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HIGH GRADE ACADIAN REGIONAL METAMORPHISM IN WEST CENTRAT MASSACHUSETTS

Introduction

The metamorphic rocks in this suite include some of the highest
grade Paleozoic rocks in the entire Appalachians, Dr, Peter
Robinson, University of Massachusetts, took the collector into
the field and. showed him the specific sites to be collected,
down to the few-foot area. In other cases, he located, very
precisely, outcrops to be included, But in one case, we
excavated the specific facies to be included and he selected
the material which was to go into the suites.

In addition, numbers 23 and 24 in the "A" grade suites are
specimens which he and his colleagues back=-packed out from the
lications, They are Dr. Robinson's gift to you. The price of
the suite was not based on these specimens,

Pyrrhotite and pyrite abound in many of the metamorphic rocks.
On a number of outcrops from which specimens were obtained,.
weathering has proceeded to considerable depths along joints
and cracks, But the material inbetween is respectably fresh.
Several specimens show strong oxidation on one or even two
surfaces which were along Jjoints, but the material inbetween
ls reasonably to very fresh., In several instances, it would
have been physically impossible to obtain specimens which had
all fresh surfaces.

Also, when colleting in bulk, there are bound to be dlfferences
in quality. This is why we deliberately separated the "best"
specimens and have assembled thém into the "A" suites, The

UB" suites have mostly good material from the same outcrop as
the A" suites but a few specimens may be more weathered than
we would have preferred, or the garnets were not so large. But
the essential mineralogy is the same,

One more note about the "B" grade suites. They do not include h\
specimens 23 and 24. (There is no specimen 22 in either suite)
There just was not enough material from that given by Dr., Robinson
and he gave us virtually all that he had collected. We are very .
grateful to Dr, Rbbinson for all that he did - a day in the fieldl
additional consulting time, maps, specimens, and just good companj!

NOTE Many of the collecting sites are described in a current
guidebook., We have drawn liberally from that source to provide _
all the geological documentation available, The lower grade zones .
included in the suite are from localities selected by Dr. Robinson
but are 10 to 15 miles north of the limit of the map on which most
of the specimen locations are indicated, and these locations were
not included in the field trip for which the guidebook was prepared.
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This suite was collected by Dr, Forbes Robertson who assumes full
responsibility for any errors in the collecting. We are grateful
to Dr, Peter Robinson for "designating the collecting sites, and
to Dr. Robert J. Tracy for his gentle urgings. :

The central Massachusetts metamorphic high east of the Connecticut
Valley border fault has been divided into six zones (Figure 1 aund Figure 2A)
based on mineral assemblages in pelitic schists (Tracy, Robinson and Thomp-
son, 1976; Robinson, Tracy and Tucker, 1978). 1In Zone I, the Kyanite-
Staurolite Zone, the typical assemblage in pelitic schists is quartz-musco=-
vite-biotite-garnet-staurolite~graphite~ilmenite % pyrrhotite % plagioclase.
Less abundant schists, generally with more magnesian bulk compositions, con- -
tsin kyanite in addition, or kyanite without staurolite (Robinson, 1963), In
Zone II, the Sillimanite-Staurolite-Muscovite Zone, the typical assemblage
in pelitic schists is quartz-muscovite~biotite-garnet-stauvrolite-sillimanite-
graphite-ilmenite % pyrrhotite + plagioclase. In the lower grade part of
Zone 1I similar schists lacking sillimanite are also abundant, whereas in the
higher grade part similar sillimanite schists without staurclite are very -
abundant. In Zone I1I, the Sillimanite-Muscovite Zone, the typical assem-
blage in pelitic schists is’ quartz-muscovite-biotite-garnet-sillimanite-
graphite-ilmenite 4 pyrrhotite % plagioclase, similar to staurolite-free rocks
in the upper part of Zone II. In Zone IV, the Sillimanite-Muscovite-K feld-
spar Zone, the typical assemblage is quartz-muscovite-orthoclase-plagioclase
(Anz _35)-biotite-garnet—sillimanite-graphite-ilmenite % pyrrhotite. At any
one Yocality rocks with more sodic plagioclase than in the typical assemblage
have sillimanite-orthoclase without muscovite, whereas rocks with more
calcic plagioclase have sillimanite-muscovite without ortboclase (Tracy 1975,
1978). 1In Zone V, the Sillimanite~K Feldspar Zone, the typical assemblage
in pelitic schists is quartz-orthoclase-plagioclase-biotite-garnet-silliman~

