped during a total of ten
'flie area ninler
nniths time in the summers of 1956, 1957, and 1958. Thin section
studies and the preparation of the manuscript involved the major part
of the fall and winter of 1958-1959 as well as considerable parts of the
two previous winters. Modal analyses of the formations were made
I (lowing Chayes' method (1949).
The U. S. Geological Survey Randolph and Woodstock topographic
tuidrangles, scale of 1: 62,500, were used as base maps. Enlarged verci is, on ;i n:ilc of approximate]' three inches to the mile, were used in

critical areas and in the heavily wooded sections of the western portion
of the quadrangle. Many of the outcrops were located by the method of
resection. In the heavily forested areas locations were determined by
pace and compass methods. Aerial photographs were also used in
planning field work.
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Topograpli y

The Randolph quadrangle lies in the upland seetion of the Veriiiunt
Piedmont of the New England phvsiographic province (Jacobs, 1950).
Two distinct types of topography and vegetal cover are evident within
the quadrangle. The forested western third of the quadrangle is characterized by rugged, hilly to mountainous topography. The highest
point is Rochester Mountain on the western border of the quadrangle
with an elevation of 2,952 feet. Other prominent elevations are Deer
Mountain (2,200 feet), Delectable Mountain (2,060 feet), Lee Hill
(2,080 feet), Mt. Olympus (2,480 feet) and Pauls Peak (2,100 feet).
The rolling, open, flat-topped hills of the eastern two-thirds of tIe
15

quadrangle (Plate III) are a contrast to the topography of the western
third. Tunbridge Hill (elev. 1,940 feet) and Broad Brook Mountain
(dcv. 1,600 feet) form a prominent longitudinal range, trending northsouth, which locates the outcrop area of the Gile Mountain formation
and divides the two belts of the Waits River formation. The lowest
elevations in the quadrangle are east of the village of South Royalton
along the White River.
The geomorphic characteristics reflect the lithology, structure and
relative resistances of the formations to weathering and erosion (see
Plate I).
The Vermont Piedmont slopes gently to the south. Jacobs (1950)
noted that somewhat south of the Canadian border, the elevation of the
pe11eplLin is 1,400 feet. In the latitude of Randolph the elevation is at
1,300 feet, while to the south, it is 1,200 feet.

Drainage
In the Randolph (,uadrauglc the drainage system is one of maturity.
The principal drainage system in the area is that of the White River and
its tributaries which is the fourth largest river system in Vermont. The
White River is the principal river flowing into the Connecticut River
from eastern Vermont. An easterly flow of the main channel and a
general southeasterly drainage holds within the Randolph quadrangle.
Over-all the White River is approximately 57 miles long, drains an area
of over 710 scluarc miles and its decrease in elevation from its source at
Ripton to White River Junction is about 3,360 feet.
The White River flows for eighteen miles in the quadrangle and is fed
within the area by three of its five main tributaries. The First Branch of
the White River joins the system in South Rovalton. The Second Branch
(onneets in Rovalton and provides about twenty miles of drainage
length with a drop in elevation of about 760 feet. Route 14 lies in its
valley. The Third and largest Branch of the White River in the Ran(lolph quadrangle joins the main system at Bethel and entails a decrease
in elevation of 1,300 feet. It is approximately nineteen miles long.
Gilead Brook, Camp Brook, Riford Brook, Thayer Brook, Battles
l3rook and Ayers Brook are all rapidly flowing tributaries to the Third
l3raneh, each of which drains an area of almost five miles with a drop in
elevation of approximately 1,100 feet. The latter two mentioned flow
southward, whereas the others all flow to the east. Cleveland Brook,
Locust Creek, Stony Brook, and Broad Brook all flow north into the
inain ehaiiiiel of the \Vhite River, while Lillieville Brook flows south.

In

PLA1'E Ill
'lypicid rolling terrane underlain by \Vait Ri\cr liilioI\
in background in view looking west from T let aid ill.

!ti:iiiitic \lniiictiic.

The Second and Third Branches of the White River are classed as sul
sequent streams. The First Branch of the White River has been designated a superimposed stream (Meverhoff, 1929) due to the control by
sediment from the Connecticut River, which at one time covered the
area.
Only two ponds or lakes are located in the quadrangle—Mud Ionil
and Pickles Pond.
G I cic ic

t JO H

The author was primarily interest ad in the badri 1 ga 1 ge Little
attention was given to the glacial ii var md ghmiiiml lapimsits ire n it
shown on the geologic map.
In the upland areas, striae on Hic mmii ire resist am it a
i her t lie 1 ast
evidence for determining the direction of iee niovenient. In the nortlmmn
part of the quadrangle the most prominent directions are clue south, nial
south 25 degrees east. In the central and southern parts the most cmiispicuous directions are south 60 degrees west, south 25 to 30 degrei s
west and due south. Excellent evid( lime for ice t a aspi a sites
I

i3raintrec II ill iii the northwestern SCt'1.1Oil if the map in an area just
south of Mud Pond where a glacial erratic of Stowe schist measuring
approximately eight feet in height and twenty feet in diameter rests
unsteadily on the Cram Hill outcrops (Plate IV). The local residents
have named this erratic "Rolling Rock."
Numerous small but distinct drumlins and kames are evident throughout the area.
The upland areas are covered with a thin veneer of glacial material.
hi the valleys and tributaries of the White River sand, silt and gravel
accumulated heavily along the river banks (Plate V, Fig. 1).
The valley drained by the Second Branch of the White River is a
broad U-shaped, glacial valley (Plate V, Fig. 2), while its tributaries
show both post and pre-glacial effects. The valley of the Third Branch
of the White River is not as broad but it is characteristically U-shaped.
The valley of the White River running northeasterly from Riverside
to Bethel shows excellent glacial grooving and scouring along the nearvertical cliffs bordering the north side of the valley. There is a maximum
relief of more than 700 feet in many places.

STRATIGRAPHY

General Statement
The strata within the confines of the Randolph quadrangle form part
of the east limb of the Green Mountain anticlinorium whose axis approximately parallels that of the Green Mountains. These strata represent a typical metamorphosed eugeosvnclinal sequence composed essentially of argillaceous, arenaceous, and calcareous metasediments and
metavolcanics. In western New Hampshire there are rocks of strikingly
similar lithology and, to some workers, of comparable age. At present
the rocks of the western "New Hampshire Sequence" and those of the
"Vermont Sequence" have not been correlated with any certainty.
A break between the two sequences was discovered by Eric, White
and Hadley (1941, p. 1900). They presented evidence that this break is
fault and designated it as the Monroe fault. The validity of this fault
has been questioned in the areas studied by Kruger (1946), Lyons
(1955), and Thompson (1958, personal communication) due to evidence
suggesting a major unconformity at this break. Whether structural or
stratigraphic, this break between the Vermont and New Hampshire
-((luences is significant in any proposed correlation of the rocks of the
1

>

1$

-

-2

TTT.Z

j'
I'LATE IV

Rolling Rock." Ghoiul ci - i-atir of towe schist on Braintree Hill, just south of
i\lud Pond.

It has been generally accepted for east-central Vermont that the
formations become progressively younger eastward from the core of the
Green Mountains and form a steeply dipping homoclinal sequence.
However, the repetition of the type Waits River and Gile Mountain
lithologics in the eastern part of this sequence, and their stratigraphic
and structural relationship have been the major problem in formulating
an accepted correlation of the stratigraphic units in eastern Vermont.
The present w'riter offers an interpretation that the structural and
stratigraphic relations indicate a major recumbent anticline. This will
be discussed in detail in the chapter on structural geology.

Stratigrciphic Nomenclature
The stratigraphic nomenclature for the formations east of the Northfield slate in central and eastern Vermont is confused because of the
diversity of names applied to the same or tidferent rock units.
White and jahns (1950, p. 187) encountered, in succeSSion, in the
Barre quadrangle and to the east '(1) Four to six miles of predominantly calcareous rock, (2) Two to four miles of mica schist, phvllite mid

PLATE V

Figure 1. Stratified glacial till along Route 14, one mile north of East Randolph.

;4
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H
Figure 2. Glaciatud
south from Southeast Hill School Brookiluli I.
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quartzite, (3) Twelve to fifteen miles of calcareous rock, and (4) Two to
eight miles of mica schist and quartz-mica schist."
The third and fourth units in this sequence are on strike with formations whose type localities lie to the south. The third unit was correlated
by White and Jahns (1950) with the Waits River formation, while the
fourth unit and the type Gile Mountain formation were considered by
them as synonymous.
White and jahns (1950, P. 187) correlated the first calcareous unit
with the Waits River formation. Tentatively, they assigned the second
belt as belonging to the Gile Mountain formation and named it the Gile
Mountain(?) pending more detailed work.
To the north in the Memphremagog quadrangle, Doll (1951) subdivided the first calcareous belt into the Avers Cliff and the Barton
River formations.
The non-calcareous unit (second unit of White and jahns) cast of the
Avers Cliff and Barton River formations was named the Westmore
formation by Doll (1951, p. 33). At the time of his mapping no correlation had been established between these formations and the Waits River
or Gile Mountain type formations to the east.
Dennis (1956, p. 16) retained the names Avers Cliff and Barton River
and designated them as members of the western band of the Waits Rivei
formation to distinguish between the eastern and western bands (unil
one and three of White jahns) of dominant carbonate lithologv. II
also mapped the rocks on strike with Doll's Westmore formation as iii
Gile Mountain formation, believing that the two names were equivalcia
Therefore, the name Westrnore was dropped by him Since the name Gi
Mountain had precedence.
White and Jahns (1950), l)oll (1951), and Dennis (1956) all considered the non-calcareous rocks (unit four of White and Jahns) of the
type locality Gile Mountain formation to he the youngest in the Vermont
sequence.
Murthv (1957, p. 22) also retained the name Barton River for the
western-most hand of calcareous rocks. However, he considered these
rocks not as a member of the Waits River formation but as a separate
formation and restricted the type Waits River formation to include only
the carbonate rocks extending from the central and eastern parts of the
East Barre cuadrangle. Murthy retained the names Wcstrnore and Gile
Mountain for the two belts of noncalcareous lithology in the East Barrc
quadrangle (units two and four of White and Jahns). Murthy (1957,
P. 31) concluded that the stratigraphie position of the Westmore forma'II

above the Barton River formation is not the same as the stratigraphic position of the Gile Mountain formation relative to the Waits
River formation." He did, however, indicate that the Gile Mountain
could be correlated with the Westmore formation. Stratigraphically, the
Waits River formation is believed by Murthy (1957, P. 35) to he
younger than the Barton River formation and to be the youngest unit
in the Vermont sequence. The Waits River formation is restricted by
him to be applicable only to those rocks occurring east of the Westmore
formation.
The western band of the Gile Mountain formation has been determined, in the present study, to close structurally just south of the
Randolph quadrangle. The present work also indicates that the two
hands of the Waits River formation are the same stratigraphic unit.
In the Island Pond quadrangle, the two bands of the Gile Mountain
formation again ('lose together in the nose of a major fold (Bruce K.
Goodwin, personal communication, 1959).
Therefore, the two units variously mapped as Barton River and/or
Waits River are considered, in this report, as stratigraphicallv equivalent and are designated the Waits River formation (type locality-East
Barre quadrangle). This formation is believed by the writer to be the
youngest in the Vermont sequence. The two belts mapped as Wcstmore
or Gile Mountain( ?) and/or Gile Mountain are also believed equivalent
stratigraphicallv and named the Gile Mountain formation (type
locality-Strafford quadrangle).
The stratigraphie sequence as modified in the correlation of the
stratigraphic units in east-central Vermont will be discussed in detail
at the ('Ofl('lusion of the chapter 01) structural geology.
tiC)))

()1tcuqucc lice Formation

N AME AND I )isriu I) )T!( )N
The Ottauquechee formation was named by Perry in 1929 for a series
ii exposures in the township of Bridgewater along the Ottauquechee
P \Ci.
The formation is poorly exposed in the Randolph quadrmgle, cropping
()til along the west-central border of the quadrangle south of Rochester
NI untaiii
I) E SC RI PT ION
The Ottauquechee formation \vithin the Randolph quadrangle conisl s predoiiiiiiantl \' of gniphit ic black phvllites, graphit i(' phyllitie
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'I'ABLE II

ESTIMATED MODES OF THE OTTAUQUECI{EE FORMATION
1

2

Quartz
Albite
Chlorite
T\Iuscovite
Epidote
Graphite
Magnetite arnl llrnenite
I'ournia1ine

40.4
6.6
35.8
4.8
4.9
5.2
2.3
tr

31.7
0.3
41.3
18.1
1.6
6.1
1 I

Number of counts

1315

1324

Rock

.

