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A petrogenetic study of an Acadian gneiss body

based on new chemical and strontium-isotope data



Resume for New Publications of the Geological Survey

The Glastonbury Gneiss body, trending about 65 km along the axis
of the Bronson Hill anticlinorium in south-central Massachusetts and
north-central Connecticut, consists of a northern, silicic and potash-
poor gneiss partly of trondhjemitic composition and a southern, differen-
tiated calc-alkaline granitic gneiss. The northern Glastonbury is belieQed
to be the product of Acadian anatexis of mid-Ordovician metavolcanic
rocks, whereas the southern gneiss may reflect remobilization of a more
potassic crust. A number of major- and trace-element analyses are
presented for the Glastonbury Gneiss and associated metavolcanic rocks.

An Rb-Sr whole-rock isochron age of 383+ 41 m.y., with 87Sr/865r

—r fes (Flad ot -
has been determinedy The Glastonbury Gneiss is analogous to Oliverian

0= 0.7093,

domes at deeper, hotter crustal levels.
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ABSTRACT

The Glastonbury Gneiss crops out in a long, narrow belt trending
north-northeast for about 65 km through Connecticut and Massachusetts
along the west side of the Broﬁson Hill anticlinorium. The Glastonbury
is overlain by Paleozoic rocks of the New Hampshire sequence;aﬁh intrudes

mMay soeude the .
the Ordovician Ammonoosuc Volcanics andjoverlying Collins Hill Formation.
Structurally and stratigraphically the Glastonbury is generally compara-
ble to the domes of the Oliverian Plutonic Series in New Hampshire.
The northern part of the Glastonbury body typically consists of leuco-
cratic, granoblastic, granitic-looking gneiss that appears composition-
ally homogeneous in outcrop but proves to be chemically and modally
Loper erort Aittopeas !

inhomogeneou§@ Strong foliation and/or lineation with accompanying
cataclastic (?) textures are typical. The gneiss is metatrondhjemite
in part,.consisting dominantly of quartz and calcic oligoclase
(generally less than 10 percent K-feldspar) and additionally contains
biotite, epidote, muscovite, and minor accessories; it approaches the
composition of Monson Gneiss and felsic layers in Ammonoosuc Volcanics
and is quite distinqt from calc-alkaline granitic rocks. By contrast,
gneiss in the southern part of the body is consistently more potassic,
with calc-alkaline compositions ranging from granite to fW'“k?jiorite.

1t also shows textural and structural variations, likewise possibly of

cataclastic origin.



The origin of the Glastonbury rocks is evidently complex. The
northern gneiss is believed to have consolidated from a crystal mush
produced by anatexis in a water-deficient system. The postulated
gneiss protolith (Monson Gneiss and, possibly, underlying units), is
similar to other major gneiss units in the northern and central
Appalachians (for example, the James Run Formation in castern Mary-
land) and has a composition comparable to that of marine valcanic-
volcaniclastic sediments of eugeosynclinal environments, as well as
that of some Archean trondhjemites. The southern granitic gneiss
appears to represent a distinct calc-alkaline intrusion, but its trace-
element characteristics are clearly related to those of the northern
Glastonbury and the Monson Gneiss. Petrologically the Glastonbury
Gneiss and associated volcanic rocks may bc compatible with the plate-
tectonic regime of Bird and Dewey (1970). A composite Rb-Sr whole-
rock isochron for the entire Glastonbury body shows much scatter
(Brookins, this volume) but suggests a composite age of 383 * 4l m.y.
at the 1g confidence level. Because of the scatter, the validity of
the isochron age is somewhat doubtful. Indeed, the possibility of two
or more ''ages cannot be discounted, and an isochron through the northern
Glastonbury points only yields 548 * 90 m.y. (lo confidence level).

On the other hand, geologic considerations suggest a most probable time
of intrusion around 400-380 m.y., thus within the uncertainty of the

composite isochron age.



The northern and southern gneisses of the Glastonbury body are
lithologically comparable to the stratified and unstratified core
gneiss, respectively, of a typical Oliverian dome such as the Mascoma
dome of New Hampshire (Naylor, 1969). In the latter, however, pcrash-
poor, volcanigenic stratified core gneiss is clearly distinct from
crosscutting, relatively homogeneous granitic rocks (unstratified core
gneiss) of the associated pluton. The origin proposed hers for the
Glastonbury gneiss body ,implies as unusually high heat flow in Early
Devonian time to-bring asout palingenesis at moderate depths of burial.
In the Mascoma and other Oliverian domes of Ordovician age, by
contrast, there is no indication of anatexis and mobilization of pre-

existing rocks.
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Introduction
The Glastonbury gneiss body is a narrow, elongate structure which
extends from just south of the Belchertown batholith in central Massa-

chusetts to the vicinity of Middletown, Connecticut (figs. 1 and 2).

Figures 1 and 2 near here.

