




















































































































































































































































































































































































































































































































































































































































































































































































































































































































Western Lincoln massif 1 to 5 m thick beds of massive, gray to
white 'quartzite occur near +the microcline augen gneiss that
outlines a series of Paleozoic folds which extend across this part
of the massif. Isolated patches of quartzite are also found near
the basement-cover contact. These quartzites may correlate with
similar quartzites mapped along the western part of the Eastern
Lincoln massif where they are associated with 1light-colored

tourmaline - bearing, white mica schist, and mafic schist. The
quartzite commonly contains minor amounts of sericite, tourmaline,
biotite, magnetite and rutile. The white mica schist is

distinctive in that it contains large porphyroblasts of chloritioid
and abundant needles of tourmaline.

Along the eastern boundary of the Eastern Lincoln massif, a
coarse-grained, plagioclase augen gneiss 1is interlayered with
chloritic and conglomeratic quartzite. This unit contains coarse
plagioclase augen up to 4cm across. The biotite-rich matrix of the
gneiss contains chlorite, epidote, and small clasts of blue quartz.
This unit may represent a metamorphosed arkose in which the source
area consisted of tonalite and mafic rocks. To the west within
this wunit, the augen gneiss becomes <coarser grained and more
biotite-rich near its contact with  the granitic orthogneiss
whereas, to the east, it becomes finer grained and more feldspathic
as the basement-cover contact is approached.

Mafic schist occurs in a variety of settings that range from dikes,
to fault zones, and conformable beds in metasedimentary sequences.
Amphibolite layers with pyroxene, hornblende, biotite, epidote and
plagioclase are found as isolated outcrops where it is interlayered
with the medium grained, Dbiotite gneiss of the Western Lincoln
massif. Garnet amphibolite is associated with the bedded quartzite
and tourmaline sericite schist along the western part of the
Eastern Lincoln massif and may well represent mafic flows
deposited on that sequence. Tauvers (1982a) mapped biotite-rich
amphibolite as interlayered belts within the light-colored,
granitic gneiss in the very northern part of the FEastern Lincoln
massif. These belts may well represent highly-deformed Grenvillian
dikes.

The remaining mafics schists are thin, highly foliated,
biotite-rich schists that occurs as 1linear ©bodies with sharp
contacts within the granitic gneiss of the Eastern Lincoln massif.
DelloRusso (1986) has shown that these bodies are spatially related
to Paleozoic fault zones, although they may have had such different
origins as intrusive dikes or metasomatically altered amphibolites
within fault zones.

One of the most important mafic rocks in the Eastern Lincoln massif
are found as linear, metamorphosed dikes that truncate the
Grenvillian foliation in the orthogneiss and in turn are truncated
by the basal contact of the Late Proterzoic Pinnacle Formation.
These rocks are composed of quartz, chlorite, epidote, biotite, and
plagioclase. Primary amphibole is absent. Large plagioclase
phenocrysts are characteristic and locally abundant although the
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availability of easily - recognized units, and the degree to which
critical fabrics are preserved. Metamorphism, despite producing
minerals that can be used to determine the physical conditions of
deformation, commonly anneals and simplifies preexisitng fabrics so
that much of the deformational history is erased. Thus, we are
left with lithic units whose field characteristics are sufficiently
distinctive that they can be recognized and mapped from place to
place at a scale suitable to show +their mutual relations. For
example, if we can show that a series of metasedimentary units can
be traced consistently through a complex fold pattern and can be
used to predict larger structures, then a fair chance exists that
they are part of an original depositional sequence. This
conclusion is strengthened if their contacts are gradational, even
over a small distance, and show no signs of intense, concentrated
shear. On the other hand, if a metasedimentary or metavolcanic
unit is in contact with different units then the contact is either
an unconformity or a fault. Here again the fabric along the
contact may be helpful. If the contact is a synmetamorphic or
postmetamorphic fault, then well oriented fabrics with displacement
criteria are commonly present (table 1). Premetamorphic or early
metamorphic faults are more difficult to recognize because
fault-related fabrics are largely destroyed by metamorphism. Here
we must depend upon the mutual relations of four or more 1lithic
units. Such faults are recognized when two or more units on both
the footwall and hangingwall are truncated along the contact (i.e.
the fault, table 1). This criterion applies equally well with
synmetamorphic and postmetamorphic faults, but in +these cases
additional evidence is available in the fault fabric.