-

1. Banded quartz-chlorite-albite schist
2. Graphitic quartz-chlorite schist

schists, banded quartz-chlorite-albitc schists, greenstones, and minor
quartzites. The phyllites are thinly foliated, fine grained and the constituent minerals are not visible to the unaided eye except for an occasional hiotile porphvroblast or cube of pyrite. The handed schists consist of alternating laminae of micaccOuS and granulose minerals. The
average thickness of the laminae is about one-eighth inch. Quartz with
small amounts of albite comprise the granulose laminae and chlorite and
muscovite make up the micaceous laminae. Occasional porphvroblasts
f albite are present in the schists.
Thick black vitreous quartzites which make up a considerable proportion of the lower part of the quadrangle are not exposed within the
area.
Modes of the ()ttauqucchee formation are given in Table II.
'[he contact of the Ottauquechee schists and phyllites with the overI hg Stowe formation is generally gradational. I lowever, the contact
with the Stowe is sharp where a greenstone member occurs at the top
1 the ( )l 11(111nhee for-nation in the vicinity of Mt. Olympus.
'l'l-JICK NESS

1 Ia- ( ) i I anquechee formation cannot he measured
'[he I lo-ki
\vithnl the Randolph quadrangle since only the uppermost section is
encountered. Osherg (1952), in the Rochester quadrangle to the west,
range from 1,800 to 2,5(8) feet. To the south
eStimates I lie I hiekness

in the Woodstock area, Chang (1950) gives figures ranging from 2,600
to 3,600 feet.
AGE AND CoR1ELATIoN

Thus far, no fossils have been recognized in the Ottauquechee formation. Thompson (1950) correlated the formation with the Lower Cambrian black slates of the Schodack formation of the Taconic range.
Osherg (1952) designated the Ottauquechee as lying between the
eastern equivalents of the Lower Cambrian Cheshire and Monktoti
formations in the Green Mountain anticlinorium. The northward exl.ension of the Ottauquechee formation into Quebec has been correlated
with the Lower Cambrian Mansonvilic formation of Clark (1931, p. ILL
Tentatively, an age of Lower Cambrian has been assignl to the
format ion.
Stowe Formation
NAME AND DIsTRIoUTION

The name Stowe was first proposed by W. M. Cady but published boy
Osberg (1952) at Cady's suggestion.
Rocks of this lithology were first referred to as the Hydromica scliist
by Richardson (1921) and later renamed the Bethel schist (Richafdsm,
1924). These rocks were described in detail by Perry (1929).
The Bethel schist as mapped by Perry (1929) and Chang (195(1
included the Stowe and portions of the overlying Moretown formathn
or what was earlier named the Missisquoi formation, a name since
dropped from usage. The uppermost horizon of the Stowe has been
determined to be stratigraphically lower than the base of the Missisqunl
as used by Chang.
White and Jahns (1950) included the rocks of both the Stowe am]
the overlying Moretown formations under the general heading 'Arenites
of the Braintree-Northfield Range" pending more detailed investigat i i.
The greenstones in the Stowe formation were named the Brackeit
member by Osberg (1952) in the Rochester quadrangle and this desig nation has been followed in this report.
The Stowe formation crops out along the cut ire Ivest era an Irgin
the Randolph quadrangle. Exposures are goad.
DESCRIPTION

Two principal rock types characterize the Stowe fonnation in tile
Randolph quadrangle : pale-green, quart z-chh nt c-all )lte-Sefl(U c sellist s
25

with lenses of granular white quartz parallel to the schistosity and greenStones composed dominantly of quartz, albite, epidote, chlorite and
carbonate.
The Stowe schists consist of bands, one to two millimeters thick, of
quartz and albite separated by chlorite and muscovite. Poorly developed
porphyrohiasts of albite are common. In most localities the formation
consists of distinctive lenticles of granular white quartz parallel to the
schistositv. The lenticles are five to six inches long, a little more than an
inch thick in their centers and taper at either end (Plate VI, Fig. 1 and 2).
The muscovite content of these schists is generally greater than the
quartz content if the quartz lenticles are excluded, and muscovite and
chlorite together generally exceed all quartz.
The rocks in the Stowe formation lying west of the garnet isograd
show little lithologic variation. However, in the southwesterly exposures,
where the garnet isograd (see Fig. 6) cuts across the formation, the
quartz grains in the larninae of the schist are enlarged, all sericite is
coarsened to muscovite and a much coarser grained rock becomes
(lominant.
Magnetite often appears on weathered surfaces as almost perfect
octahedra up to two millimeters in diameter.
Greenstones are present throughout the formation interstratifled
with the schists. These beds, attaining a thickness of at least two
hundred feet and an extent of no less than one mile, are shown on the
geologic map (see Plate I). A number of cross-cutting greenstonc dikes
are also present.
The majority of the greenstones show a distinctive compositional
1 anding with laminae between one-eighth and one-half inch in thickness
(Plate VII). Individual hands are massive and they lack well-defined
schistositv. Some bands are extremely rich in calcite or ankerite and
resemble, in places, the weathered surface of the limestones in the
\Vaits River formation. Nodules of nearly pure epidote are present up
to four inches in thickness. A strict sedimentary origin seems unlikely
since the composition of the greenstoncs closely approaches that of an
indesite or basalt.
For more than half the length of the quadrangle the contact between
the Stowe and overlying Moretown formation is readily determined by
the presence of thick greenstone units (see Plate I). To the south,
greenstone is absent and the contact is gradational and difficult to
determine even in areas with good exposures. Cady (1956) indicates a
1 ransition zone between the Stowe and Moretown formations as much as
five ho dred feet I hick in the Montpelier quadrangle.
20
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.\ well-developed schistosity, which is a bedding schistosity, is promnent throughout the rocks in the Stowe formation, In certain areas,
this schistosity is transected by a later schistosity.
Modes of the Stowe formation and Brackett member are given in
Tal Ic II
!'IIICKNESS
'l'hc thickiiuss at the St)\vc formation of the Randolph quadrangle
an he measured only in the vicinity of Rochester Mountain where its
contact with the underlying Ottauquechee formation is exposed. At this
point, the apparent thickness is of the order of 10,500 feet. The formanoil thins to the south where Chang (1950) has estimated a thickness
of 2,000 feet. To the north in the Barre quadrangle, Jahns has noted a
thickness I If ver 14,000 feet.
AGE AND CORRELATION
No fossils have been found in the Stowe formation. Fowler (1949)
(1950) omltcl I he Stowe with the Lower Cambrian
1 'lii 15
I

TARLE 111
ESTIMATED MODES OF THE STOWE FORMATION
1

2

3

4

5

26.3
10.5
13,7
38.1

40.6
5.8
43.7
2 .8
0.6

36.0
17.7
23.1
18.7
0.4

14.3
13.2
16.1
3.5
1.1

11.2
22.3
27.1
2 .2

3 .8

0.7

19.3

22 5

0. 1

1 .3

29.3

12

Rock
Quartz
Albite
Chlorite
Muscovite
Biotite
Ciinozoisite
Epiclote
Garnet

-

4.7
4.6

Calcite

-

tr
tr
2.2

'I'ourmaline
Api tite
Magnetite and Ilmenite
Graphite
Actinolite
Number of counts
1.
2.
3.
4.
5.

2.2

0.2
-

107

8

-

1406

2.1
0.1
-

1421

0.5

() 7

-

2 7

1 2

1465

1382

.

I\luscovite-quartz-chlorite-albite schist
Chlorite-quartz-albite-epidote schist
Quartz-chlorite-niuscovite-albite scliist
(2uartz - alhite-calcite - epidote - chtorite schist (Bracketi tiiciiil ci)
Chlorite-alldte-epidote-calcite schist (Brackett mcml ur

Wallace Ledge slate of the Taconic area which conformably overlics
the Schodack formation. The black slates of the Schodack formation
have been correlated with the Ottauquechee formation (ref. cit.
Tentatively then, the Stowe formation is Lower ( i'i'ri:tn in age.
Moretown Formatioii
NAME AND DISTR1Ht - Tion

The nan-ic Missisquoi Group (Richardson, 1924) \v:15 tin' lint to In'
used for the sericite schists, quartzites, hornblende schists and chioric
schists stratigraphicallv above the Stowe formation (the Bethel schist
of Richardson). In 1927, in the Woodstock area, Richardson subdivided
the rocks of the Missisquoi group into two units: a lower sericite schist
and an upper sericitic quartzite. Perry (1929) and Chang (1950) also
recogmzed two units and separated the Missisquoi into the Lower
Member and the Upper Member.
0

Since the boundaries of the Missisc1uoi Group \Verc [00 obscure and
arbitrary as defined, the name Moretown was proposed by Cady (1956).
This formation was named for a series of rocks cropping out in eastern
Moretown township on the eastern side of the Northfield Mountains in
the Montpelier quadrangle.
Prior to the detailed description and stratigraphic analysis of the
Stowe and Moretown formations the general term "Arenites of the
Braintree-Northfield Range" was used by White and Jahns (1950) for
the rocks lying stratigraphically between the Ottauquechec and Cram
Hill formations. According to their description (White and Jahns, 1950,
p. 154), the Moretown formation would be included in the upper part
of the arenite sequence of the Braintree-Northileld range from approximately the top of the slate and phvllite horizon to the base of the overlying Cram Hill formation.
In the southwestern part of the Randolph quadrangle the central
portion of the Moretown formation has been mapped separately as the
Whetstone Hill member (Thompson, 1950). The base of the Whetstone
Full member coincides with the lower member of the Missisquoi formation of Chang (1950) and the base of the Missisquoi Group as mapped
by Perry (1929).
The Moretown formation is exposed through the entire length of the
western portion of the Randolph qtiadrangle. Extensive exposures of the
Moretown pinstripe are accessible along Route 12-A, a mile and a half
west of the village of Randolph (Plate VIII). The Whetstone 1-lill member extends from Blueberry Mountain (northwest of Bethel) southward
into the Woodstock quadrangle, dividing the granulite along the strike
into an eastern and it western unit. The Whetstone Hill member is well
exposed where it crosses the White River and on Delectable Mountain.
DEScRIPTION

The most distinctive and abundant rock type in the Moretown formation is a quartz-chloritic-albitc-sericite granulite referred to as the
pinstripe" by students of Vermont geology. Micaceous quartziteS are
common. Carbonaceous slate, phvllite and greenstones are present only
locally.
The granulite is characterized by thick granular laminae separated
1 v paper-thin, darker colored micaceous partings and it is this feature
which produces the effect described as "pinstripe." The granular laminae
range from a fraction of an inch to one-half inch in thickness. Quartz
;iiid a lbitc make up 11cIrl\ ninety per cent of the volume of the granular
ff
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strongly crenuated I\loretown pinstripe, along Route 12-A, two nules west of
Randolph.

laminae with chlorite, sericitc and epidotc constituting the major proportion of the thin Iaminae. The quartz and albite in the granular
laminae are commonly anhedral and are elongated about parallel to the
schistositv. The sericite and chlorite in the granular and micaceous
laminae also parallel the schistositv. Garnet occurs within the micaccous
laminae to the south.
The pinstripe appears to be of primary origin in the formation as the
crude schistosity produced by the pinstripe is concordant with the
bedding, and, in certain horizons, a slip cleavage distinctly cuts across
these laminations.
The Whetstone Hill member of the Moretown formation consists of
black phvllites and black to dark grey sericite-garnet-hiotite-quart z
schist s. Tourmaline is an abundant accessory within these rocks
finely disseminated alhitc and cluartz are present in minor quantities.
Typical modes of the Moretown for-mit ion appear in Table TV.
THICKNESS
In the northern part of the Randolph quadrangle, i lie Nloretoun
formation is estimated to he more than 8,50() feet thick. l)uc to I he light
II

IV
EsTIMA'rED MODES OF THE MORETOWN FORMATION
Rock

1

2

3

4

5

Quartz
Albite
Chlorite
Sericite
Epidote
Biotjte
Magnetite
Graphite
Apatite
Tourmaline
Garnet

44.0
9.6
19,3
19.2
5.I
1.1
1.8

48.5

46.5
16.6
5.7
24.7
5,3

6.0
2.8
15.1
50.9

- -

-

-

9.0
0.9
19.2
57.6
0.5
5.6
1.5
4.4

tr

-

-

-

--

-

-

Number of counts

1764

1670

1367

1567

-

-

18.3
21.9
-

9.3
1.9

1.2

-

1 .1

tr

16.7
0.4

2.1
6.0
1424

Quartz-chlorite-albite-sericite granulite
2. Impure quartzite
3. Quartz-sericite-albite pinstripe granulite
4. Black phyllite (Whetstone Hill member)
5. Black sericite-garnet-biotite phyllitic schist (Whetstone Hill member)

folding and crinkling a thickening factor of over two and one-half has
been estimated. In the southern part of the quadrangle, where the
Whetstone Hill member separates the granulite into two units, the
western pinstripe belt (see Plate I) has been estimated to be approximately 11,200 feet thick, the Whetstone Hill member 2,100 feet thick
and the eastern pinstripe belt 2,250 feet thick. The thickness of the Moretown formation in the southern part of the Randolph quadrangle would
then he 15,550 feet.
AnE AND CORRELATION
Thompson (1950) noted the lithologic similarity of the Moretown
1 )rmation with the Savov schist of Massachusetts and considered the
) \VO contmuous.
Others have noted the distinctive pinstripe appearance of the Albee
formation of western New Hampshire and have been tempted to corr('lute the Moretown with it.
No formation in the Taconic sequence seems to correlate with the
\Ioretown, and since no fossils have been found, the Moretown has
tentatively been assigned an early Ordovician age, on stratigraphic
p)-itioll alone

Cram Hilt Formation
NAIE AND DJSTRI1U.TJON

Currier and jahns (1941) gave the name Cram Hill to rocks on and
about Cram Hill southeast of Roxhury village in the Barre quadrangle.
Southward, on strike from the type locality, similar rocks have been
assigned to the Cram 1-Jill formation in the Randolph quadrangle.
Currier and jahns (1941) also named the distinctive basal quartzite
of this formation as the Harlow Bridge member.
The Cram Hill formation extends from the northern border of the
quadrangle to about one mile and one-half south of Randolph village.
From this point it grades rapidly into the Barnard and the Moretown
formations. Presumably, this gradation refers to a facies change.
The basal 1-Jarlow Bridge quartzite tcrflhinntesitS , t unit of mappable
width one mile and one-half lxi >\V Mu I I
1 i Rn ii it ree I liii
1) eses I ITO >N
There are three principal interbedded c( )ek t Yl)eS \vit bin he 6 irmat a
(1) splintery greenish-grey phvllite, (2) greenstone, and (3) feldspatliie
civartz-biotite-sericie schist. Locally black, siliceous schists and quartzites are present also.
Phvllite dominates in the northern part of the quadrangle. Along
strike to the south, the greenstones predominate.
The splintery, greenish-grey phyllite is composed chiefly of quartz,
sericite and chlorite. Locally it grades into gray to black slates. The
greenstones are both massive and schistose and albite, epidote, chlorite
and calcite comprise the bulk of these rocks. These greenstones probable
are metamorphosed flows. The Cram Hill formation is also cut by dikes
of greenstone of similar composition.
The thick Harlow Bridge basal quartzite has not been mapped south
of the latitude of Peth. 1-Towever, there is a marked appearance, in the
lower part of the formation, of splintery phyllite interindded \Vitii
(luartzite southward.
Modes of the Cram Hill formation are given in Table V.
Tit IC KN ES S
The thickness of the Cram 1 -fill foryiati ci in dw iiOrthcrit part 1 t lie
Randolph area is of the order of 2,400 feet, thinning to the nut h to
approximately 1,600 feet in the vicinity of Randolph vihige.

AND

(o1Ino.'rIoN

The Cram 1 liii formation in the Randolph quadrangle rapidly grades
by facies into the Barnard gneiss and, in part, into the Moretown
formation. The Barnard gnciss continues southward along strike through
the Randolph and Woodstock quadrangles. In the upper part of the
Ludlow quadrangle the Barnard gneiss grades back into Cram Hill
lithology (Thompson, 1950). The Cram Hill formation and Barnard
gneiss are therefore correlative.
The graptolitic middle Ordovician Magog slates of southern Quebec
(Clark, 1934) have been correlated by Currier and Jahns (1941) with
the Cram Hill formation. It has also been correlated with the Normanskill formation of the Taconic Sequence (Black River to lower Trenton)
and the Hawley formation of Massachusetts (Thompson, 1950).
These correlations suggest a middle Ordovician age for the Cram Hill
format ion.