The Glastonbury body constitutes a part of the Bronson Hill anticlinor-
ium (Billings, 1956; Thompson and others, 1968), a complexly folded and
deformed sequence of Paleozoic metasedimentary, metavolcanic, and plu-
tonic rocks trending south-southwest from northwestern New Hampshire to
Long Island Sound (fig. 1). The stratified rocks are intruded byfé—
uaxie%y—e{jigneous plutons which have been assigned to several magma
series on the basis of composition, degree of deformation, and apparent
age (Billings, 1937, 1956). The Oliverian plutonic series, recognized
on the basis of field relations and metamorphic recrystallization to be
among the oldest, comprises a number of gneiss domes mantled by the
dominantly mafic Ammonoosuc Volcanics of Early to Middle Ordovician age.
The Glastonbury gneiss body resembles the Oliverian domes in that 1) it
also is mantled by Ammonoosuc Volcanics (and, at its southern end, by
Collins Hill Formation, which overlies the Ammonoosuc Volcanics or
their equivalent, the Middletown Formation) and intrudes these strata
along mugh of the western side of the dome; and 2) it is pervasively
metamorphosed at middle amphibolite facies grade. On this basis,

the Glastonbury body has éﬁeerally been regarded as an Oliverian dome.

(N












Figure 2.--Geologic sketch map of the Glastonbury gneiss body and
adjacent lithologic units. Compiled from published sources
(Collins, 1954; Aitken, 1955; Herz, 1955; Snyder, 1970) and
from various unpublished data, mainly of H. H. Pease and J. D.

Peper, U. S. Geological Survey.
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On the other hand, there are some significant petrologic differen-
ces between the core rocks of the Glastonbury body and those of
Oliverian domes as presently known. Naylor (1968, 1969) has described
two kinds of felsic rocks which constitute the core of the Mascoma
dome in northwestern New Hampshire which is regarded as typical of
Oliverian domes in general. Unstratified core rocks, constituting
a pluton which makes up about one-fourth of the core of the dome, are
massive and homogeneous and range in composition from granite to
quartz monzonite. Stratified gneiss, constituting the remainder of
the core of the dome, consists dominantly of quartz and plagioclase
with subordinate K-feldspar and accessory minerals. The stratified
core gneiss is assumed to be of volcanic origin, and is cut by the
unstratified core rocks, which may also intrude mantling Ammonoosuc

Volcanics.

Kb



Rocks of the Glastonbury body likewise show a bimodal character,
but the stratified gneiss typical of the Oliverian domes is lacking.
Instead, weakly to conspicuously foliated but unstratified gneiss
constitutes all of the core. Despite much textural and compositional

variation on a local as well as a regional scale, the Glastonbury Gneiss

S
¢ ‘)

can be divided grossly into twogﬁaiﬁihné;on the basis of the lithology.
Rocks in the northern part of the body, extending roughly to the south

edge of the Ellington quadrangle (fig. 2) characteristically are quartz-

s

Figure 2 near here.

plagioclase gneiss containing less than 10 percent K-feldspar and
approaching trondhjemite in composition. The southern part of the body,
by contrast, consists of weakly foliated to unfoliated granitic rocks with
a much higher content of K-feldspar than the northern rocks, locally as

conspicuous Qy@bhyroblasts.

7#



The Glastonbury Gneiss poses several problems in petrogenesis and
age relationships to which this paper is addressed.

1) The variable, but generally potash-poor and silica-rich compo-
sition of the northern gneiss is distinct from that of magmatic intru-
sions on the calc-alkaline differentiation trend, but more nearly re-
sembles the composition of the adjacent Monson Gneiss. Although primary
textures have been obliterated by Acadian metamorphism, the lack of
recognizable compositional }ayering in the northern gneiss, coupled with
its demonstrably intrusive relationship to the Ammonoosuc Volca:ics,
indicates that the gneiss was intruded as a magma (more specifically,
as will be argued, a water-undersaturated crystal mush). A major purpose
of this paper is to show that the northern Glastonbury could have
originated by early Acadian anatexis of the Monson Gneiss (and/or
underlying rocks of generaily similar composition. In support of this
thesis, a number of new analyses of Glastonbury Gneiss, Monson Gneiss,
and felsic layers of Ammonoosuch Volcanics are presented.

2) The scatter in the age data (fig. 14), further discussed by
Brookins (this volume) leaves the true time of intrusion of the Glas-
tonbury Gneiss in some doubt, and also leaves open the question whether
or not there is a distinct age difference between the chemically (and
genetically?) distinct northern and southern parts of the gneiss body.
Regarding the first point, the whole-rock Rb-Sr isochron age of 383 Y 4 om.y.
represents the 67 percent (lo) confidence level. |In view of the non-

linear array of data on the isochran diagram (fig. 14), however, the

BA (EB folasrs)



uncertainty might better be stated at the 95 percent (20) confidence level,
i.e., 383 X 82 m.y. (J. A. Arth, pers. commun., 1977). This uncertainty is
greater than that defined by geologic-stratigraphic controls, as summarized
below. Regarding the possibility of more than one Glastonbury age, a least-
squares regression through the 5 data points for the northern Glastonbury
Gneiss only (fig. 14) suggests an age of 548 ¥ 90 m.y. at the lo confidence
level. Although this ''age' is improbably high in terms of presently known
ages and geologic relationships in the region as a whole, and its validity
cannot be assessed without furnther data for the northern Glastonbury Gneiss,
it does point up the uncertainties in the Rb-Sr systematics, and suggests
the possibility that the northern Glastonbury is, indeed, older than the
southern.

