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INTRODUCTION
The Nashoba thrust belt forms the largest structural discontinuity known
in the northeastern United States (fig. 1) apparently separating blocks b e 
longing to Paleo-African and North American plates that collided here. The
Webster-Oxford area lies astride the narrowest and most complex part of this
belt where it bends from a north trend in Connecticut to a northeast trend in
Massachusetts.
An extensive mapping project was conducted in this area from 1971 to 1976
by the U.S. Geological Survey to work out the stratigraphy and connect the
structure in a broad region around Worcester from northeastern Connecticut to
northeastern Massachusetts.
Detailed and reconnaissance mapping was completed
on seven 7.5-minute quadrangles and joins were made with previously mapped
geology in the surrounding quadrangles.
This resulted in an integrated geo
logic map of the region (Barosh, 1976c; Barosh and others, 1977).
Since then
additional stratigraphic studies with the assistance of new age determinations
have led to a better understanding of the structure and tectonic history.
Many age assignments have changed since a preliminary discussion of this area
was presented in 1976 (Barosh, 1976b and 1976c).
The purpose of the field trip is to see examples of the major structures
that converge in the Webster-Oxford area and of the stratigraphic units that
characterize the structural provinces that meet here.
The trip will emphasize
deformational features along the Clinton-Newbury and Bloody Bluff-Lake Char
fault zones that bound the Nashoba thrust belt.
The juxtaposition of the
number of major structures and provinces here offers an unusual opportunity to
see a wide variety of features in a relatively small area.
The area records many complex events so that a full tectonic history is
too long to be included here.
Presented below is a very brief outline of the
major structural and stratigraphic features and a discussion of the timing of
the principal periods of deformation.
REGIONAL GEOLOGIC SETTING
The Webster-Oxford area encompasses the junction of the Nashoba thrust
belt, Southeast New England platform and Merrimack province.
It also contains
slivers from the Nashua trough caught up in the Clinton-Newbury fault zone
(fig. 2).
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Fig. 1 Sketch map of Southeastern New England showing the
three major tectonic provinces, basins and fold belts.

397
P6-3

Fig 2 Sketch map of the Webster-Oxford area showing structural
provinces, major fault zones, folds and general distribution of
stratigraphic units; intrusive rocks are not shown seperately.
Explanation:
P, Plainfield Fm.; M - N , Marlboro and Nashoba Fms.;
E, Eliot Fm.; 0, Oakdale Fm.; Px, Paxton Gp.; B, Brimfield G p .

No stratigraphic correlation has been possible between the
pre-Ordovician rocks of these fault-bounded provinces and the rocks in
them probably formed at considerable distances from one another.
Fault
slivers of younger rock also occur along the borders of the Nashoba
thrust belt in northeastern Massachusetts: Late Silurian-Early Devonian
distal turbidites and Middle-Pennsylvanian argillites in the
Clinton-Newbury zone on its west side and Late Silurian-Early Devonian
volcanic and sedimentary rock and Late Triassic sedimentary rock in the
Bloody Bluff fault zone on its east side.
These attest to repeated
movements along the thrust belt.
The Nashoba thrust belt is very wide in northeastern Massachusetts,
narrows drastically in the Webster-Oxford area and widens again in
eastern Connecticut (fig. 1).
The nearly 18 kilometers of high-grade
volcaniclasic rock measured northwest of Boston (Bell and Alvord,
1976) thins to a few hundred meters at Oxford due to omission by thrust
faults.
Many of the thrust zones in the belt are invaded by Early to
Middle Paleozoic granitic rock, largely anatectic in origin.
The units
present in this area consist of the Marlboro Formation (Quinebaug in
C T ) , Nashoba Formation of Hanson (Tatnic Hill in CT) and the Tadmuck
Brook Schist (not known in C T ) . These form a volcaniclastic sequence
that consists mainly of thin, well-bedded amphibolite, a mixture of
light-gray gneiss, schist, amphibolite and marble and sillimanitemuscovite schist. The belt is characterized by steeply west-dipping
thrust faults with west over east and right-lateral components of
movement.
The Southeast New England platform consists largely of plutonic
rocks of Late Precambrian age with pendants and borders of older
volcanogenic rock and quartzite and some basins and intrusives of
younger rock.
This older rock nearby is referred to as the Westboro
Formation, Plainfield Formation or Blackstone Series in Massachusetts,
Connecticut or Rhode Island respectively.
The Late Precambrian
intrusions were syntectonically deformed into a series of broad
northerly-trending folds along the Connecticut-Rhode Island border, the
Western Rhode Island fold belt (Barosh and Hermes, 1981) (fig. 1).
The
northernmost fold of this belt extends into the Webster-Oxford area.
These Precambrian folds bend to the west into southeastern Connecticut,
where they become more deformed and are generally overturned to the
south (fig. 1).
Faults related to the Boston basin, that is filled by
rocks of Eocambrian, Cambrian and Ordovician (?) age, (Kaye and Zartman
1980), extend westward and impinge upon the Bloody Bluff fault zone to
the northwest of Oxford.
The Merrimack province to the west forms a thick, moderately to
shallowly west-dipping wedge of high metamorphic grade pre-Ordovician
m e t a - g r a y w a c k e , schist and gneiss, composing the Oakdale Formation,
Paxton Group and Brimfield Group in ascending order.
Moderately
northwest-dipping thrust faults deform the province. These thrust fault
have large displacements in Connecticut (Peper, Pease and Seiders,
1975), but decrease in displacement to the north in east-central
Massachusetts where the rock is relatively little deformed.
The linear
intrusive granitic rock bodies near and along the Clinton-Newbury zone
appear to be of anatectic origin and controlled by these thrust faults.
The structures along these thrust in the Webster-Oxford area indicate
west over east movement with a right-lateral component.
A high-angle
fault, the Eastford fault, extends northeastward into the ClintonNewbury zone in the Webster-Oxford area (fig. 2).
Displacement of the

