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Figure 7.—Correlation of mantle rocks of the Chester dome in the Cavendish quadrangle.

This band of calc-silicate rock extends intermittently about 300 m.
To the west of the calc-silicate rocks and a narrow band of biotite-
hornblende gneiss (Ybg) is another band of rusty aluminous schist
mapped as unit Yrs that is not quite as coarse grained as the
Gassetts Schist Member mapped east of the road. This very nar-
row belt can be traced more than 1 km; its northern tip disappears
into a mass of coarse pegmatite (Yp). This Yrs schist is overlain by
typical biotite microcline-plagioclase-quartz gneiss (Ybg) of the
Mount Holly and contains a sill of aplitic gneiss (Yfap). Slightly
higher on the southern end of Star Hill is a third layer of rusty mus-
covite-biotite schist (Yrs) similar to but not identical with the lower
one; it is less than 100 m long and terminates into biotite-quartz-
plagioclase gneiss (Ybg).

The eastern contact of the lower Yrs unit, possibly the calc-sili-
cate (Ycs) near the base of the hill, and the Gassetts Schist Member
(Ycg) of the Cavendish Formation are truncated against the belt of
aplitic gneiss, granite pegmatite, and granodioritic gneiss (units
Yfap, Yp, and Yfgt). The overall relation mapped at Star Hill dupli-
cates those in Cavendish Gorge and Duttonsville Gulf. Thus, the
Cavendish Formation here must also be part of the Mount Holly.

The irregular southern mass of aluminous rocks mapped here as
Cavendish was mapped as the Pinney Hollow Formation by
Thompson (1950) and Downie (1982). Limited exposures do not
reveal its connection with the rest of the Cavendish rocks in the
Star Hill area. However, these aluminous garnetiferous schists are
mineralogically identical to the lower two aluminous schists (Yrs and

Ycg) east of Star Hill (Downie, 1982). The contact with adjacent
gneisses of the Mount Holly are well defined on the western slopes
of Star Hill. There and south along the powerline, the schist con-
tains thin lenses of calc-silicate gneiss and amphibolite, as well as
highly folded pegmatites. In one exposure along the powerline, the
schist is crosscut by aplitic gneiss and strongly foliated pegmatite.
The Cavendish Formation in this southern mass is primarily rusty-
weathering, highly feldspathic, coarsely garnetiferous schist com-
monly associated with calc-silicate rock. A lithologic correlation of
these schists with those of the Pinney Hollow Formation, I feel, is
unwarranted because the Pinney Hollow lacks calc-silicate rocks, is
uniformly chlorite, muscovite, and quartz rich, and has little
feldspar. 1 conclude that both masses of schist in the Star Hill area
are the same unit and that both are interlayered with gneiss of the
Mount Holly Complex.

The Cavendish Formation is reinstated here as a formal name
within the Mount Holly Complex. It is correlated with the Wilcox
Formation in the Shrewsbury area (Ratcliffe, 1994) and with cer-
tain schists and biotite-muscovite-kyanite-large-garnet schists (Yrs)
on Ludlow Mountain that are both within the Mount Holly
Complex (Ratcliffe, 1992). Retrograde variants of the large-garnet
schists on Ludlow Mountain contain a muscovite-(paragonite?)-gar-
net-chlorite-chloritoid-relict kyanite mineral assemblage. In hand
specimen and in thin section, the fine-grained muscovite schist
resembles a lower grade variant of the aluminous Gassetts Schist
Member of the Cavendish Formation. Aplitic granite and a kyan-



ite-bearing pegmatite of the Mount Holly Complex crosscut the
schists on Ludlow Mountain. U-Pb ages from zircon in granite that
crosscuts the schists may be as old as 1,314+7 Ma (J.N. Aleinikoff,
written commun., 1997; Ratcliffe, Walsh, and Aleinikoff, 1997,
table 1). In addition, the core of a muscovite megacryst from retro-
grade ilmenite-muscovite-chlorite-chloritoid schist on Ludlow
Mountain has 39Ar-40Ar total fusion ages determined by spot-laser
extraction techniques (Hames and Cheney, 1997) at between
approximately 1,000 and 800 Ma. Thus, schists closely resem-
bling aluminous rocks in the cover sequence, but mapped as Yrs
within the Mount Holly Complex in the Ludlow area (Ratcliffe,
1992) and elsewhere (Ratcliffe, 1994), are Middle Proterozoic.
The association of rusty-weathering, coarse-garnet schist, calc-sili-
cate gneiss, dolomitic marble, and rusty-weathering quartz gneiss is
widespread in the Mount Holly Complex and further supports the
correlation of the units of the Cavendish Formation with the Mount
Holly Complex of the Green Mountain massif.

