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INTRODUCTION

The Silurian Rangeley Formation of south-central Massachusetts (Fig. 1) is comprised principally of pelitic
schists and gneisses that seem to have undergone partial melting during the Acadian orogeny. This partial melting
resulted in the formation of cordierite- & garnet-bearing pegmatites in the granulite facies region (Thomson et al.,
1992). Representative samples were collected from various localities with metamorphic grades ranging from Zone
II (sillimanite-staurolite zone) to Zone VI (garnet-cordierite-sillimanite-K-feldspar zone) based on pelitic rock
assemblages (Tracy et al., 1976; Robinson et al., 1982). Geochemical, mineralogical, and experimental analyses
were conducted on the samples in order to examine the behavior of pelitic schists during melting.

MINERALOGY

The sample investigated here is a Zone I pelitic schist from Shoemet Lake, MA, (sample 6PR) previously
collected by Professor Peter Robinson. This sample contains the following mineral assemblage: staurolite crystals
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Figure 1. Metamorphic zones of central
Massachusetts {modified from Robinson et al,,
1982) showing sample locations.
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1-2.5 mm wide; abundant muscovite crystals; 1-mm-
wide biotite flakes with zircon inclusions; quartz grains
up to 2 mm wide; subhedral garnet grains .25-2 mm
wide; plagioclase crystals up to 2 mm wide; sillimanite
as fibrolite pods approximately 2 mm wide, isolated
crystals of tourmaline, K-feldspar, and apatite; and
trace amounts of opaque minerals.

METHODS
Samples were slabbed, crushed, and powdered for

experimental melting under high pressures
(approximately 6 kb) and a variety of temperatures
(650~8250C). Sample powders were loaded into a
nickel sample holder lined with gotd tubing, which was
then sealed and prepared for the experiment, following
the procedure of Ayers et al. (1992). The complete
sample assembly was then loaded into a 3/4-inch piston
cylinder pressure vessel (Fig. 2), where the sample was
heated and pressurized for an average of four days per
experimental run. Six experirglents were conducted at
temperatures ranging from 650 C to 825 C. At the end
of each run, the nickel sampte holder was removed,
bisected, and mounted in epoxy. The hardened sample
was polished, carbon-coated, and examined under a
scanning electron microscope for compositional
analysis of the minerals and any melt that formed.




Figure 2. Piston-cylinder press at Smith College.

RESULTS

We determined that the modes of the minerals present
in the melted sampie changes with increasing
temperature. A comparison of the composition of sample
6PR before melting with the composition of the melted
6PR shows that some of the minerals in the melied
samples replace minerals that disappear during melting
reactions. For example, K-feldsp%r replaces plagiociase
at temperatures greater than 770 C. In addition, the
presence of aluminosilicate + melt and thoe disappearance
of muscovite at temperatures above 725 C indicate that
muscovite breaks down to supply the water to generate
the melt. Minerals that are present as a result of melting
reactions, such as K-feldspar, spinel, and aluminosilicate
+ melt, increase in abundance, whereas minerals such as
plagioclase, muscovite, and Dbiotite decrease in
abugldance, as the temperature increases (Fig. 3). In the
825 C experiment, we found orthoamphibole in
conjunction with spinel and melt (Fig. 4). This in the
only run in which orthoamphibele was cidc:nti}"u:d. The
presence of the orthoamphibole at 825 C may be the
result of the incongruent melting of biotite.

The presence or absence of a given mineral, as well as
the percentage of that mineral preseni, iflustrates the
reactions that occurred in the samples during the
experiments. For example, sample 6PR from Shoemet
Lake contains abundant muscovite and biotite.

Muscovite is absent, however, in all of the experimental samples except for the 680°C sample, which underwent no
melting. This absence of muscovite in the melted samples indicates that muscovite has broken down completely,
providing water for melting reactions to take place in the sample. Biotite, which was present in all samples as
remnant grains, also breaks down, though not always completely. This reaction also releases water into the
experimental systems. Thus, aluminosilicate + melt appear in the experimental system at the expense of muscovite

and biotite.

In analyzing our mehed samples, we
found that minerals such as staurolite,
garnet, plagioclase, quartz, and biotite are
present as large remnant ceystals. These
may be present because of our failure fo
pulverize the rock powders finely enough
to reduce the size of remnant crystals
prior to beginning the experiments. Some
of these remnant crystals served as
“seeds,” onto which other minerals grew
as a result of melting reactions; this
occurred in all samples except the one at
680 C, in which no melting reactions took
place. Gamet and plagioclase crystals in
alf melied samples are the “seeds.” More
magnesium-rich rims of garnet surround
the iron-rich remnant gamet grains, and
rims of K-feldspar surround the remnant
plagioclase crystals.
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Figure 3. Modal data from experiments at 6 kb. The horizontal
axis is not to scale.
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Figure 4. Backscattered electron image of 825°C experiment.

Mineral compositions in the samples vary with increasing temperature. For example, the rims of gamet that grow
onto remnant garnet crystals are more magnesium-rich than the remnant crystals themselves. Melt composition
becomes less aluminum-rich as aluminosilicate grows and takes up more of the aluminum, and the growth of K-
feldspar rims onto remnant plagioclase decreases the amount of potassium in the melt.