Geologic considerations based on presently available field evidence and
geochronologic data for other units place some constraints on the age of
intrusion of the Glastonbury Gneiss. A U-(Th)-Pb zircon date of 380 * 5 m.y.
(early Middle Devonian) for the Belchertown pluton north of the Glastonbury
body (see fig. 1) has recently been determined by R. E. Zartman (Leo and
others, 1977). The Belchertown is younger than the Glastonbury, for the
following reasons: 1) the north end of the Glastonbury in the core of the
Minechoag anticline (Leo and others, 1977) is seemingly deformed by the
Belchertown pluton, and 2) the Belchertown is significantly less metamorphosed
(virtually undisturbed igneougéextured core grading to recrystallized gneissic
margins) than the thoroughly recrystallized Glastonbury Gneiss. Thus, 380
m.y. represents a valid minimum age for the Glastonbury. A maximum age,
meanwhile, is imposed by the 460 X 10 m.y. age for the Ammonoosuc Volcanics
(Brookins, 1968) assuming that determination to be representative; the

Ammonoosuc is intruded by northern Glastonbury Gneiss. A more doubtful

2B (3¢ foltows)



maximum age is the 424 X 41 m.y. for Collins Hill Formation (Brookins

and Methot, 1971; see footnote, p. 77, this paper), a unit which is
apparently, but not definitely, intruded by the southern Glastonbury
Gneiss (see p. 22B). Finally, conditions of temperature and pressure
required to produce an anatectic melt from a Monson lithology were most
likely to be attained in the early Acadian at the time of maximum burial
of Ordovician rocks by the Siluro-Devonian section, approximately 400-380
m.y. ago. Thus, this most probable age of intrusion of the Glastonbury
is within the murgin of errer of the Rb-Sr isochion age of 383 X 41 m.y.
Because of this correlation between a geciogically reasonable age and

the whole-rock isochron age, the latter will be referred to, as a
"'working age,' throughout the paper; however the uncertainties inherent in

the isochron age should be kept in mind by the reader.
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Regional Geology
Partridge and Collins Hill Formations

The Partridge and Collins Hill Formu*gtions of middle Ofﬁovician
age are discussed here only in the context of the regional strati-
graphy, but are not otherwise involved in the study. The two forma-
tions are stratigraphically equivalent4and conformably overlie the
Ammonoosuc Volcanics. The name Partridge Formation is applied
principally to rocks north of the Connecticut boundary while Collins
Hill is the name used for stratigraphically equivalent rocks in the
Middle&»Haddam quadrangle. Both units consist of micaceous schists
containing graphite and sulfide (commonly pyrrhotite) which results .in
a characteristic yellow-brown weathering crust, with associated qﬂ@t-
silicate and siliceous granofels, coticule, and mafic and felsic
volcanic layers (Thompson and others, 1968, p. 206; Eaton and

Rosenfeld, 1960, 1972).

]
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The Ammonoosuc Volcanics is a unit of volcanic, volcaniclastic,
and epiclastic origin of Middle Ordovician age which is distributed
along the Bronson Hill anticlinorium from Maine through Connecticut
(Billings, 1937, 1956). In northwestern New Hampshire and Vermont,
the Ammonoosuc concordantly overlies the Albee Formation (Billings,
1937, p. #72-475), a sequence of mostly non-volcanic, quartz-rich
arenaceous and pelitic rocks. In scutheastern New Hampshire,
Massachusetts, and Connecticut, the Ammonocosuc is concordantly
underlain by stratified Oliverian core gneisses and also the Monson
Gneiss, rocks mostly of volecanic and volcaniclastic origin. This
situation is ascribed by Naylor (1968, p. 234-237) to a broad facies
change across a line trending northeast across northwest New Hampshire
and north central Maine. Gradational contacts between Ammonoosuc
Volcanics and Monson Gneiss in the Monson area have been described
by Peper (1966). South of the Monson quadrangle the base of the