New U-Pb and Pb-Pb ages for zircons, from a 0.25-m-thick
quartzite within the dolomite marble of the Cavendish Formation at
Cavendish Gorge, meters beneath the contact with the aplitic facies
of the Felchwville, suggest that the quartzite and the enclosing marble
may be younger than the Felchville at the site sampled. Karabinos
and Thompson (1997) and Karabinos and others (1999) report
U-Pb evaporation and ion-microprobe Pb-Pb ages of between
1,290 and 934 Ma for zircon grains from the quartzite. If these
ages are interpreted as the age of detrital grains then the rock sam-
pled, and perhaps some of the Cavendish Formation is younger
than the Felchville and not part of the Mount Holly Complex. The
geologically mapped relations between the Cavendish Formation
and Mount Holly, however, suggest that the Felchville is intrusive
into both the paragneiss units of the Mount Holly and Cavendish
throughout the quadrangle. The presence of deformed pegmatites,
that are distinct from the Devonian pegmatites, in each suggests
that the isotopic data may be misleading. In light of the fact that all
data from zircon within the Mount Holly Complex, from either the
Green Mountain massif, or from the Chester and Athens domes,
have overgrowth ages ranging from 1,300 to 950 Ma, it is not at
all clear that the data from the Cavendish establish a maximum age
for the Cavendish Formation. Because of the strong geologic argu-
ments for including the Cavendish Formation as part of the Mount
Holly Complex, I favor that interpretation, although the age of
some or all of the Cavendish should be considered uncertain.
Should the new U-Pb resuits cited above prove correct, the age of
part of the Cavendish, but not necessarily all, would be Late
Proterozoic to Cambrian, and correlative to rocks of the Hoosac
Formation.

Intrusive rocks

Felchville Gneiss

Granodioritic to trondhjemitic gneiss (Yfgt) forms a widespread
unit within the Mount Holly Complex; finer grained variants are
mapped as aplitic gneiss (Yfap). Both of these map units are well
exposed at and near Felchville and herein are named formally as
the Felchville Gneiss. Both units intrude and crosscut all other units
in the Mount Holly Complex, including the Cavendish Formation.
The dominant variety (Yfgt) is characterized by a medium- to
coarse-grained texture and distinctive plagioclase augen. Overall,
the unit has a granodioritic to trondhjemitic composition and con-
tains biotite, as well as abundant secondary coarse epidote and
muscovite. The microcline content is generally O to less than 10
percent, but may be up to 25 percent of total feldspar. Near the
margin of the granodiorite gneiss, ghost-like inclusions or screens
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of country rock are common, whereas the interior of the unit
appears massive. Near calc-silicate rocks and marbles, the aplitic
gneiss (Yfap) becomes finer grained, has a low microcline content
of less than 10 percent, and contains less biotite. The aplite gneiss
contains xenoliths of surrounding gneiss and forms tiny lenses,
dikes, or sills in the paragneiss units of the Mount Holly. In both
the Yfgt and Yfap units, plagioclase forms well-twinned phenocrysts
in which epidote is concentrated in the core.

Two samples of the Felchville Gneiss (Yfgt) were collected for U-
Pb dating on zircon from large roadcuts at the intersection of State
Routes 44 and 106 north of Felchville and at the powerplant in
Cavendish Gorge. At Cavendish Gorge, the aplitic facies of the
Felchville Gneiss (Yfap) only meters thick is in contact with marble,
calc-silicate gneiss, and schist units of the Cavendish Formation,
and the Felchville contains xenoliths of other gneisses of the Mount
Holly Complex. Conventional U-Pb data for both samples were
highly discordant, scattered, and nonlinear and yielded U-Pb ages
of approximately 1,310 to 1,231 Ma. These data suggest the
rocks are Middle Proterozoic. Using the ion microprobe on cores
of zircons, Aleinikoff determined U-Pb ages from unit Yfgt of
1,379+23 Ma and from Yfap of 1,424+22 Ma. Zircons from both
samples have overgrowth rims dated at approximately 1,300,
1,100, and 950 Ma. These data indicate that the Felchville Gneiss
crystallized originally at 1,424 Ma and experienced complex ther-
mal events subsequently in the Middle Proterozoic. Therefore, all
rocks that are cut by the Felchville must be older than 1,424 Ma.
Thus, the Felchville (Yfap and Yfgt) is correlated and interpreted
tentatively as an intrusive resulting from an igneous event at about
1,424 Ma. Similar intrusive rocks (trondhjemite and tonalite) from
the Green Mountain massif (Ratcliffe and others, 1991) have simi-
lar ages of 1,350 to 1,300 Ma. However, clear-cut intrusive rela-
tions between the tonalite and trondhjemite gneisses and the parag-
neisses were not observed there, and some of the trondhjemitic
gneisses (the Bondville facies of Ratcliffe and others, 1991) were
interpreted as metadacites. In the Cavendish quadrangle, the
Felchville Gneiss clearly crosscuts the paragneiss units; therefore,
the paragneiss units in the Chester dome, including some of the
Cavendish Formation, should be Middle Proterozoic and older than
1,424 Ma.