Bcirnard Gneiss
NAME AND DISTRIBUTION

In 1927, Richardson named the Barnard gneiss for a belt of rocks in
the township of Barnard in the Randolph and Woodstock quadrangles
within the sericite quartzites of his Missisquoi Group.
These rocks are stratigraphicallv equivalent to the Cram Hill formatioll.
The Barnard gnciss is well exposed two miles south from the village
of Randolph into the Woodstock quadrangle.
DESCRIPTION

The Barnard gneiss includes biotite gneiss, hornblende gneiss, calcareous hornhlende gneiss, garnetiferous homblende grieiss, greenstone,
amphibolite and what appears to be a volcanic tuff. The contact of these
rocks with the underlying Moretown formation is transitional. Amphiholitic beds are occasionally present in the lower part of the Barnard
sequence helping to differentiate the contact. However, the transition
from the rocks of the Moretown formation into the Barnard is usually
determined by the fact that the beds become more feldspathic (at least
wenty-five per cent by volume) in the lower part of the Barnard gnciss.
The Barnard gneiss is medium to coarse grained, well foliated and
loilly it is sheared. The essential constituents are quartz, albite-oligo-

I uu.i V
ESTIMATEI) MODES OF THE CRAM HILL FORMATION
1

2

3

4

Quartz
Albite
Chlorite
Muscovite
Biotile
Epidote
Sericite
\lagnetite
Graphite
Calcite
Apatite
Garnet

23.4
4.2
29.8

7.7
32.9
11.6

19.7
34.1
4.6

741
7.4
3.8
11

Number of counts

Rock

1.
2.
3.
4.

.

.

0.8
39.2
2.4
0.3

- -

19.7
6.2
9.7
2.2
tr

..

-

29.0
0. 2
9.9
0.5

.

-

2.5
-0.8

2.0

-

..

.. -

-

-

--

0. 2
0.3

1496

1459

1241

1659

Splintery, grey, sericitic phyllite
Feldspathic biotite-quartz-chlorite schist
Feldspathic-quartz-1.dotite schist
Quartzite (Harlow Bridge member)

clase, biotite, and hornhlende with occasional almandine garnet. Minor
constituents include epidote, chlorite, muscovite and calcite. In some
occurrences calcite is sufficiently abundant to rank as a major constituent.
The plagioclase generally shows combined albite and pericline twinning and contams numerous inclusions of sericite and epidote. The
inclusions are often arranged in a zonal pattern and are most abundant
in the centers of the grains.
Augen of calcite are frequently visible within the greenstones in the
Barnard gileiss (Plate IX, Fig. 2).
Relics of altered phenoc.rysts of albite are common in the gneisses,
and small segregations of epidote in the amphiholite often suggest
arnvgdales. Most of the lithologic types in the Barnard gneiss lie within
the compositional range of common igneous rocks and many approximate
the composition of a quartz keratophvrc.
Modal analyses of the Barnard gneiss are given in 'l'ahle V I.
TH IC K NESS
The average thickness of the Barnard gneiss ni the Randolph quadrangle is estimated to he of the order of 6,000 feet. The thickness in35
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ES'i'IMATEI) MODES OF THE BARNARD GNEISS
Rock

1

2

3

4

Quartz
Albite-Oligoclase
Orthoelase
I lornhlende
Biotite
Chlorite
\ I uscovite
Sericite
Epidote
Calcite
Nlagnetite
Pyrite

16.7
30 9

20.1
13.9

46.7
33.3
0.8

25.4
32.1

Number of counts

1492

1.
2.
3.
4.

-

-

11,4

1 .0
11.0
6.4

0.3
13.1
5.6

10.2

14 6
32 0
1 .0

0.3

.

29.4
1.4
4.6
-

9.3
5.7
2.0
-

1260

tr
tr
1563

-

0.7
0.8
19.4
0. 1
-

1995

Biotite gneiss
Calcareous greenstone schist
Porphvroblastic tuff
Calcareous hornblende-chlorite gneiss

creases from the latitude of Bethel village (3,900 feet) southward to
8,400 feet.
AGE AND CORRELATION
Since the Barnard gneiss and the Cram Hill formation are considered
stratigraphically equivalent, the discussion on the age and correlation
of the Cram Hill formation is applicable.
'l'lic llanianl gliciss is assigned a middle Ordovician age.

Sliaw Mountain Formation
NAME AND DISTRIBUTION
ian ii Slni\v .\ I initain was adopted by Currier and jahns (1941)
beds lying unconforinablv above the Cram Hill formation at the
ipproximate horizon of Richardson's "Cambrian-Ordovician" boundary
in the Bane quadrangle. Although the formation is the thinnest one
cxposed in east-central Vermont, it is important stratigraphically as a
I it hologie and fossiliferous horizon.
The out (1 0 1) of the Show MOUfltt11) formation extends intermittcntl v
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Plate IX, Figure 1.
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lie greenutone in the BarniruI gneisin uuine locality is

north from the village of Bethel in about the center of the Randolph
quadrangle. It has not been reported in the Woodstock quadrangle to
the south but reappears again in the northern part of the Ludlow
quadrangle still farther south.
DEscRIPTIoN

At the type locality the Shaw Mountain formation consists of three
lithologic units: (1) a basal conglomerate resting unconformably on the
Cram Hill formation, (2) a sericite schist which in places is tuffaceous or
calcareous, and (3) an upper crmoid-bearing limestone.
Only one small exposure of the quartz conglomerate was observed in
the Randolph quadrangle—that being on Ferry Hill. The upper limestone was mapped at a few localities but it is thin and of limited extent.
A crinoid stem was reported from the saddle on Ferry Hill by Currier
and lahus (1941) but no fossils have been observed within the formation
by this writer. The bulk of the Shaw Mountain in the Randolph quadrangle consists of sericite schists which are locally calcareous and
dominantly tuffaceous. The sericitc schists and the white volcanic tuffs
are good horizon markers lying between the Northfleld fonnation and
the Cram Hill formation or Barnard gneiss.
The tuifaceous rocks are fine grained and are composed dominantly
of quartz, orthoclase, albite and sericite. When fresh, the rock is white
to greenish-white but most often it has weathered to a tan or light brown
and is characterized by small limonite segregations on the weathered
surface. Biotite porphyroblasts are common.
In the Randolph quadrangle the Shaw Mountain formation appears to
rest unconforiTlably on the Cram lull formation and Barnard gneiss to
the south.
Modal analyses for the Shaw Mountain formation are given in
Table VII.
'PHI ('RN ESS
The Shaw Mountain formation is estimated to range from ten feet
to three hundred feet thick. The thickness, however, changes markedly
in short distances parallel to the strike and, in general, is less than fifty
feet thick.
Co R RELATION
Thompson (1950) traced the Shaw Mountain unconformity to the
base of the Goshen schist in Massachusetts. The Goshen schist rests on

top of the Hawley formation which has been correlated with the Cram
Hill formation and the Barnard gneiss.

North field Formation
NAME AND DISTRIIICTION

The rocks now known as the Northfield formation were first mapped
in northeastern Vermont by Richardson (1906) as the "Memphremagog
slates." This lithologv was also referred to as the "clay slate" by Hitchcock (1861). In central Vermont, they were designated by both Richardson (1927) and Perry (1929) as the 'Randolph phyllite." Currier and
jahns (1941) redefined them as the Northfield slate to include a sequence
of gray slates with minor lenses of crystalline limestone which lie unconformably above the Shaw Mountain formation and conformably
beneath the Waits River formation in the Barre quadrangle. These beds
were later raised to formation status (Chang, 1950) due to the increasing
abundance of phvllite in the formation to the south.
The Northfield formation is a readily recognized unit throughout the
length of the Randolph quadrangle. The best exposures are located on
Braintree Hill and just east of the village of lId lal
DESCRIPTION

The Northfield formation in the Rand lph quadnu glc consists
gray slate and phvllite which characteristically weather yellow-brown
on cleavage surfaces, and minor interbedded crystalline limestone which
is particularly abundant near the top of the formation. Thin arenaceous
hands are also prominent locally. The slates become less fissile to the
south and grade into phvllites along the strike due to the regional increase in the grade of metamorphism to the southeast. No basal conglomerate, as described in the Barre quadrangle (Currier and jahns,
1941), was noted, but the lower contact, where exposed, suggests a
slight angular discordance both with the Shaw Mountain formation and
the Barnard gneiss. The contact of the Northfield formation with I he
overlying Waits River formation is gradational.
The slates are fine-grained and contain approximately equal proportions of quartz and sericite which make up approximately eighty per
cent of the rock. Minor amounts of chlorite, biotite and albite are
present. Graphite and ilmenite are minor constituents which attribute
to the color of the rock.
The phvllites of the Northfield formation contain considerahl\ more

sericite and less (lUititZ and !eldspiir than tile slates. l'erleet (Ul)eS
pyrite occur locally in the phvllites of the Northficld. The phvllitie
layers are intensely plicated with prominent garnet dodecahedra usually
one-eighth of an inch in diameter.
Modal analyses of the slates and phvllites of this formation are given
in Table VII.
nic K NESS
The Northfield formation is estimated to range between 500 and
1,250 feet thick in the Randolph quadrangle. Chang (1950) has estimated
an average thickness of 1,000 feet for the formation in the Woodstock
quadrangle, and iii the Barre quadrangle, where the formation widens
out, a thickness of approximately 4,000 feet has been proposed (White
and Jahiis, 1950, p. 191).
CORRELATION
In Massachusetts, Northiield lithologv has been mapped as the
Goshen schist while to the north, in Quebec, Clark (1934) has maintained
a possible correlation with the lower part of the Tomifobia slates.
The Meetinghouse slate, which lies between the Monroe line and the
eastern band of the Gile Mountain formation, has been suggested as a
correlative of the Northfleld formation (Murthv, 1957; Eric and
Dennis, 1958).

Gite Mountain Formatum
NAME AND l)isrnin VTION
The type locality for this formation (I)oll, 1944, p 18) is in the
southern part of the Strafford quadrangle, two and a half miles southwest of Copperas Hill. Stratigraphically, I)oll defined the rocks of the
Gile Mountain formation as lying between the Meetinghouse slate to
the east and the Waits River formation to the west.
Rocks of the Waits River and Gile Mountain formations were originally included by Hitchcock (1861, pp. 475-488) under the title of
"calciferous mica schist." Richardson (1898) clarified the early terminology somewhat by introducing the name Washington limestone for
the calcareous units, and Bradford sehist for the dominantly noncalcareous units. Later, since both names were pre-occupied, Richardson
(1906, p. 115) distinguished these two units as the Waits River lime
stone and the Vershire schist, respectively.
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TABLI; VII
ESTIMATED MODES OF THE NORTHFIELD
AND SHAW MOUNTAIN FORMATIONS
1

2

3

Quartz
Albite
()rthoel;ise
Kericile
Chlorite
Biotite
Epidote
Calcite
Apatite
Garnet
\1agnetite
Ilmenite
Graphite

40.4
3.5

39.1
18.1
14.5
21.3
4.0
0.5
2.3

19.2

-

-

Number of counts

1287

1325

Rock

24.0
8.4
I 1
22.7
tr
.

-

66.7
3.0
0.6

-

41.0
48
38.9
6.2
3.6
1.4
-

6.4

-

tr

4

0.3

-

2.1
1.9

2.0
2.1

1646

1408

1. Catcareous quartz-sericite schist (Shaw Mountain)
2. Quartz feldspathic seraite tuffaceous schist (51mw T\lountain)
1. Garnetiferous phvllite (Northfield
1.
c ( Neil Ii field

Thc ii] (lclilie(l \ershire S(l]ists of ki(lianlsell were laity ()rrel;ltc(l
with the Gile Mountain formation in the Straiford quadrangle by l) II
(1944).
The western belt of the Gile Mountain formation follows along the
entire eastern margin of the Randolph quadrangle and terminates
structurally about a mile southwest of East Barnard in the northeast
part of the Woodstock quadrangle. Topographically, the formation is a
persistent ridge maker throughout the quadra tigi e.
DESCRIPTION
The lithologies of the Gile Mountain fonnation exposed in the
Randolph quadrangle are very much the same as those described for the
eastern belt of the Waits River formation except that the crystalline
iimestones are more abundant in the Waits River formation. The
dominant rock types of the Gile Mountain forniation include quartz
mica sehists, black phvllites and mieaceous quartzites. Minor proportions of sandy phvllites, siliceous crystalline limestones and feldspatbic
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(1uartz-hiotite schists are present locally. 13e(ls of black quartz-calcite
schists have been traced along the strike for a considerable distaice.
Minor amphiholite beds are present along the eastern margin of the
Gile Mountain formation in the Randolph quadrangle.
Modal analyses of the Gilc Mountain formation are given in
Table VIII.
The lithology of the western hand of the Gile Mountain formation
(an he subdivided in the Randolph quadrangle into three units. Argil1tceou5 phvllites and phyllitic schists are found along both the eastern
and western contacts with the Waits River formation. The central
unit is composed of dominantly micaceous quartzites and quartz-mica
schists. A similar division has also been recognized in the East Barre
quadrangle by Murthv (1957), but because of greater regional metamorphism, the argillaceous zones are dominantly micaceous sehists in
the East Barre quadrangle.
The micaceous quartzites of the Gile Mountain formation contain
approximately sixty per cent anhedral grains of quartz in many exposures. I3iotite and muscovite are common associates of the quartz along
with minor shreds of chlorite. Euhedral porphvrohlasts of garnet are
common. Micaceous quartzite beds are its much its forty feet thick but
generally are about eighteen inches thick. They are interbedded with
sehist S and phyllites.
Impure recrystallized limestones, indistinguishable from those in the
Waits River formation, are found in the Gile Mountain formation.
These beds are particularly abundant near the contact with the Waits
River formation making it difficult to delineate the contact.
The micaceous schists in the Gile Mountain formation are usually
p0rhYr0hlastic (biotite and garnet) and rich in quartz. Anhedral
muscovite, biotite and chlorite vary in abundance. The texture of the
groundmass coarsens to the east.
THICKNESS

The thickness of only the western belt of the Gile Mountain formation
can he determined in the Randolph quadrangle. The total outcrop width
of this unit varies considerably along strike, but the average is approximately 14,000 feet, narrowing to the south where the formation
closes structurally. Although large-scale repetition of beds by the minor
folds have considerably thickened the formation, a thickness ranging
between 5,200 and 5,750 feet has been estimated.
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VIII

'lAI3LE

ESTI\IATEI) IODE- (IF 'I'll E GILE MOUNTAIN FORMATION
1

2

3

4

5

Ouartz
Albite-Oligoclase
Chlorite
Biotitc
Muscovite
Calcite
J\Iagnetite
Garnet
Actinolite

49.9

19.5
24.8
35.4
6.8
9.8

58.9
0.8
3. 1
25.9
II .2

46.1
25.5
0.5
23.0
4.3

28.6
2.8
26.5
32.9
1 .3

0.3
0.4

tr

-

-

-

0.9
7.0
tr

Number of counts

1326

1417

1305

1427

Rock

-

22.5
7 7
19.8
tr
.