ite-graphite-ilmenite % pyrrhotite and no muscovite is found in prograde
rocks of any available composition. This 18 the lowest grade zone to be
visited on the field trip. In Zone VI, the Sillimanite-K Feldspar-Garnet-
Cordierite Zone, the typical assemblage in pelitic schists (and gneisses) is
quartz~-orthoclase-plagioclase-biotite-garnet-cordierite<sillimanite-graphite-
ilmenite # pyrrhotite. At certain stratigraphic levels in Zone VI as well

as locally in Zones IV and V there are extremely sulfide-rich rocks lacking
garmet, commonly with rutile in place of {lmenite, and in rare instances
pyrite in place of most of the pyrrhotite. The genesis of these rocks i=r
discussed below. :
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morphiss ac New Salem (Hollocher,
1981) and Quabbin Hill.

FICURE 2, METAMORPHIC MAPS OF CENTRAL MASSACHUSETTS. 18 ’
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Figure 1. Generalized bedrock geologic map of south-central Massachusetts,
showing metamorphic zones and location of cross section, Trip P-4, Figure 2.
No attempt is made to pattern all very small areas. Metamorphic zones are
described in the text. |

EXPLANATION
(Use also for Figure 30)
Jurassic Diabase dikes.
Jurassic- ,
Triassic Conglomerate, sandstone, shale, and basalt.

Foliated muscovite granite gneiss, biotite gneiss}
Coys Hill Porphyritic Granite.

Granodiorite, tonalite.

Gabbro, diorite.

Lower . iiiowi] Erving Formation.

Devonian (e | Littleton Formation. Volcanics where separately
' : mapped.

E Fitch Formation®
Silurian Clough Quartzite.

(Subzones A and B)

Paxton Formation
- Spss-Sulfidic Schist Member

Sp~Granulite Member

Spsq-White Schist Member,
Spqr-Quartzite-Rusty Schist
Member

V(Subzcnes C.and n)

Partridge Formation. Separately mapped felsic volcanics
Middle in different pattern.

‘ Ordovician m Ammonoosuc Volcanics in Subzone A. Also includes
' separately mapped mafic volcanics in Partridge
Formation in Subzones B and C.

1

Ordovician 2 Massive gneiss of plutonic derivation in dome core.
2:?2{;::?“7 < Layered gneiss, Monson Gneiss, Fourmile Gneiss.

Poplar Mountain Gneiss, Mt. Mineral Formhtion.

Late T -
Precambrian Lisies u:f Poplar Mountain Quartzite, Pelham Quartzite.
: s] Dry Hill Gneiss.

T Mesozoic normal fault, hachures on downthrown side.

* Fitch Formation shown solid black in Subzone B.

Map Figure 1 and Explanation from Robinson, et.al., Guidebook p. 29041.
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Description and Location of Specimens

The location of.specimens.1 - 17 are shown on map in Figure 1,

1, and 1A, White schist member of Paxton formation, (Off Highway
67 N of N, Brookfield., At Herford Cow sign, turn N into farm
yard and follow along east side of prominent ridge about 200 yds,)
Dr, Robinson selected spot where he hed collected material -
previously. The outcrop is covered with pits which contain fresh
pyrite., Only traces oé‘;gfrahotite have been found, Partly
weathered rock below thé,16bks white, much fresher rock has a
bluish .cast. (Stop 4 in Guidebook., The following from Robinson,