Canterbury (Eastford) Gneiss across the Eastford thrust fault near the
Connecticut-Massachusetts border indicates an apparent right-lateral
displacement of 4 km.
This fault is younger than the thrust faults
which it parallels and it cuts out the trace of the Wangumbang Lake
thrust fault in Connecticut (M.H. Pease, Jr., written commun.).
The
Eastford fault may also cut a thrust that appears to lie just southeast
of it in this area.
The tectonic development of the region is believed to have taken
place along the colliding border of two continental plates.
The Nashoba
thrust belt apparently represents the west-dipping subduction zone
between the Southeast New England platform, a fragment of a former plate
on the east, and the Merrimack province, apparently represents a
foreland basin of the North American plate (Barosh, 1979).
The rocks of
the Merrimack province appear to be derived from the west, perhaps from
a volcanic arc along the Glastonbury dome. Fault patterns and Paleozoic
dike studies suggest that overall movement took place when the maximum
compressive stress was oriented east-northeast — west-southwest. The
greatest amount of deformation appears to have been pre-Late Silurian,
because rock of this age is much less metamorphosed and intruded than
older rock.
The greatest deformation on the Southeast New England platform is
in the Late Precambrian rocks along its western edge where Late
Precambrian (600-620 m.y.) folds are present.
Late Precambrian
intrusive rocks along the Lake Char and Bloody Bluff faults are
intensely sheared whereas the Ordovician Cape Ann granite and Salem
gabbro-diorite along the Bloody Bluff fault are faulted, but not
intensely sheared.
The Nashoba thrust belt parallels the general
configuration of these folds suggesting that thrusting was contemp
oraneous with or post-dates the folding and was a late syntectonic
Precambrian event.
It is also possible that the configuration of the
Late Precambrian folds somehow acted as a surface upon which later
thrusting occurred.
The Nashoba thrust belt experienced a number of later pulses of
movement in the Paleozoic and suffered at least mild metamorphism in the
Webster-Oxford area during the Devonian and Permian.
During Mesozoic
time faults within the belt may have been locally reactivated as normal
faults.
The Webster-Oxford area is seismically quiet today,
demonstrating that complex Paleozoic structure need not be an indication
of present day tectonic activity.
WEBSTER-OXFORD AREA
The diverse array of structures and stratigraphic units that
characterize the regional structural provinces and their boundary faults
are well displayed in the Webster-Oxford area.
STRATIGRAPHY
An understanding of the stratigraphy in the region has evolved
slowly.
A generally good reconnaissance stratigraphy was developed by
Perry and Emerson (1903) and Emerson (1917) in the region and much of
their stratigraphic nomenclature is still in use.
The stratigraphy in
several nearby areas studied by the U.S. Geological Survey has been
traced into this area (Peck, 1976; Moore, written commun. Pease, 1972;
Bell and Alvord; 1976; and Dixon, 1964).
Special studies of
the

Oakdale Formation and Paxton Group were made during the mapping of this
region (Barosh and Pease, 1981; Barosh, in prep.)*
An attempt was originally made (Barosh, 1976c) to correlate between
m
a jor structural provinces.
However, as the data on radiometric ages,
m
e tamorphic grade, internal stratigraphy, correlation and structure
accumulated it became apparent that no stratigraphic correlation be made
between the major structural blocks.
The faults appear to have had
major movement and the rocks may have been deposited at great distance
from one another (fig. 3).
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A very brief description and latest age assignments of the units
present for each structural province are given below.
Southeast New England Platform
Plainfield Formation

(Precambrian)