-

-

0.7
3.9

tr

1564

1. Quartzitic biotite-calcite schist
2. Chloritic-mica-garnet phyl litic schist
3. \licaceous quartzite
4. Feldspathic quartz-hiotite schist
S. Porphvrohlastic garnetiferous-biotite-chlorite schist

CORRELATION

Cooke (1950) correlated the upper part of the St. Francis group in
Quebec with the Gile Mountain formation. In Massachusetts, a correlation has been suggested between the Leyden argillite and the Gile
Mountain formation (Thompson, 1950).
In southeastern Vermont, the Gile Mountain formation thins abruptly
and Lyons (1955, p. 143) has suggested that the Gile Mountain beds
interfinger with the lower part of the Orfordville formation of the New
Hampshire sequence.
Standing Pond Votcanics
NAME AND DISTRIBUTION

The name Standing Pond was introduced by Doll (1944, p. 17) for
the amphibolite horizon in the Strafford quadrangle which separates the
calcareous rocks of the Waits River formation from the non-calcareous
rocks of the Gile Mountain formation. Doll considered these rocks to he
a member of the Waits River formation and named them the Standing
Pond amphibolites.
The unit was subsequently named the Standing l>nnd volcanics by
43

Billings, et al. (1952, p. 39) siinc the arnpliibolitcs vary lithulogicall
along strike away from the type locality due to changes inthe grade of
metamorphism. Another reason for favoring the name Standing Pond
volcanics is that away from the type locality, the volcanics are not
confined to the "Waits River-Gile Mountain" contact as defined by
Doll (1945).
The outcrops of the Standing Pond volcanics in the southeastcrnmost
part of the Randolph quadrangle are exposed for less than a mile. The
volcanic rocks separate the eastern hand of Waits River from the eastern
belt of the Gile Mountain formation.
I )sscRIPTIoN
The most abundant lithologies of the Standing Pond volcanics in the
Randolph cuadrangle are garnetiferous amphibolites and coarse-grained
hornblende schists. Minor fine-grained needle amphiholites are also
present (Plate X). There is a slight preferred parallel orientation of the
hornhlende crystals in the coarser hornhlende sehists.
Hornblende generally comprises about sixty per cent of the finegrained needle amphibolites and approximately thirty per cent of the
hornhlende and hornblende-garnet schists.
Intensely shattered porphyroblasts of almandine garnet UI) to an
inch and one-half in diameter are present in the garnetiferous amphiholites and schists.
Oligoclase-andesine is present as a major constituent in the lithologies
of the Standing Pond voleanics. Quartz is abundant in the schists but
very minor in the amphiholites and minor quantities of epidote, chlorite,
muscovite, hiotite, calcite and magnetite are normally present in all
the rocks.
Modal analyses of Standing Pond volcanics are listed in Table IX.
Whether these rocks were originally flows or intrusives is not known.
Dennis (1956, P. 22), however, described the occurrence of pillow lavas
at this horizon in rocks mapped as Standing Pond in the Lvndonville
quadrangle. The modal analyses of these rocks of probable volcanic
origin are richer in quartz than would be expected for a flow, suggesting
the possibility of a sediment rich in tuffaceous material.
THICKNESS

The thickness of the Standing Pond volcanics is estimated to he about
450 feet in the Randolph quadrangle. To the northeast in the Strafford
quadrangle, Doll (1944) estimated the thickness to range from ten to
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PLATE X
l'hotomorograph of oriented hornblende crystals in the needle aiiiphtholite of the
Standing Pond volcanics. (X12)

three hundred feet, whereas to the southeast, in the Hanover quadrangle, a thickness ranging from 125 to 650 feet has heen reported by
Lyons (1955).
Waits River Formation

NAME

AND DIsTIUBuTI0N

The rocks comprising the Waits River formation were first named the
"calcareo-mica slate" (C. B. Adams, 1845, p. 49). Later Hitchcock
(1861, pp. 475-488) mapped this formation as the calciferous mica
schist." The name Waits River was introduced by Richardson (1906,
p. 86) for exposures at Waits River, Vermont, in the East Bane quadrangle. Richardson designated these rocks as the Waits River limestoiies.
Currier and Jahns (1941, p. 1491) considered the name Waits River
limestone inadequate. The unit so mapped contained not only crystalline limestones, but considerable quantities of phyllite and mica schists
as well and the Waits River was elevated to formation status.
Two bands of the Waits River formation are exposed in the Randolph
quadrangle and are separitteti by the Gile Mountain formation.
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K
ESTIMATED MODES OF 'fi-IE STANDING POND VOLCANICS
1

2

3

Ouartz
(iligoclase-Andesine
Biotite
Muscovite
Sericite
Chlorite
Epidote
Hornblende
Actinolite
Calcite
Garnet
Magnetite
Tourmaline

17.7
28.7
4.7
10.5

0.3
17.1
6.9
1.7

26.7
16.9
10.0

Number of counts

1593

Rock

---

8.4
-- -

27.8
-

tr
tr
2.1
tr

1.6
3.6
5.1
2.0
2.2
60.0
31.2
tr
4.3 1 .0
1.1
2.6
1.8
2.7
-

-

1391

1214

1. Hornblende schist
2. Needle ainphiholite
3. Hornblende-garnet schist

The western hand of the Waits River formation extends in a northsouth trending outcrop belt following, for the most part, the Third
Branch of the White River and underlying the rolling topography of
Ilebard, Fish and Quarry Hills. This belt is bordered on the west by the
Northfleld formation and on the east by the Gile Mountain formation.
The eastern unit of the Waits River formation lies east of the western
band of the Gile Mountain formation and extends eastward into the
Strafford quadrangle. In the northeastern portion of the Woodstock
quadrangle, the eastern and western units of the Waits River formation
join southwest of East Barnard village.
I) E Sc RI PTI ON
The rocks in the two bands of the Waits River formation are dominantly calcarcous, but differ somewhat in lithologv due to metamorphism. The western hand is composed of the following interbedded rock
types, in order of decreasing abundance: (1) thick and thin hands of
l)lue-grev recrystallized impure limestone which is often quite siliceous.
The lirnestones have all been well recrystallized and correctly should he
I (nne(l 11:Irl)lcs. I )ut to 1 aig ist ablished local usage, they will he referred
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to as impure crystalline limestones because of their poor commercial
quality as compared to the marbles found in western Vermont. These
rocks are interbedded with, (2) fine-grained black phvllites which, in
most instances, show porphvroblasts of almandine garnet, (3) minor
quartzites and micaceous quartzites.
In the eastern band, the siliceous impure crystalline lirnestones are
the dominant rock type. Garnetiferous black phyllites are less abundant
than in the western band, and quartz-biotite schists, quartz-calcite
schists and quartzitic beds are more prevalent and are interbedded with
the calcareous units. Numerous interheds of feldspathic quartz-biotite
schist are also present.
Although the calcareous horizons make up sixty to seveitv per cent
of the Waits River formation, they are more common in the lower part
of the formation. The individual interbeds of limestone range in thickness from about four inches to over six feet. The normal thickness,
however, is approximately one foot. As the crystalline limestones become
richer in mica they grade into calcareous schists.
The siliceous limestones contain abundant recrystallized calcite
which normally makes up at least sixty per cent of the volume of the rock.
Quartz is always present in excess of ten per cent and most of the imptirities have been recrystallized to chlorite and the micas. Disseminated
graphite and magnetite are always present but their quantities are not
constant.
Table X presents several modal analyses for the formation.
TH1c!N ESS

Considerable plastic flowage along with intense minor folding are
believed to have increased the thickness of the Waits River formation
considerably.
The western band of the Waits River formation in the Randolph
quadrangle is estimated to be between 5,500 and 9,200 feet thick. The
upper contact of the eastern hand is not exposed in the Randolph quadrangle and no estimate of its thickness could be made. To the south in
the Woodstock quadrangle, Chang (1950) estimated a thickness of 2,500
feet. White and Jahns (1950, p. 191) estimated an apparent thickness
for the eastern and western units of approximatci y 20,000 fccl.
Co R RELATI U N
The Waits River formation has been traced northward lU ('ad\ - ; 1I1(1
l)oll into the Tomifohia slates (Ambrose, 1943) of 5 at hero Cial nc.
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ESTIMATED MO1)ES OF THE WAITS RIVER FORMAT1N
1

2

Ouartz
Albite-Oligoclase
Chlorite
Nlusuovite
Sericite
Biotite
Calcite
Epidote
Garnet
Magnetite and Graphite
Magnetite
Sphene

30.5

15.2

1.0

8.8
3.9

1.6
3.3

10.6

Numberofcormts

1360

Rock

1.
2.
3.
4.

52.0

3

63.3

2.6
5.9

6.9

0.1
0.1
4.1
0.6

4

0.8
-

3.5

0.8

21.3

69.1

57.7

0.3

22.4
-

6.7
2.7

3.6

-

0.7
1494

-

tr

1221

1771

Garnetiferous phyllite
Siliceous impure crystalline limestone
Black biotite-chlorite schistose limestone
Garnetiferous quartz-hiotite schist

Age

of Formations

Above the Cram Hill

The Cram Hill formation is, at present, the most reliably dated unit
in east-central Vermont. It is the same stratigraphic unit as the Magog
slate in southern Quebec (Cooke, 1950, PP. 46-48) which has yielded a
graptolite fauna accepted as Middle Ordovician in age.
The rocks in the formations which lie east of and are stratigraphicallv
younger than the Cram Hill formation have yielded a limited number of
fossils and "fossil"-like materials. The ages that have been assigned to
these stratigraphic units have ranged from Middle Ordovician to Lower
Devonian. At present, there is no unanimity of agreement on age
assignment.
Crinoid stems were reported by Currier and jahns (1941, p. 150) from
the crystalline hmcstones in the upper part of the Shaw Mountain
formation in the Barre quadrangle. These were identified by Josiah
Bridge and P. E. Raymond as indicating an age of at least Middle
)rdovieian. This agrees with the fossil-dated age of the Magog (=Cram
('ntptolite-like materials from the Northfield and Waits River forma(Richardson. 1916, pp. 142 145; Richardson and Camp, 1919,

i }fl5
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were idelitliiu(l lo I iedennnin (1947) as grnpt)lites rangpj. 114 11
ing between l3eekmantown and Lower Trenton in age, but the organic
nature of these materials has since been questioned by Fovles (1931)
tnd Currier and jahns (1941). The supposed fossils are now believed to
in smears of micaceous minerals on cleavage planes.
.\ fossiliferous horizon in the lower part of the Waits River formation
1 the Montpelier quadrangle was described by Cady (1950). V. J.
)kulitch identified some forms as ('Up corals, probably Streptelasma and
possibly S. eormculum, 3uggesting that the lower part of the Waits
River ranges from Black River through Trenton.
Clark (1934, p. 12) described some graptolites (Normanskill age)
from the Tomifohia formation of southern Quebec as resembling those
described from the Magog slates to the west. Since the Tomifobia
orniatioll is considered to be the northern correlative of the Waits
River, a Middle Ordovician dating is suggested for the Waits River
)rmation.
Large crinoid calyces were reported by Doll (1943a, p. 57) from a
locality near the village of Westmore, Verniont, in the Memphremagog
quadrangle. Winifred Goldring and others believed these fragments to
be of Silurian or possible Dcvonian age. The organic nature of this find,
oo, has been questioned.
Doll (1943h) identified a brachiopod from the Gile Mountain formation in the Strafford quadrangle as probably Spirifer murchisoni (Lower
l)evonian), but the identification as a fossil has been questioned by
\Vhite and Jahns (1950) and White and Billings (1951).
In southeastern Vermont, Lyons (1955) has described the last unit
in the Vemiont sequence, the Meetinghouse slate (= Northfleld, this
report), in contact with the Orfordville formation of the New Hampshire
sequence. Farther east, the Orfordville is overlain, in sequence, by the
Albee, Ammonoosuc and Partridge formations whose ages have been
(letermilled to range from mid- to pre-Silurian. This interpretation was
1 )nsed on the existence of a marked unconformity at the base of the
Silurian in New Hampshire (Billings, 1937).
The paleontologic evidence is weak and the identifications are conlicting from the units lying above the Cram Hill formation. No fossils
were uncovered in the present study. However, in view of the major
structure proposed in this report and its stratigraphic implications, the
present writer is of the opinion that the age of the stratigraphic units
lying above the Cram Hill formation range from Middle to Upper
( )rdoviciaii.

STRUCTURAL GEOLOGY
GeneraL Statement
The structural setting of the Randolph quadrangle is one of intense
folding. Two distinct stages of deformation are inferred, but evidene'
for major faults and large-scale igneous injections is lacking.
The formations in the western portion of the Randolph quadrangle arc
in homoclinal seciuence on the east limb of the Green Mountain anticlinorium. The steep dip of the rocks is to the east and frequently the
beds are overturned. In the central and eastern portions of the quadrangle overturned west-dipping rocks are prominent. The dip of these
overturned beds becomes more gentle eastward toward the Strafford
quadrangle
The Randolph quadrangle is situated west of the Strafford dome and
northwest of the Pomfret dome, which together make up the southern
termination of the Willoughby arch (Dennis, 1956) (see Figure 2).
The arch continues north to the international border.
Two distinct types of minor folds and two types of cleavage suggest
two major orogernc stages with superposition of the effects of the later
one on the earlier one. Because of this situation the major structural
relations are not easily determined, and it is only through the careful
study of the nhlnor siructural features that the major struetures 'an in'
defined
1v1inor Strut nra I Features

Fo LI AT 1(1 N
Foliation, as used in this report, refers to any megasu pivaflv visible
planar structure due to mineral orientation, and to banding resulting
from changes in composition or grain size, whether of primary or
secondary origin.
The planar features in this geologic setting of intense folding are often
offset to the extent that a trend, rather than strike, of foliation is necessary. This surface (Fig. 3 ) may act nallu transect thu miii r )'ild limlis
at a considerable angl(.
(a

)

I)L'(IiIiii'

Bedding is any primary compositional lniinling iii the rocks. ilnialing
due to metamorphic processes often simulates bedding but is not included. Compositional and textural (lilferelices are the most reliable

FOLD PATTERNS

Sinistral

DextraI
Figuiu t.