1. Aluminous schist, 14 sillimanite- and biotite-bearing qﬁartzite{

The outcrop consists of two main rock types, sillimanite-and biotite-
bearing quartzites, and aluminous schists with variable proportions of silli-
manite, bictite, and cordierite. The bilotites vary from very pale reddish
brown iron-bearing ones to colorless Mg-end members. Our first impression
was that these were muscovites in a very retrograded fault zone, but their
nearly uniaxial interfente figures showed they are biotites. The assemblage
in two analyzed samples is quartz-orthoclase~plagioclase-biotite~cordierite~
sillimanite-graphite~rutile-pyrite~(pyrrhotite?). The Xy, of biotite in the
samples is .995 and .999 (0.04 weight % Fe0) and they confain .065 and .074
T1/11 oxygens (see Figure 22). The cordierites which are charged with
graphite appear as black to bluish lumps. They are essentially pure Mg end
members with 0.00 weight % FeO and only a trace (.08%) of MnO. Even where
charged with detrital zircons these cordierites lack pleochroic haloes, pre-
sumably because of lack of iron to be oxidized by slpha bombardment. This
cordierite also contains approximately 2 weight % HoS, due to unusually
high sulfur fugacity in the pyrite +.pyrrhotite assemblage. The K-feld-
spar has a composition Or 91.5 Ab 8.4 An 0.1 and plagioclase 1s An 32.7
Ab 57.6 Or 0.8. The rutile is closer to pure TiO, than from most localities.
because there 1s no FeO. Because of the extreme narrowness (to put it
mildly) of the sillimanite-biotite-cordierite "field" this rock essentially
lies on the univariant reaction MgBiotite + Sillimanite = Mg cordierite
+ K feldspar, and can only be considered divariant because of the Na content
of the K feldspar. The name White Schist came partly frow the appearance of
the broken outcrop and partly by analogy with the Mg-rich kvanite-talc rocks
studied by Schreyer (1974) in Tanzapia. and Afghanistan. P. 332

2. = 5. 2. Quartz-orthoclase-garnet-biotite~sillimanite-graphite~
ilmenite~-pyrrhotite schist (Sample 507B of Tracy 1978, )
typical of Zone V, sample from about 50 ft, E of E end
of section in Fig. 31. The rock has a mylonitic . aspect,

(From Robinson p. 325)" ~--most of the orthoclase is con=
centrated in watery clear megacrysts with crushed borders set in a

finer lineated matrix crammed with fine prismat{c'sillimanites. The garnet
shows only a modest amount of retrograde zoning with compositions of core
and rim( ) as follows:Almandine 76.5 (78.1), Pyrope 16.2 (14.5), Spessar-
tine 3.7 (3.8) Grossular 3.6 (3.7) Biotite has Xy, of .460 and Ti/11 Oxy-
gens of .211. The orthoclase has a composition 0r885.7. Ah 13.5, An O

Cn Q0.8 and the plagioclase is An 27.9 Ab 70.5, Or 1.6. The orthoclase.
lattice parameters indicate an intermediate orthoclase structural state.
The ilmenite is about 96% FeTiOB, BZFeZO and 1% MnTi0,. The rock is ex-
tremely rich in biotite and poof in garnét and yields an estimated pro-
grade Gar-Bio temperature of 660°C and a retrograde temperature of 620°C,



D

) LA
\ W -“1'“1"“
o k3 R"'é‘\\..".‘:”\'g E
\\\\‘{\‘ ‘\I\ : n ,':";E
RN LA
RR AN
" ' ',ll:'"‘i it ":dl’"f
NIRRT N R K2/
_ n  Hornblende and horablende- ' : ~ ’ s
51Iltuni.t‘:-onhoclul—btoutc garnet smphibolite, locally \ ———— S /8 f&lﬂi’l
garnst schisc " with cummingtanite \\ . o7 ,J' - D
: Gniporwm ) ’ - Vil 4 i -
Biotite-garnet-feldspar goeiss .:-_' Blotite-feldupar gneiss D SR "5.._ o
o frer— - e
\ 1 :
Tt -Jf °| Biotite~-rich garnst~feldapar ot o ' . Jo ) »
'.'.*4.. gaeins S Pagnatite . R

igure 31. Free-hand sketch of road cut in Partridge Formation at Stop 1. Low outcrops of
sillimanite schist extend about 50 feet farther east. Prominent fold axes are subhorizontal,
trend north-gouth, and are of the dome stage. ' S .