Additional problems must be solved when analyzing the simple-shear
fabric along a proposed fault. The presence of a well developed
schistosity and a prominent lineation is really not sufficient
since these types of fabrics can be formed equally well by pure
shear (flattening) as they can by simple shear. Such asymmetrical
fabrics as drag folds, C-S fabrics, mica fish, porphyroclasts with
asymmetrical +tails, and rotated porphyroblasts are +the type of
evidence that indicate simple shear rather than flattening. If a
contact has features such as these, it is quite 1likely +that the
contact in question is a fault, particularly if it truncates other
rock units. On the other hand, the presence of symmetrical fabrics
such as overgrowths or "beards" on porphyroclasts and the absence
of asymmetrical fabrics with a consistent sense across a contact
would indicate that +the contact is simply a product of severe
flattening (pure shear). An offset of an older marker can occur in
situations 1like +this but here it is due to volume loss during
flattening rather than simple shear displacement along a fault. In
many situations not all the evidence is available to determine if a
given contact is a fault or not.

Table 1 lists some of the criteria that have been used to recognize

faults in the pre-Silurian hinterland of central Vermont. With the
possible exception of some of the old faults that we map as "pre-
or early metamorphic” faults, most of the faults that we have

mapped in the central Vermont transect were formed under elevated
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THE LINCOLN MASSIF AND ITS IMMEDIATE COVER

By
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University of Vermont
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ITINERARY

The transect across central Vermont is divided into two days. The
Saturday trip will begin along the western boundary of the eastern
Lincoln massif and progress eastward to the crest of the Green
Mountains where we will only see the Hoosac, Underhill, Mt. Abrahanm

and Hazens Notch Formations. The remaining part of the
pre-Silurian eastern Vermont sequence will be seen on Sunday when
the +trip will concentrate on the Hazens Notch, Pinney Hollow,

Ottauquechee, and Stowe Formations in the valleys of the White and
Mad Rivers. The introductory part of this paper entitled "A
Transect through the Pre-Silurian rocks of Central Vermont" applies
to both days. The figures are numbered segquentially as if the two
days were a single trip. The "References Cited" also apply to both
days.

Meeting place for Saturday trip - Lincoln General Store, Lincoln,
Vermont. Time 8:30 A.HM.

Geological maps, cross sections and texts for all the stops for
Part I in the Lincoln massif and the eastern cover sequence are
available through the Vermont Geoogical Survey. They are Tauvers
(1982a), DiPietro (1983), Strehle and Stanley (1986), DelloRusso
and Stanley (1986), O0'Loughlin and Stanley (1986), and Lapp and
Stanley (1986). The following stop descriptions, therefore, depend
heavily on this information.

Stops 1 through 6 - The western boundary of the Eastern Lincoln
massif (fig. 7; plate 2, DelloRusso and Stanley, 1986) (DelloRusso)
~ These stops show the basement cover contact on the western limb
of the massif, a small, newly discovered syncline of cover within
the massif, and Late Proterozoic mafic dikes. A discussion of the
chemistry of +these dikes will ©be presented by Ray Coish of
Middlebury College. These stops will also demonstrate the
difficulty in recognizing the precise boundary between the Middle
Proterozoic basement and its immediate cover even in areas where
the deformation is not intense.

Stop 1 - This is a 12 ft high exposure of coarse cobble
conglomerate containing abundant, matrix-supported cobbles of
quartzite and gneiss. The cobbles are derived from the nearby Mt.