The Plainfield Formation was first named by Rice and Gregory (1906)
as the Plainfield Quartz Schist from exposures along the eastern border
of Connecticut.
The formation consists of medium-grained quartzite
interbedded with fine-to medium-grained biotite-muscovite schist and

chlorite schist.
The quartzite is light gray to buff in medium to thick
beds where it forms almost all the section, and medium gray with
greenish and purplish casts in thin beds where it is interbedded with
pelitic schists.
The Westboro Formation, in Massachusetts, which is
correlative with part of the Plainfield Formation, is intruded by rocks
dated as Late Precambrian (Nelson, 1975).
The base of the Plainfield is
everywhere cut out by intrusive rock; the upper contact is faulted.
Nashoba Thrust Belt
Marlboro Formation

ft

(Pre-Ordovician)
f

Bedded to massive amphibolite forms the Marlboro Formation
(Emerson, 1917; Bell and Alvord, 1976).
This amphibolite is generally
medium-to coarse-grained and dark gray to nearly black; it weathers
slightly lighter gray and contains a few beds of quartzo-feldspathic
gneiss.
The basal contact is faulted, and the upper contact with the
Nashoba Formation is gradational, although it may be locally faulted.
The correlative of the Marlboro Formation in Connecticut is the
Quinebaug Formation.
The Marlboro and the overlying Nashoba Formation
and Tadmuck Brook Schist are considered pre-Middle Ordovician in age by
Alvord (1975) on the basis of radioactive-age dating.
Nashoba
Formation
" —— — ■
■-■■■■ — ■—■■■

(Pre-Ordovician)
■■■-■ — ■■■■ — ■
—■

The Nashoba Formation of Hanson (1956) was redescribed by Bell and
Alvord (1976), whose work is summarized by Alvord (1976).
The Nashoba
is used here in its original broader sense, which includes the Shawsheen
and Fish Brook Gneisses at the base.
Briefly, this very thick unit is
characterized by light- to medium-gray, medium-to coarse-grained,
medium-bedded quartzo-feldspathic gneiss; beds of amphibolite and
various types of schist and marble occur at various horizons.
The
Nashoba is overlain by the Tadmuck Brook Schist at a slight angular
discordance which probably represents an unconformity but could be due
to faulting.
The Nashoba correlates with the Tatnic Hill Formation of
Connecticut.
Tadmuck Brook Schist

(Pre-Ordovician)

The Tadmuck Brook Schist of Bell and Alvord (1976) is known in this
area only as thin lenses within the Clinton-Newbury fault zone.
It is
composed of rusty weathering, silvery, medium- to dark-gray sillimanitebiotite-quartz-muscovite schist interlayered with quartz-chloritebiotite-sericite phyllite.
It is generally sheared and its upper
contact is faulted.
Merrimack Province
Oakdale Formation (Pre-Ordovician?)
The Oakdale Formation, originally the Oakdale Quartzite of Emerson
(1917), consists of medium- to dark-gray or greenish-gray thin-bedded
metasiltstone to phyllite which weathers light- to medium-gray or
greenish- or brownish-gray.
It is very silicic and well-laminated
locally.
Several intervals within the formation contain partings and
thin beds of muscovite schist (Barosh and Pease, 1981).
The contact

with the overlying basal beds of the Paxton Group appears faulted in the
Webster area, but in an adjacent part of the Worcester South quadrangle
it appears conformable.
The Oakdale Formation is the oldest known
stratigraphic unit in the Merrimack province and is considered
pre-Ordovician in age as the stratigraphically higher Brimfield Group is
cut by an Ordovician intrusion.
The formation can be traced from
southern Connecticut into Southern Maine, where it correlates with the
lower part of the Berwick Formation (Pease and Barosh, 1981).
Paxton Group

(Pre-Ordovician)

The Paxton Quartz Schist of Emerson (1917)
consist of medium-gray,
thin- to medium-bedded, fine- to coarse-grained metagraywacke which
weathers the same color or slightly darker with a brownish cast.
The
beds have a schistose to granulose structure and are composed mainly of
quartz, biotite, and feldspar, which gives them a salt and pepper
appearance.
Calc-silicate-bearing beds occur at many intervals
throughout the section.
The upper part of the Paxton has been
informally designated the Southbridge Formation by Pease (1972).
The
lower part is being redescribed as a new formation (Barosh, in prep.)
distinguished from the Southbridge Formation by its fine grain size and
thinner, more laminer bedding.
The contact between the two is
gradational.
The top of the Southbridge is bounded by the Black Pond
fault (fig. 2).
Bigelow Brook Formation (Pre-Ordovician)
The Bigelow Brook Formation is the basal formation of the Brimfield
Group (Peper, Pease and Seiders, 1975).
Its lower gneiss member forms
the top of the stratigraphic sequence discussed here.
The lower gneiss
member consists of light- to medium-gray, lighter gray to rusty
weathering, medium- to coarse-grained quartz-biotite-feldspar gneiss
interbedded with schist.
Some gneiss is calc-silicate-bearing, and
sillimanite is common.
The Bigelow Brook Formation is considered to
stratigraphically overlie the Southbridge Formation (Peper, Pease and
Seiders, 1975).
The age of the Brimfield group must be Ordovician or older because
rock near the top of the sequence is cut by an intrusive rock that has
yielded an Ordovician date (Zartman and Naylor, in press).
Rock of the
Brimfield Group is known to extend from south-central Connecticut to at
least central New Hampshire (M.H. Pease, Jr., oral commun.).
Nashua Trough
Eliot Formation (Late Silurian-Early Devonian)
The Eliot Formation consists of a relatively uniform sequence of
light greenish-gray weathering sericite or muscovite phyllite and
schist.
The formation is generally well bedded, thin bedded and
contains graded beds.
It is commonly folded and shows a secondary
foliation not parallel to bedding at several localities.
This feature
has not been recognized in other formations of the area.
A thin unit of
greenish to purplish medium-gray thin-bedded metasiltstone interbedded
with phyllite forms a lower unit in the Eliot.
These strata, which are
present only in fault slivers in the Webster-Oxford area, have been