Ammonoosuc is either faulted or intruded by the Glastonbury Gneiss.
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The Ammonoosuc shows a vide range of campositional and textural
variations. Compositions vary from basalt to rhyolite, while textures
indicste a variety of pyroclastic rocks ranging from volosnic oonglo-
merate through tuffs and tuffacecus sandstone, as well as subordinate
x;ontic and mafic flows (Billings, 1956, p. 17-18). Relict volcanic
textures in the Ammonoosuc tend to be more apparent at the lowwr ?“‘
metamorphic graded in westermmost Nev Bampshire (Billings, 1956{
Higher-grade rocks (above staurolite zone)vhich ineclude those dis-
cussed in this report, typically are hornblende-plagioclase smphibolite
and felsic gneiss and granofels. The greater part of the Ammcnoosuc

sequence south of the Beslchertovn batholith {fig. 2) consists of thin-

Yiggs T A2 .

layered, typie&uy»crlnklod, horndblende-plagioclase smphibolite that

locally contains garnet, quartz, and epidote. Felsic granofels forms
thin layers in amphibolite and ordinarily predominates towards the
top of the section (Peper, 1967; Thompson and others, 1968, p. 206).
In the Ludiov area, felsic gneiss gradational to amphibolite in the

lover part of the mection bave been included with Ammonoosuc (Leo,snd others,

v bress
M » although elsevhere such rocks have/probably’ been regsrded

as Monson Gneiss. The felsic rocks interbedded with amphibolite
typically are fine-grained, sugary-textured, and unfolisted, but poss
& delicate striping due to concentration of mafic minerals along
Planes (fig. 3938)- '

Figure 3 mear here.

They consist of quartz, sodic plagioclase, and less than 15 percent
of one or several of the following minerals: biotite, Ca-poor
saphiboles, hornblende, garnet, epidote, and magnetite. K-feldspar
is typically scarce or absent. Thin layers of rult'.y-veathering,
felsic granofels containing acicular anthophyllite and cummingtonite
(no. m table 1) are rare but distinctive; such rocks are

particularly characteristic of the Ammonoosuc in the Orange ares of

Table 1 near here.

northern Massachusetts and southern Nev Hampshire (Robinson and

Jaffe, 1969).
12
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Figure 3.--Monson Gneiss and Ammonoosuc Volcanics.

A.

Well-layered, vertically tilted Monson Gneiss, north side of
cut on Massachusetts Turnpike (I-90), 0.5 km south of Palmer
Center, directly east of crossing of Breckenridge Road, Palmer
quadrangle (fig. 2, loc. 31).

Delicate compositional banding in massively layered gqeiss,
same location as preceding.

Ovoid amphibolite inclusions evidently aligned by flow of
felsic Monson Gneiss. Flynt quarry, east side of upper Palmer
Road, about 2 km NNW of Monson, Mass. (fig. 2, loc. 34835).
Detail of preceding. Note blotchy texture of felsic layer in
amphibolite indicative of partial melting in this layer,
apparently preceding detachment of amphibolite block. Note
also sharp boundary of inclusion against gneiss except for
apparent felsic reaction rim at bottom and lower right.
Swirled and diffuse banding in gneiss that has apparently.
flowed plastically. Compare with A and B. Flynt quarry.
Textural variations in Monson Gneiss. Left, foliated but

proYatle catoclashc
fairly homogeneous gneiss; center, usli=presewsved—ciastie,

< o

~

possibly—eutanibiée texture; right, compositionally layered e

but essentially unfoliated gneiss.

13 F
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1 G. Typical association of mafic and felsic layers in folded

2 Ammonocosuc Volcanics. Southeast side of Minechoag Mountain,

3 Ludlow quadrangle, Mass. (fig. 2, loc.47).

4 H. More thickly layered felsic gneiss and amphibolite of Ammonco-
5- suc Volcanics near bottom of section. South side of

& Massachusetts Turnpike, 1.1 km eaét of Chicopee River, Ludlow

7 quadrangle (fig. 2, loc. 39).
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’Pxplanation for Table 1. See figure 2 for location nqmbers.t]

Glastonbury Gneiss--

1.‘;Li.gated, faintly foliated quartzo-feldspathic gneiss with blotchy
elongated biotite-epidote aggregates;l/ scattered small garnets.
Chilson Road, 65 m south of intersection with Three Rivers Road,
Ludlow quadrangle.

2. Equigranular gneiss with crenulated foliation. Large cut on
Massachusetts Turnpike (I-90) just northeast of Kelly Hill Street
overpass, ca. 3 km west of center of Palmer, Palmer quadrangle,

3. Similar to no. 1, garnet free. SW corner of Pulpit Rock Pond, SE
corner of Ludlow quadrangle.

4. Inequigranular, nearly unfoliated felsic gneiss. About 1 km NE
of Hampden, Hampden quadrangle.

5. Fine-grained, pin-striped, and delicately foliated gneiss. East
side of Chapin Road, 0.8 km ESE of summit of Pine Mountain,
east-central part of Hampden quadrangle.

6. Fine-grained, pin-striped gneiss. East side of Crow Hill, 2.5 km

ki
NNE of West Stafford, Stafford Springs quadrangle.