Holly Complex. The composition of the matrix is similar to the
finer-grained metawacke found elsewhere in the basal part of the
Pinnacle Formation. Sedimentary features such as Dbedding and
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Bricg~" these folds plunge slightly south (S65E,35) of the mineral
lineation (S71E, 30). We suggest that the mylonitic fabric at this
stage has become unstable because the grain size has been reduced
to such a size that it 1is easier to deform by folding than by
further grain-size reduction. In essence, the mylonite has strain
hardened.

Phase 4 - Shear bands and fragmented mylonite - Moving still
farther north we find +that shear ©bands are present on the
attenuated short l1limbs of the reclined folds. The shear bands are
very planar, thin, micaceous layers that clearly truncate the older
mylonitic foliation at a low angle. Continued deformation and
shear movement along the bands offsets and rotates +this older
foliation and results in a new "breccia" consisting of mylonitic

fragments. The development of sericite along the shear bands
indicates that retrogession of feldspar is an important softening
mechanism during this phase of deformation. The absence of

recognizable deformation of the shear bands indicates that they
represent the youngest phase in the development of the fault zone.

Continue to the north for 50 ft. Here you will find an outcrop
with many of the features that we have already described. Here,
however, several 1large quartz veins intrude the =zone parallel +to
the layering. Near the quartz veins are sericite-rich schists or
Phyllonites. We have seen the occurrence of sericite at a number
of stages in the evolution of the fault zone. Here they are formed
on a larger scale and represent the final product of alteration
along the fault zone where siica-rich solutions invade the =zone.
It is 1likely that much of the strain along the Cobb Hill thrust
zone is concentrated in these sericite-rich zones.

This fault is a postmetamorphic thrust zone in that it overprints
the older Grenvillian metamorphism. We estimate that it formed
under "ductile" conditions with temperatures in the order of 400C
to 4509Cc and pressures of 4 or 5 kbars (10-15 km), although +the
indicators are certainly not precise.

Stop 9 South Lincoln Bridge (fig.13) (Stanley) - Return north to
the "village" of South Lincoln. Try not to block traffic across
the bridge. This outcrop, which consists of mylonitic gneiss and
basal conglomerate, was originally mapped by Cady and others (1962)
as the <contact of the eastern cover sequence and the Middle
Proterozoic rocks. The presence of chlorite schist, Dbiotite
schist, and garnet schist identical in composition and aspect to
the overlying Hoosac Formation to the west and structurally below
the outcrop of gneiss and conglomerate indicates, however, that a
major thrust fault occurs along the lower contact of the gneiss.
This relation was first recognized by Tauvers (1982a, 1982b) who
considered it to be part of the Underhill thrust =zone. DelloRusso
and Stanley (1986) have recognized similar relations along the
eastern border of the Lincoln massif. This particular fault they
named the South Lincoln thrust. Petrofabric analysis has shown
that the gneiss is mylonitic with distinct 1layers of quartz and
feldspar (Strehle and Stanley, 1986). A very prc inent mineral
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Table 2

Cota Brook Sequence

HETAWACKES

1n general, the metawackes are light tan to brownish in color and are less
resistant to stream erosion than the mafic schists. Four lithle types have
been distinguished.

Im laminated metawacke
well laminated or follated, quartz rlch, 1lttle plagloclase,
white mica rich, wlth “guartzlte” beds and layers of coarse
blotite porphyroblasts.

m mica poor metawacke .
quartz and feldspar rich, with coarse biotite porphyrobiasts,

iess mica than other lithic types.

q massive "quartzite”
primarlly quartz and feldspar, llttle or no mlca.

gm grey green lamlnated metawacke

well iaminated or foiiated, grey green in color, with coarse
biotite porphyroblasts.