traced in a belt of discontinuous exposures within the Nashua trough
(Smith and Barosh, 1981)(fig. 1) from here to southern Maine, the type
area. They are stratigraphically equivalent to units 2, 3 and probably
unit 4 as mapped by Peck (1975, 1976) in the Clinton quadrangle.
The
Eliot Formation in southern Maine has been assigned a Silurian age
by Hussey (1962) by correlation with fossiliferous rock in central
Maine.
Peck (1975, 1976) considers the sequence in the Clinton
quadrangle, units 1-4, to range from Silurian to Devonian in age.
STRUCTURE
The broad, open, north-plunging Oxford anticline is the most
conspicuous structure of the Southeast New England Platform in the '
Webster-Oxford area (STOP 8).
It is cored by granitic rock of the
Sterling Plutonic group with quartzite and schist of the Plainfield
Formation occurring as pendants around the outer rim and as Xenoliths
Flow foliation, well developed in the granitic rock, and bedding in the
Plainfield are closely parallel.
The anticline is bordered on the north by the Bloody Bluff fault
zone (STOP 7) and on the west by the Lake Char fault zone (STOP 10)
(figs. 2 and 4).
Both faults occupy the same structural position and
bring amphibolite of the Nashoba thrust belt, the Marlboro (Quinebaug)
Formation, against the platform (STOP 7). The Nashoba belt contains
within it several thrust faults that converge from the north and south
toward the area, cutting one another out and causing a confusing array
of overlapping mylonite zones and thrust slices of sheared, rotated
blocks (STOP 6).
These moderately to steeply northwest-dipping thrust
faults are roughly parallel to the bedding and steepen to the east.
The
faults have confused the stratigraphy within the Nashoba Formation and
the light gray gneiss present here cannot be readily correlated with the
members subdivided to the north by Bell and Alvord (1976) or to the
south by Dixon (1964).
The Clinton-Newbury fault zone, forming the west
side of the belt, is well exposed northeast of Oxford where shearing and
mylonitization can be seen to increase progressively toward the zone. A
fault sliver of probable Tadmuck Brook Schist is preserved in the zone
here (STOP 5).
A small fault slice of Late Silurian-Early Devonian
thin-bedded phyllite of the Eliot Formation lies between Oxford and
Webster.
A much larger sliver of the same formation (STOPS 1 and 2)
occurs to the north in Worcester where it forms the ridge upon which
Holy Cross University is situated.
These slivers are displaced
fragments of the Nashua trough that have been caught up in the
Clinton-Newbury fault zone (figs. 1 and 2).
The trough is an elongate
block, between northern Worcester, Massachusetts and Nashua, New
Hampshire, of younger, less deformed rock, preserved between two
high-angle thrust faults within the Merrimack province (Smith and
Barosh, 1981).
The position of these slivers to the southwest of the
end of the trough strongly suggests right-lateral movement along the
fault zone.
These rocks are not exposed south of Webster.
A series of quartz monzonite intrusions, the Ayer intrusive complex,
has invaded the position of the Clinton-Newbury fault zone in Webster
(STOPS 11 and 12).
Xenoliths of mylonite are found in places. Renewed
fault movement may have occured at the border of this intrusive.
Similar elongate granitic bodies of probable anatectic origin occur west
of this zone in the Merrimack province and also appear to be controlled
by earlier thrust faults.
Farther south in Connecticut the position of
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Fig. 4

