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COMPARISON OF THE WARRENSBURG AND GORE
MOUNTAIN BIG-GARNET AMPHIBOLITES, ADIRONDACK
MOUNTAINS, NY
KATHRYN M. STACK:Williams College
Research Advisor: Reinhard A. Wobus

INTRODUCTION
The megacrystic garnet amphibolites of the Adirondacks are among the most conspicuous and intriguing Proterozoic rocks of the region. Although
garnet is a common mineral in the crystalline rocks
of New York, a number of localities in the southcentral and eastern Adirondacks host hornblenderimmed garnet porphyroblasts of unusually large
size (Fig. 1). It has been reported that the garnets
can be as large as 1 meter in diameter, although a
range of 5-35 cm is more common (Krieger, 1937;
Ciurca, 1962).

further constrain the formation of the Adirondack
mega-garnet deposits. We employ modern analytical methods not available in many of the previous
studies in order to provide a higher level of precision in the geochemical descriptions and comparisons. The mineralogy and bulk chemistry at the two
localities serve as the basis for preliminary thermodynamic modeling that attempts to (1) identify
the pressure and temperature constraints on the
Warrensburg big-garnet amphibolite, and (2) test
whether silica-rich partial-melt was involved in the
formation of the big-garnet porphyroblasts.

FIELD SITES
Warrensburg
Located in the southwest corner of the Bolton quadrangle, this occurrence provides excellent threedimensional exposures in two roadcuts along Wall
Street, just east of Interstate Highway 87 about 1.5
km northeast of Warrensburg, NY. The Warrensburg big-garnet amphibolite occurs at the edge of a
meta-gabbro body, and is cut through by a deformed
syenite dike. Gneissic syenite and granite occur at
the northern contact of the exposure.
Gore Mountain

Figure 1. Generalized geologic map of the Adirondack Mountains. Region including the Gore Mountain and Warrensburg
field areas is outlined by the rectangle. (from Hollocher, unpublished)

This study presents a comparison of the mineralogy and geochemistry of the Warrensburg and
Gore Mountain big-garnet amphibolites as a way to

The Gore Mountain big-garnet deposit is located
in the Thirteenth Lake Quadrangle, in the town of
North River, NY. This site is approximately 30 km
northwest of Warrensburg in an area underlain by
meta-anorthosite, meta-syenite, meta-gabbro, and
amphibolite. The garnet ore body occurs as an E-W
trending lens-like deposit nearly 1.2 km long, vary145
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ing between 15 to 100 m in
width. The big-garnet amphibolite grades into an olivine corona gabbro to the north and a
garnet-rich gabbroic anorthosite to the east. The ore body is
in contact with anorthosite to
the west, and is in fault contact
with pyroxene-rich syenite to
the south.
Sample Collection
Fieldwork took place June
25th through June 27th, 2007.
Samples of the Warrensburg
big-garnet amphibolite were
collected at five locations along
the Wall Street roadcut. The
primary objective in the field
was to collect samples containing representative matrix and
coarse garnet-bearing zones.
Gore Mountain samples were
collected at the historic Barton Mine from three inactive
open pit mines. Samples of the
olivine corona gabbro, smallgarnet rock, large-garnet rock,
hornblendite, and matrix were
collected from both the floor and
walls of the pits.

Figure 2. Petrography of the Warrensburg big-garnet amphibolite. (A) Warrensburg
coarse zones of garnet with discontinuous hornblende rims, plagioclase, and orthopyroxene at outcrop scale. (B) Photomicrograph of section W-3-1c showing coarse zone
plagioclase and orthopyroxene under crossed and uncrossed polars. (C) Photomicrograph of the Warrensburg matrix sample W-3-1a under crossed and uncrossed polars.

PETROGRAPHY
Warrensburg
The Warrensburg garnet occurs almost exclusively
in irregular coarse patches (8-20 cm) of garnet,
plagioclase, orthopyroxene, hornblende, and biotite,
with essentially no garnet in the matrix. Some, but
not all of the garnet porphyroblasts are surrounded
by hornblende rims, and many of these rims are
discontinuous (Fig. 2A). Coarse zones commonly
contain several garnet porphyroblasts in a row.
Within the coarse zones, subhedral to anhedral
grains of orthopyroxene range in size from 1-25