The granodioritic gneiss (Yfgt) closely resembles a unit mapped
informally as the gneiss of Proctor Hill in the Mount Holly area
(Ratcliffe, 1992). That unit contains trondhjemitic and tonalitic
gneisses, has an aplitic facies, and intrudes calc-silicate gneisses,
rusty muscovite-chlorite-chloritoid schists, and amphibolites of the
Mount Holly Complex. Similar relations occur in the Weston quad-
rangle (Ratcliffe and Burton, 1996). In both areas, the rock rela-
tions are nearly identical with those in the Cavendish quadrangle.

Other gneisses and pegmatites

Coarse-grained granitic gneiss and pegmatite are widespread in
the Mount Holly Complex in the Cavendish quadrangle. Masses of
granitic gneiss (Ygg) contain large microcline crystals 1 to 2 cm
long and a texture that varies from pegmatite to medium grained.
Two of the largest masses are east of Star Hill and on the hills east
and south of South Reading. Small pods of pegmatite 0.5 to 10 m
thick appear in all of the units of the Mount Holly Complex includ-
ing the Cavendish Formation. These pegmatites are now chlori-
tized, highly deformed, and clearly predate the regional S, foliation.
Excellent pegmatite exposures occur in the schists of the Cavendish
Formation on the eastern and western walls at the upper end of
Cavendish Gorge about 150 m downstream from the dam. These
pegmatite pods, which are 0.5 to 1 m in diameter, contain ghosts



of coarse-grained biotite and hornblende that have been totally
replaced by fine-grained biotite and chlorite.

The age of these pegmatites is unknown, but similar pegmatites
on Ludlow Mountain intrude quartzites, calc-silicate gneisses, and
aluminous kyanite-garnet schists (now retrograded largely to mus-
covite-chlorite-chloritoid-quartz schists). Discordant U-Pb ages on
zircon indicate the pegmatites may be approximately 1,200 Ma
(J.N. Aleinikoff, written commun., 1991). These old, highly
deformed pegmatites in the Cavendish quadrangle are notably dif-
ferent from the younger Devonian pegmatite and two-mica granites
that crosscut the regional S, foliation; the younger pegmatites are
notably poor in potassium feldspar and have a biotite-muscovite
granodiorite composition. The Devonian pegmatites and granite
dikes crosscut the strong S, foliation and are weakly foliated in the
southeastern part of the map in the Pine Hill area where F, folds
are well developed. Elsewhere, they are nonfoliated and mildly
folded by only the F; folds.

In summary, granitic and trondhjemitic intrusive rocks are abun-
dant in the Mount Holly Complex in the Cavendish quadrangle.
U-Pb data from here and supporting data from the Ludlow area
suggest that granitic activity occurred at various times between
approximately 1,442 and 1,200 Ma. Evidence for a distinct intru-
sive event at about 1,000 Ma is not well documented from the
Green Mountain massif or from the Chester dome, although some
data (Ratcliffe and others, 1991) from this area suggest the possibil-
ity of metamorphic overgrowths on zircon at about 1,000 Ma and
again at 950 Ma.

Mantle rocks

The mantle rocks of the Chester dome beneath the Waits River
Formation have been interpreted in various ways by Doll and oth-
ers (1961) and Thompson and others (1990, 1993) (fig. 7).
According to Thompson and others (1993), the ascending
sequence of rocks from the Middle Proterozoic gneisses of the core
are (1) slabby gneiss, including marble, calc-silicate gneiss, and
augen gneiss of the Bull Hill Gneiss, (2) feldspathic granofels of the
Hoosac Formation, (3) aluminous and carbonaceous schists of the
Pinney Hollow and Ottauquechee Formations that are overlain by
interlayered mafic and felsic volcanic rocks and metasedimentary
rocks of the Hawley Formation of Massachusetts. Significant dif-
ferences between Doll and others (1961) and Thompson and oth-
ers (1993) are (1) including the carbonaceous schist of the
Missisquoi Formation in the Ottauquechee Formation, (2) including
the Barnard Volcanic Member of the Missisquoi in the Hawley
Formation above an unconformity, and (3) creating a marginal
zone of slabby gneisses of uncertain correlation beneath the
Hoosac Formation that might possibly contain Hoosac and older
rocks. 1n both the 1961 and 1993 interpretations, the map units
form parallel, concentric bands uniformly distributed about the
northern closure of the dome.