map of the Webster-Oxford area, MA, CT, and RI.
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the Clinton-Newbury is invaded by the Canterbury Gneiss, a muscovite
quartz monzonite.
The Oakdale Formation (STOPS 3, 4 and 11) lies against the
Clinton-Newbury fault zone on the west and is the lowest stratigraphic
unit of the Merrimack province.
This formation is composed of
thin-bedded meta-siltstone and forms the lowland upon which most of
Worcester is situated.
It is highly deformed locally against the fault
zone (STOP 4) and is locally cut out entirely by faults and intrusive
rock near Oxford.
The Oakdale is overlain a short distance to the west
by meta-graywacke of the Paxton Group, which occurs as fine-to-coarsegrained schistose granulite.
Many late, small, northwest-trending and some north-trending faults
cut the earlier thrust faults (fig. 4).
These appear to be brittle
structures with wide fracture zones and thus, despite their relatively
small displacements, are etched out by erosion.
AGE OF PRINCIPAL DEFORMATION
The three major structural provinces in the Webster-Oxford area
appear to represent separate pre-Ordovician areas of deposition,
although all appear to have received an important contribution from
volcanic sources.
The main period of deformation recorded in the
Southeast New England platform was in the Late Precambrian, whereas the
principal metamorphism and intrusive activity to the west in M a s s 
achusetts can only be dated as pre-Late Silurian, the assumed age of the
phyllite on the basis of correlation with fossiliferous rock in Maine
and New Hampshire. These metasedimentary rocks in the Nashua trough are
less metamorphosed than the adjacent older rock and are not intruded
whereas abundant foliated intrusive rock has invaded the juxtaposed
rock.
Many of the intrusive bodies that cut the Nashoba and Merrimack
provinces have yielded Ordovician or Silurian radiometric dates. These
rocks appear to be anatectic in origin and follow earlier fault zones
which possibly could have originated during a Late Precambrian
deformation. Several elongate foliated intrusive bodies that cut the
Merrimack province have been dated as Devonian.
The Ayer complex that
invades the Clinton-Newbury fault zone in the Webster-Oxford area is
dated as Ordovician to Silurian, whereas the Canterbury Gneiss that
intrudes it across much of Connecticut is dated as Devonian (Zartman and
Naylor, in press).
The Ordovician to Silurian deformational effects
appear more important in this area whereas the Devonian effects may have
been stronger farther south.
Deformation accompanied by intrusion does
appear to have continued much later along the west side of the Nashoba
thrust belt than along the east.
Clearly, the area along the Nashoba
belt records a great number of movements and intrusive events in the
Early Paleozoic with subsequent movements during the rest of the
Paleozoic and some apparent reactivation during the Mesozoic.
It
probably represents the most active zone of deformation during the
development of the Appalachians in New England.
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ROAD LOG
MAPS - 7.5-minute quadrangle maps covered on this road log are the
Worcester South (STOPS 1, 2, 4, 5 and 6), Leicester (STOP 3),
Oxford (STOPS 7, 8, 9 and 10), and VIebster (STOPS 11 and 12).
Field Stop locations are shown on figure 2.

MILEAGE
0

Start at Howard J o h n s o n ’s Hotel, College Square, Worcester,
MA, on east side of Rt. 290 at exit 11, just south of Holy
C r o s s ’s stadium.
(To reach the start from the University of
Connecticut at Storrs, travel north on Rt. 320 to Rt. 86,
northeast to Rt. 90-the Mass Pike- and north on Rt. 290.
Allow 1.3 hours).
Drive southeast uphill on College St. (becomes Pakachoag St.
to south). Holy Cross College on left.

0.3

Turn left into college at gate 7, at east side of field house
opposite Boyden St.
Keep to right and drive to top of hill.

0.5

Park near entrance to Hart Recreational Center, modern brick
building.
STOP 1 - Overview of area and contorted Eliot Formation.
This high point affords a good general view of the region
from which the general geologic setting can be seen.
Holy
Cross is situated on a ridge formed by a northeast-trending
fault sliver of Eliot Formation, of Late Silurian or Early
Devonian age, along the Clinton-Newbury fault zone.
Two very
small fault slivers of phyllite of Pennsylvanian age lie along
the north end of this Eliot sliver, east of Worcester center.
The ridge is interrupted by the Blackstone River valley,
northeast of Holy Cross, that follows a younger northwesttrending transverse fault.
The position of the main break of
the Clinton-Newbury fault zone can be seen to the east in the
valley (seen from the east side of the Hart Center) where it
passes just this side of the large long building and freight
yards.
The rolling hills farther east are composed of the
Nashoba Formation.
A very thin band of Tadmuck Brook Schist,
which overlies the Nashoba, lies against the east side of the
fault zone.
Downtown Worcester, seen to the north, lies in a
broad valley, northwest of the ridge of Eliot, underlain by
the Oakdale Formation.
The type area of Oakdale lies to the
north-northwest beyond Worcester.
The hills forming the
northwest side of the valley are the type area of the more
resistant rock of the Paxton Group, that overlies the Oakdale.
Highly contorted Eliot Formation forms small scattered
outcrops in the lawn in front of the Hart Center.
The new
swimming pool behind the center is built into the Eliot.
The
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folding appears to be very irregular. General structural
details can best be seen in the loose blocks lying near the
entrance to the Center, which exhibit crinkled folds with
strong axial plane cleavage that is about perpendicular to the
poorly preserved general bedding. The folding appears to
be the result of compression of the sliver during faulting and
not directly related to any regional fold episode.
Return to College St.
0.7

Turn left up College St.

1.0

Park at entrance to Dutton St., sign on left.
Walk to end
of the short dirt road on the right and into woods about
50 m to top of ridge.
STOP 2,

Eliot Formation.