!)\tiIl 111(1 onisteti l)ittenei )f (IL' t(I1(1L.

criteria or (listinguishing hcdIliIlg ill the roiks of the l'taiidnlph quadtangle.
Bedding is particularly well preserved in the rocks of the Gile Mountain and Waits River forniations in the Randolph quadrangle, especially
ci crystalline limestones intcrbedded with phvllites (Plates XI and XII).
In areas of thi('k series of phvllitic rocks, it is difficult to recognize
hcd(ling, t'speeillv iii '/0105 of greater metamorphism.
lid Schislosity
Schistositv is a foliation caused by the parallel or near-parallel
arrangement of platv minerals. It is the result of recrystallization by
metamorphism and, in the rocks of the western portion of the Randolph
quadrangle, is due to the parallel alignment of principally chlorite and
scrieitc to lie east, Of liiuSe ivite and hiotit c.

(c) Cleavage
Cleavage, as used here, refers to the planar property of a rock which
enables it to break along closely spaced, parallel surfaces. In contrast
\Vith sehistosit v planc, cleavage surfaces do not necessarily involve the

i'.
Photeiniuniopli if a iOiiiut het\Veefl 1 guneti&ions plivhilu iud In',. I11IuI
schi.st \vitliin 110 (Ole \lmiiilOin fiii'iiintion. (N 12

parallel ahgninent Of minerals. However, minetie reervstallization may
occur along cleavage planes, closely simulating schistosity.
Two prominent types of cleavage are evident within the Randolph
quadrangle; flow cleavage (schistosity) and slip cleavage. To a minor
extent, fracture cleavage is also developed.
The schistosity observed is flow cleavage and is due to the orientation
or parallelism of minerals (Leith, 1923). The mineral parallelism consists
of the crystallographic orientation of the micaceous or elongate minerals,
and the non-directional minerals like quartz, feldspar and calcite as well.
The flow cleavage or schistosity is approximately parallel to bedding
in much of the area, but locally it transects bedding at a small but
measurable angle. Schistosity is particularly well developed within the
Moretown formation. It cuts across the bedding in the nose of minor
folds simulating an axial plane cleavage, but parallels the bedding on
the limbs of these folds.
In any west to east traverse across the area, the schistosity gradually
changes from a northwest strike to a northeast strike and is about
parallel to the trend of the bedding. In the western third of the quad-
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rangle, the dip of the cleavage is greater thaii that if the bedding, but t
the cast, the dip of the cleavage is less than that of the bedding, indicating that the beds are overturned in approximately the eastern twothirds of the quadrangle.
The second type of cleavage is referred to as slip cleavage in preference
to the term fracture cleavage by geologists working in the east-central
Vermont and New Hampshire region. The term, as first used by Dale
(1896, p. 209), referred to cleavage planes that transected bedding confined to recurring narrow bands of slippage. This is the same type of
cleavage described by Leith (1905, p. 120) as a type of fracture cleavage
which he called "fault-slip-cleavage" or which Mead (1940, p. 1010)
referred to as "shear-cleavage." Slip cleavage is a feature due more to
flowage than fracture. Rupture or displacement along the cleavage
planes need not take place and the ability of slip cleavage to form as a
plane of weakness depends upon the sub-parallel arrangement of tin
platy minerals on the potential shear planes.
The slip cleavage post-dates the earlier schistosity and grades east ward across the Randolph quadrangle into a second generation schistosity that transects the earlier schistosity (flow cleavage). Since the
intensity of metamorphism increases to the southeast in the Randolph
quadrangle, what is cleavage in the lower grade metamorphism, becomes
a schistositv in the higher grades (White, 1949). In exposures showing
both the early schistosity and slip cleavage, the slip cleavage strikes at
a slightly greater angle to the east. In many parts of the quadrangle,
particularly to the south, the slip cleavage is so intensely developed that
it completely obliterates the earlier schistosity. The best development
of slip cleavage in the Randolph quadrangle is in the phyllitic rocks of
the Northfield, Gile Mountain and Waits River formations (Plate XIII).
Fracture cleavage (Mead, 1940, p. 1010) is developed in the rocks to
a minor extent. It is limited to the crests of the larger folds, particularly
with competent quartzitie interbeds where fracture cleavage is developed
at a slight angle to the axial plane of the folds.
Miner:ii 1 ril1ihsin, cliiigioistic in piirt oF slip ihivagc, is t i tlil\
absent.
Li N I'ATi I IN
The linear features observed in this stu(i\ are the result of mineral
streaming, crinkles, intersections of bedding and cleavage (either slip
cleavage or schistosity) and, at I innn, tin intersictin uI t iii
schistosity with the slip cleavage
5-I
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Miierai sireinuji ig caused 1 )V tile shearing out of piatv minerals is
oriented down the dip in the foliation plane and, generally is almost
normal to the axes of the minor folds. This linear feature primarily
involves chlorite and the micas along the foliation plane and is best
developed in the western part of the quadrangle. To the east, streaming
is much less conspicuous. Crinkles are commonly found on foliation
planes and plunge in a northerly direction parallel to the fold axes of the
\ounger folds. Infrequently, amphibole needles are normal to the fold
axes.

Intersedions ii! la(lding nial !lO\V cleavage are nut Well (luvcInJxul in
the schists in the western portion of the Randolph quadrangle since, in
this area, the schistosity is parallel or sub-parallel to the foliation planes.
To the east, the intersections of bedding and schistosity and bedding
and slip cleavage are most prominent. The plunge of these lineations, is
dominantly parallel to the axial plane of the early folds. A plunging fold
in the arenaceous "pinstripe" of the Moretown formation is figured iii
Plate XIV. The a, h, and c linear directions are clearly seen.
The intersections of bedding and slip cleavage are best developed in
the western band of the Waits River formation. Where schistositv and
slip cleavage occur together iii an outcrop, the slip cleavage cuts across
the schistosity at a measurable angle. The intersection of schistositv
and slip cleavage is limited, for the most part, to the Gile Mountain and
Waits River formations. It is prominent in tight iso(luilall V lu lded 1 eds,
particularly the phyllites.
Ii P qil rtz
(h her minor lineations result from boudinage aiid the I
pods, particularly iii the Stowe formation.
JOINTS

A detailed, systematic study of the limits teas flat carried in in this
area. However, two distinctive joint sets are evident. jointing is best
developed in the more massive phyllitic (Plate XV) and quartzitic beds,
although it is recognizable in the schistose rocks as well. For the most
part, these are strike joints and cross joints. The strike joints are sub
parallel to the axis of the minor folds. They are steeply dipping to vertical
and strike from N30°W to N30°E, west to east across the quadrangle.
Some strike joints are filled with milky white quartz. The cross joints
most commonly dip steeply north and range in strike fri in 75°\V
N75 °W.
.N1INoR FIT)LDS

(a) General Slaie.wenl
The minor folds will he discussed under two uatu.goruu.s 51151. t\Vui Ilistinctly different types are evident within the Randolph quadrangle.
That two generations of folding are present in nearby areas has beci
uliseussed in detail by White (1949),\Vhil e sal Jahiis (1 ()5() ) le ins
(1955), Murthv (1957), and others.
Fuulds ranging in amplitude from man si 151 dnntiisiuuiis ii I lii st
1 lie mu l<, iii
tens iii rect aeruiss, (lependilig u iii 11w huh iies
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sorth-p1unging fold in the \I,relown inflation, one mum fl(rtiIc:L i mi \Vlmiiommii
I liii School, Stocki ridge.

iiultitled iii tins (ii assail. I lOvever, ilk' alliplilude ii tiost of the lids
is less than one foot.
That the early and later 101(15 ire the result (4 separit e diastri )]Jlilsin
is indicated by the fact that the plunges of the fold axes of the early
and later folds are separated by a measurable angle. Associated with the
light early folds is a contemporaneously formed sehistosity (flow
cleavage) sub-parallel to the bedding on the limbs of the early folds but.
trtnsecting the bedding at the crests. The later folds are characteristiciilly more open than the earlier and a superimposed slip cleavage is
preselit which has deformed the earlier minor structures as well as
bedding. The schistosity wraps around the noses of these later folds
unlike that of the earlier folds where the schistositv parallels the axial
planes.
The terms "dextral" and ''sinistral," (see Fig. 3), as used and described by White and jahns (1950), are applied to the minor folds in
this report. The differentiating factor between these two terms is "that
as one stands on a long limb and looks along its strike (to the north),
i he next long limb beyond an intervening short limb appears to be oft-
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I'LATE XV
Cross joints, looking east at north-plunging ((lItrup of Gile \lnt]ntitin
mile northeast of Randolph Centei - .

lit, olic

set. If it is offset to the right, the fold pattcrn is lextral if i
sinistral." (White and Jahns; 1950, p. 197).

In left

(b) Early Fo/R
The early folds are abundant throughout the entIre quadraiigk. J\1 st
of these folds are tight or isoclinal (hate XVI, Fig. 1). The strike of the
axial planes changes from northwest in the Stowe formation, in the
west, to northeast in the Waits River formation on the east. The plunge
of the early folds increases to the north from approximately 10° in tIle
vicinity of East Barnard, to 40 ° north of North Randolph. In the soul Iteastcrnmost corner of the quadrangle, the folds plunge south.
The schistosity, associated with the early folds, is recognized in the
field by the sub-parallel arrangement of the micaceous minerals or hands
of oriented nonrnicaceous minerals which form parallel to the axial
planes of the earlier folds, and are seen to transect the bedding in tIn
noses of these folds (Plate XVI, Fig. 2). This early cleavage is clean
shown in the schists and granulitcs.
Folds in the argillaceous slates, phyllites and micaceous schists are
tightly compressed with sharp (rests and troughs. In the more cornpc-
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( ) iiiiiil isoiIiiiiil lulding in the Sh.m \lonntain formation, one hall
nile south of Old Chuii'h. Bethel.
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teiit, i1 ilicenus huds, the earlY n](ls are thre npeiI atni have rnuil(l(il
crests. The carbonate-rich rocks within the cuadrang1e exhibit high] v
irregular flowage folds (Plate XVII), The shear sense of the earlier folds
within the Randolph quadrangle is dominantly sinistral in the latitudes
north of Bethel.
Such a (Irag fold pattern may he interpreted structurally in that the
rocks to the east moved up with respect to those on the west, ii, stratigraphically, that the rocks to the east are younger.
(d) Late Folds
Minor folds in which the earlier schistosit \ is well as the bedding is
folded have been attributed to the later stage of deformation. These
later folds are usually more open than the earlier ulexures and have a
pronounced slip cleavage lxnallel to their axial planes. The earlier
schistosity wraps around the nose of the later folds instead of paralleling
the axial planes as in the early folds (Plate XVIII).
The pronounced slip cleavage related to the later deformation is
widely distributed and both the early schistositv as well as the bedding
are cut by this later cleavage.
The ]a I ils III I lie Pa! 1 1] )li ()nalr!i! i]e ;Irc prim:11-11% snnsl nil it
patteril.
Major Sirctural Fcatur.s
EARLY ST1cTiIs

Earl V minor folds with a sinistral pattern and a ci instant pin i ige U t lie
north are common throughout most of the rocks in the Randolph
quadrangle.
The rocks in the stratigraphic units west of the Cram Hill formati
dip steeply to the east as a homocline on the east limb of the Gre
Mountain anticlinorium.
East of this homoclinal sequence, the bedding dips steeply to the west
becoming more gentle toward the Strafford quadrangle (Plate XIX).
The dip of the bedding is consistently steeper than the cleavage and the
rocks are all overturned.
It is only in the western band of the Gile Mountain formation in the
latitude of North Rovalton and to the south, that early dextral folds are
prevalent. The beds here consistently dip to the east (Plate XX, Fig. 1)
and at a steeper angle than the cleavage. Graded beddnig also shows that
the Gile Mountain formation is oveiturne(l to the west
60
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Ihovage f]de in the rvstalhie liniestone of the \Vaits River formation. ()nterop
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hxiiuples cif the clextral folds are ligured in Hiiie NX, Figure 2, 1(11(1
Plate XXI, Figures 1 and 2. A close-up of bedding and cleavage is
ligured in Plate XXII, Figure 1. Graded-bedding with minor dextriil
lIds and cleavage is demonstrated in Plate XXII, Figure 2.
These relations prevail in the western band of the Gile Mountain
I )rmation southward to the vicinity of East Barnard village in the north(astern portion of the Woodstock quadrangle where the formation closes.
That this closure is structural and not due to a facies gradation is
indicated by the plunges of the axes of minor folds throughout the
western band of the Gile Mountain formation in the Randolph quadangle. In the vicinity of East Barnard village the plunge is less than 10°
tic the north and it progressively increases northward to 40° north in the
latitude of North Randolph. The strike of the rocks also follows the
I hinning of the western band of the Gile Mountain formation to the
si uth (Plate II). Finally, the width of the formation to the south is to
narrow and the closure too abrupt for any evidence of converging
st rikes.
'l'lle siiiistral pattern 4 the earlier folds dominates throughout
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PLATE XVIII
Late (Iextr1I folds in the Moretown 1-niation, at the h,vo if \'tihtttie \hnintaja.
Bedding dips to the east in view looking north

othcrn ()tichce and east*cntntl Vermont (Cooke, 1950; \Vhite tinl
ahns, 1950; Eric and Dennis, 1958; Murthy, 1957; Goodwin, 1959,
personal ('olmnunication; and mapping in the Randolph quadrangle).
This indicates that the early stage of deformation was c'onfiuied to ilw
vest limb of a major svneliin- or I ho eaal liiiil of an ;tnhtelint I lie (n-('ii
Mountain anticlinorium)
However, a limited nwnlsr 1 eai1\ lexiriti toId li:ive h-eu r(pri((l.
Dennis (1956, p. 63) described early folds in the Lyndonvilic quadrauigh
on the west limb of the Willoughby arch as exhibiting "the normal
pattern to be expected with an antieline," (that is, dextral). Denniconsidered these folds to he "rare" and superseded by later sinistril
folds.
In the extreme eastern part of the East Barre quadrangle, Murthy
(1957, p. 53) noted dextral folding in bedding. He considered these folds
to have developed during earlier folding even though they were affected
by the later deformation. According to Murthv (1957), these were
rotated early folds.
White and Billings (1951, p. 674) mapped similar dextral folds in fin
62
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Figure 1. Bedding in the C.ile Mountain formation north of Randolph Center