DISCUSSION
The experimental results show changes with increasing temperature in our sample that are somewhat anatogous

to those observed in higher-grade rocks from granulite facies of south-central Massachusetts, which contain
segregated, partial-melt patches of quartz-K-feldspar-sillimanite-garnet (Thomson et al., 1992). It secems that in
light of the distribution of minerals in the samples and their compositions, each experiment probably achieved local
equilibrium, in which muscovite and biotite break down and provide water for melting reactions to occur. These
reactions produce aluminosilicate + melt. K-feldspar is present as both isolated crystals and as rims around remnant
plagioclase. Garnet grows as rims around remnant garnet crystals. Although staurolite is present in the experiments
as remnant crystals, it is kikely that, in the natural granulite-facies rocks, staurolite also breaks down to provide water
for melting reactions. The resulis indicate that the rocks of south-central Massachusetts may have undergone in situ
dehydration reactions to produce partial melts.

REFERENCES CITED

Ayers, J. C., Brenan, J. B., Watson, E. B., Wark, D. A, and Minarik, W. G., 1992, A new capsule technigue for
hydrothermal experiments using the piston-cylinder apparatus: American Mineralogist, v. 77, p. 1082-1036.

Robinson, P., Tracy, R. J., Hollocher, K. T., and Dietsch, C. W., 1982, High grade Acadian metamorphism in south-
centra! Massachusetts: in Joesten, R.A., and Quarrier, $.S., eds., Guidebook for Fieldtrips in Connecticut and
South-central Massachusetts, New England Intercollegiate Geological Conference Guidebook, University of
Connecticut, Storrs, Conn., p. 289-340.

Thomson, Jennifer A., Peterson, Virginia L., Berry, Henry N., [V, and Barreiro, Barbara, 1992, Recent studies in the
Acadian metarnorphic high, south central Massachusetts: in Robinson, P. and Brady, 1.B., eds., Guidebook for
Field Trips in the Connecticut Valley Region of Massachusetts and Adjacent States, University of
Massachusetts, Amherst, MA, p. 229-255.

Tracy, R. J., Robinson, P, and Thompson, A. B., 1976, Garnet composition and zoning in the determination of

temperature and pressure of metamorphism, central Massachusetts: American Mineralogist, v. 61, p. 762-775.

43




Experimental melting of a low grade pelitic schist
from the Rangeley Formation, Massachusetts

Bethany A. Bradley

Department of Geology, Pomona College, Claremont, CA 91711
Faculty sponsor: Richard W. Hazlett, Pomona College

Emily C. Levin
Department of Geology, Amherst College, Amherst, MA 01002
Faculty sponsor; John T. Cheney, Amherst College

INTRODUCTION

The objective of this project is to characterize dehydration melting processes within aluminous crustal rocks by
experimentally melting a low grade pelitic schist over a range of temperatures at constant pressure. By comparing
the muscovite and biotite dehydration reactions observed in the experimental study to those predicted by theoretical
models, it is possible to constrain the pressure-temperature paths of metamorphism in anatectic pelites. The
chemical reactions predicted by Spear et al. (1998) to occur in rocks of this bulk composition are:

Muscovite + plagioclase + quartz = sillimanite + K-feldspar + melt
(discontinous in Ca-free system: T ~ 690° C @ 6 kb)

Biotite + sillimanite + quartz = gamnet + K-feldspar + melt
(NaKFMASH continous)

Biotite + sillimanite + quartz = gamet + cordierite + K-feldspar + melt
{(NaKFMASH discontinous: T ~ 780° C @ 6 kb)

Garnet + sillimanite = spinel + cordierite + quartz
(NaKFMASH discontinous: T ~ 950 ° C @ 6 kb)

In order to test the validity of these predictions, one sample from an outcrop west of Shoemet Lake (SLW) was
experimentally melted and analyzed. The SLW sample is from the Rangeley Formation, a prograde sequence of
pelitic schists located within the Merrimack Synclinorium of central Massachusetts. The metamorphism and mtense
deformation of Silurian sediments in the Merrimack belt results from convergence associated with the closing of
lapetus Ocean during the Acadian orogeny {Thomson et al., 1992).

MATERIALS AND METHODS

Sample SLW was chosen for analysis becanse it is a mica-rich low grade rock which does not appear to contain
in-sitn mel. It is a Sillimanite Zone pelitic schist which contains the equilibrium assemblage of garnet,
sillimanite, biotite, muscovite, plagioclase, quartz, and ilmenite. Therefore, SLW can be experimentally heated to
temperatures which produce the melting associated with the muscovite and biotite dehydration reactions.

Run Number TFemperature (¢ C) | Pressure (kbar) Duration
Melt 1 650 6 1 day
Melt 2 650 6 2 days
Melt 3 680 6 4 days
Melt 4 725 6 4 days
Melt 5 770 6 4 days
Melt 6 800 6 4 days
Melt 7 825 6 4 days

Figure 1. Experimental Conditions.

The sample was cut and polished to remove weathered edges, then pulverized with a tungsten carbide shatterbox
to homogenize the rock. The resulting powder was then used in the experimental procedure. The experiment was
performed using a 3/4 inch, end-loaded piston-cylinder device at constant 6 kb pressure and temperatures ranging from
650° C 1o 825° C. The powder was sealed in 2mm gold tubing within a nickel sample holder to prevent reaction
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