Estimated Modes of Metawackes

Location 216 216 219 2190

ple a b
Hiverals
Quartz 15 30 30 43 Modes are mineral percentages.
Hhite Mica &0 35 10 - tr = trace percentage observed
Chlorite 7' S tr 1 dash 1-) = mineral not observed
Plagioclase 4 2 43 43 -
Garunet 1 1 3 tr
Biotite 2 - 7 2
Graphite - S - -
Opaques 1 2 1 tr
Carbunate - - - tr
Epidote - - - tr

MAFIC SCHISTS

In general, the mafic schists are green to dark green In coior and are more
resistant to stream erosion than the metawackes. Geochemical work done on
some of these maflc schists (Gavigan 1986) has ldentlfied them as Type A
metabasalts (Coish and others 1985) which were formed during the initiai
stages of continental rifting prior to the formation of lapetus (proto-
Atlantlc). The exposures of mafic schist are each reiatlveiy dlstinct in
appearance; important characteristics are noted below by location 1loc.)
number .

Loc. 2i6Z fine grained.

Loc. 217 coarse to very coarse grained, amphibole rleh layer at upper
contact. ; ’

Loc. 218A well laminated or foliated. Simllar to mafle schlst at Loc. 221.

Loc. 2188 coarse grained, masslve, grain size fines toward lower contact.

Loc. 220 coarse grained, wlth a 2-3 Inch thick “quartzite” bed, very
amphiboie rlch.

Loc. 221 very coarse grained, well lamlnated or follated, very amphibole
rich, with small pods of carbonate(?) material. Similar to malic
schlst at Loc. 218A.

Loc. 222 “lumpy” texture, with smali pods of carbonate(?) materlal.

Estimated Modes of Mafle Schists

Location 217 217 216a 2184 218A 2187 220

Sample a b a b c d

Hineral

Quartz 40 30 10 15 27 27 20
Plagioclase 3 - 10 35 1 28 S
Epidote ] io 2 1 3 3 -
Garnet - - tr tr - tr -
Amphibole - - &0 2 &0 25 70
Chlorite 40 35 10 15 3 10 tr
Biotite - - tr - - - -
Carbonate 10 25 ] 30 3 2 -
Opaques 2 tr 3 tr 1 1 3

Modes are mineral percentages. tr = trace percentage observed
dash (-) = mineral not observed
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competency belween Lhe resistant ygreenstone and the pliable schist.

This large scale syn-metamurphic  Lhrust (the Granville Thrust Zone) is Lhe
primary featmn Lthal controls  the White River Valley amd Grauville Uulf.
Nnguaim work alung the gastern side af this valley, to the soulh near llanconk,
has desmunstrated the Lruncalion of a large yreenstone body (Y 0 kmo lTong x 00
m wide) alung an ancillary thrust faullt roolting. from Lhis zune. Mumerous
Jithic bLromcaliuns, Lecltunic slivers, and fTanlt zone fabrics may be fomal
alony the entire lenglh of this zune.

Stop 15 - Granville Gulf - (fig. 20 and 21; map will be available
at conference) - (Stanley) - BE VERY CAREFUL AND STAY OFF THE ROAD
BECAUSE THIS IS A DANGEROUS CURVE ON ROUTE 100. This stop is very
important because it shows the complex geology along the boundary

between the Pinney Hollow and +the Ottauquechee Formations. Here
the Pinney Hollow consists of silvery green chlorite - muscovite -
albite - quartz schist interlayered depositionally with two belts

of mafic schist. The eastern contact (fig. 20) is a synmetamorphic
fault in which the carbonaceous albitic schist of the Hazens Notch
(CZhca) truncates a thin 1lense of chlorite-rich schist with
brown-weathered material on the schistosity (mafic schist ?). The
schistosity in the carbonaceous schist is so well developed and
closely spaced that it weathers very readily. In thin section +the
foliation wraps around albite porphyroblasts. This "papery-schist"”
fabric is characteristic of late metamorphic or post metamorphic
faults and has been observed at several 1localities along the
western boundary of the Ottauquechee Formation. Note that the
foliation in +the carbonaceous schist next to the slivery green
schist of the Pinney Hollow is more widely spaced and the rock 1is
more coherent. This contact is a synmetamorphic fault because the
albite porphyroblasts grew across the foliation. Thus this zone is
one that has a compound history (table 1) - an earlier
synmetamorphic fault that was reactivated as a late or
postmetamorphic fault.

