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GEOLOGY OF MASSACHUSETTS AND RHODE ISLAND.

-

By B. K. EMErson.

INTRODUCTION.

SOURCES OF MATERIAL.

In preparing the present treatise and the accompanying geologic
map of Massachusetts and Rhode Island (Pl X, in pocket) I have
endeavored to use all the material available. The matter has been
greatly condensed, for the detailed geology of a considerable part of
the area will be described in a number of forthcoming folios of the
Geologic Atlas of the United States. The Holyoke folio, published
in 1898, covered the major part of the Triassic rocks in Massachu-
setts, but as those rocks have since been more thoroughly studied they
are here treated in greater detail to bring their discussion up to date.

The description and map of the part of Massachusetts east of
Pittsfield and west of Framingham are mainly the results of my
own studies, which began in 1871 and still continue. Prof. Joseph
H. Perry has been associated with me for many years in these studies
and is a recognized authority on the geology of Worcester, and Mr.
C. S. Merrick and Prof. Fred A. Peck have worked as assistants in
Worcester and Franklin counties, respectively.

The discussion and map of the Hoosac Mountain district, in
western Massachusetts, are the result of studies by Raphael Pum-
pelly, J. E. Wolff, and T. N. Dale.! T have also had access to all the
maps made by Mr. Dale for the northern half of western Berkshire
County and to those made by Prof. William H. Hobbs and by Prof.
Joseph Barrell for the southern half, and have become familiar with
that region on tramps through every part of it in conference with
all those geologists.

The map of the Narragansett Basin is drawn from maps pre-
pared by Prof. J. B. Woodworth and Dr. A. F. Foerste.? For
western Rhode Island the data are meager, but a recent paper by
G. F. Loughlin ® gives a new map of the south half of that State.

1 Geology of the Green Mountains in Massachusetts: U. 8. Geol. Survey Mon. 23, 1894.

2 Geology of the Narragansett Basin: U. 8. Geol. Survey Mon. 33, 1899.

3 Intrusive granites and associateq metomorphic sediments in southwestern Rhode
Island : Am. Jour. Sci., 4th ser., vol. 29, p. 447, 1910,

13
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14 GEOLOGY OF MASSACHUSETTS AND RHODE ISLAND.

For the region east of the Narragansett Basin the boundaries drawn
by Hitchcock in 1841 have been used.

The map of the part of Massachusetts east of Pepperell, Ayer,
Harvard, Hudson, Southboro, Hopkinton, Milford, and Bellingham
and north of Franklin, Walpole, Norwood, Braintree, Hingham, and
Cohasset is based almost wholly on the work of Laurence LaForge,
of the United States Geological Survey. Mr. LaForge has been
engaged for several years in the study of the geology of that part
of the State and has drawn the map of that region for me, except
the portion for the area of Quincy granite and associated rocks in
eastern Essex County, which was compiled by me from Sears’s "
map of Essex County * and from unpublished maps by C. H. Clapp
and by J. W. Eggleston. Mr. LaForge has made no study of the
part of Essex County lying between Rowley, Georgetown, Andover,
Reading, and Peabody, and has compiled that part of the map from
the results of the work of Sears and of C. H. Clapp. Much of the
description of the rocks of northeastern Massachusetts, especially
in the Boston district and in the Merrimack Valley, has been written
by Mr. LaForge, and other parts of the text have been abstracted
from material furnished by him.

Since 1907 the work has been under the supervision of Arthur
Keith, chief of the section of eastern areal geology of the United
States Geological Survey, with whom I have held many confer-
ences in the field and in the office. Mr. Keith has made extensive
field studies of the geology of the Housatonic Valley and of critical
areas in eastern Massachusetts, and has been of material assistance,
both in the field investigations and in the preparation of this text
and the accompanying map.

Acknowledgment should also be made to Miss M. G. Wllmarth
clerk of the Survey committee on geologic names, who, by careful
scrutiny of the manuscript and patient attention to details, has ren-
dered invaluable assistance in matters pertaining to the names and
correlation of the formations. Miss Wilmarth prepared the table
of formations that accompanies this text and aided greatly in the
preparation of the legend for the geologic map.

PHYSIOGRAPHY.

