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If the Dry Hill Gneiss and related rocks do represent the basement of the Ordovician 

Bronson Hill magmatic arc, then their provenance is crucial to plate-tectonic interpretations. 
The proposal of Dalla Salda et al. (1992) that the Taconian orogeny was a continental 
collision between Laurentia and western South America could be consistent with the detrital 
zircons from the Pelham Quartzite as well as paleomagnetic reconstructions (Trond Torsvik, 
personal communication, 1993) showing western South America at roughly equatorial 
latitudes in the Ordovician when the Avalon part of Gondwana was still at high southern 
latitudes. The Pb isotopic data of Ayuso would then have to be explained in terms of some 
broader effect within Gondwana. If the Gromet interpretation of Pennsylvanian 
underthrusting of Avalon crust is correct, then the basement of the Bronson Hill magmatic 
arc will have to be sought elsewhere. See Robinson et al. 1998 for additional discussion of 
this problem. 
 

Paleozoi c Undercover:  Mount Mineral  Formati on (not exposed in th e Ora nge 
area) 

 
In the southern part of the Pelham dome, outside the Orange area, but along the upper 

contact of the Late Proterozoic rocks described above, there is a sequence of sillimanite- and 
kyanite-bearing mica schists, amphibolites, quartzites, and gneisses. These were mapped 
together as the Mount Mineral Formation (Robinson et al. 1973) and were interpreted as a 
more aluminous facies of the upper layer of Poplar Mountain Gneiss in the northern part of 
the dome. These proved to have relics of a near granulite facies metamorphism overprinted 
with kyanite-staurolite-muscovite grade assemblages. These were interpreted (Roll, 1987) as 
relics of a Proterozoic metamorphism overprinted by the "ambient" Acadian facies. The U-Pb 
isotopic research of  Tucker (Robinson et al., 1992) has caused a drastic reinterpretation. 
Monazite U-Pb ages in the rocks with granulite-facies relics are 367± 2 (Quaboagian), 
whereas monazites in schists and quartzites with kyanite-muscovite overprints are 298± 2 Ma 
(Northfieldian). Thus, within a hundred meters of the Dry Hill and related rocks, we have 
evidence of Late Devonian to Early Mississippian (Quaboagian) metamorphism of the same 
age and temperature, and of slightly higher pressure than the Quaboagian of the central 
Massachusetts granulite-facies high!  Studies of detrital zircon grains within the upper 
muscovite-bearing quartzite of the Mount Mineral Formation have yielded three grains with 
concordant ages of 459, 441 and 439, proving that the quartzite can be no older than the 
early Silurian and is probably the Lower Silurian Clough Quartzite (see below). Correlation 
of other parts of the thin Mount Mineral Formation with various Ordovician, Silurian and 
Lower Devonian units is probable. A plagioclase gneiss in the lower part of the Mount 
Mineral Formation has yielded a U-Pb zircon age of 456 Ma (Robinson et al., 1992, p. 164), 
slightly older than the oldest gneisses dated at 455 Ma. among the standard dome gneisses. 
The outcrop belt of the Mount Mineral Formation must now be considered as part of a 
tectonic window beneath Ordovician intrusive basement, bounded upward either by a 
Quaboagian east-directed thrust or, much less probably, by a Quaboagian east-directed fold 
nappe containing the Ordovician intrusive rocks. 

 
 
 

 
Late Ordovician Int rusive Basement : Monson Gneiss (Omo), Fourmi le Gneiss 

(Ofm), Pauchaug Gneiss (Opch). 
 