Examine extensive scattered outcrops of medium-to
dark-gray, thin-bedded, metamudstone-phyllite. The 0.5 to 2
cm-beds have well-developed graded bedding and appear to have
formed as a distal turbidite sequence (Peck, 1976).
The
sedimentary features are much better displayed here as rocks
are less deformed than STOP 1.
Overturned beds are present.
Return to car and continue south on College St.
Scattered
outcrops of Eliot formation occur along the sides of the road
2.9

Turn right on Burnap St.

3.1

Turn left at bottom of hill onto Southbridge St. and cross
iron bridge.

3.7

Pass Sears on left, Toys-R-Us on right.
Rocks bordering
parking lot in Toys-R-Us came from outcrop blasted for
building.
Boulders consist of metasiltstone and phyllite with
many sedimentary features well displayed, including some
graded bedding.
This was previously considered unusual
Oakdale Formation (Barosh, 1976c), but is now thought to be a
fault sliver of the basal Eliot Formation.

4.2

Pass under Massachusetts Turnpike, Rt.

4.6

Pass under expressway Rt.

6.0

Veer right at signals at junction Rts.
over Oakdale Formation.

6.6

Turn left onto R t . 12 south.
Biotite quartz monzonite
forms the hill to the left.
The ridge to the right is
composed of muscovite quartz monzonite, "Fitchburg granite"

7.1

Park on right near outcrop opposite Dry Vin Cleaners.

90.

290.
12 and 20.

Driving
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STOP 3, Oakdale Formation.
Typical greenish medium-gray silicic laminated metasiltstone of the Oakdale Formation well bedded in thin beds that
are folded and cut in places by small low-angle faults.
This kind of silicic rock is probably why the unit was first
called the Oakdale Quartzite.
A short distance to the south
the intrusive rocks on either side of the Oakdale merge,
pinching it out.
The Oakdale reappears in the same position
about a mile farther southwest.
Turn around and proceed north on Rt.

12.

7.6

Turn right onto Rt.

8.2

Stay to right on Rt.

9.1

Pass entrance to Rt. 52 south.

9.4

Turn right onto entrance to Rt. 52 north.

9.6

Turn right again onto exit to Rt.

9.8

Park off side of roadway on cloverleaf.
STOP 4,

20.
20.

20 south.

Deformed Oakdale Formation.

The Oakdale Formation exposed in the road cuts is
strongly deformed into complex folds cut by a few irregular
small thrust faults.
The western branch of the ClintonNewbury fault zone lies just east of these exposures in the
valley flooded by the northern end of Eddy Pond and the
Oakdale is deformed against it.
Similar strongly deformed
metasedimentary rock occurs elsewhere against the fault zone.
Proceed to end of exit lane and right onto Rt. 20 west.
10.1

Turn right into entrance R t . 52 south,

10.7

You should now be on Rt. 52 heading south, passing Eddy Pond,
which lies along the Clinton-Newbury fault zone.
Exposure of
highly sheared rock forming part of the fault zone can be seen
near the road on the opposite side of the pond.

12.0

Park on far right edge of road at Oxford town line, just
beyond power lines.
Use extreme caution walking near roadway
STOP 5.

towards Webster.

Clinton-Newbury fault zone.

Outcrop to right, west of road, composed of moderately
foliated, sheared, biotite quartz monzonite, one of the
younger intrusive rocks in the area.
Cross southbound lane
carefully to median strip and continue eastward across it.
The shearing of the quartz monzonite increases eastward to
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produce a mylonite along the east side of the median;
small
Xenoliths in the quartz monzonite are sheared out into very
thin, dark gray lenses.
Medium gray, rusty weathering schist
is exposed in the low roadcut along the east edge of the
median.
This appears to be a thin fault sliver of the Tadmuck
Brook Schist, the highest unit in the Nashoba thrust belt.
The west edge of this unit marks the main break in the
fault zone.
The roadcuts to the east of the northbound lane
expose highly sheared to mylonitized medium gray gneiss of the
Nashoba Formation.
During construction of Rt. 52 the entire
roadway was cleaned off, exposing a north-trending cross fault
just southwest of here that offset the Clinton-Newbury zone
about 50 m right-laterally.
Return to car.
12.2

Pass roadcuts to left that expose many steeply west-dipping
slickensided surfaces on the mylonitized Nashoba.
These
represent later more brittle movement than the mylonite.
They are perhaps the results of Mesozoic movement that
reactivated portions of the thrust fault as a normal fault
apparently with the west side down.