In contrast, the present map shows the mantle units beneath the
Wiaits River Formation as highly irregular. In addition, rocks identi-
fied as Hoosac, Pinney Hollow, and Ottauquechee by Thompson
and others (1993) are absent or correlated differently (fig. 7).
Rocks corresponding to the Hoosac Formation and augen gneisses
of the Bull Hill Member of the Cardinal Brook Intrusive Suite are
absent in my interpretation. Also, 1 have assigned amphibolite
(Oma) and green phyllonitic schist (Omgs) to the Moretown
Formation.

Moretown Formation

The Keyes Mountain thrust fault separates the middle Paleozoic
core rocks of the Chester dome from the overlying mantle of

Paleozoic cover rocks. The base of the cover section has a highly
mylonitic zone of very finely foliated rocks and numerous small dis-
continuous bodies of different rock types that are too small to map
at the scale of 1:24,000. Pods, lenses, or fault slivers of amphibo-
lite (Oma), coarse garnet-plagioclase granofels (Omg), and phyl-
lonitic schist (Omgs) are dispersed along the fault contact, and they
comprise a thin, highly deformed band above the fault.

Although an amphibolite unit (Oma) is mapped as a continuous
unit along much of the contact, in reality, it is a zone of intermixed
thin amphibolite and phyllonitic schist (Omgs). Locally, the two
units are separable, and slivers or infolds of amphibolite and schist
butt against the fault. The amphibolite (Oma) is highly sheared,
black to dark green, and contains thin epidote laminae near the
fault. Elsewhere, less deformed amphibolite occurs interlayered or
as fault slivers within the feldspathic granofels (Omg) and schist
(Omgs) units. In some exposures, the contact between the highly
folded amphibolite and other rocks is a fault contact that truncates
older folds and schistosity in both plates. These faults, in turn, are
highly folded.

The green phyllonitic schist unit (Omgs) contains thin beds of
pinkish coticule 1 to 2 m thick near contacts with amphibolite and
lenses of feldspathic granofels. The overlying feldspathic granofels
and schist (Omfg) also contains coticule, as well as coarse clots and
sprays of chlorite and actinolite and tan feldspathic quartzite.
These rocks are typical of the Moretown Formation mapped
throughout southern Vermont (Ratcliffe and others, 1992). Beds of
dark-gray, carbonaceous, rusty-weathering schist (Omb) are
interbedded within and particularly at the top of the feldspathic gra-
nofels and schist unit (Omfg). A discontinuous, rusty schist (Omr)
near the base(?) of the Omfg unit resembles the large mass of rusty
carbonaceous schist (Omb); both may be the same unit that was
repeated by folding. White to tan feldspathic quartzite (Omfq) is
common within the Omfg unit and is shown where thick enough.

Rusty, slabby, carbonaceous biotite schist (Omb) forms a distinc-
tive unit overlying the feldspathic granofels and schist unit (Omfg).
A discontinuous zone of fine-grained, carbonaceous phyllite having
small garnets may occur near the contact. The contact between
Omb and Omfg may be sharp, may be a fault, or may be gradation-
al. A predominantly rusty schist within the Omb unit contains
minor dark-gray- to steel-gray-weathering beds of vitreous quartzite
or slightly gritty quartzite (Ombg). The Omb unit includes lenses of
talc schist and talc-carbonate schist near Hammondsville and on
Keyes Mountain. These lenses probably reflect internal faults along
which slivers of ultramafic rock (OZu) were trapped. Near the ultra-
mafic belt is a large lens or sliver of well-laminated, pinstriped felds-
pathic quartzite (Omi}. The Omb unit occupies the same structural
position as the black schist associated with the Proctorsville ultra-
mafic belt west of the Proctorsville syncline (fig. 1). On Keyes
Mountain, coarse- to medium-grained dioritic amphibolite and fine-
grained, well-foliated plagioclase-epidote-hornblende amphibolite
(Omd) is associated with pods of talc-carbonate rock. Amphibolite
is mapped as unit Oma along the contact between (Omfg) and
(Omgs).