1/ Inasmuch as Glastonbury Gneiss is invariably quartzo-feldspathic
and contains biotite, lesser muscovite, and epidote, these features
are not repeated in the remaining descriptions. Specimens of Monson
Gneiss and felsic Ammonoosuc Volcanics likewise are quartzo—feldﬁ—
spathic. Other distinguishing features of these rocks are used as

appropriate.



10.

11.

12,

13.

14,

Fine-grained, delicately foliated gneiss; center of eastern gneiss
body. Hillock south of airstrip, 1.7 km ESE of West Stafford .
Stafford Springs quadrangle.

Delicately foliated gneiss wiﬁh scattered garnets. Xnob at 209 m
level, east side of unnamed ridge, 0.7 km NNE of north end of
Bradway Pond and 1.3 km SE of West Stafford.

Fine- to medium-grained, well-foliated gneiss. Quarry on south
side of Cooper Road, 1.5 km SE of West Stafford.

Strongly lineated, micaceous gneiss, somewhat darker than average.
Outcrops on north side of Shenipsit Lake Road about 3 km east of
Ellington, Conn. (fig. 5E, F). .
Medium-grained, strongly lineated and weakly foliated rock with
blotchy biotite aggregates and porphyroblasts of quartz and
K~-feldspar. Roadcut north side of Conn. Rte. 15 - Rte. I-86,

1.5 km south of Rockville, Rockville gquadrangle.

Rather massive gneiss with crenulated foliation, prominent biotite
and K-feldspar porphyroblasts up to 1.5 cm long. Near east end

of roadcut, north side of Connecticut Rte. 15 (I-84) directly east
of Wyllys Street overpass and approximately 0.8 km east of High~-
land Street exit, Rockville quadrangle.

Somewhat more mafic appearing gneiss near center of same roadcut,
about 160 m west of loc. 10 (fig. 5D, E).

l.i km SW of Birch Mountain, NW corner of Marlborough quadrangle,

Conn.; collector, G. L. Snyder.

14C.



15.

l6.

17.

18.

19.

20.

21.

22,

23.

24.

25,

0.8 east of Buckingham Reservoir, NW part of Marlborough quad-

rangle; collector, G. L. Snyder.

"Schistose facies" of Herz (1955); 0.6 km SW of Buckingham village,

Glastonbury quadrangle; collector, G. L. Snyder.

Northwest side of Goodale Hill Road, 0.6 km SW of Diamond Lake,

west-central part of Marlborough quadrangle; collector, G. L. Snyder.

Inequigranular, poorly foliated, relatively felsic gneiss. Washed
outcrop at site of Hebron Ave. Gravel pit, ca. 0.5 km south of
Connecticut Rte. 94, west edge of Marlborough quadrangle.
Light-gray, fine-grained, delicately laminated gneiss; "flaser
facies" of Herz (1955). Goodale Hill Road, about 1.6 km eas£ of
East Glastonbury, Glastonbury gquadrangle.

"Eastern border facies" of Herz (1955); roadcut on Conn. Rte. 2,
eastbound (south) side, about 0.2 km west of Hollow Brook cross-
ing, SE part of Glastonbury quadrangle.

0.5 km ENE of intersection of Thompson Hill and Cotton Hill
Roads, north-central part of Middle Haddam quadrangle.

0.3 km NE of Raccoon Hill, NE part of Middle Haddam quadrangle.
0.3 km east of Raccoon Hill, 0.5 km SSW of preceding location.
Quarry, east slope of Larson Hill, 0.5 km SE of intersection of
Stewart Hill and Great Hill Roads, north-central part of Middle
Haddam quadrangle.

Fine-grained, moderately foliated quartz-plagioclase-K-feldspar-
biotite~hornblende-epidote gneiss. 0.4 km east of South Road and

1 km NNE of South Road - Cox's Road intersection, north-central
part of Middle Haddam quadrangle.
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26.

27.

28.

Similar gneiss but better foliation and somewhat higher color

index. Slope west of South Road, approx. 300 ft level, about 0.5
km west of preceding location.

Generally similar rock to no. 26. Ridge 0.3 km WSW of loc. 26.
Fine—-grained gneiss with crenulated foliation generally similar
to nos. 26 and 27. 0.5 km east of summit of Strickland Hill

and 0.3 km north of Cox's Road, about 250 ft level.

Monson Gneiss

29.

30.

31.

32.

—

Delicately foliated and crenulated gneissi?ésh—pessible—fe&éet-
euéaxétée—#eatu:e—iseewfigs.-3F,~cente€}—ané—éi%zy-Large over-
hanging outcrop 0.75 km SSW of summit of Pattaquattic Hill, NE
part of Palmer quadrangle.