The predominant rocks exposed in the cores of the domes are quartz-feldspar gneisses 
and amphibolites, interpreted to be a highly deformed and metamorphosed intrusive 
igneous complex. The petrology, geochemistry, and setting of these rocks is discussed in 
detail by Hollocher et al., 2002, and their setting is also discussed by Robinson et al., 1998. 
In some parts, the complex is homogeneous, representing large intrusive masses of 
calcalkaline granite or tonalite. Elsewhere it is strongly layered with alternating tonalite and 
monotonous hornblende-biotite amphibolite, but lacking amphibolites with Fe-Mg 
amphiboles and felsic rocks with garnet, muscovite and sillimanite characteristic of the 
overlying Ammonoosuc Volcanics. The complex resembles rocks in other orogens inferred to 
have come from the roots of an island arc. Extensive U-Pb zircon dating based on large well 
studied exposures (Tucker and Robinson, 1990) has yielded a total age range of 455-442 
Ma. The upper age limit corresponds almost exactly to the recognized time of emplacement 
of the Giddings Brook slice of the Taconic allochthons (Hollocher et al., 2002). Thus, the 
magmatic rocks exposed here cannot represent the magmatic arc as it existed prior to the 
Taconian collision, as in the case of the gneisses exposed in the Shelburne Falls dome 
(Karabinos et al., 1998), but only rocks produced during the collision and subsequent 
metamorphism of the suture zone, for which Hames (Hames et al., 1991, Ratcliffe, Hames 
and Billor, 2008) has determined a hornblende Ar-Ar age of about 449 Ma. The fact that the 
older of these intrusive ages and the age of the Upper Ammonoosuc rhyolite (see below) 
correspond very closely to the age of emplacement of the Giddings Brook slice, suggested to 
Hollocher et al. that this magmatism was tied to a continuation of southeast-directed 
subduction of Laurentia under the Bronson Hill arc (see also Robinson et al., 1998 and 
Ratcliffe et al., 1999) and not related to a Late Ordovician flip to northwest-directed 
subduction beneath Laurentia as proposed by Karabinos et al. (1998, 1999) and more 
recently by Moench and Aleinikoff (2003).   

 

 
Late Ordovician Strat i fied Cover:  Ammonoosuc Volcanics (Oa), Part ri dge 

Form at ion (Op) 
 

The Ordovician intrusive complex is separated from the Ordovician stratified cover by a 
sharp planar contact. The overlying strata consist of the Ammonoosuc Volcanics and the 
Partridge Formation. The belt can be traced discontinuously into Maine where equivalents of 
the Partridge contain Caradocian graptolites (Harwood and Berry, 1967). 

The Ammonoosuc Volcanics (Oa) consists of three mappable members (Robinson, 
1963; Schumacher, 1988), and ranges in present mappable thickness from 30 to 1300 
meters. The Mafic Lower Member (Oam) consists predominantly of metamorphosed 
basaltic and andesitic lavas and tuffs of tholeiitic arc affinities or their hydrothermally altered 
equivalents, with relatively minor felsic interbeds. Locally pillows, graded tuffs (Fig. 10), 
agglomerates (Figs. 11, 12), and other features are preserved even in sillimanite-grade rocks. 
Although hornblende is typical of many of these rocks, great chemical variety leads to 
metamorphic assemblages with garnet, epidote, diopside, and particularly anthophyllite, 
gedrite and cummingtonite. The hydrothermally altered basalts are metamorphosed to 
cordierite-gedrite gneisses, locally with garnet, kyanite, sillimanite, staurolite, spinel, 
corundum and sapphirine. Locally the top of the Member is marked by marble, marble-
matrix volcanic conglomerate, or diopside-rich amphibolite. The Middle Garnet-
Amphibol e Quart zi te Member (Oag), commonly with cummingtonite and/or gedrite, 
hornblende, and magnetite is a widespread very thin unit considered to be a deposit from 
volcanic exhalations and marking an abrupt change in character of volcanism, from 
predominantly mafic to predominantly felsic. The Felsic Upper Member (Oaf) consists of 
metamorphosed rhyolites and dacites or their hydrothermally altered equivalents. These are 
characteristically peraluminous rocks, as indicated by the abundance of metamorphic garnet 
and muscovite, believed on the basis of major and trace elements to have melted from a 
basaltic source. The hydrothermally altered equivalents are now various muscovite, kyanite, 
and sillimanite-rich rocks, including sillimanite nodular gneisses (Fig. 13). A metamorphosed 
quartz-phyric rhyolite from the Felsic Upper Member, about 30 m below the base of the 
Partridge Formation near Bernardsrton, Massachusetts has yielded a U-Pb zircon age of 
453± 2 Ma. The lower part of the Ammonoosuc Volcanics in the type area in New 
Hampshire is known to be much older, in that it is intruded by the 469 Ma. Joslin Turn 
Pluton (Moench and Aleinikoff  2003). Possibly the lower member in Massachusetts is also 
this old. A graded rhyolite overlying Partridge schist at Lisbon, New Hampshire has yielded a 
U-Pb zircon age of 443 Ma, similar to some of the gneisses of the intrusive basement 
discussed above. Moench and Aleinikoff assign this rhyolite to the Quimby Volcanics, 
suggesting a different tectonic setting for the Quimby as compared to the true Ammonoosuc. 
They favor correlation of the Upper Ammonoosuc of central Massachusetts with the 
Quimby, and the Middle Member with the type Partridge, but the older ages of the 
Massachusetts rhyolite (453 Ma) and overlying Partridge rhyolite (449 Ma, see below) do not 
require such a correlation. 
 