The overall distribution of units within the Moretown appears to
be stratigraphic and progresses upward from Omgs to Omfg to
Omb. However, repetition of units, like Omb lower in the section
and Omfg higher in the section, suggest complication either by
internal, intrafolial folding or internal faulting. The presence of
exotic talc schists and fault-bound amphibolites supports repetition
by faulting. This faulting may be older than the regional foliation
associated with the Keyes Mountain thrust fault and probably is
Taconian. Near the eastern border of the map on Rowe Hill, the
Omb unit is in contact with the basal amphibolite (Oma) and the
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intervening Omfg and Omgs units are absent, perhaps cut out by
internal faults above the Keyes Mountain fault. Numerous small
faults and faulted folds occur within this belt. The Omfg, Oml,
Omfg, Oma, and Omg units are typical of the Moretown units
mapped to the west in the Plymouth (Walsh and Ratcliffe, 1994)
and Ludlow (N.M. Ratcliffe and G.J. Walsh, unpub. mapping,
1994) quadrangles. The rusty schist unit (Omb) has been assigned
to rocks mapped as the Cram Hill Formation in the Ludlow quad-
rangle by Doll and others (1961) and as the Ottauquechee For-
mation in the Pinney Hollow-Ottauquechee-Hoosac sequence by
Thompson and others (1993) (fig. 7). However, the Pinney
Hollow-Ottauquechee-Stowe sequence does not match the strati-
graphic stacking of the Omb unit above the other Moretown rock
units mapped here in the mantle sequence of the Chester dome.
Moreover, recent remapping of the type section of the
Ottauquechee Formation and its extension southward (Walsh and
Ratcliffe, 1993) substantiates that the Ottauquechee and Moretown
rocks are different. On the other hand, rusty carbonaceous schist is
widely developed in the Moretown Formation of southern Vermont
(Ratcliffe and others, 1992) and was called the Whetstone Hill
Member of the Missisquoi Formation by Thompson (1950).

The section of rocks between the Keyes Mountain thrust fault
and the feldspathic granofels and schist (Omfg) was previously
mapped as Pinney Hollow, Ottauquechee, and Stowe Formations,
undivided (0€u of Doll and others, 1961) (fig. 7). None of the
rocks in the Cavendish area bear a strong resemblance to the
Pinney Hollow or Ottauquechee rocks, but some of the chlorite-
biotite muscovite schists in the Omgs unit here may correlate with
garnet-poor units of the Stowe in the Plymouth quadrangle (Walsh
and Ratcliffe, 1994).

Rocks immediately beneath the Keyes Mountain thrust fault
were mapped as the Hoosac Formation and underlying Bull Hill
Gneiss by Doll and others (1961), but neither of these units is pre-
sent in this area of the map. Rocks older than the Moretown on
the eastern flank of the Green Mountain massif (the Tyson,
Hoosac, Pinney Hollow, and Stowe Formations) were cut out by
the Keyes Mountain thrust fault, which places younger rocks on
older rocks. Such nonconventional relations are possible in areas
where thrust faults cut upwards through already overturned rocks.
The intrusive Bull Hill Gneiss (Ratcliffe, 1991) had been interpreted
as intercalated within the Hoosac Formation by Thompson and
others (1993). However, the Bull Hill Gneiss Member of the
Cardinal Brook Intrusive Suite is dated by U-Pb zircon age of 955
Ma and therefore would require that the Hoosac Formation be
older than 950 Ma. Potassium-feldspar augen gneisses typical of
the Bull Hill Gneiss are absent in the Cavendish area. However,
porphyroclastic plagioclase augen gneiss derived from the granodi-
orite gneiss unit (Yfgt) is present and may have been mistaken as
Bull Hill Gneiss by previous workers.

Barnard Gneiss and granofels

The Barnard Gneiss comprises a poorly exposed, narrow belt of
possibly metavolcanic rocks or a layered-sill complex above the
Moretown Formation. The Barnard Gneiss (Obmf) is a well-lay-
ered, dark-gray hornblende-plagioclase amphibolite interlayered
with light-gray to pinkish-gray-weathering hornblende felsic gneiss.
Both layers commonly are 1 to 100 cm thick and alternate or pass
along strike into masses of amphibolite lacking the felsic layers.
The contact with the underlying Moretown is not exposed. The
thinness of this unit here is remarkable, for in the Plymouth and
Ludlow quadrangles just west of the Proctorsville syncline, the
Barnard Gneiss is 1 to 2 km thick. There, at least 70 percent of
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the Barnard is a light-gray to white-weathering, medium-grained,
massive trondhjemite gneiss that probably is intrusive (Walsh and
Ratcliffe, 1994) and is totally absent in the Cavendish quadrangle.
The thin Barnard Gneiss section here may be the result of erosion
or the absence of the abundant intrusive rocks.

Nomenclature for the Barnard Gneiss (Ratcliffe, Armstrong, and
Aleinikoff, 1997), developed since preparation of this report,
restricts the name Barnard Gneiss to meta-intrusive trondhjemitic
and tonalitic gneiss northwest of the Chester dome and to local
occurrences along the eastern margin of the dome. In Vermont
south of the Chester dome the intrusive rocks correlative with the
Barnard belong to the North River Igneous Suite of Armstrong
(1994). All of these plutonic rocks occur within the Moretown or
Cram Hill Formations and establish minimum ages for deposition
of these units.