14.4

Park off road at right opposite high roadcut on left.
0

STOP 6, Thrust-fault complex cutting the Nashoba Formation.
Complex of moderately north-dipping shears, thrust
faults, and overturned folds with north-dipping axial planes.
Consistently north over south transport, which is a local
deviation from the regional northwest over southeast
transport.
The foliation and mylonitization parallels
relict bedding.
The observed layering is thus a result
of a combination of causes.
Many of the thrust faults have
pegmatite, both foliated and nonfoliated, along them.
Field
evidence suggests that many of these developed during
thrusting; porphyroblasts of feldspar and quartz form in
blastomyIonites, increase in amount and coalesce, forming
pegmatites.
The geochemistry of this type of mineral growth
was studied by Wintsch (1975).
In this area, the
Marlboro-Nashoba sequence has undergone radical tectonic
thinning by omission along both the Bloody Bluff and
Clinton-Newbury fault zones and a series of internal faults.
The exposed thickness decreases from about 18,000 m northwest
of Boston (Bell and Alvord, 1976) to less than 1,000 m south
of Oxford center.
15.3

Turn right beyond bridge on exit 4E, Sutton Ave.

15.6

Turn right, east on Sutton Ave.

15.7

Turn right again onto entrance to Rt. 52 north.
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16.2

Turn right once more on exit just beyond bridge.

16.4

Park on shoulder to right at upper end of roadcuts.
carefully to roadcut on left, east side.

Cross

STOP 7.
Contact of Marlboro Formation (Quinebaug Formation)
with Nashoba Formation of Hanson (1956) (Tatnic Hill
Fo rm a t i on ) .
These metasedimentary rocks are well-bedded, with
foliation parallel to bedding.
However, the shearing and
mylonitization are also parallel to bedding at this location,
which makes it difficult to see primary bedding features.
Amphibolite at the south end of the cut, and also
underlying the valley to the south, is correlated with the
Sandy Pond Member of the Marlboro Formation of Bell and Alvord
(1976); it is correlated in Connecticut with the Quinebaug
Formation of Dixon (1964). The Marlboro is composed of
dark-gray layered amphibolite containing a few beds of
quartzo-feldspathic gneiss. In much of the upper part of the
formation, beds are 0.5- to 10-cm thick, but beds 1 m or so
thick are not uncommon.
In the northern part of the roadcut
is light- to medium-gray, medium-bedded micaceous
quartzo-feldspathic gneiss which forms the most common
lithology in the Nashoba Formation correlated with the Tatnic
Hill Formation in Connecticut (Dixon, 1964).
Sillimanite
occurs in this gneiss, but is difficult to identify in
outcrop. The few large garnets found in the gneiss here are
unusual.
A bed of amphibolite is present within the lower
part of
the Nashoba.
This may be a fault sliver of Marlboro
or it may be a stratigraphic unit within the Nashoba.
Thin
amphibolite intervals are common in the Nashoba.
The rocks here are highly sheared and faulted.
They are
just above a major regional thrust, the Bloody Bluff fault
zone, that underlies the valley to the south. Light-gray
pegmatite, both foliated and nonfoliated, is present along
many of
the shears and thrust faults. The highly sheared
bedding steepens southward across this exposure,
towards the
Bloody Bluff fault zone.
At two places nearby, a few miles to
the east and less than a mile to the west, the entire Marlboro
Formation is cut out against this fault (fig. 4).
Walk to south side of Sutton Ave. and look south.
The
valley on this side of the hill is underlain by amphibolite of
the Marlboro Formation against the Bloody Bluff fault zone.
The hill on the other side forms the nose of the large north
west-plunging Oxford anticline, that is part of the South
east New England platform.
It is cored by light pinkishgray foliated quartz monzonite of Late Precambrian age that
intrudes quartzite of the Plainfield Formation, which forms a
rim around the nose.

415
P6-21

16.5

Turn right on Sutton Ave.

16.6

Turn right again onto Rt. 52 south.
heading south on Rt. 52.

17.4

Cross Bloody Bluff fault zone.
Drill core taken along Rt. 52
in preparation for the highway construction has provided
geologic control over covered areas such as this along the
highway to locate any projected structures much more
accurately.

You should now be

*

18.0

Cross anticlinal axis.
9

%

18.1

Park on shoulder on right within roadcut just before bridge
and sign for Webster.
Use caution near roadwa y.
STOP 8, Precambrian granitic rock and Xenoliths of Plainfield
Formation.
Gneissic quartz monzonite, that is part of the
Sterling plutonic group, crops out on both sides of the
roadway.
This location is near the contact with the
Plainfield and Xenoliths of quartzite and chlorite schist of
this formation are present.
Many Xenoliths are partially
digested by the intrusive rock and contacts are gradational.
The intrusive rock is moderately to strongly foliated.
The
feldspars are generally rounded rather than sheared and
fractured and the foliation appears to have developed more by
flowage than by shearing, in contrast to the previous two
stops.
The rock has generally undergone alteration, which has
produced pink feldspar and has chloritized the mafic minerals.
The foliation in the intrusive and the foliation and bedding
in the Plainfield are parallel.
Many small faults cut the
rock here; several are nearly parallel to the road, dipping
steeply to the west, and a few are approximately perpendicular
to the road.
An east-dipping thrust fault is present on the
left and on the right a steeply dipping, slickensided fault
plane is exposed.
A number of late faults and fracture zones,
with alteration along them, cross at about N 80° VI with dips
70°-90° N.
Continue southward.