 

Fig. 4  Strongly lineated, poorly foliated Fourmile Gneiss in core of the Kempfield anticline, 
cut by discordant Northfieldian pegmatite.  Northfieldian lineation plunges 30o north parallel 
to the hammer handle.  Road cut on Route 2 at Orange-Erving Town line.    
 

Fig. 5  Interlayered feldspar-quartz gneiss 
and amphibolite in main body of Monson 
Gneiss with boudinaged amphibolite layer. 
Late Quaboagian hornblende lineation 
plunges gently south toward base of figure 
and boudins have vertical plunge.  Road cut 
on Route 2 north of Kelton Hill.  Note pencil 
for scale. 
 

Fig. 6  Well layered feldspar-quartz biotite 
gneiss in main body of Monson Gneiss. At 
interchange on Route 2 northeast of 
Magoon Hill. 
 
 

Fig. 7  Coarse-grained feldspar-quartz-
biotite gneiss with layers of fine-grained 
hornblende-rich gneiss.  Some layers are 
dismembered, suggesting the rock is a 
deformed intrusive breccia. At interchange 
on Route 2 northeast of Magoon Hill. 
 

Fig. 9  Interlayered feldspar-quartz gneiss and 
amphibolite typical of the North Orange and 
Creamery Hill bands of Monson Gneiss.  Boudins 
plunge directly away from observer, roughly at 
right angles to late Quaboagian minor folds and 
lineation.  Located in large cut in the North 
Orange band on Batchelder Road just north of 
Route 2 in the eastern part of the Orange 
quadrangle. 
 
 

In the Orange area, several unit names are applied to these rocks.  The plagioclase 
gneisses in the core of the Pelham dome and in the core of the Kempfield anticline are called 
Fourmi le Gnei ss (Ofm) for Fourmile Brook in the Village of Northfield Farms.  They are 
predominantly felsic gneisses (Fig. 4), with only subordinate amphibolite.  The massive 
granitoid gneiss in the core of the Warwick dome is called Pauchaug Gnei ss (Opch) for 
Pauchaug Brook, which enters the Connecticut River in New Hampshire just north of 
Northfield, Massachusetts. In the Orange area and adjacent areas to the north, the Pauchaug 
Gneiss has been divided on a rather subjective basis into a more massive core and a fine-
grained more foliated rim.  The gneiss in the main and Tully bodies is named Monson 
Gnei ss (Omo) for the quarries at Monson in southern Massachusetts.  Monson Gneiss is 
commonly more varied and generally also more layered than the other gneisses, with a 
greater proportion of amphibolite (Figs. 5, 6, 7 and 8), so that in places it appears as if the 
layers were bedding.  However, years of study, particularly of large wave-washed exposures 
in Quabbin Reservoir, has provided convincing evidence that these are nothing more than 
highly deformed complex intrusive rocks.  The layering is even more pronounced in the 
narrow North Orange (Omon) and Creamery Hill bands (Omoc) that form the core of an 
early fold nappe (Fig. 9). Well after the present usage was adopted, it was discovered farther 
south in Massachusetts that the Fourmile Gneiss of the Kempfield anticline nowhere 
connects with the Fourmile Gneiss of the Pelham dome, but near Quabbin Hill does connect 
with the Main Body of Monson Gneiss. 