lip)ing approximately 75°W. The cleavage dips 11 0 W and the heds are overturned.
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western portion of the Woodsville cuadrang1e, but considered them to
he related to the later stage of deformation. The writer is led to concur
with Murthy's designation because, in the Randolph quadrangle, the
large-scale dextral folds similarly involve bedding transgressed by the
later deformational effects (see Plate XX, Fig. 2).
A major recumbent anticline is herein proposed to explain the early
structural relations. This proposal is based upon a detailed evaluation
of the early minor structures known in east-central Vermont and those
studied in the Randolph cuadrangle. Structural and stratigraphic
relations in the Island Pond quadrangle are also best explained by a
recumbent anticlinal structure (Bruce K. Goodwin, personal communication, 1959).
Recumbent folds along the trend of the Willoughby arch have been
discussed by White and Jahns (1950), Lyons (1955), Billings et al.,
(1952), and Eric and Dennis (1958). White and Jahns (1950, p. 212)
described the north end of the Strafford dome as the noses of two
nappc-like structures overfolded from east to west.
In discussing the recumbent folds in the Pomfret dome Lyons (1955,
p. 125) stated, "Whether nappe-like overfolds are present west of the
Pomfret dome (in the Randolph and Woodstock quadrangles) is not
demonstrable on the basis of available field data. Probably, however,
the nappe-like structure is non-persistent and dies out on the Strafford
(loflid' itself."
The large anticlinal structure presumably was produced by strong
compressional components acting from the east which caused thickeninj
and shortening of the sequence in central and eastern Vermont. The rool
zone of the original anticlinal structure is in the Gile Mountain forniv
tion of eastern Vermont, parallel to what is now termed the St. Johnsbury homocline. As deformation continued, the anticlinal structun
migrated upward and westward and gradually became recumbent. TIlL
('( )re now appears as the western band of the Gile Mountain formati
Lnder conditions of deformation an anticlinc normally should shoe
sinistral drag folds on the right flank and dextral drag folds on the Id
lank. The early dcxtral drag folds described in the East Barre an
\Voodsville quadrangles (Murthy, 1957; White and Billings, 1951) e
respond to the left flank in the root zone of the anticline. Murthy (195
explained the early sinistral folds west of and in the west and centi-,
parts of the East Barre quadrangle, and the early dextral folds to tl
cast as indicating a synclinal structure as the product of the earliL
(lefoinhiltioll in the East Barre quadrangle. The wi-il 1 i irn 5 Wi
Murilie's interpretation of the earle struchirel ml

lieves that the Joiiiition of the iiflhlelif101 stru('ture III tisfeni \ernionl
was paramount to the syncline formed west of it.
Early sinistral folds on the east limb of the antiehii a
ii
cm to tll(.
folds described by Eric and Dennis (1958). West of the Connecticut,
River, White and Billings (1951) noted dominantly early sinistral drag
folds. This view is substantiated by Eric (1942, p. 47) in the Mt. Cube
quadrangle south of Woodsville.
In the Randolph quadrangle, the arch bend (see Fig. 4) and core of
the major recumbent fold are present as the western band of the Gile
Mountain formation. The plunge of this arch bend is to the north and is
known to swing around and join the eastern band of the Gile Mountain
formation at the termination of the Willoughby arch in the southwestern portion of the Island Pond quadrangle (B. K. Goodwin, personal
communication, 1959).
The cast-dipping, dextrallv-folded rocks of the western band of the
Gile Mountain formation in the Randolph quadrangle would then be the
inverted limb but close to the axial plane of the fold in the arch bend of
the structure.
The early folds with sinistral drag patterns in the western margin of
the Gile Mountain formation in the Randolph quadrangle outline th
normal limb of the recumbent fold. Dextral folds are not common along
the eastern margin of the formation since the dextral folds along the
left flank of the original anticline had to be rotated more than 180° in
order to be in their present position. The lower or inverted limb of one
recumbent fold is one ()i extreme shearmg \vilh, genenillv, ohliteralioii
of minor structures.
L..'tii -

IR led

A later deformational episode is imprinted n the n eks in the Rai
dolph quadrangle by the development of later folds and a slip cleavage
parallel to the axial plaies of these later folds. The later folds in the
Randolph quadrangle are sinistral in pattern, dip to the west, ai a
consistently plunge to the north at a variable angle from the axis of the
early folds. These second generation features increase in intensity of
development eastward across the Randolph quadrangle. The develop ment of the slip cleavage to the east, in central Vermont, has been
described by White and Jahns (1950, p. 203).
The later deformation becomes more intense to the west from tile
Connecticut Valley area where the later folds are predominantly east
dipping and have dextral drag patterns (White and Johns, 1950, p. 20).
OS
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The later stage of deformation then, is one of 1)0th westward and
etlst\Vard development culminating in the Willoughby arch with its
(lomal structures. The degree of metamorphism also parallels this trend
(White, 1949; White and jahns, 1950; Murthy, 1957). The minor fold
patterns east and west of this arch show that it moved upward with
respect to the rocks on either side producing drag fold relations opposite
to those of a normal anticline.
The doming east of the Randolph quadrangle is, therefore, the mechtinism responsible for the later folds and slip cleavage which are superimposed on the earlier structures in the quadrangle.
Doll (1944, p. 22) regarded the structure as a normal anticlinc with
the minor folds on the west limb overturned to the east, and on the east
limb overturned to the west. He regarded the structure as having been
formed in two stages. In the first stage, an anticline was fonned, and iii
the second, the early anticline was deformed into 'zig-zag" folds as
11
outlined by the outcrop pattern of the Standing Pond ami 1 I i 111
the Strafford quadrangle.
I Ii
White and jahns (1950, pp. 214-219) viewed the fornia I Iii
anit its due to eompreSSion at dept P Id, a:irlier f Idad i sPa Iii a at

was a flowage upward of fl101)il1' (alcar()us ro(ks pr (lu(ing an upward
bulge in the cleavage.
In 1953, Bean attempted to ) relate he gravity am inalies iii (entrill
and eastern Vermont and New Hampshire to the geology. Each dome
studied (Bean, 1953, P1. 1) showed a negative gravity anomaly. Th
gravity low within the Strafford and Pomfret domes was attributed hr
him to a low density rock of granite-like composition underlying th
area.
The decrease in the grade of metamorphism away from the erestal
area of the dome along with the numerous zones of granitic dikes in the
southern part of the East Barre quadrangle were cited by Murthy
(1957, p. (iS) as evidence for a shallow pluton.
The time lapse between the formation of the west-facing recumbent
anticline and the Willoughby arch is unknown, but it is assumed that
the rocks in the anticline, perhaps in a near-plastic state, must have
attained a nearly recumbent position before the major uplift of the
arch. Since the root zone of the recumbent anticlinc is east of the Willoughby arch, the axial plane of the recumbent fold was arched up over
this upwelling concomitant with the thermal peak of metamorphism.
The recumbent folds in the Strafford (White and jahns, 1950, p. 21 .
and the Pomfret (Lyons, 1955, p. 124) domes are considered (ligitaluns
on the inverted limb of the recumbent anticlinal structure.

Structural Evaluation of the
Giie Mountain Formation
The structure and stratigraphic position of the western haul
f the
Gile Mountain formation has been one of contention in the correlat ni
of the rocks in the Vermont sequence.
Doll (1951, p. 51), working in the Memphremagog quadrangle,
referred to this band as the Westmore formation and postulated that it
was in the axial part of a synclinal structure which he named the Brownington syncline. The possibility of the Gile Mountain formation lying
in the axial part of a syncline was also discussed by White and Jahns
(1950, p 206) as one structural mechanism to correlate the Gile Mountain () formation of their report with the belt of Gile Mountain schists
at the type locality farther east. Mapping in the Lvndonville quadrangle
by Dennis (1956, pp. 35-36) extends Doll's Browningt ii svt al into
the south.
The most serious objection to the snialiintl nat urn H I I)( , \Vnstnrii land

in

1 the Gile Mountain formation is the fact that the early fold patterns
are primarily sinistral on both the east and west margins of the formaI ion in the Barre and East Barre quadrangles and most of the Randolph
(Juadrangle. A synclinal structure should have sinistral drag folds on
I he western limb and dextral folds on the eastern limb.
The overturned early dextral drag folds just north of Rovalton and
southward in the Randolph quadrangle are exposed almost throughout
the entire width of the western band of the Gile Mountain formation
and nowhere indicate a synclinal structure. Bedding.cleavage and drag
old observations along with excellent graded-bedding indicate that the
\Vaits River formation lies stratigraphicallv above the Gile Mountain
1 )rmation, refuting a syiwlinal structure with the Gile Mountain rocks
in the core.
The original evidence for the I3rownington syncline is scant. Dennis
and Doll both described the dip of the bedding on the western margin
ii the Gile Mountain formation as being vertical to overturned to the
east, while on the eastern margin the dips are to the west, 'suggesting
a svnclinal form," (Dennis, 1956, p. 35).
To the north in Quebec, Cooke (1950, p. 31) described a constant
iverturn of the beds in the St. Francis group which corresponds to the
Waits River and Gile Mountain formations of the Vermont sequence.
The work of Chang (1950), Murthv (1957), Goodwin (1959, personal
ommunication) and the field relations in the Randolph quadrangle all
show comparable overturning.
In addition, Dennis stated that, the Brownington svncline is one of
the very rare cast-facing major folds in a region of dominantly westlacing structures," (1956, p. 36). The major recumbent anticline proposed in this report is a west-facing major structure. The relations be\veen the major and minor folds in Figure 4 of Dennis' report (1956,
p. 40) are compatible with the structural hypothesis proposed herein.
Murthy (1957, p. 66) and White and jahns (1950, p. 206) pointed out
that the Gile Mountain formation consists of three distinct members.
The argillaceous members at either margin differ considerably in thick..
ness. If the Gile Mountain formation were in the axial part of a tight
svncline, one would expect the distribution of the lithology to be much
ni i.e symmetrical than it is.
Murthy (1957) postulated that the Gile Mountain (Westmore foi-malion of his report) represented the western limb of an earlier formed,
irth-plii aging s\'nelinc- --I lie east limb of which would correspond to
I

the tYpe (iie \l Wilful lOiliiiitl()ii iii the St 'litlofli ([Ulidrailgie. Tin
axial part of this syncline would correspond to the rocks of the Wails
River formation (type locality) as restricted by Murthv.
Further, he maintained that the formations west of the westernmost
hand of the Gile Mountain formation (Westmore formation of his
report) were all in homoclinal sequence. This would place the ealcareons
western zone of the Waits River formation (Barton River formation 1
Murthv) as being stratigraphically older than the western hand of the
Gile Mountain formation. The bedding-cleavage and primary depositional features in the Randolph quadrangle do not seem to support this
interpretation. In the northeastern part of the Woodstock quadrangle,
the closure of the western hand of the Gile Mountain formation is stnntural and not stratigraphic as Murthy (1957) postulated.
Constant overturning described throughout the Randolph quadrangle is not in accord with Murthy's proposal that the western unit of
the Gile Mountain formation is in a homoclinal sequence.
In summary, neither the tight svnclinal structure proposed by I) II
(1951) and Dennis (1956) (the Brownington svncline) nor Murthv 's
(1957) interpretation of the western belt of the Gile Mountain formation
as a homoelinal sequence representing the vesl limb 4 a ver\ large,
north plunging svnciine appear to he tenable.

Tectonic Evaluation and Stratigrapliic Implications
The proposed recumbent, nappe-like anticline seems to he tile hst
explanation of the field relations in the Randolph quadrangle and also
of those described by other workers in east-central Vermont. If the
present structural interpretation is accepted, the stratigraphic sequence
proposed by earlier workers (Table I) must be revised.
The rocks in the eastern band of the Gile Mountain formation er( p
out in the suggested root zone of this anticline in eastern Vermont,
while the western belt of the Gile Mountain formation is considered I
represent the core and arch bend of this major recumbent fold.
Drag fold analyses by Murthy (1957, p. 54) in the East Barre quuirangle indicate that the rocks in the eastern Waits River formation are
younger than rocks of the two belts of the Gile Mountain forrnati u I
which crop out on either side. In the southeastern part of the Strafford
quadrangle and the northwestern portion of the Hanover quadrangle
bedding and cleavage dip to the northwest. Bedding-cleavage relations
indicate the beds to be consistently overturned and signify that the n u-ks
become younger to the west (Cadv, ia'rsonlui u )fliflllulii('ltt loll, 1958).