The State of Massachusetts presents a perfect illustrative section
across the Appalachian Mountain system in an area where it culmi- .
nates in variety and complexity, about midway in its great sweep
frem Newfoundland to Alabama. This area lies just south “of the
region where the great folds of this mountain system were com-
pressed against the Adirondacks, by forces thrusting from the east,

1 Sears, J. H., The physical geography, geology, mineralogy, and paleontology of Essex
County, Mass., Salem, 1905,
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in a zone where the ancient unfolded rocks of New York form the
foreland. . As the rocks now at the surface can have attained their
present condition only under the weight of a great mass of superin-
cumbent material, and as the surface everywhere shows steeply dip-
ping and truncated layers, it is evident that erosion by rain and wind
and frost and streams has worn down these great folds as they rose
into prominent mountain chains, leaving a low plateau showing
mountainous structure but without mountains. The agents of ero-
sion cut the mass down toward sea level, the goal to which all erosion
tends, and almost reached it, for the region was worn down to a
peneplain. 'W. M. Davis, in developing this idea and giving this
name to a plain thus formed, applied to the elevations which survive
above the general plain when the work has been interrupted before
completion, the term “monadnocks,” from the name of the well-
known mountain in New Hampshire, just over the Massachusetts
border. The chief monadnocks standing on the upland of central
Massachusetts are Mount Wachusett, the Watatics, Mount Grace,
Brush Mountain, and Asnebumskit Hill.

At the completion of this epoch of erosion the surface of the State
was a nearly continuous plain, sloping southward and eastward, of
which the present broad, flat uplands are remnants. This plain was
then raised as a whole, without folding, but by broad warping and
tilting, so that in the northwestern part of the State it stood about
2,000 feet above the sea. As a result of this uplift the streams, which
ran southward and eastward across the plain, cut deep trenches in the
upland. In the soft sandstones of the Connecticut Valley and the
soluble limestones of the Housatonic Valley these trenches were
widened into broad, flat-bottomed valleys, the beginnings of new,
transient peneplains, whose elevation was determined not by sea level
but by obstructions farther downstream.

Thus erosion has marked out the broad topographic divisions of
the State, which are also the broad geologic divisions. These divi-
sions are enumerated below :

First. The Cambrian and Ordovician limestone valley of the e
Housatonic, in which steep schist ridges rise from Greylock to
Canaan Mountain, and which is a sort of prong of the Great Appa-
lachian Valley. The great scenic beauty of this valley depends on
the sharp contrast in relief between the soft soluble limestone of the
lowlands and the resistant schist of the bold ridges.

Second. The broad Archean-Silurian upland of eastern Berkshires"
County-—the Green Mountain protaxis—running through Hoosac
Mountain and the “hill towns”—Peru, Washington, and Becket.
This higher western axial part of the upland is underlain by Archean
rocks, on which rest belts of schists and limestones that are infolded
in granites and that have curved northwesterly trends. The erosion
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of the limestones in pre-Cambrian time formed deep curved valleys,
into which the Cambrian and Ordovician seas penetrated and de-
posited their own limestones, the subsequent erosion of which has
disclosed the older marbles. The rocks of the uplands have in part
been thrust over the limestone of the Housatonic Valley along fault
planes and form a lobed or scalloped escarpment facing it. These
and other faults have exercised considerable control over the direc-
tion and depth of erosion. The eastern half of the upland slopes
gradually eastward and is made up of northward-trending schist
ranges, which include many beds of limestone and are much cut by
granite. The divide lies along the higher, western crest of the up-
land, and the greater part of it is drained southeastward to the Con-
necticut, only the curved limestone valleys being drained westward to
the Housatomc

Third. The Devonian-Triassic valley of the Connecticut, in which.
there are sharp trap ranges topographically much like Monument
Mountain in the Housatonic Valley. Great faults along the scarps
on both sides of the valley have lowered and thus preserved the sand-
stones in which the valley has been cut to form a younger incipient
peneplain.

Fourth. The central upland, or Worcester County plateau, made
up of alternate broad bands of Carboniferous granite and narrower
bands of folded schists, repeating in part the structure and lithology
of the western upland. The northern part of the westernmost range
of granite is rather resistant and forms monadnocks like Mount
Grace, but its southern part has been deeply eroded in the Wilbraham
Valley. The granite belt next east is made up of less resistant rock
and forms the Monson Valley and the broad, relatively low strip that
stretches from Orange to Palmer. The third granite belt is more re-
sistant again and forms such monadnocks as Wachusett and Asne-
bumskit. Just east of it the weak Worcester phyllite is worn down
in the low Nashua Valley.