U-Pb ages of zircon from intrusive trondjemite and tonalite from
the Barnard and North River Igneous Suite have been determined
by J.N. Aleinikoff from 3 localities at 496+8 Ma, 486+3 Ma, and
462+6 Ma (Ratcliffe, Armstrong, and Aleinikoff, 1997). An addi-
tional U-Pb zircon age of 471+4 Ma has been determined by Scot
Sampson for Barnard Gneiss near its type locality (Karabinos and
others, 1998). In addition, zircon from a thin felsic layer, interbed-
ded with black schists and feldspathic and coticule-bearing granofels
from the Springfield quadrangle yielded a U-Pb upper intercept age
of 484+4 Ma (Ratcliffe, Armstrong, and Aleinikoff, 1997). The
dated rock, interpreted as a felsic volcanic, is interbedded within
what has been mapped as Ombs in this quadrangle and dates the
age of deposition of the upper part of the Moretown Formation in
the Chester quadrangle. Ratcliffe, Armstrong, and Aleinikoff
(1997) now regard the Ombs unit of the Chester quadrangle and
the dated volcanic layer from Springfield as correlative of the Cram
Hill Formation of central Vermont.

A thin, discontinuous, unnamed unit of calcareous volcaniclastic
and feldspathic granofels (DScv) overlies the Barnard Gneiss in this
quadrangle. This unit contains 1- to 10-cm-thick interlayered, fine-
ly laminated, actinolitic calcite-chlorite marble; hornblende-plagio-
clase-quartz felsic gneiss; and epidote-hornblende-calcite green-
stone. Near the top of the unit are beds of dark-blue to blue-gray
siliceous marble and lustrous, carbonaceous, small-garnet schist, or
zones of interbedded rusty amphibolite and gray quartzite (DSaq).
The total unit is less than 8 m thick and is interbedded with the
base of the Waits River Formation. The DScv unit is interpreted as
a zone of reworked detritus derived from the underlying Barnard
Gneiss; a nonconformity or local disconformity separates the two.

Waits River Formation

Dark-gray to silvery-gray carbonaceous phyllite or schist of the
Waits River Formation overlies the Barnard Gneiss and the
unnamed granofels unit (DScv). The Waits River contains distinc-
tive, punky, brown-weathering, deep-blue-gray quartzose marble
beds as much as 10 m thick, but commonly less than 0.5 m thick,
which extend to the base of the formation. These marble beds are
so poorly exposed, the distinction could not be mapped between
the Waits River Formation and the Northfield Formation, a marble-
free carbonaceous schist. The age of the Waits River is uncertain.
Aleinikoff and Karabinos (1990) obtained a U-Pb age of 423+6 Ma
from zircon in a dike that cuts the Standing Pond Volcanics near
Springfield; the Standing Pond is thought to overlie part or all of
the Waits River. Hatch (1991) and Hueber and others (1990)
report Early Devonian plant fossils in the Gile Mountain Formation
above the Waits River. These constraints would place the Waits
River Formation between Middle Silurian and Early Devonian.



INTRUSIVE ROCKS OF THE CORE AND MANTLE

Devonian granite dikes and pegmatite

Relatively straight-walled, narrow dikes 0.5 to 5 m thick of char-
acteristically unfoliated, fine-grained biotite-muscovite granite (Dg)
or pegmatite (Dp) crosscut highly foliated rocks in the core of the
Chester dome. In the Pine Hill area near the southeastern corner
of the map, some granite and aplite dikes crosscut the schistosity
and foliation in the Cavendish Formation (Ycfs), but the dikes are
weakly foliated parallel to axial surfaces of late northeast-trending
folds of the schistosity. All Devonian dikes crosscut the dominant
foliation associated with major deformation in the dome but are
weakly folded by the latest north-south folds. The above character-
istics distinguish Devonian dikes from Middle Proterozoic peg-
matites found in the Cavendish and other units of the Mount Holly
Complex.

Cretaceous dikes and intrusives at
Little Ascutney Mountain

Numerous lamprophyre, diabase, trachydacite, and felsite dikes
related to the large intrusive stock at Little Ascutney Mountain are
the youngest rocks in the area. The dikes commonly are associated
with pronounced jointing in the country rocks parallel to their walls.
Chemical weathering of the dikes and physical weathering of this
highly jointed country rock commonly result in narrow sharp-walled
valleys where the dikes once were. Near the margin of the stock at
Little Ascutney Mountain, shallow-dipping mafic and felsic sills and
dikes parallel the concentric dike sheets. This form of intrusion and
the presence of very fine grained, spherulitic(?) felsite dikes suggest
very shallow intrusion depths (Balk and Krieger, 1936).