3, Biotite-garnet-feldspar gneiss. (text from Robinson)

The biotite-garnet-feldspar gneiss in the eastern half of the drawing
is interpreted as a metamorphosed peraluminous volecanic rock. The potassic
feldspar in this rock has the composition Or 91.9, Ab 6.7, An 0, Cn 1.4 and
has the structural state of microcline as compared to orthoclase in the ad-
jacent schist. In the outcrops studied in the region it is usual for the K-
feldspars in felsic gneisses to have a lower structural state than those
produced in pelitic schists at the peak of metamorphism.

4, Amphibolite, Very few specimens have any cummingtonite, Most
of the cummingtonite-beariiig  rock was very massive, and almost
impossible to collect. (text from Robinson) | o

The amphibolite in the central part of the outcrop is dominated by
brownish-green hornblende but contains modest amounts of bhrown cummingtonite
which are particuarly abundant and coarse in cross-cutting felsic patches
interpreted as incipient melt segregations. The Mg-rich cummingtonite can
be considered as a product of the following prograde dehydration reaction:

Aluminous hornblende + quartz =

cgmmingtonite + plagioclase + less aluminous hornblende +-H20,

or as a product of a similar reaction producing plagiclase-rich melt. At

this grade orthopyroxene + quartz is already stable in more Fe-rich bulk com-
positions (see Figure 28) and at higher grade would proxy for cummingtonite
in the above equations, making them into more significant dehydrations.

5. Biotite feldspar gneiss. (Specimens 2 - 5, Stop 1 in Guidebook)

6. Quartz-orthoclase—garnet—biotite-sillimani?e-graphite-ilmenitg-
pyrrhotite schist, Middle Ordovician Partridge Fm, somewhat higher
grade métamorphism than 1 and 1A. Outcrop out51d§-manua1 training
room at Ware High School, "- ~ it contains two different silliman-
ite lineations, an earlier E-W trending lineation of the back-fold
stage, and a later, more prominent, southwest-plunging lineation
of the dome stage." Robinson. (text from Robinson) p. 329,

Guidebook Stop 2.
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- The assemblage here is quartz-orthoclase-garnet-biotite-sillimanite-
graphite~ilmenite-pyrrhotite (sample D23, unpublished data). Here the ortho-
clase is finer-grained and in the matrix along with beautifully formed
‘small sillimanite prisms and rare garnets. The garnet is zoned with three
significant different compositions at the core, at the rim adjacent to -
quartz snd feldspar { ] and at the rim adjacent to biotite ( ) as
follows: "Almandine 74,7 [75.2](78.2), Pyrope 18.6[16.8}(13.1), Spessartine
4.0[4.3](5.3) and Grossular 3.3 [3.7](3.5). The matrix biotite has xM of
+489 and T1/11 Oxygens of .240, but close to garnet contacts Xy, 8O€S gup to
536 with T1 down to .197. Thus the garnet at this locality seems to have
some of the aspects of both Type B and Type C garmets with slight zoning -
around all edges, but with much stronger zoning adjacent to biotite. The
temperature estimate based on garnet core and matrix biotite is 665° C, while
garunet rim vs biotite rim yield 520°C.- The ilmenite in this rock is about
96% FeTi0,, 2% Fe,03, 1% MgTiO, &nd 12MnTiO,. The orthoclase is Or 87.6
Ab 11.6 AnO Cn l.i and the plagioclase is An 29.7, Ab 71.6, Or 0.6.