More homogeneous, evenly foliated gneiss (fig. ;;, right). Base
of cliff east of jeep trail, 0.6 km NE of intersection of

Warren and Gates Streets, central part of Palmer quadrangle.
Weakly foliated and compositionally laminated felsic gneiss with
blotchy mica aggregates on foliation plane. North side of cut on
Massachusetts Turnpike (I-90) just east of Breckenridge St.

overpass, 2.5 km NNE of center of Palmer, Palmer quadrangle;

Granular, sugary~textured rock with scattéred feldspar megacrysts;
possible relict tuffaceous texture. West slope of small hill
about 0.4 km NNW of intersection of Smith and Mason Streets,

0.7 km west of Thompson Lake, east-central part of Palmer

quadrangle.



33.

34.

35.

36.

37.

Fine-grained, delicately foliated gneiss (see fig. 3E, left).
Roadcut, west side of access road to Children's Colony, Monson
State Hospital, 0.9 km SSW of intersection of Hospital and Upper
Palmer Roads, Palmer quadrangle.

Very leucocratic, sgxbary-textured, faintly foliated rock. Flynt
quarry, east side of Upper Palmer Road, about 2.0 km NNW of center
of Monson, Monson quadrangle.

Relatively mafic, even-grained and nearly homogeneous rock. Same
locality as preceding.

Fine- to medium-grained, well-foliated gneiss. Headwaters of
Bonemill Brook, 0.8 km SE of Tolland Ave., Stafford Springs
guadrangle.

Finely foliated, hornblende-bearing gneiss, 0.1 km upstream from

preceding sample.

Felsic Ammonoosuc

38.

39.

40.

Fine-grained, sugary-textured, leucocratic granofels, 0.6 km ﬁE

of intersection of Glendale and Ridge Roads, about 2 km ESE of
North Wilbraham, Ludlow gquadrangle.

Fine-grained, finely laminated biotitic granofels. South side of
Mass. Turnpike, 1.1 km east of Chicopee River, Ludlow quadrangle.
2 cm felsic layer interbedded with hornblende-plagioclase amphibo-
lite. 0.4 km east of fire lookout tower, Minechoag Mt., approx.

120 m elevation, Ludlow guadrangle.
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41.

42,

43.

44.

45,

46.

47.

48.

Finely foliated, crenulated hornblende-biotite-garnet-bearing

1677 pre=s
gneiss (Oag of Leo and others, in-pwew®). 30 m east of Glendale
Road-Crane Hill Road intersection, 2.6 km SE of North Wilbraham,
Ludlow gquadrangle.
Generally similar gneiss, same unit. About 10 m north of Glendale
Road-Crane Hill Road intersection.
Fine-grained, closely foliated, hornblende-bearing gneiss. Same
unit as preceding two samples.
Medium-grained, garnetiferous granofels interlayered with amphibo-
lite. Peak west of Ridge Road, 0.4 km SW of Crane Hill Road-
Glendale Road intersection.
Fine-grained, leucocratic, speckled granofels associated with
amphibolite. Eastern slope of small peak north of preceding loca-
tion, 0.2 km NW of Glendale-Crane Hill Road intersection.
Fine-grained, thin-bedded, gray-brown cummingtonite-hornblende-
bearing granofels. Same location as no. 32.
Felsic layer in Ammonoosuc generally similar to preceding sample,
but contains cummingtonite-anthophyllite. About 300 m ESE from
fire lookout tower, Minechoag Mt., Ludlow quadrangle.
Fine-grained, sugary-textured, finely striped leucocratic tremo-

lite-actf?nolite-bearing granofels. Just west of no. 5.

e



Felsic gneiss at the bottom of the Ammonoosuc section in the

Ludlow quadrangle is generally coarser grained and more thickly

layered than granofels in the upper part of the section. Associated,> /fv
amphibolite is subordinate in quantity, forming both sharply bounded

and compositionally gradational layers (fig. 3;). The composition

of the felsic gneiss is very similar to the rest of the felsic

Ammonoosuc.

The Ammonoosuc Volcanics have been correlated with the lithologi-
cally similar Middletown Formation in central Connecticut (Eaton and
Rosenfeld, 1960, 1972). Herz (1955) mapped Middletown along the west
edge of the Glastonbury body in the Glastonbury quadrangle; the south-
ward extension of this formation into the Middle Haddam quadrangle,
however, was regarded by Eaton and Rosenfeld (1972) not as Middletown
but as a distinct unit of possible Permian age (amphibolite of
Reservoir Brook of Eaton and Rosenfelﬁ, 1972).