A large, steep-walled composite stock of gabbro, diorite, and
syenite intrudes the Mount Holly Complex along the central eastern
side of the map. This stock is the western extension of the much
larger Mount Ascutney pluton described by Daly (1903). The con-
tact relations and distribution of rock types have been compiled
from Daly (1903), Chapman and Chapman (1940). and
Schneiderman {1989). Foland and others (1985) studied the
petrology, geochronology, and isotopic characteristics of the plu-
ton. They concluded that the pluton consists of earlier gabbroic
rocks that were contaminated by assimilation of country rock in
varying but high degrees and later syenitic and granitic rocks that
have little contamination. Nearly concordant K-Ar, 39Ar-40Ar, and
Rb-Sr whole rock isochron ages on biotite from a diorite to granite
suite are clustered at 122+1.5 Ma and indicate the intrusives were
contemporaneous and cooled quickly. Therefore, Foland and oth-
ers (1985) and Hubacher and Foland (1991) concluded the rocks
were intruded at a shallow crustal level in the Cretaceous.
Inclusions of trachytic volcanic rocks in all rock types also indicate a
shallow intrusion {Chapman and Chapman, 1940). Although
Schneiderman (1989) proposed that the plutons may have been
intruded at depths of 5.8 to 14.5 km, these depths may be exces-
sive because of the rapid closure of the argon and Rb-Sr systems at
122 Ma. At depths of 14 km in the Cretaceous, temperatures
would have been approximately 280°C if a geothermal gradient of
20°C per kilometer were assumed. Regional cooling ages for
biotite and microcline in the country rocks beyond the contact aure-
ole range from 345 Ma to 310 Ma, respectively (Harrison and oth-
ers, 1989). Regional cooling below approximately 250°C (the
blocking temperature of microcline) had occurred approximately
188 m.y. before the intrusion of the Mount Ascutney pluton.
Therefore, depths of intrusion as great as 14.5 km seem unlikely.
In addition, regional fission-track ages on apatite are about 90 Ma

(Zimmerman and others, 1975), which suggests that at that time
temperature had cooled to about 100°C at a depth of about 4 km.

Gravity and aeromagnetic modeling of the intrusive complex at
Mount Ascutney by Daniels (1990) showed the lack of a strong
positive gravity anomaly and aeromagnetic gradients of a shallow-
floored feature over the gabbro-diorite stock. He suggests the gab-
bro-diorite body is inclined eastward as a stepwise intrusion fed
from the main feeder at Mount Ascutney.

STRUCTURAL GEOLOGY

Method of analysis

The structural geology of the Cavendish quadrangle may be
viewed as either extremely complex, or relatively straightforward.
Previous workers portrayed complex structures demonstrated by
intricate map patterns that involved repetitions of basement and
cover rocks and the inversion of the rock sequence (see figs. 1, 3-
5). The hypothesis (Thompson, 1950; Rosenfeld, 1968;
Thompson, Rosenfeld, and Downie, 1986) that the basement and
cover rocks were involved in recumbent Acadian isoclinal folds can
be tested by mapping the units in the core of the dome. A geomet-
ric requirement of the isoclinal and recumbent fold model is that the
axial surfaces of the proposed nappe-stage folds are the actual
planes of symmetry about which the rocks are repeated, as, for
example, along the axial traces shown in figures 1 and 3. In order
to evaluate this, | mapped marker units in the Mount Holly
Complex and the pattern of Acadian foliation. The form line map
(fig. 8) of the dominant foliation shows the relation between ampli-
tude and orientation of potential nappe-stage folds. Measurements
of the dominant regional S, foliation in older rocks and the schis-
tosity in Silurian and younger rocks were used to construct the form
line map. The form lines, therefore, are older than any of the
crenulation cleavages and warping associated with younger folds,
but the form lines are deflected, or warped, by the younger events.

Fold generations and cleavage development

Axial traces of five generations of folds are shown on the geo-
logic map. The oldest folds (F;) caused repetition of gneiss and
schist units in the core of the dome. These folds trend generally
northeast. Both gneissic layering and coarse schistosity are highly
folded and generally dip steeply to the southeast or northwest. In
most outcrops, the old compositional gneissic layering or schistosity
is difficult to determine because of numerous short-wavelength F,
folds. The double strike-line symbol shows the generalized strike
and dip of the old gneissosity. Upright F; folds having a northeast-
trending axial surface and plunge were observed at four localities.
The F; folds are refolded by younger F, folds and are strongly cross
foliated by the dominant schistosity (S).

If the Cavendish Formation is younger than the Mount Holly
Complex, the F; folds could be either Taconian or Acadian. The
correspondence of pegmatites within the Mount Holly Complex
with trends of F; fold limbs and the discordance with folds and
structures in the mantle rocks and the lack of F; folds involving the
955-Ma-old Bull Hill Gneiss Member of the Cardinal Brook
Intrusive Suite in the Chester and Saxtons River quadrangles all
suggest a Grenville age for the F; folds.