Continuing eastward along the outcrop you will find a tan -
weathering schist with brown spots. This rock 1is found along
several belts in +this zone. In +thin section 1is ~consists of
fine-grained, well oriented muscovite and quartz. In sections cut
parallel to the lineation the foliation is planar. OSmall grains of
muscovite and quartz, which are oriented at a small angle to the
dominant foliation, form a C-3S fabric and indicate east-over-west
movement. In sections cut perpendicular to +the 1lineation the
foliation anastomoses. I consider these rocks to be mylonitic
schists which developed from the Pinney Hollow schist along
synmetamorphic faults. Continuing eastward you will find another
mafic schist, then another belt of carbonaceous schist which passes
into black carbonaceous schist typical of the Ottauquechee
Formation. The fabric throughout this belt is well represented by
figure 21.
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on Lake Champlain: Amer. Mus. Nat. Hist. Bull., v. 5,
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ITINERARY

The assembly point is the Williams 01d Brick Store in the
village of Charlotte (just west of Route 7 on Route F-5).

Time:

83:30 a.m.

Mileage

0.0

0.7

1.8

Go south from blinker.

On the right is Barber Hill, an alkaline igneous
intrusive complex (syenite) that cuts the Paleozoic
sedimentary sequence of the Champlain Valley (Welby,
1961; Laurent and Pierson, 1973), here the Iberville
(Clark, 1934) member of the Stoony Point formation
(Ulriech, 1911) (Middle Ordoviciang. To the left is a
panorama of the Red Sandrock range, a line of hills
capped by Monkton quartzite (Keith, 1923) (Lower
Cambriang of the Champlain thrust sheet. The thrust
trace lies at the base of the cliffs near the top of
each hill.

Hill on right contains Burchards member (Cady, 1945)
of Providence Island formation (Ulrich and Cooper,
1938) (earliest Middle Ordovician) intruded by a
swarm of igneous dikes (Perkins, 1908).

Turn right onto Thompson's Point Road.

Railroad crossing.

Thorp Brook thrust fault. The roadcut is through

Bridport member (Cady, 1945) of the Providence Island
formation in the footwall.
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79.8

30.0

30.1

30.73
80.4
80.5
30.7
81.0
81.4

82.3

82.5

83.0
83.2

83.3

Roadcut on right contains limey Winchell Creek
silbtstone unember.

Valley marks boundary between Great Meadow formation
(east) and Whitehall dolostone (westh).

Quarry in Whitehall formation; both Skene and Steve's
Farm members present.

Skene Mountain on right. Type section of Whitehall
formation (Rodgers, 1937).

Ticonderoga-Whitehall foruational conbact on righét.
Potsdan-Ticonderoga formational contact on right.
Turn left onto South Williams Street (by Armory).
Cross railroad tracks.

Bridge over Mud Brook.

Continue Straignht.

On left, Greenmount Road; Greeniount Cemetery on hill
of Whitehall (Skene member). On right, Adirondack
front.,

Wote the topography - numerous right angle bends in
sbreams, square hills. This is an area of modern
block FTanliving associated with the active uplift of

the Adirondacks.

01d cupolas from destroyed barns on rigné.
Bear right onto Upper Turnpike Road at corner.

Mettawee River — following Tub Mountain fault here.

Upper Turnpike Road €o- ows spur of Tub Mountain
fault. On right is Fort Edward dolostone and
Winchell Creek siltstone members of the Great Meadows
formation. On left is Beldens member of Providence
Tsland formation. Hill in distance is Tub Mountain,
mostly Whitehall with a cap of Great WMeadows.

Bear left on Upper Turnpike Road (paved).

Contact between Bridport member of Providence Island
formation and Orwell meaber of Isle 1la Motte liume-
stone. The Isle la Motte lies in core of a sumall
syncline.

Bridport member of Providence Island formation.
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C-6

The itinerary for Trip C-6 starts on page 314.

The introductory article

for - is trip, the itinerary for Trip B-8, and the articles by Laird and

Coish are all assembled as a package.
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