A)aJJZf‘(:i w/v’r{,""f

Sanples—eE Ammonoosuc seteected—for—chemteail—aralyeis (Table 1)

represent a varied suite of felsic rocks in terms of mineral assem-

blages including some hornblende-bearing rocks gradational to amphi-
G4 - 43

bolite (no. w8=#&, table 1). All but one of the analyzed samples are

from the Ludlow quadrangle.
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Monson Gneiss

The Monson Gneiss (Monson granodiorite of Emerson, 1917, p. 241-
243& cropping out intermittently from southern New Hampshire to Long
Island Sound, is the oldest unit of the Bronson Hill anticlinorium.
As a consequence of intense deformation, mainly at its northern and
southern extensions, the Monson at the present level of erosion forms
broad domes or "bodies" in northern Massachusetts (main body and
Tully body, Thompson and others, 1968), and in southern Connecticut
(Killingsworth dome, Dixon and degren, 1968, fig. 16-1, 16-2).
Between these two areas the Monson Gneiss constitutes a stratigraphic
layer, locally much faulted and displaced (fig. 2). Contacts with the
overlying Ammonoosuc Volcanics appear to be gradational (Peper, 1966;
Eaton and Rosenfeld, 1972). The stratified core gneiss of the Mascoma
dome (Naylor, 1968, 1969) and probably alse—ef—ether—O3tverian-domes,

is at the same stratigraphic level as the Monson Gneiss and is

Sore ¢, Janct
lithologicallyﬂsimilar.



9.1267

10—

11

12

13

14

16

17

18

19

20—

21

22

23

24

25—

The Monson Gneiss is commonly a light gray, qua.rtz-pla.gioélase
rock with less than 15 percent mafic minerals including biotite,
hornblende, and epidote. K-feldspar is typically absent, but locally
(in isolated layers?) constitutes 10 percent or more. Ordinarily the

gneiss shows compositional layering, ranging from distinct beds |
PosStB"C

accentuated by thin, continuous amphibolite layers and showing gXem}y -

relict sedimentary features (fig. 3A, B) to less distinct, massive
(Men' 34'35
+ Locally, as at Flynt quarry north of Monson (loc. 26-2F,
an g
fig. 2) the gneiss lacks 4 and shows a number of features

suggestive of plastic flow. The rock is massive, faintly foliated,
and compositionally inhomogeneous, traversed by felsic streaks, mafic

schlieren, and localized sharp to shadowy contacts between more felsic

and more mafic rock (fig. 3C, D, E). Discordant, typically ellipsoidal

inclusions of amphibolite are abundant. Their contacts against en-
closing felsic gneiss are sharp, and the gneissic foliation flows
around the inclusions. Felsic layers within amphibolite have a
blotchy texture suggestive of segregation 1n response to peartial
melting, but such layers are more or less sharply truncated against
the enclosing gneiss (fig. 3C, D). These features suggest that the
felsic gneiss reached the condition of anatexis and plastic flow,
disrupting mafic layers and carrying fragments which became flow-

rounded during transport.

U. S. GOVERNMENT PRINTING OFFICE : 1959 O - 511171
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Textures of the Monson Gneiss generally reflect thorough recry-
stallizationp but—seme—pessitieprimery—sedimentery—Featiros—are—pre=~
-
_served—fig 3T A;B). Textures are generally granoblastic with more or
- - C . ey
less distinct foliation, which is paraliel to original bedéimg where the
latter is recognizable. The variation in grain size within a thin
section varies from an estimated 1:5 to 1:25 or more. Large grains
of quartz aniFlagioclase in a much finer granoblastic matrix are
characteristic. Quartz tends to form interstitial, elongate patches,
locally virtual ribbons, with scalloped margins against adjacent
minerals, which are evidently the result of metamorphic recrystalliza-
tion under stress, and/or cataclasis. Other plagioca?se forms large,
undistrfubed grains with scalloped margins which evidently are por-
. . T2 )
phyroblasts (possible recrystallized clasts)/ (™, = ™
The sum of the mineralogy, textural features, megascopic appearance,
layered character, and associated amphibolite tend to confirm the
impression of earlier workers that the Monson is dominantly if not

entirely, of volcaniclastic origin. This view is reinforced by the

bulk chemical compositions and norms of the analyzed samples (Table 1).

18



Glastonbury gneiss body
Regional aspects of the Glastonbury body are discussed in the
Introduction. This section summarizes the structural character of the
body and considers the petrography of the gneiss in more detail.

Domal character.--The Glastonbury Gneiss has some structural

attributes of a dome but lacks others, and for this reason is herein
referred to as a body instead of a dome. Flanking units (Ammonoosuc
Volcanics in the north, Collins Hill Formation and Siluro-Devonfan
units in the south) wrap around the ends of the gneiss body; but
foliation trend lines do not appear to close (Gordon Eaton, pers.
comm., 1975). Foliation in the gneiss trends predominantly north to

northeast with low to moderate northwest dips (fig. 4D), and mineral

Figure 4 near here

lineations and minor fold axes mostly plunge north to northwest. These
minor structures, which generally paralleg those of the mantling rocks,
indicate a moderate east to southeast overturn of the body, and are

assumed to be related to the Acadip@ orogeny.

1GA (15 6 Brouws)



Contact relationships.--Exposed contacts between the Glastonbury

Gneiss and adjacents units are rare, but outcrop patterns are clear in
a number of places. Glastonbury Gneiss intrudes Ammonoosuc amphibolite
on the southeast side of Baptist Hill, Palmer quadrangle (fig. 4A).