The more than two miles of cliffs just north of Royalton in the Ran(lolph quadrangle cut across the strike of the western band of the Gile
Mountain formation. Reliable graded bedding along with beddingcleavage and drag folds denote the western band of the Gile Mountain
is older than the Waits River formation.
To the north, the two belts of the Gile Mountain formation structurallv unite and have been determined to be stratigraphically equivalent (B. K. Goodwin, personal communication, 1959). Therefore, the
(ile Mountain formation lies beneath the youngest unit in the Vermont
quciice, the Waits River formation.
However, the western band of the Waits River formation is conirmably underlain to the west by the Northfield formation. The stratigraphic units exposed from the Ottauquechee to the base of the western
huid of the Waits River formation progressively become younger to
the east (Currier and jahns, 1941; Chang, 1950; Thompson, 1950;
White and jahns, 1950; Doll, 1951; Cady, 1956).
Since the Waits River formation is considered the youngest unit in
the Vermont sequence in this report, and west of the western belt of
t lie formation it is underlain by the slates and phyllites of the Northfield
1 rmation, then, Northfield lithology should also border the Waits River
oii the arch bend and core of the recumbent anticline.
The western band of the Gile Mountain formation was subdivided
by Murthy (1957, p. 2) into three members or zones on the basis of
lit hologic variation. The central member consists of micaceous quartzite,
llulrtz mica schists and minor argillaceous beds. The eastern and westeni members are predominantly argillaceous rocks composed of mica(cous and 1hyllitic schists. Murthy (1957, p. 29) has estimated the
\Vestern member of the western band of the Gile Mountain formation
(Westmore, his report) to be 2,000 to 2,500 feet thick with the eastern
iiiember ranging between 700 and 1,000 feet in thickness. A similar
distribution of the lithologies of the western band of the Waits River
irmation is evident in the Randolph quadrangle. This writer has
estimated the western argillaceous zone to range between 1,200 and
1400 feet in thickness while the eastern zone is normally less than 500
liet thick.
A part or all of the argillaceous members in the western unit of the
(;ile Mountain formation on the arch bend in the proposed recumbent
I i]d have been assigned to the Northfield formation. The variable thickness in the two argillaceous members is to be expected li In I nil
1 ii recumbent 101(1 due to shearing in the inverted limi

Sinee the (jile Mountititi lurniatiati is in the cure ui the arch bend
and, therefore, underlies the Northfield formation, it should also underlie
the Northfield formation to the west. The unconformity which lies
above the Cram Hill and Barnard lithologies is very important to the
context of the proposed structure. That an unconformity is present at
this horizon has been verified (Currier and Jahns, 1941; White ui(l
jahns, 1950; Thompson, 1950; Doll, 1951; Cady, 1956).
This stratigraphic break is herein considered an erosional h rizul I
that removed the Gile Mountain lithology which should overlie the
Cram Hill formation,
If the Northfleld overlies the Gile Mountain formation as proposed,
it should be found on the east limb of the structure in the root zone.
The easternmost beds in the Vermont sequence are those of the Meetinghouse slate which conformably lies on top of the eastern band of the
Gile Mountain formation. These slates, as originally mapped by Doll
(1945, p. 19), were considered by him as the upper member of the Cue
Mountain formation.
The youngest formation in the Vermont sequence, the Waits River
formation, should then overlie the Meetinghouse slates (Northfleld or
this report). This is the horizon of the "Monroe line" which separates
the Vermont and New Hampshire sequences. The absence of the Waits
River lithology is interpreted as due to a major unconformity (Kruger,
1946; Lyons, 1955) at this stratigraphic break. This unconformity may
account for the Northfleld (= Meetinghouse slate) being in cuiitaH with
a number of formations in the New Hampshire sequence.
The stratigraphic relations of both the Shaw Mountain iurinitiui
and the Standing Pond volcanics are uncertain with respect to the
proposed structural hypothesis. Both units are intermittently exposed
along the strike and have been reported UI) to 600 feet in thickness.
The fact that the Shaw Mountain formation unconformably overlies
and is younger than the Cram Hill formation has already been established (ref. cit.). The hithology consists principally of tuffaceous and
calcareous sericite schists (White and Jahns, 1950, p. 186), albitechlorite—calcite schist (Cady, 1956), tuffaceous layers (Doll, 1951), and
handed epidote amphibolites (Thompson, 1950).
The Standing Pond volcanics are dominantly amphiholites and occur
at the contact of the eastern Waits River and Gile Mountain units in
the Strafford quadrangle. However, to the north and south, these
volcanics transgress lithologic boundaries and are not restricted stratigraphically. Minor amphibohite beds have 1 )eell mapped along I lie
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ensteni margin of the Uile Mouiitiiii iorniatioii iii the Randolph (Iuadi-angle, but none were located along its western margin. Murthv (1957,
p. 30) reported thin bands of "metasedimentary amphiholite" along
the contacts of both margins of the western Gile Mountain fornation
(\\cstmore of his report). Whether these amphibolite bands are correlative to the Standing Pond volcanics or whether the amphibolites of the
Standing Pond are equivalent to the less metamorphosed greenstones
and tuffs to the east (= Shaw Mountain formation) is only speculative.
The evaluation of the structural and stratigraphic evidence as interpreted in this report for east-central Vermont calls for a revision in the
stratigraphic column and suggests the following sequence.
Waits River
\orthfield (= Meetinghouse)
51mw Mountain (
Standing Pond volcanics)
Chic Mountain
C ram Hill = Barnard
1\ loretowi
St owe
()ttauquechee
Diagrammatic cross sections of various interpretations of the regional
structure in east-central Vermont are indicated in Figure 5.
Tin -ross sections are drawn at the latitude of Randolph.

PLUTONIC ROCKS
(h'ncral Statement
)ui\ I us plut Ilic bodies of noticeable extent are evident on the
geologic map (Plate I). One is the Bethel granite on Christian hill in
the central part of the quadrangle. The other is north of Braintree Hill
iii the northwest portion of the quadrangle and is referred to as the
Itraintree Complex.
Six smaller plutonic bodies, shown in Plate I, are also discussed.
Numerous dike rocks crop out within the quadrangle.
The plutonic rocks in the Randolph quadrangle have not appreciably
i-formed or metamorphosed the metasediments and metavolcanics.
Several ultramafic bodies occur in the western portion of the quadrniigle. Plug-like masses of milky white quartz are widely distributed,
;irt icularlv in the Waits River and Gile Mountain formations.
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DIAGRAMMATIC CROSS - SECTIONS OF VARIOUS INTERPRETATIONS
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Granitic Rochs
13iiTJIEL GRANITE

The granitic body at Bethel, known commercially as the ''Bethel
white granite," is a narrow, elliptical both' at the surface. It is located
n the crest of Christian Hill, two and one-half miles northeast of the
village of Bethel. The outcrop is more than 5,000 feet long from north
1) south, and approximately 600 feet wide from east to west. The Bethel
granite is enclosed completely by the phvllitic rocks of the Waits River
format ion.
Two quarry operations, the Ellis quarry on the east side of Christian
I-Jill, and about fifty feet north of it, the Woodburv operation, have
extracted considerable stone in the past.
Petrographically, the rock is a homogeneous medium- to coarsegrained quartz monzonite. It is composed of quartz, oligoclase, orthoelase, microcline and muscovite with minor quantities of epidote,
lootite, apatite, ilmenite and zircon. Oligoclase is partially altered to
kaoljnjte and sericite and the microcline is normally perthitic and fresh.
The orthoclase is altered but shows good Carlsbad twinning. Quartz,
for the most part, is clear and shows few to no strain shadows.
The main body is surrounded by a much finer grained gray quartz
monzonite, ranging from forty to fifty feet in width where exposed.
There is a zone of orhicular granite on the western side of the Ellis
(!uarrv. The orbicules parallel the flow structure (Plate XXIII, Fig. 1),
but, are reported to be smaller than those found in Northfield and
Craftsbury (Richardson, 1925). The orbicules are also scattered in
lesser amounts in many other zones throughout the quarry (Plate
XXIII, Fig. 2). These orbicules are mainly an accumulation of hiotite
with lesser amounts of feldspar and quartz.
A kerzantite dike approximately five feet thick cuts the area separating the Ellis and Woodhury quarries (Plate XXIV).
For the most part, the contact with the enclosing phvllite of the Waits
River formation appears conformable.
The most striking feature of this mass, other than its pure white
(oloration, is the eastward dipping sheeting (Plate XXV). which, on
the average, dips 30°E and is approximately two feet thick.
Two sets of joints, both vertical, cut the rock. One set strikes N85°E,
the other N60 °E. Pegmatites, quartz veins and aplite follow the nearly
east-west set.
A distinct foliation is present, (Upping conformably with the enclosing
ph vl lit es.
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(ontact of kersantite dike, above the pencil, with the Bethel granite in the area
scparating the Ellis and \Voodhurv quarries.

More detailed descriptions of the granite mass are given by Dale
(1909, 1923) and Balk (1927).
()'1'I11 , 1 QUARTZ MONZONJTE

BoDIEs

(a) Christian Hill Area

mallcr outcrops of quartz monzonite are located northeast of and
two miles south of Christian Hill. These rocks are not as coarse or white
as the Bethel granite. Their composition is about that of the Bethel
granite.
(h) Heap I'innacle
hiother small body of quartz monzonite is located on Heap Pinnacle
west of the village of Bethel. This plutonic body is limited in extent.
Its composition and texture are similar to the quartz monzonites of
Christian Hill.
(c) Temple School Area
\ small exposure of quartz monzonite, approximately 360 by 75 feet,
is eat cii one mile and one-half south of Temple School. It is intensely

ILA']TX XV

Figi n- c 1. East-di1 jug sheeting, look ii g north ii ito the \Voodl ) i r\' Otiarrv.
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fractured throughout and the liactures are hUed with veiii (JUtlFtZ
(Plate XXVI.
((I) Beedle's i'rospect
\ tine-graiiied quartz monzonite is located in Randolph, one-quarter
mile south of Beariville school. The rock is about the color of the 'Bethel
white," and is free of mica segregations. The exposed outcrop is approximatelv 230 feet long and 140 feet wide.
11RAINTREE COMPLEIX

General Statement
The l3ranitree plutonie complex consists of a dioritie and a granitic
body emplaced side by side in the northwest part of the quadrangle,
inst west of Ferry Hill. The greater portion of this complex lies in the
ftirrc quadrangle to the north. Over all, the mass is approxinmat clv two
miles long and a lit tie less than a mile wide.

(;ra;iitic Phase
The gruiitic holvis coniposed of quartz, it li

sic, Ilicislilic, lit it

and muscovite with minor quantities of ohgoclase, diopside, zircon,
tipatite and ilmenite.
The rock is a uniform, moderately coarse-grained binary granite.
Muscovite is commonly associated with the perthitic microcline and
highly scricitized orthoclase and usually borders these minerals. Deep
1 rown biotite is present as large, strongly pleochroic crystals.
No distinct foliation was observed in the granitic portion of this
implex in the Randolph quadrangle.
Two sets of joints were observed—one strikes east-west and dips 0°
south to vertical, while the other strikes N45°E and dips 62° to 77
southeast. Sheeting, dipping from 21° to 32° west, was observed.
Contacts of the granite with the enclosing Cram i-Jill formation of the
cast are sharp, but tile southeni contact is covered.

/ )iorite i'hase
Nih ierilogieall v, the do irite to the west contains major quantities
oligoclase-andesme and homblende with lesser amounts of chlorite,
epidote and sericite. The diorite ranges from fine to coarse grained and
c umtains numerous inclusions of quartzite and dikes of greenstone and
gi-itnit e. The western (1)111 ttdt of the dioritc mass wit ii the Moretowi
SI
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PLA'I'E XXVI

Termination of quartz-iiioi1z)uil exaiiie. sutitli of !(li1JI(
with wilkv white quartz

)I. Fimi

F1IoI

for-nittiuii i1l)Pc1I5 (011h)flinti Ik'. In Intit t lie ilii)ritc to I lii' SOUl Ii IS
porphyritic, with phenocrysts of andesine.
The contact with the granite on the cast could not be clearly discerned, but the presence of granite dikes in the tliüiitc substantiates tile
assumption that the diorite mass is the older.
ORIGIN OF THE IGNEOUS Rocis
Most of the evidence seems to favor a magmalw sourie ui tile
plutome rocks in the quadrangle. The outcrops of the plutoiiie hoilies
are elongated about parallel with the regional trend and the contacts
with the wall rock are, for the most part, conformable and relativei\
sharp. Evidence for forceful emplacement is substantiated both in the
Braintree and Bethel plutonic bodies by the bulging out of the enclosing
formations. In the Braintree complex the Harlow Bridge basal quartzite
of the Cram Hill formation is almost completely cut out to the north
by this body. Most of the granitic bodies ol served il intain inly mu or

inclusions of nail roik
absent

i[fl(l

evi(len(e t°i

S5iflhiiiiti()11 Of

repi (elneilt is

AGE OF THE IGNEOUS RocKs
Since these bodies occur within rocks of probable Ordovician age, and
in view of their assumed intrusion near the close of the second dcforma1 i cia! epis (Ic ii U over I )ev((alan age is assigned for their emplacement

Dike Rocks
Numerous dikes of both acidic and basic composition have intruded
the rocks of the Randolph quadrangle. Basic dikes are, by far, the more
common. Pegmatites are almost totally lacking. Most of these intrusives
ire somewhat metamorphosed, but a few appear relatively fresh.
The abundant zones of greenstone in the pre-Shaw Mountain type
rocks also occur as cross-cutting dikes. They transect the early deformitional features but, in part, are also folded.
in Richardson's reports (1921, 1923, 1924, and 1927) on the townships included in the Randolph quadrangle, granite, diorite, diabase awl
camptonite dikes are described.
For the most part, the dikes within the quadrangle trend north-south,
nearly parallel to the regional trend of the bedding or, on occasion, they
follow the east-west joint set. Most dikes are nearly vertical and range
from a few inches up to three or four feet thick.
One of the most accessible kersantite dikes crops out three-quarters
1 a mile northwest of Hewetts Corners in the northeast part of the
\Voodstock quadrangle. This dike is in the stream on the south side
of the road near the junction of the three tributaries of the stream. The
(like, approximately eighteen inches in thickness, is composed of subhedral laths of andesine altered to sericite and kaolinite, biotite crystals
highly chloritized, corroded euhedral augite, calcite and apatitc, \vitli
iflhii( )f aiiioiiilts ol ( mart? , hornblende and magnetite.

UItrcmafic Roct.is
The metmuorphosed uilramahc rocks oh the kandolph (uadruig]e
are confined to the formations west of the Cram Hill formation. Presumably, they antedate the regional metamorphism and are the oldest
plutonic rocks in the area. These exposures are part of an extensive belt
of ultramafic bodies which has been traced through central Vermont,
and is probably a part of the belt extending fo lii .\lai cinia to Newundiand (Chidest cr, Billings and Cadv, 1951).
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Ihe Seq)ent it I it es have beeni iiletiiin( )rph) )Sed ai id alt ere(l nit) stea lit
talc-carbonate rocks and verde antique with only a minor amount
the original serpentinite remaining.
A slight zonal distribution of the rocks was distinguished in the
locality north of Bethel Gilead. A core of highly altered serpentine
steatite graded outward into a tale-carbonate rock and was bordered by
chlorite schists. The other exposures were too small or poorly exposed
to show any distribution. The ultramafics are pod-like, usually steeply
dipping, and conform to the pronounced sehistositv of the enelosi
rocks. Large crystals of chrysotile, )al)ite, lUtil)))lite )Ii)l till)'
collected at a number of exposures.
An Early Ordovician age has 1 eeii a )st ulale( I fur I lane tilt ritnia lie
bodies (Chidester, Billings, and Cadv, 1951 1 C))) )l'ie, 1937 Hum 1930

Quartz Veins
Quartz veins are in all formations within the quadrangle but uire lilust
prominent in the rocks of the Gile Mountain and Waits River forumlions. Richardson (1925) has made particular mention of those north it
Mt. Olympus in the western part of the quadrangle.
Perhaps the most conspicuous quartz veins are the large lentienlam'
bodies conformably following the regional strike in the phyllites of b()t Ii
the Gile Mountain and Waits River formations. One vein (by the lett( ,r
on Hebard Hill on the topographic map) is 120 feet long and ab mit
sixty feet wide (Plate XXVII). Approximately 200 yards farther fort It
along the strike, another quartz vein is exposed for eighty-five feet, lilt
is not as wide.
The quartz veins are not restricted to the phyllitic layers. Frequent lv,
they are ptygmaticahly folded and often show cross-cutting relate ships. The quartz veins also follow the bedding, cleavage or schistositv.
The quartz veins, for the most part, are not pure and contain mini ii'
quantities of muscovite, pyrite, carbonate and, less frequently, feldspa vs.
In zones of higher metamorphism, kvanite is a common associate.