Fig. 10  Finely bedded amphibolite 
interbedded with coarser fragmental 
material in Lower Member of 
Ammonoosuc Volcanics at outcrop 
in pasture south of cemetery at Lake 
Mattawa. 
 

Fig. 11  Amphibolite in Lower Member 
of the Ammonoosuc Volcanics with 
texture and structure suggesting origin as 
a volcanic conglomerate or agglomerate.  
Light-colored, probable clasts consist 
mainly of plagiclase and epidote.  Outcrop 
in pasture south of cemetery at Lake 
Mattawa. 
 

Fig. 13  Fine-grained, well layered and 
foliated, microcline-quartz-plagioclase biotite 
gneiss with small quartz-sillimanite nodules in 
Upper Member of Ammonoosuc Volcanics 
near Partridge Formation contact.  Outcrop is 
on a powerline in the north-central part of the 
adjacent Mount Grace quadrangle, but similar 
rocks are exposed in the Walnut Hill area of 
the Orange Quadrangle. 
 

Fig. 12  Amphibolite with deformed cobbles and pebbles suggesting origin as volcanic 
conglomerate or agglomerate in Lower Member of the Ammonoosuc Volcanics. Late 
Quaboagian hornblende lineation and long axes of pebbles and cobbles plunge about 30o 
south parallel to the hammer handle. Outcrop in pasture south of cemetery at Lake Mattawa. 
 

Fig. 8  Well foliated, weakly layered 
plagioclase-quartz-biotite gneiss with 
microcline megacrysts. Late Quaboagian 
fold in foliation plunges gently south. 
Road cut on Route 2 northeast of 
Magoon Hill.  
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Comments to the Map User

A geologic map displays information on the distribution, nature, orientation and age relationships of rock and deposits and the occurrence of structural features. Geologic and 
fault contacts are irregular surfaces that form boundaries between different types or ages of units. Data depicted on this geologic quadrangle map are based on reconnaissance 
field geologic mapping, compilation of published and unpublished work, and photogeologic interpretation. Locations of contacts are not surveyed, but are plotted by 
interpretation of the position of a given contact onto a topographic base map; therefore, the accuracy of contact locations depends on the scale of mapping and the 
interpretation of the geologist(s). Any enlargement of this map could cause misunderstanding in the detail of mapping and may result in erroneous interpretations. Site-specific 
conditions should be verified by detailed surface mapping or subsurface exploration. Topographic and cultural changes associated with recent development may not be shown.

We recommend reading Reading Maps with a Critical Eye: Becoming an Informed Map Reader by the Maine Geologic Survey to make the best use of a geologic map 
(http://www.maine.gov/doc/nrimc/mgs/mapuse/informed/informed.htm).

This map has not been peer reviewed or edited to conform with editorial standards of the Massachusetts State Geologist or with the North American Stratigraphic Code.  The 
contents of the report and map should not be considered final and complete until reviewed and published by the Office of the Massachusetts State Geologist. The views and 
conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the 
University of Massachusetts, Commonwealth of Massachusetts, and the United States Federal Government.
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