Cordierite~bearing gneiss, Minechowg Farm, approx., 2 mi, S

on Lion Road. Sillimanite-garnet-cordierite, K-feldspar gneiss,
Zone VI, Not in Guidebook. Robinson selected this site as a
reasonably typical Zone VI assemblage, In the field, we saught
a very rich cordierite rock reported on this farm, but the
specific site was not found, -

New Braintree Ultramafic, at T on New Braintree Road, about
2mi, 5§ of Tucker Road. : _

The A suites contain material from the outcrop described below,
Some of the B suites contain material from this outerop, but
some from a piece recovered by a farmer from the field across.
the road. It appears to be identical, but no thin section is
available, (Ware Quadrangle) The New Braintree biotite-
olivine hornblendite in contact with sulfidic schist of the Partridge Forma-
tion in the Wickaboag Pond anticline. This body, some 60 m (200 ft) thick
and 400 m (1300 ft) long is the only ultramafic body kvnown in this part of
Massachusetts. It bears some resemblance to the series of olivine~horn-
blendites described by Wolff (1978) from the Partridge Formation near the
Bronson Hill anticlinorium but lacks the green spinel and chlorite charac-
teristic of those rocks. The thin section described by Field contains 78%
hornblende, 12% biotite, 72 olivine (Fo 70 approx.), 1% orthopyroxene (En 75
approx.) and 2% pyrite. Contact relations and mode of emplacement of this
body are poorly understood, partly because most of the other outcrops in the
vicinity are pegmatite.

Robinson, Guidebook p. 331.

Schist from large roadcut on Route 67, 1.3 mi. SW of Route 9
SW of West Brookfield, Guidebook Stop 5. Text from Robinson,
Guidebook P‘o 332=333, Partridge Formation

in the Pleasant Brook anticline. A typical fine-to medium-grained Zone VI
schist with the assemblage quartz-orthoclase-plagioclase-blotite-garnet-cor-
dierite-sillimanite~graphite~ilmenite-pyrrhotite (sample FW-407). Although
coated with a thin oxide crust, excellent fresh material can he collected
here. The zoned Type C garnet in Figure 6C was collected at this locality.
The most magnesian garnet cores and most retrograded rims adjacent te bio-
tite ( ) have the following compositions: Almandine 69.7 (77.7),

Pyrope 24.7 (16.0), Spessartine 2.2 (3.0), and Grossular 3.4 (3.3). Note
the delicate purplish tint of these pyrope-rich garnets. Matrix bintite

has Xy, of .572 and Ti/ll oxygens of .245 and biotite at garnet contacts goes

to xugg.600. The cordierite has Xy, of .714. Compositions of garmet core
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11.

and matrix biotite, and of garnet core and cordierite both yield tempera-
ture estimates of 680°C and the assemblage quartz-sillimanite-garnet-cor-
dierite gives an estimated pressure of 6.3 kbar. Retrograde garnet and bio-
tite rims indicate a retrograde temperature of 530°C., . :

and 11, Outcrops on Southbridge Road just W of Breegeland Orchard.
Coarse grained gneiss, 4 o . o
Pegmatite, cordierite~bearing. Not all specimens contain cordierite.
At this 1l#cality, J.5. Pomeroy discovered a thin (1 em) mylonite
zone that is discussed in detail in the guidebook., Robinson

showed the mylonite zone to Forbes Robertson, the collector who
agreed not to attempt to collect it. We did not!

Robinson selected the site for collecting specimen 10 and
pointed out the pegmatite on the opposite side of the road,
The text is from Robinson, Guidebook p. 333.

This 1s the northernmost garnet-cordierite locality studied
by Hess (1971). Contrib, Min, Petrology v. 30, p. 177-195.

Several samples of coarse-grained gneiss from this ouvtcrop with garnet-
biotite, sillimanite-garnet-biotite-cordierite and sillimanite-hiotite-cor-
dierite assemblages have been partially analyzed. Garnmets range up to 25.7%
pyrope content. - Biotite coexisting with sillimanite, garnet and cordierite
has X, of .604 and Ti/ll oxygens of .290. A nearby sample of the same
assemgfage without garnet contains biotite with Xy, of .591 and T1/11 oxy-
gens of ,230. This evidence of slightly crossing §ie lines suggests some
slight retragrade re-equilibration. . '

Guidebook Stop 6

12,1%,14, Outcrop under bridge, on New Boston Road; on™N side

of Mass, Turnpike.