The cross-cutting relations are seen in several outcrops over a dis-
tance of about 50 m (165 ft). The contact is sharp, without any
evidence of reaction or other alteration. Glastonbury gneiss from near

the contact is among the least potassic encountered (table 2A). This

Table 2 near here

is the most clearly exposed cross-cutting contact known to the writer.
A smaller-scale example of Glastonbury intruding Ammonoosuc was noted
in the Hampden quadrangles (fig. 4B). Lenses of Glastonbury occur
within Ammonoosuc in the southern part of the Ludlow quadrangle (Leo

and others, 1977) but contact relations are not exposed.

606






Figure 4.--Structures and textures in northern Glastonbury Gneiss.

A.

Intrusive contact between Glastonbury Gneiss (light gray)
Ammonoosuc amphibolite. Southeast side of Baptist Hill,
Palmer quadrangle (fig. 2, loc. A).

Folded sill of Glastonbury Gneiss (right center) in
Ammonoosuc amphibolite. Hillside north of Root Road at
origin of Schanade Brook, 2.4 km. ESE of North Somers, south-
eastern part of Hampden quadrangle.

Massive, well-foliated gneiss in cut, north side of Massa-
chusetts Turnpike (1-90) just east of Baptist Hill Road
crossing, about 3 km west of center of Palmer, Mass. (fig. 2,
loc. 2). Note flattened mafic inclusions parallel or
subparallel to foliation. Lens cap (left) gives scale¥.
Strongly foliated Glastonbury Gneiss, outcrops north of
Shenipsit Lake Road, 3 km east of Ellington, Conn. (fig. 2,

loc. 10).
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Explanation for table 2, (See fig. 2 for locations).

A, Fine-grained, leucocratic, very faintly foliated, sugary-textured
rock from intrusive Glastonbury-Ammonoosuc contact (fig. BA).
Steep SE. slope of Baptist Hill, 0.5 km west of Mass. Turnpike
bridge over Quaboag River, Palmer cuadrangle.

B. Inequigranular, finely foliated gneiss. Along road south side of
Baptist Hill, extreme east edge of Ludlow quadrangle,

+C,» Fine-grained, closely foliated gneiss from lens west of Glastonbury
dome. 220 m SE. of Glendale Road-Crane Hill Road intersection,
SE. quadrant of Ludlow guadrangle.

D, Medium=-grained, poorly foliated gneiss., West side of unnamed
creek, 0.7 km north of lMassachusetts Turnpike (I-90) near east
boundary of Ludlow quadranale.

E., Compositionally homogeneous, poorly foliated, biotite=-rich aneiss.

LErg—Be—Ffar—pitake), 0.5 km SW, of summit of Perkins Mountain,
near cen"’:r

SEvpars of Hampden quadrangle.

F. Compositionally homogeneous but stronaly lineated and foliated
flaser gneiss. .East side of Chapin Road, 0.8 km ESE. of summit of
Pine Mountain, SE, part of Hampden quadrangle,

G. Inequigranular, inhomogeneous, faintly foliated flaser gneiss,
Intersection of Tetrault and Springfield Roads, NW. corner of

bk' Stafford Springs quadrangle.
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N,

Fine-grained, delicately foliated, leucocratic gneiss from western

margin of eastern Glastonbury gneiss body, <fiGv—E6—s0cond-Eren
efty, Eastern outskirts of West Stafford, Stafford Springs

quadrangle.

Relatively mafic, hornblende- and biotite-bearing, closely foliated

gneiss; east margin of eastern Glastonbury Gneiss body. East side
: Tornpike

of Tolland Auerwe, 1.4 km northeast of Bluff Cap Road intersection,

Stafford Springs quadrangle.

Poorly foliated, blotchy gneiss typical of northern Glastonhury,
Tornpike lecaliry

Tolland Rewd, 0.5 km northeast of preceding Speatmerr.

Gneiss of similar appearance to preceding. Approx. 1.5 km west %

along road from fire lookout tower on Soapstone Mt., Ellington

quadrangle,

Similar to preceding, 0.8 km farther southwest alonc road.

Pink, dominantly fine-grained rock with scattered K-feldspar

porphyrobhlasts up to 1 cm long; "schistose facies" of Herz (1955).

Intersection of Manchester and Hebron Avenues, northeast qJ:Z;Ent

of Glastonbury gquadrangle.

Medium~-grained, poorly foliated gneiss with abundant small (< 5 mn

rounded K~-feldspar porphyroblasts; "porphyritic facies" of Herz

(1955). 014 Eastbury Cemetery, 0.9 km SW, along road from preced-

ing locality.
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Fine-grained, sugary-textured, sheared~appearing flaser gneiss;
"eastern border facies"™ of Herz (1955). North side of Connecticut
Rte. 2, approx. 120 m west of Hollow Brook crossing, SE part of

Glastonbury quadrangle,
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Scattered outcrops of Glastonbury within Ammonoosuc along the
western edge of the dome near the southern bouénary of the Ludlow
quadran<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>