An intensely developed regional foliation in both basement and
cover rocks parallels the margin of the Chester dome and the over-
lying Waits River Formation. Because of this concordance, the S,
foliation is interpreted as Acadian. However, the foliation in the
core of the dome may be pre-Acadian or Taconian. Regional rela-
tions (Ratcliffe and others, 1992; Walsh and Ratcliffe, 1994;
Ratcliffe, 1993) suggest this is the case outside the dome. Here,
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the schistosity is termed the S, foliation, and the attendant folds
that have this foliation as the axial surface are termed the F, folds,
assuming that the pre-Silurian rocks may have a composite of
Taconian and Acadian foliation. On the map this S, foliation is
shown by a solid triangle on the foliation symbol. The S, foliation
dips steeply to the northwest and west along the western limb of
the Chester dome, but the S, foliation swings east-west and dips
gently to the north at the northern end of the dome. In the core of
the dome, the S, foliation may cross lithologic unit contacts within
the Mount Holly Complex at a high angle, unless the units were
rotated into conformity on limbs of the F, folds.

Lineations produced along the intersection of S, foliation and
older F; gneissosity or schistosity parallel the hinge lines of folds
that plunge at high angles to the strike of the S, foliation. Many F,
folds are reclined, meaning that the reclined fold has a hinge line
that plunges down the dip of the axial surface at a high rake angle.
The term reclined does not refer to the gentleness of dip of the
axial surface, as in an inclined or recumbent fold. Along the west-
ern limb of the dome, the F, fold hinge lines plunge steeply to the
northwest, whereas around the northern end of the dome, these
plunges vary from northwest to north to northeast.

The form line map (fig. 8) produced from the strike and dip pat-
tern of S, foliation in the core and S, schistosity in the cover rocks
of the dome demonstrates two important things: (1) the S, folia-
tion clearly parallels the Keyes Mountain thrust fault and (2) the S,
foliation does not produce large amplitude deflections between the
Cavendish Formation and other units in the Mount Holly Complex.
These observations are important in determining the presence of
fold nappes in the Mount Holly Complex.

The sense of rotation of minor F, folds is variable and is not sys-
tematic in a way that would be useful in deducing stratigraphic tops
or kinematic drag sense of larger folds. This generally is the case
where foliations transect older folds and irregularly oriented layers.
The intensity and amplitude of the F; folds increase near the Keyes
Mountain thrust fault and are less within the core.

Three, possibly four, additional fold sets were imposed on the
rocks after formation of the S, foliation. Each later fold set is
expressed by a strong to weak axial-planar crenulation cleavage.
The S, form line map (fig. 8) shows the trend of the S, foliation
and subsequent folds of that reference surface. Local deflections
identify the younger folds that may or may not deflect the more
steeply dipping lithologic contacts. The later Fs, F,, and Fy folds
produce the composite form of the Chester dome. These generally
north-plunging folds are the dome-stage folds recognized by
Thompson (1950) and Rosenfeld (1968).

Folding of older reference surfaces, such as the steeply dipping
gneissosity associated with the F; folds, may not have deflections if
the units have a subvertical dip. Map deflection of contacts is an
expression of the component of the fold amplitude in the plane of
the map. For this reason, steeply dipping lithologic contacts may
not show major deflection where F5 or younger folds cross. The
gently dipping S, foliation is, however, at a high angle to the later
folds and serves as a better reference surface for showing subse-
quent folding related to formation of the dome.

Several east-west to northwest-trending F; folds deflect the form
lines shown in figure 8. These F; folds are generally upright to
overturned to the southwest. A series of northeast-trending, later
crenulate F, folds with southeast-dipping axial surfaces are devel-
oped near the northeastern border of the map. The last set of
folds to form, Fs folds, are very weakly developed, north-trending,
and have a subvertical crenulation cleavage.

The F, and younger structures are generally present in the man-
tle rocks of the dome, as well as the Silurian and Devonian rocks
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farther from the dome. Within the Moretown Formation, the S,
foliation is superposed on an older schistosity that is tightly folded
about F, axial surfaces. Everywhere both foliations dip away from
the dome and are parallel to the dip of the Keyes Mountain thrust
fault. The strong folding within the Moretown Formation and
along the Keyes Mountain fault probably is Acadian, but an older
penetrative foliation associated with synmetamorphic faults is pre-
sent within the Moretown. Earlier, Taconian movement on the
Keyes Mountain fault or similarly oriented surface cannot be dis-
counted and seems likely.

Structures within the Waits River Formation must be younger
than Early Devonian and, therefore, must be related to the Acadian
orogeny. Foliation and bedding are parallel in the Waits River, and
Acadian F; folds can be seen only rarely. A well-exposed bed of
limestone (DSwrl) in the northwestern part of the map sh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>