12. Garnet’ pegmatite.

13. Garnet-cordierite gneiss. _

14. Garnet-cordierite gneiss with melt-like aggregates,
not described in the following text from Robinson, but
specifically suggested by Robinson to be included in
this suite., '

The restite layers between the pegmatite'and gneiss were
prointed out by Robinson. We agreéed not to attempt to
collect this facies, : .

"The outcrop lies in a very narrow belt of gray-weathering
aluminous schist with subordinate calc-silicate that has
been assigned to the Littleton Formation,~

B The dominant rock type '

:i;;;;::ig: ;::;:;t:uar::-or:hoc;ase-plagioclase-biotite—garneigio:§::r::e-
- ss in ' : .

be exoooniog: coaraefn which cordierite, garnet, and sillimanite can

Within the gneiss are two sillg of
garnet and garnet-sillimanit gra-
t:te usually showing a very strong deformational fabriec., A composit:ogeggg
of a garnet from the_pegmatite is shown in Figure 35. This portion of the
pegmatite apparently contains no sillimanite

and no prima hiotit
does contain retrograde low Ti biotite at contacts betwee;ygarnet :;db:t
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feldapér. Next to the retrograde green biotite, the garmet shows extremely
abrupt zoning. Compositions of garnet core and of garnet rim next to greem
biotite ( ) are as follows: Almandine 70.7 (82,5), Pyrope 26.0 (11.8),
Spessartine 2.4 (3.9), Grossular 0.9 {1.8). The ;etrograde_gregn_biotite
has Xy, of .464 and .013 Ti/1l oxygens. When paired with the garnet vim
this ggeen biotite gives a temperature estimate of 545¢C. In the pegmatite
at the far end there are local patches of graphite and of fairly coarse
white mica that appears to be muscovite (2 ?). Elsewhere the sillimanite-
rich portions of the pegmatite may be metamorphosed equivalents of musco=
vite pegmatite. ‘ '

0 ! 2 Jmm

-

Figure 35. Maps showing 100 Fe/(Fe+Mg) for garnets from Stop 11. Left:
Garnet from mafic selvage on pegmatite consisting of biotite-garnet~
sillimanite-cordierite. Surrounding biotite is red-brown Ti-rich
variety. Right: Garnet from sillimanite-free portion of pegmatite.

All) biotite is secondary low-Ti green variety formed by rgtrqgrade

reaction between garnet and K~feldspar.Robinson, guidebook P. 3%9.

Along the contacts of the pegmatites are dark layers up to 0.3 meters

thick consisting almost exclusively of biotite, garnet, sillimanite, and cor-
dierite. These appear to be either restite layers left behind during melt-
ing of the pegmatite or metamorphosed reaction rims between pegmatite and
country rock (Note high specific gravitv of specimens). In a few places
there are layers of pure cordierite up to 4 cm thick at the contact between
these layers and the pegmatite,. A composition map of a small garnet in
one of these layers is shown in Figure 35. The garnet is fairly homogeneous
except where in contact with surrouonding biotite ( } vielding the fol-
lowing compositions: Almandine 72.0 (82.1), Pyrope 24.9 (14.6), Spessartine

1.2 (2.0); Grossular 1.9 (1.4). Typical biotite has Xy, of .597 and .230

Ti/11 oxygens. Garnet core and matrix biotite yield an estimated tempera-

ture of 6350C. 1In the absence of quartz the sillimanite-garnet-cordierite

assemblage can be used to estimate & maximum pressure of 6.7 kbar.

Guidebook Stop 11.
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15, On McBride Road 0.2 mi, W of Monson Road,'"Well bedded coarse
ray schist of the Littleton Formation near Mt, Pisgah, =-,-
Text from Robinson, Guidebook p. 3%4) Stop 7. o '

: o - : Figore 33
18 a map showing a small but very homogeneous garnet from this locality. A
typical composition is Almandine 67.2 Pyrope 29.0, Spessartine 1.1, and
Grossular 2.7. The biotite has Xy, of .629 and Ti/1l oxygens of .252. We
have not yet analyzed the cordierite. The garnet and hiotite yield an esti-
mated temperature of 665°C and the garnet composition in the quartz silli-
manite-garnet-cordierite assemblage gives an estimated pressure of 6.7 kbar.