20.2

Park on shoulder on right near light gray outcrop. Again use
caution near r o a d w a y .
STOP 9,

Plainfield Formation.

Good examples of relatively undeformed Plainfield
Formation can be seen here.
Light gray, thin-to medium bedded quartzite crops out on the right.
To the left in the
median strip is an exposure of thin-bedded quartzite with
interbedded thin beds and partings of greenish medium-gray
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chloritic schist.
Larger exposures occur to the east along
the northbound roadway.
A few meters to the right of the
road, beyond the fence, and closer to the Lake Char fault, the
Plainfield is sheared and bedding is difficult to see.

Continue southward.

20.8

Turn right onto exit 2, Webster, and drive through a roadcut
in Plainfield Formation.

21.0

Turn right onto Rt.

21 .1

Turn left into parking lot opposite Cranston Print Works
Company and park near east end.
Walk back 0.3 miles to top of
exit 2 ramp just driven through and then turn around and walk
back towards Rt. 16 examining the roadcuts along the way.
STOP 10 - Lake Char fault zone and sheared Plainfield
Formation.
Highly sheared greenish to purplish medium-gray,
thin-bedded, interbedded dirty quartzite and schistose pelitic
beds.
Shearing and foliation parallel bedding.
At the top of
the cut some bedding can be seen in the thicker layers of
light gray to buff quartzite.
Southward down the cut the
bedding is lost as the shearing increases towards the Lake
Char fault, which passes just southwest of the cut.
The
layers at the west edge of the outcrop, next to the fire
plug, are broken up.
Many layers are crinkled and contorted,
probably due to the difference in competence between
alternating layers of quartzite and schist.
The Lake Char
fault zone occupies the same structural position as the Bloody
Bluff fault zone.

16 west.

Return to car.
21.2

Turn left from parking lot onto highway,
and continue down Main St., Rt. 12.

22.0

Veer left at fork.

22.4

Pass Webster Town Hall on left.

22.7

Pass Dudley townline.

22.9

Turn right at signal and continue straight across next road
and under pedestrian bridge of old factory.

23.2

Turn left onto Faxfield St.

23.3

Park just beyond power line.
Examine outcrops on right side
of road and beneath powerline.

cross through signals

I
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STOP 11, Intrusive complex along the Clinton-Newbury fault
zone.
The Clinton-Newbury fault zone here and to the south in
Connecticut has been invaded by intrusive rock.
It can be
shown in the Webster quadrangle that the zone between the
Nashoba and Oakdale Formations has been repeatedly intruded,
demonstrating a long period of crustal weakness and deformation along this boundary.
Intrusive bodies in this area
tend to be long and narrow.
Some intruded fault zones are
shown by discordance between rocks on either side of the intrusive body and by Xenoliths of mylonite and rock from both
the Nashoba and Oakdale Formations.
Some also have later
fault movement along contacts.
This may show up as stronger
foliation and the alteration of biotite to sericite and
muscovite near the contact. This is the case along the thrust
fault that separates the undivided Ayer from the biotite
quartz monzonite phase of the Ayer (fig. 4). The intrusive
rocks appear to represent anatectic melts.
The Ayer
Intrusive Complex is composed of several intermixed, closely
related, fine-grained to porphyritic intrusions approximately
of quartz monzonite composition.
The complex is formed of a
coarse-grained porphyry cut by fine- to medium-grained
muscovite-bearing quartz monzonite with a coarse porphyritic
phase.
Commonly, the latter has invaded the former as a
series of closely spaced tongues.
Much of this complex is
part of the Ayer Granite of Emerson (1917) and similar to that
described north of Worcester by Gore (1976).
Here both the
light gray, coarse-grained porphyritic and medium-grained,
muscovite-bearing varieties can be seen in outcrops and float.
I

%

w

Return to car.
Turn around and proceed back towards intersection.
23.5

Turn lef t .

23.6

Veer left onto Carlton St.

24.1

Park on right just beyond roadcut
-

STOP 12, Pendant of Oakdale Formation.
The western edge of the intruded Clinton-Newbury fault
zone was crossed a short distance to the east.
Here a pendant
of Oakdale Formation lies in muscovite quartz monzonite just
west of the fault zone.
The Oakdale is thin-bedded,
greenish-gray metasiltstone that is slightly to moderately
folded.
In this general area the Clinton-Newbury fault zone
swings and cuts southwestward across the north-striking units
to the west; this makes the structure very complex in detail.
The position of the Clinton-Newbury fault zone continues
southward through eastern Connecticut to just north of the
‘
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Honey Hill fault zone, but is invaded by the Canterbury
granite gneiss and the trace of the fault is not readily seen
END OF FIELD T R I P . (To return to Storrs, CT. take Rt. 52
south to Putnam, C T . , and then Rts. 44 and 44A west).