Fifth. The bordering slope that descends gradually eastward and
southeastward from the irregular but fairly definite escarpment
bounding the central upland. The descent is by no means uniform,
and the general surface, if restored by filling the valleys to the
height of the hilltops, would be not at all smooth and would not have
a regular and gentle slope from the central upland to the coast.
Southeastern Worcester County and northwestern Rhode Island are
in large part a rugged upland of pre-Cambrian rocks, which, though
much lower than the central upland, stands distinctly above the
country northeast and southeast of it. Northeastern Massachusetts,

-north of the forty-second parallel, is crossed by several belts of hilly
country which have a general northeast-southwest trend but which
converge, in a way, on the rugged upland just mentioned and which
separate broad tracts of lowland that are, to some extent, the valleys
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Dalton formation | Dalton formation. ;
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of the main streams of that part of the State. The only one of these
hilly belts which can really be called a range extends from Shrews-
bury northeastward through Harvard and Westford into Chelms-
ford, and separates the basin of Nashua River from that of Assabet
and Concord rivers. It follows a belt of metamorphosed sedimentary
rock which appears to be much more resistant than the rocks on
either side of it, though they are largely granitic.

There is in a broad way a relation between the topography and
the rock structure of this part of the State, as the hilly belts are to
a large extent underlain by granites and other igneous rocks and the
lowlands are more or less underlain by sedimentary rocks, but there
are so many exceptions that the relation is far from being a rule.

Narrow marginal lowlands border the coast in northeastern Essex
County and about the shore of Boston Bay. The one about Boston
Bay extends :rland to form the Boston Basin, which has been cut in
Carboniferous strata. A similar lowland, which also has been eroded
in Carboniferous strata and has been partly submerged to form Nar-
ragansett Bay, extends northeastward from Narragansett Bay nearly
to Massachusetts Bay. It forms a narrow strip of the mainland
west of Narragansett Bay and is bordered on the west by the granitic
upland of western Rhode Island, which overlooks it along a line of
low bluffs. A similar low granitic upland forms the peninsula be-
tween Narragansett and Buzzards bays.

The rocks of the fifth division, which is about equal in area to
the first four combined, also present a greater diversity in kind and
structure than.those of any other division. Periods of sedimenta-
. tion in parts of the area were interrupted by periods of deformation
~ and followed by periods of intrusion. As a result the division is a

great complex of stratified rocks, different parts of which are as-
signed to the pre-Cambrian (?), Cambrian, Devonian (?), and Car-
boniferous periods, respectively, and of igneous rocks of several
ages—pre-Cambrian (%), Devonian, and early and late Carbonifer-
ous. The whole complex has been several times folded and faulted
and has been deeply eroded, so that in parts of the area rocks of
-presumed Archean age are exposed.

Sixth, the Coastal Plain, which includes the Cape Cod peninsula
‘and the islands south of the mainland. This division is almost wholly
covered by Quaternary glacial drift, but Cretaceous and Tertiary
strata are exposed at a few places, and probably underlie practically
the whole area.

GEOLOGIC FORMATIONS. -

The general sequence and approximate correlation of the' forma-
tions occurring in the two States are shown in the accompanying
table. : :

50244° —Bull. 597—17——2



PART I. SEDIMENTARY ROCKS.
PRE-CAMBRIAN ROCKS.
GENERAL FEATURES.

Two widely separated areas of pre-Cambrian rocks enter the State
of Massachusetts from the south—one from western Conuécticut,
forming the axis of the Green Mountains and extending northward
into Vermont, the other from western Rhode Island, forming the
high ground in southeastern Worcester County and extending north-
eastward into Essex County. The rocks of the western area are
highly metamorphosed and include such types as coarse chondroditic
limestones and blue-quartz gneiss. They are separated from the
overlying Cambrian strata by a marked unconformity and are there-
fore regarded as belonging among the older pre-Cambrian rocks
and are assigned to the Archean. The eastern area contains a lower
granitoid formation (the Northbridge granite gneiss), which re-
sembles the Stamford granite gneiss of the western area and which
is overlain unconformably by a series of strata that are more meta-
morphosed than the adjacent Cambrian strata and are tentatively as-
signed to the Algonkian. »
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