mm, and plagioclase occurs in polygonal aggregates
of subhedral to anhedral grains (Fig. 2B). Accessory
pyrrhotite, ilmenite, apatite, and zircon have been
identified within these coarse patches.
The garnet porphyroblasts and coarse zones are set
in a matrix containing brown hornblende (45-55%),
plagioclase (30-35%), highly altered orthopyroxene
(2-15%), and biotite (5-10%). Opaque minerals
including pyrrhotite and ilmenite make up 1 to 2%
of the matrix. Trace amounts of clinopyroxene have
been identified with the SEM. The matrix amphibolite is granoblastic, with no evidence of relict igne146
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ous minerals (Fig. 2C). Although the biotite grains show
no preferred alignment, the
subhedral to anhedral grains
of hornblende (1.4-4.5 mm)
exhibit a weak preferred orientation of cleavage in some thin
section samples. Subhedral to
anhedral plagioclase ranges in
size from 1-2 mm. Altered and
serpentinized orthopyroxene
occurs as anhedral to subhedral
grains in linear masses (<1.5
mm).
Gore Mountain
The petrography of the Gore
Mountain big-garnet amphiboFigure 3. Petrography of the Gore Mountain big-garnet amphibolite. (A) Outcrop scale
lite has been extensively disgarnet porphyroblast with hornblende rim on the left, and irregular coarse patch of
cussed by a number of previous garnet, plagioclase, orthopyroxene, and hornblende on the right. (B) Garnet with 1.2
workers (Levin, 1950; Bartholomé, mm symplectite rim from sample GM-9.
1960; Luther 1976; Goldblum
and Hill, 1992; Kelly and Darling,
2002). Garnet occurs in the Gore Mountain Barton GEOCHEMISTRY
Mines ore body predominantly as hornblenderimmed porphyroblasts ranging in size from 1mm
Minerals from eight polished Warrensburg secto ~35 cm (Fig. 3A). Elongate pressure shadows of
tions and three Gore Mountain thin-sections were
coarse plagioclase, orthopyroxene, and hornblende
analyzed for major element chemistry by SEM-EDS
trail many of the garnet porphyroblasts. Parallel
at Union College. Approximately five points per
fracture planes characterize the garnet porphyrobgrain were analyzed for plagioclase, hornblende, and
lasts. Symplectite rims (~1.0-1.5 mm) of plagioorthopyroxene found in the Warrensburg matrix
clase, orthopyroxene, and hornblende surround
and coarse zones and the Gore Mountain matrix.
some, but not all, of the small garnets (0.5-1 cm)
These analyses along with garnet compositions are
examined in thin section, and most or all of the big
plotted on triangular diagrams in Figure 4. Major
garnets (Fig. 3B)
element traverses of both the Warrensburg and Gore
The Gore Mountain garnet porphyroblasts are set
in a granoblastic matrix that contains green hornblende (35-70%), anhedral plagioclase (20-35%),
highly pleochroic orthopyroxene (10-25%), and biotite (<1%) exhibiting no preferred alignment. Trace
amounts of apatite, ilmenite, and pyrrhotite are
also found in the matrix. Micro-scale symplectite
boundaries between grains of hornblende, plagioclase, orthopyroxene, and biotite are common in the
matrix (Hollocher, this volume, Fig. 4B-C).

Mountain small garnet porphyroblasts showed little
to no evidence of zoning. Average compositions for
the major minerals of the Warrensburg and Gore
Mountain big-garnet amphibolites are reported in
Table 1.
In the laboratory at Union College, 43 bulk samples
from Gore Mountain and 4 samples from Warrensburg were prepared and analyzed for minor and
trace element chemistry by ICP-MS. Gore Mountain samples included corona gabbro, small-garnet

147
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amphibolite, matrix, hornblendite, and garnet. The
four analyses from Warrensburg included two matrix samples and two samples from coarse zones of
garnet, plagioclase, orthopyroxene, and hornblende.
Both the Warrensburg matrix amphibolite and
the coarse patches are enriched in REEs relative to
chondrites (Figure 5A). Matrix samples are slightly
more enriched in the LREEs than are coarse zone
samples, which are more enriched in the HREEs, a
trend that is consistent with garnet’s affinity for the
HREEs. The four Warrensburg samples show no Eu
anomalies.
The Gore Mountain matrix corona gabbro, matrix
amphibolite, and hornblendite rims show enrichment in the REEs relative to chondrites (Figure 5B).
The matrix and corona gabbro samples are LREEenriched, and the corona gabbro and matrix show
slight positive Eu anomalies.

THERMODYNAMIC MODELING
Figure 4. (A) Plagioclase compositions (cation per formula
unit) from six Warrensburg matrix samples, two Warrensburg
coarse zones, and two Gore Mountain matrix samples plotted
on a Na-K-Ca triangular diagram. (B) Mg-Ca-Fe triangular plot
(cation per formula unit) of hornblende, garnet, and orthopyroxene grains from seven Warrensburg sections and three Gore
Mountain matrix sections.

The upper amphibolite-grade of the Gore Mountain
big-garnet ore has been estimated based on stability ranges of the major mineral phases (Goldblum
and Hill, 1992; J. McLelland, pers. comm., 2007);
no such conditions have yet been published for
the Warrensburg big-garnet amphibolite. The bulk
chemical analyses and mineral chemistry of the
Warrensburg coarse zones
are serving as the basis for
ongoing thermodynamic
modeling in the program
Perple-X 07.