METAMORPHISM
General Statemeut.
The rocks within the Randolph quadrangle were originally sedinmeiit s
interspersed with minor volcanics. Regional metamorphism has acted
on the stratigraphic units from a low to moderately high degree. 'i'he
effects of contact metamorphism are limited.
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I'LA'I' Ii XXVII
Lnrge ont(rnl) of nilky-white

\'Cifl

quartz of He:itd liii. lX1)nSnre over 120 feet

in length ne 1 60 feet in widi Ii

\letinnnrpliic zoiluig is lint well deluied in tile rocks in the Rardolpll
ijuiiclrangle. This is due to the wide variance in composition of the
iiiterheds in separate formations and, at times, the indecision of whether
this variance was due totally or only partly to the original chemical
1 iposition of the rocks or to local diversions in metamorphism.
The facics classification after Tunier (1948) is utilized to describe the
flit flnl irphit rilaf ions.

Greel3schist Facies
R iks pinied in fl u gienschist facies are characterized by an abunlance of low temperature hydrous minerals and the absence of garnet.
lioth the biotite-chlorite and muscovite-chlorite subfacies (Turner, 1948)
ire probably represented, but due to the interhedding of biotite-free
and hiotite-rich rocks in most formations, the suhfacies could not be
I istinguished.
The rocks exposed west of the garnet isograd belong to the greenschist
hiiies with the characteristic mineral assemblage of chlorite, muscovite,
all lie, quartz and hiotite in (lonliliance and lesser amounts of epidote,
85

(alcite, graphite, magnetit e and rare (hioritold . Rocks occurring in t Ii IS
facies, west of the garnet isograd, include a wide range of compositions:
graphitic quartz-chlorite schists (Ottauquechee); quartz-chlorite-alhitcmuscovite schist (Stowe); chlorite-albite-epidote-calcite schists (Bracket i
member, Cram Hill); quartz-mica granulites (Moretown); micaceoto
quartzites (Moretown, Cram Hill); sericitic phyllites (Cram Hill, Wa I
River); quartz-feldspathic sehists (Cram Hill, Shaw Mountain); sLit
(Moretown, Northficld); and siliceous marbles (Waits River and (i
Mountain).
Near the garnet isograd, biotite appears both as disseminated flakes
and as porphyroblasts. Biotite cuts across the sehistositv and hence the
terni "cross biotite" is applicable.
No distinctly porphyroblastie chlorite was noted. The mineral is
widely distributed throughout the facies as a primary produ(t.
The feldspar in these formations is dominantly albite-oligoclase.
Most of the ultramafic bodies are in this facies and are characterized
by the presence of talc, actinolite and chlorite. The appearance
actinolite in these rocks and in the greenstones within the albite-epidote
amphiholite facies may he explained in two general ways: (1) reaction
of dolomite with quartz, or (2) reaction of excess chlorite with quartz
and calcite (Billings, 1937, p. 546). The latter seems more probable since
the rocks containing carbonate minerals are composed dominantly
calcite with lesser amounts of ankerite and verY minor dolomite.

Albite-Epidote Amphibolite Facjc.s
The majority of the rocks within the Randolph quadrangle are
represented by the chloritoid-almandine suhfacies (Turner, 1948). Tlus
facies embraces the lithologies eastward from the Stowe to the Wait -i
River formation. These rocks are all rich in micaceous minerals, quartz,
plagioclase and almandine garnet and to a lesser degree in hornblende,
calcite, epidote and magnetite. The biotite, for the most part, shows
evidence of having been formed at the expense of the chlorite and, at
times, forms about a nucleus of iron oxide or ilmenite. The hiotite here
and elsewhere (Kruger, 1946; Lyons, 1955; Murthv, 1957) is distinctively darker in color than that found in the greensehist facies. However,
Lyons (1955, p. 142) reported no relationship between refractive index,
intensity of metamorphism and the nature of the rocks.
The almandine garnet is porphroblastie and generally cuts across slip
cleavage planes. Garnets have been observed with perfect crystalline
outlines. Some show distinctive zoning and ol hers have corroded

FIGURE 6

METAMORPHIC ISOGRADS AND ECONOMIC LOCALITIES
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1()rders. k4talyd l)()rphm])Iasts ()I garnet are very ()flfl)fl in the
albite-epidote-amphibolite facies in the Randolph quadrangle indicating
an overlap of periods of deformation and metamorphic intensity. Minor
uiirotated porphyroblasts have been noted (Plate XXVIII).
The plagioclase throughout this facies is dominantly oligoclase alln)ugh it ranges from albite to andesine.
Chlorite is common in this facies as flakes adjacent to planes of later
slippage. It is present as a retrograde product, often totally replacing
the garnets. In part, chlorite also replaces biotite and horublende,
particularly that in the Barnard formation.
The presence of minor amounts of tourmaline in the Whetstone Hill
member is interesting. MacFadyen (1956) suggests three possible sources
for the boron necessary to tourmaline in pelitic sediments. One is the sea
water in the geosyneline enhanced by volcanic activity. Second, a source
rich in tourmaline such as a granitic area rich in tourmaline-bearing
pegmatites. The third possibility suggested was pneumatolytic activity
associated with deep seated intrusions—for instance, from the granitic
bodies underlying the domes to the east. Since the domes are a later
deformational feature, and a source for tourmaline-rich pegmatites is
improbable in any area nearby, the first-mentioned probable source for
boron seems most reasonable—that of volcanic activity enriching the
sea water in the geosyncline and its subsequent enrichment of the
sedments.
Calcite, abundant within the Waits River formation, appears to be
well recrystallized and shows excellent twinning. On occasion, the
(ah(lle cr\'stals are partly replaced by quartz.

Aniphibolite Fades
'l'lli ainphibhite baeies is the highest degree of metamorphism attained in the Randolph quadrangle. The area lying within this facies is
outlined on the map (Fig. 6) by the kyanite isograd. The mineral
assemblages of the staurolite-kyanite subfacies (Turner, 1948) are represented in the garnetiferous quartz-mica schists, phyllites, quartzites and
siliceous marbles in the Waits River and Gile Mountain formations,
along with the amphiholites and homblende schists of the Standing
nd volcanics.
The minerals characteristically associated with the metavolcanics of
I lie Standing Pond are hornblende, almandine, oligoclase-andesine,
quartz, muscovite, biotite and magnetite. Some of the hornhlende is
retrogressive io ililorit e and sericite.

PLATE N N VIII

J..

II
P

I'

-

liii
--

rapll

-otated gartiet
I I

i

•..

.
•

'- T-s
-

-

IIIr

Fi g uic. l .
Mountain I

Pl

1(11)]

ire - crier of :lip cleavage. (XI

t•.

'*
• .'

.. Y

•'-

'

mwrograph of it pOlpI(\1OhItStiC 1,iOtitc-..!I ii I

lillil (Iii, \

itlinuit

ztui' rOtLtiOflIIl fe tore - IX 12

hi , lt

I

I

I

Muscovite, hiotite, alhite-oligoclase, ;ilnntndinc and kvanitc arc the
essential constituents of the iion-calcareous beds in the Waits River and
Gile Mountain formations in this facies.
The minerals characteristic of the calcareous beds are epidote, calcite,
oligoclase, biotite and very minor amounts of diopside and sphene. The
only aluminous silicate present in the amphiholite facies in the Randolph
quadrangle is kvanite. Staurolite is distinctively absent in the quadrangle.

Contact Metamorphism
(ontact metamorphic effects are limited within the Randolph quadn tngle.
Thermal metamorphism reached a moderate grade in the rocks of the
Moretown and Cram Hill formations surrounding the Braintree Complex, but could not be clearly defined in the Randolph area due to poor
exposure in its southernmost extension. However, farther north in the
ftirre quadrangle, a thermal aureole can he clearly substantiated
(White and Jahns, 1950, p. 194).
The thermal effect on the dominantly phvllitic rocks of the Waits
River formation surrounding the Bethel granite is limited to an exrcmelv narrow zone surrounding this body.

Metamorpinc Relations
'l'he inctain rphic intensity of the rocks of central Vermont increases
)\vard the east, but grades westward from the Connecticut Valley.
The culmination of the metamorphic intensity is in the arch structures
and domes which traverse the state from north to south. (White and
jahns, 1950; Thompson, 1950; Chang, 1950; White and Billings, 1931;
Lyons, 1955; Dennis, 1956; and Murthv 1957).
The Randolph quadrangle is situated west of the Strafford and Pornfret domes. Therefore, the metamorphic intensity is one of persistent
increase in grade to the east.
The porphvroblasts of the second stage of (leformatioll bear a two-fold
relationship to the schistositv. In many instances, the garnets and rarely
the biotite crystals are rotated or sheared by the later schistositv, whereas
in other instances, the porphyroblasts cut randomly across the earlier
schistosity. One can deduce from this, that the thermal and defommational episodes in the Randolph quadrangle overlapped to some extent.
Hmilar evidence has been found in the East Bane and Barre areas
\lurthv, 1957, p. 111 and White and jahns, 1950, p. 209). In the
89

Ilanover quadrangle, h\vevur, Lvniis (1955, p. 138) reported porphyroblasts as relatively uncommon. East of the Willoughby arch
evidence of post-crystallization crushing or rotation of porphyroblasts
is only a local feature indicating that deformation had ceased before liv
peak of metamorphic recrystallization (White and I3illings, 1951).
The general conclusion of Murthy (1957, pp. 111-112) that tin
thermal metamorphism gradually spread outward from the central are;
of the cleavage arch, whereas the deformation was essentially e temporaricous everywhere" is still appropriate.
The New England crystalline province was compared to the folde
Appalachians in Pennsylvania by Barrell (1921). He concluded that
neither dynamic metamorphism nor the effects of load metamorphism
could cause these metamorphic changes and he atrrihuted its cause to
plutonic intrusions.
In the Randolph quadrangle, the trend of metamorphic intensity i
toward an area characterized by a negative gravity anomaly (Bean, 1953,
p. 529) and a domal structure, perhaps indicating plutonic activity at
depth. In western New Hampshire, Billings (1937, pp. 557-559) noted
a progressive increase in metamorphism southeastward which he relif (ii
to the position of large bodies of the New Hampshire Magma series.
On the whole, the mineral composition of most of the rocks in the are;
indicates that metamorphic equilibrium was attained. The rocks iii
which retrogressive minerals are found can he attributed to the overlap
of deformation and falling temperature in the close if net ann rpliie
inteiIsitv.

ECONOMIC PRODUCTS
Genera' Statemetii
The natural resources of the Randolph quadrangle include (hmelisioii
stone, arsenopvrite and copper mineralization, talc and serpentine,
and sand and gravel deposits.
The Northficld slate in the Randolph quadrangle is lacking in good
fissility so that it is not of economic imp irtanee is a roofing inatenal as ii
is at the type loe1lit' farther north.

Dimension Stonc
BETHEL GRANITE
The major portion of this industry was centered on the east side of
Christian Hill near the town of 130hel where 1)0th the Ellis miii Wood-

EF

1 ury (Iuilrries are leatetl. 'l'llese quarries were peiied in 1902 for sti -u( tural and monumental work and statuary. The distinctive coloration of
this rock gave it the commercial name of ''Bethel white granite." Some
of the more prominent structures erected with this granite are the Cite
I lall and State Library at Hartford, Connecticut; the Capitol Building
it Madison, Wisconsin; the Union Station, Post Office and first an(l
second floors of the National Museum in Washington, 1). C.
These quaries have been closed and reopened on many occasions.
In 1957, the Rock of Ages Corporation again began cutting the "Bethel
\vint e granite' 11 a limited scale for structural replacement St one.
I3RAINTREE GRANITI:
The granite in the Braintree Complex in the nc Irth\vestern part ft he
quadrangle northwest of Ferry I hI] is being cjuarriecl oil a small scale
for lil( )flUiiieilt a] 1()Ik.
11 liiii)Lii'S I > RosPiieT

In the t OVI if Ranch Iph, two-tenths of a mile s nt Ii of Beanvil Ic
School, on the east side of the hill is an outcrop of fine white granite very
similar to, but not as white as that at Bethel. In the older literature it is
referred to as Bcedle's ] crc spect. Hie rc)ek has 1 teen used for
10(11 t a] ut
II iii' Ib,.c-ii I t iWSi'i(eT
'[he hue -grali ed white stone on Heap Pinnacle, t WI miles West ctf
Bethel, was quarried years ago for eonstructn cm ()f t1w \:ct jI intl Rtnl
iii Bethel.
MinercI Deposits
ARSEN0PVRIT!:
Arsenopvrite was first reported by Richardson and Cai)een (1920) near
Fast Braintree village. It occurs in a single vein which parallels the
regional strike. The known length of the vein is about two hundred
yards. The width ranges from three to four inches. The principal gangue
is quartz and an analysis of the arsenic content reported 43.39 1,
Richardson and Caheen, 1920, p. 73). Some attempt to develop the
vein is itdicct ccl by t -encluimg.
(opi'n 0
vet-i snail] slime cf c pper mineralization, mainly in the fonn (If
Itt roil e, was h,ca1('(1 ii I lit \iIlIli V 4 the General Thomas Monunietit

north ( )f lIctiki (jilcad .c llnlcop\'ritc-pvrrhotitc vciil, tour i11(h5 in
width, located one-half mile east of Bethel village was ascertained by
the presence of a number of pits. [Is klH)Wt1 length could not he 'Ictermined.
cf a lc and Serpentuc

The talc and serpentine deposits have been lenril ed in the sect iou
on ultramafic deposits and known deposits are indicated in Figure ft
None of these deposits show evidence of anything but limited operations.

Sand and Gravel
The glacio-fluvial and alluvial deposits of gravel in the valleys of tin
Second and Third Branch of the White River have, at times, been used
for road construction. In some locales the glacio-fluvial deposits
sufficiently reworked so that sand and fine silts are in low enough p
portion, and the remaining pebbles in sufficient abundance to make I
exposure useful. The bed of the White River has supplied stream grin],
in recent years. Primary and secondary crushers have been set up ali
the river i)nnks. The crtislied slum is adequate for road construction,
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