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GEOLOGY OF THE BOSTON AEEA, MASSACHUSETTS

By LAURENCE LAFORGE

INTRODUCTION*

POSITION AND GENERAL RELATIONS

The area herein described, which lies between parallels 42° 15' 
and 42° 30' and extends westward from the shore of Massachusetts 
Bay to meridian 71° 15', comprises the Boston and Boston Bay 
quadrangles and has a land area, including marshes and islands, 
of 240 square miles. It is situated in eastern Massachusetts (see 
fig. 1) and includes nearly all of Suffolk County and parts of 
Middlesex, Essex, Norfolk, and Plymouth Counties. The city of 
Boston occupies the south-central part of the area.

In this bulletin, for convenience, the two quadrangles will be 
designated by the term Boston area. This is not the same as the 
Boston district, which comprises the Boston Basin and the adjacent 
territory in which the geology is closely related, so that it forms 
a sort of unit having distinctive geologic characters that differ in 
some respects from those of the surrounding areas. The limits of 
the Boston district are not well defined, but it extends several miles 
outside the Boston area on the north, southwest, and south and 
includes about twice as much territory.

GENERAL FEATURES OF SOUTHEASTERN NEW ENGLAND

The Boston area is part of a geologic and geomorphic province that 
comprises most of New England, southeastern Quebec, and the Mari 
time Provinces. The portion of this province within the United 
States is called the New England Province. A part of the southern 
margin of New England, however, including the Cape Cod Peninsula 
and the islands off the south coast, is within the limits of another 
province the Atlantic Coastal Plain. The rest of southeastern 
New England, east of the Connecticut Valley and south of the White 
Mountains, lies in two of the sections of the New England province. 
On the east is a seaboard belt, 15 to 50 miles wide, most of which,

1 See appendix, p. 101. 1
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except a few bold "hilfe, lies less than 400 feet above sea level and 
in which the surface features are largely due to glacial deposition. 
On the west is an upland, most of which, except the valleys by which 
it is dissected, stands more than 500 feet above sea level and in which 
the form of the surface is due largely to the relief of the underlying 
rock surface.

The two divisions are separated by an irregular slope, hardly 
marked enough to be called an escarpment, which extends from Point

70

FIGDRH 1. Index map showing location of Boston area (dark shading). The area 
indicated by light shading is described in Folio 50 of the Geologic Atlas of the 
United States

Judith northward west of Narragansett Bay and past Providence, 
Marlboro, and Tyngsboro, across New Hampshire, and into Maine. 
The Boston area is situated in the seaboard belt, and its surface 
features are characteristic of that section.

Southeastern New England, east of the Connecticut Valley and 
excluding the Coastal Plain, is more or less a geologic unit. (See 
fig. 2.) Throughout the region as a whole the salient features of the 
geologic history have been much the same, the rocks are of the same 
general ages and sorts, and the same types of structure prevail.
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FIGURE 2.   Generalized geologic map of southeastern New England
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There are, however, some differences that warrant a rough distinc 
tion between the northwestern and southeastern parts of the region, 
though the two are not sharply distinguished areally. A line drawn 
from Point Judith, K. I., to Webster, Mass., and thence northeast 
ward past Marlboro, Bedford, and Amesbury to the sea at Ports 
mouth, N. H., serves fairly well as a boundary between them, 
although some rocks characteristic of each division are found on 
either side of such a line. The northwestern and larger division 
'extends 'from eastern Connecticut across Massachusetts and New 
Hampshire into Maine; the southeastern division is confined to 
eastern Ehode Island and Massachusetts and a corner of New Hamp 
shire, but a division that may 'be its counterpart extends from south 
eastern Maine into New Brunswick, and the two may be connected 
across the floor of the Gulf of Maine.

In general, post-Pennsylvanian igneous rocks are abundant 
and both sedimentary and igneous rocks of undisputed pre-Cambrian 
age are scarce in the northwestern division, whereas in the south 
eastern division post-Pennsylvanian plutonic rocks are almost un 
known, but pre-Pennsylvanian plutonic rocks are abundant, as are 
metamorphic rocks, both sedimentary and igneous, of presumed pre- 
Cambrian age, and there are scattered remnants of Cambrian strata. 
The northwestern division was generally affected by post-Pennsyl 
vanian regional metamorphism, but the southeastern division was lit 
tle affected by such metamorphism, except in some rather small areas.

Both divisions contain basins of terrestrial Carboniferous strata. 
In the northwestern division the Carboniferous sedimentary rocks 
are dominantly fine grained, contain no true coal beds, have been 
much deformed and metamorphosed, and have been invaded by 
younger plutonic rocks but not by contemporaneous volcanic rocks.
In the southeastern division the Carboniferous strata include thick 
beds of conglomerate and some beds of coal, are not as a rule so much 
deformed and metamorphosed, and have not been invaded by younger 
plutonic rocks but are associated in places with volcanic rocks.

The Boston area lies almost wholly in the southeastern division. 
About 2 square miles of its northwest corner, however, are occupied 
by rocks of types characteristic of the northwestern division and not 
found elsewhere in the Boston area.