Table 1. Average chemical composition for the major minerals of the
Warrensburg and Gore Mountain big-garnet amphibolite.
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A number of simulations
constrained by the Warrensburg coarse-zone bulk
composition have been
modeled in Perple-X.
Reasonable stable mineral
phases (gnt+hbl+plag+O
PX+il±qtz) in agreement
with the mineral phases
observed in the coarse
pockets at Warrensburg
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hornblendite rims like that seen in Figure 3A are rare
at Warrensburg. The Warrensburg matrix contains
more biotite and brown hornblende and is finergrained than the Gore Mountain matrix. The Gore
Mountain matrix hosts abundant orthopyroxene and
green hornblende and is characterized by symplectite
reactions rims, both around garnets and at a finerscale between matrix grains (Fig. 3B).
The average chemical compositions obtained by
SEM-EDS analysis for the major mineral constituents of the amphibolites reveal that the Gore Mountain matrix plagioclase is more calcic than the Warrensburg plagioclase (Fig. 4A). The Warrensburg
garnets, hornblende, and orthopyroxene are Fe-rich
compared to the Gore Mountain minerals, which are
relatively enriched in Mg (Fig. 4B). While there may
be a slight enrichment of Mg in the Warrensburg
coarse zone orthopyroxene relative to the Warrensburg matrix orthopyroxene, the diagrams in Figure
4 reveal that major mineral chemistry of the coarse
zones and matrix are nearly indistinguishable.

Figure 5. Rare earth element plots normalized against chondrites after Sun and McDonough (1989) of (A) the Warrensburg
matrix and coarse zones and the Gore Mountain matrix, and
(B) the Gore Mountain lithologies.

Preliminary thermodynamic modeling suggests that
the Warrensburg big-garnet amphibolite initially
formed under upper-amphibolite facies conditions
similar to the Gore Mountain garnet body. However,
the textural differences between the samples from
Warrensburg and Gore Mountain suggest that the
two big-garnet amphibolites experienced unique
late-stage P-T conditions. The symplectite rims and
grain boundaries of the Gore Mountain rocks may
indicate a depressurization event not experienced by
the Warrensburg rocks (K. Hollocher, pers. comm.,
2008).

have been calculated over a range of pressures (68 kbars) and temperatures (800-1200 ºC). Work
involving the addition of a silica-rich partial melt
phase and further constraint of the thermodynamic
calculations with various solution models is currently in progress.

COMPARISON OF THE BIG-GARNET
AMPHIBOLITES
The Warrensburg big-garnet amphibolite, referred
to by McLelland et al. (2002a) as a “Poor Man’s Gore
Mt,” has a mineral assemblage similar to that of the
Gore Mt. Barton Mines ore-body. While both biggarnet amphibolites consist of large garnet porpyroblasts set in a matrix of hornblende-plagioclaseorthopyroxene-biotite±CPX, a number of textural,
mineralogical, and geochemical distinctions can
be made. Garnet porphyroblasts are generally
smaller and less abundant at Warrensburg than at
Gore Mountain, and garnets with thick, continuous

We also recognize a likely difference in the original
composition of the two big-garnet amphibolite protoliths. The enrichment of the Warrensburg samples
in all REEs relative to the Gore Mountain rocks
suggests that the Warrensburg protolith may be more
evolved, i.e. by crystal fractionation, than the Gore
Mountain corona gabbro. This trend is also consistent with the higher Ti and K abundances in the
Warrensburg rocks (Hollocher, this volume). The
REE plots of the Gore Mountain rocks show a slight
positive Eu anomaly, consistent with the interpreta-
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tion of the corona gabbro as a layered cumulate. The Krieger, M.H., 1937, Geology of the Thirteenth Lake
Warrensburg rocks do not show any Eu anomaly,
quadrangle, New York: New York State Mubut this comparison is difficult to make because the
seum Bulletin, v. 308, 124 p., 3 plates.
Warrensburg protolith may or may not be a cumulate.
Levin, S.B., 1950, Genesis of some Adirondack
garnet deposits: Geological Society of America
Bulletin, v. 61, p. 519-565, 2 plates.
FUTURE WORK
The similarities and differences between the Warrensburg and Gore Mountain big-garnet amphibolites identified in this study will be useful in
interpreting and evaluating the results of future
thermodynamic modeling that more tightly constrains the conditions and origins of the Adirondack
mega-garnet formation. Future work should also
include locating (if possible) and analyzing samples
of the protolith gabbro of the Warrensburg big-garnet amphibolite that would allow for more extended
comparison between the two big-garnet amphibolites.
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