Figure 33. Map showing
100 Fe/(Mg+Fe) for .a garnet in
gillimanite-orthoclase-garnet-
" cordierite schist of Littleton
Formation at Stop 7.

from Robinson, Guidebook p. 335

0o 1 2 3

16. Sulfidic schist 3 mi. from Wales Country Store on Brimfield-.
Holland Road, 1.4 mi, S8E of Holland Town Line on Holland Road.

Pext from Robinson, Guidebook p, p 33>. Stop 8.

: (Wales Quadrangle) Sulfidic schist of
the Partridge Formation in the Wickaboag Pond anticline. The outcrop 1s pre-
dominantly coarse-grained gneiss with the assemblage quartz—orthoclase-
plagioclase-biotite-garnet~cordierite-sillimanite-graphite-ilmenite-pyrrho-
tite with variable amounts of sillimanite. There are several interesting
mylonites in the outcrop, but they are not so fine-grained as the one at
Stop 6 and are full of porphyroclasts rather than porphyroblasts of new '
minerals, ' : ‘

Probe analyses of garnet yielded compositions of core and of rim adja-
cent to biotite ( } as follows: Almandine 65.2 (73.7), Pyrope 29.5
(21.2), Spessartine 1.4 (1.6) Grossular 3.9 (3.4). Matrix biotite has Xy,
of .584 and Ti/1l orygens of .275, whereas biotite against garnet has g
Xy, @8 high as .604. Garnet core and matrix biotite yield a temperature
esPimate of 7459C, the highest reliable estimate we have otained in the
region, whereas garnet rim and biotite rim yield 5809C. Composition of core
garnet in the quartz-sillimanite-garnet-cordierite assemblage suggests a pres-
sure of 6.4 kbar.
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17. Hypersthene-augite~plagioclase gneiss, Holland-Briﬁfield Road
at Interstate 86, Stop 9, Text from Robinson, Guidebook p. 337.
Cale=gilicate rock not collected. Hypersthene-augite

plagioclase gneiss and diopside calc-silicate and marble in Partridge
Formation. 'The principal outcrop is a dark gneiss consisting of quartz,
andesine (with coarse orthoclase exsolution lamellae), orthopyroxene,

" augite, biotite, ilmenite, and minor to major amounts of secondary
cummingtonite and hornblende after pyroxenes. The host plagioclase .
has a composition of An43.1 AbS55.9 0rl.0 CnO, with orthoclase exsolution
lamellae having a composition of An0.3 Ab9.4 Or86.5 Cn3.8. The celsian

component is unusually high and may have promoted exsolution. Ortho-
Pyroxene and clinopyroxene have the following cenipositions:
0PX =0.520

N ' 3+
M2 00152, 0280, 0167¢ 029181 . 0057201872 . 00227 .001) 2 A 031521 . 060

CPX xME-o.sse ” "
g ' | | |
(Na 47, 2, 845", 008", 35780, 7227¢. 03371, 00582, 01872 (A1 039511 .g61)2

Biotite is red-brown with Xy, of 0.536 and 0.273 Ti/11 Oxygens, typical
for Ti-saturated rocks of thgs grade. Ilmenite has a typically pedestrian
composition of 93% FeTiO3, 4% Fep03, 2% MgTiO3, and 1% MnTiO3. This rock
has the right bulk composition to have once been an amphibolite in which
all amphibole has now broken dowm, probably by a continuous Fe-Mg and
Ca-Na reaction hornblende + quartz = orthopyroxene + augite + plagioclase.
A similar but somewhat more magnesian assemblage from some miles to the
north (see Figure 29) still contains hornblende together with its
breakdown products. Note that the biotite here' coexists with hypersthene
but not with K-feldspar. However, a more iron-rich assemblage from

some miles to the north does contain hypersthene, X-feldspar, and garnet
(see Figure 29). The coarsest pyroxene crystals (best seen by light
brown color on weathered surfaces at top of outcrop) occur in felsic
patches that appear to have been melt segregations; however, the pyroxenes
are as or more abundant in the fine-grained matrix. It is possible

that melt segregations formed and solidified before the main pyroxene-

forming reaction. Note darker brown secondary cummingtonite rims and
local ‘larger crystals. :

e

18, and 19, Sillimanite-Staurolite-Garnet-Biotite~Muscovite schist
from new (1980-1) roadcut on Athol Road about 500 ft, SE of
SE end of Sheamet Lake and NW of Blissville, about on Worcester-—
Franklin County line. Mt, Grace Quad. Recommended by Robinson,

18, Typical of the bulk of the cut, |
19, Sillimanite~rich facies which is localized in lenses a foot
or more in thickness. Zone II,

20, Staurclite-Garnet-Riotite-Muscovite schist in Railroad cut just
E of Stonville, 1/8 mi, W of E edge of Millers Falls Quad,
Zone I. Recommended by Robinson. ' '

21, Sillimanite-Garnet-Biotite=Muscovite~Pyrrhotite schist from cuts
along Highway 86, about 1 mi, SW of Orange, elev., about 420 ft.
Recommended by Robinson
22, NO SPECIMEN
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Specimens 23 and 24 are in the 4 grade suites only., The specimens
were back-packed out by Robinson and colleagues and they are
gifts of Dr, Peter Robinson.

23. Pillow lava metamorphosed to Zone II, hornblende—cummlngtonite

24,

amphibolite, Richmond, New Hampshire, Robinson specimen

number TA8BX, Descrlptlon from Robinson, Peter and Jaffe, H.W,,
Chemographic Exploration of Amphibgle Assemblages from Central
Mass., and SW New Hampshire: Pyroxenes and Amphiboles: Crystal Ch
Chemistry and Phase Petrology, Mlneraloglcal Society of America
Special Publication No. 2, 1969,

"7A8BX - Medium-grained hornblende-cummingtonite amphibolite

zone in ourter part of metamorphosed lava pillow, Pillow

core is hornblende amphibolite, matrix surrounding pillows

is hornblende, garnet, and biotite., Hornblende host, 90-~94%;

cummlngtonlte 1amellae on (701), 3-10%, cummlngtonlte lamellae
n (100), 0-3%%, all space group CZ/m. Cummingtonite host,

88-92% hornblende lamellae on (100), 2-4%; hornblende lamellae

on ( 01), 4-10%; A1l C2/m, (100) and (101) lamellae are O.4-

0.6 # and 0.,8-2,04 thick respectively." p. 255.

See also Jaffe, H.W,, Robinson,Peter, and X lein, Cornelius Jr.,
Exsolution Lamellae .and Optical Orientation of CGlinoamphiboles;
Science 1968, 17 May, Vol, 160, p. 776-=778.

Gedrite-cordierite rock, Richmond, N,H, Zone IT, Robinson
specimen number W 95JX,Cordierite in gedrite., Other minerals
that have been found include sillimanite, kyanite and corundum,
Happy hunting! We shared this rock as far as it would go,

See: Robinson, Ross and Jafxe 1971 in Reference List.

Ions per 23 oxygens for anthophyllites and gedrites from
SW New Hampshire and Central Massachusetts, Table 1 p. 1008,

W95JX contains neither quartz or plagioclase p. 1025,
One of {two "most aluminous" gedrites, p; 1027
Other references p. 1031, 1032,

See also: Robinson, Peter, and Jaffe, H.W., 1969, Aluminous

enclaves Iin gedrite-cordierite gneiss from southwestern
New Hampshire, A4m, Jour. Sci. v. 267, p. 389~421, (not in
list of references.)
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Figure 2C, Contour map showing maximum pyrope

Figure 2B. CGontour map showing position of

content of garmet in pelitic schists

and localities studied.

of estimated isotherms and

locaties studied.
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From: Robinson, Guidebook p. 294.