HISTORICAL SKETCH

The geology of the Boston district attracted the attention of ob 
servers early in the nineteenth century (see pi. 3), and the district 
has ever since been a field of research, which has resulted in a con 
siderable literature. 2 During the first 30 years little systematic work 
was done, and the literature of that period consists mainly of refer 
ences to the occurrence of rocks and minerals at different localities in

2 See Bibliography, pp. 93-100.
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the area. The principal contributions of that period were made by 
William Maclure, Sylvain Godon, and J. F. and S. L. Dana. The 
fourth decade included the work of Edward Hitchcock in the first 
general survey of Massachusetts, which resulted in the geologic map 
published in 1844. The earliest papers on the glacial phenomena of 
the district also appeared about that time. In 1851 Louis Agassiz 
called attention to the fossils in the stratified rocks at East Point, 
Nahant, although their taxonomic character and geologic age were 
not established until many years later. The first determination of 
the age of any rocks of the district came in 1856, with the announce 
ment by W. B. Kogers of the finding of trilobites, now regarded as of 
Middle Cambrian age, in the slate at Braintree. This discovery led 
to the belief that all the sedimentary rocks of the Boston Basin are of 
Cambrian age, a belief that persisted in some quarters for half a 
century.

In the seventies T. Sterry Hunt, a Canadian geologist, paid sev 
eral visits to Boston, where he thought that he found in the geology 
of the district confirmation of his own theories of the origin, struc 
tural relations, and age of rocks of the sorts found therein. His 
visits stimulated the activities of the local geologists, especially N. S. 
Shaler and W. 0. Crosby, and the decade was marked by a number 
of short papers on different aspects of Boston geology, most of 
them supporting Hunt's theories. This period culminated with the 
publication, in 1880, of Crosby's epoch-making book, " Contributions i 
to the geology of eastern Massachusetts," which was accompanied by 
a large-scale map of the Boston district and a map on a smaller scale 
of the northeastern part of the State. Crosby's book has remained 
until the present time the only detailed and comprehensive treatment 
of the geology of the whole district, and his map is the only one so 
far published showing the geology in detail. The book was written 
while Crosby still adhered to Hunt's theories, which have since been 
abandoned, and while the stratified rocks of the Boston Basin were 
still believed to be Cambrian. Crosby later changed his stand on 
several points discussed in the book, much of which has now only a 
historical value. Other parts of it are still useful, as it contains 
information regarding exposures long since obliterated in the settle 
ment of the area, and it still stands as the one monumental work 
on Boston geology.

The year 1880 marked not only the end of one era but the begin 
ning of another, which may be called the golden age of Boston 
geology. While Crosby and Shaler still advocated views of the rela 
tions of the rocks based on Hunt's theories, those theories and their 
application to Boston geology were being overthrown by the work 
of J. S. Diller on the felsites north of the Boston Basin, by that 
of M. E. Wadsworth on the Quincy granite on the south, and by
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that of W. M. Davis and of E. R. Benton on the Brighton mela- 
phyre in the basin. Based on modern ideas of geologic processes 
and structural relations, ideas still currently accepted by practically 
all geologists, the work of those men has stood the test of time, and 
the field work done since on the rocks that they studied has modi 
fied their results only in details. Professor Crosby soon accepted 
the greater part of the new views regarding the rocks, and his 

^^-discovery, jointly with G. H. Barton, of plant fossils of Carbonif 
erous age in the Pondville conglomerate of the Norfolk Basin, 

, just south of and possibly adjoining the Boston Basin, gave the 
first impetus to the now generally accepted belief that the rocks of 
the Boston Basin are also Carboniferous.

From 1880 to 1900 much work was done by many men on all phases 
of the geology of the Boston district, and numerous papers were 
published. Interest in the glacial geology of the district was revived, 
and papers on the subject were published by Warren Upham, Shaler, 
Barton, Davis, Crosby, and others. The geomorphology of the 
region also attracted attention and was discussed to some extent by 
Davis and by Crosby. Among the outstanding events of this period 

the announcement by A. F. Foerste in 1889 of the Lower Cam- 
age of the fossils at Nahant, and the discovery by H. T. Burr 

in 1899 of a Lower Cambrian fauna in the slate at Mill Cove, in 
Weymouth, and by Burr and R. E. Burke, in the same year, of fossil 

**"tree trunks in the Roxbury conglomerate. The igneous rocks of 
Essex County were studied by Wadsworth, H. S. Washington, and 
J. H. Sears, and those of the region south of Boston by Wadsworth, 
Crosby, Florence Bascom, and T. G. White. The systematic geologic 
mapping of the Boston Basin on a large scale was begun by Crosby, 
who published descriptions and maps of the part of the basin in Hull, 
Cohasset, and Hingham. His work was extended through Weymouth 
and Quincy to the Blue Hills and the Neponset Valley, and he 
described the geology of those areas, but the projected maps of them 
were never issued. During this period, also, a wide difference of 
opinion existed regarding the structural relation of the Brighton 
melaphyre to the Roxbury conglomerate, whether intrusive or effu 
sive, and J. E. Wolff, Benton, Crosby, and Burr published papers on 
the subject.

In 1900 the mapping of the Fells Upland was taken up by T. A. 
Jaggar and carried on by students working under his direction. 
The next year the United States Geological Survey took charge of 
the work, which was extended to cover the Boston and Boston Bay 
quadrangles, and the preparation of this report was begun, at first by 
Jaggar and later by the present author. The work has suffered from 
frequent interruptions and was wholly suspended for several years 
during and after the World War. It was also found needful to
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carry on geologic mapping or reconnaissance throughout northeast 
ern Massachusetts and southeastern New Hampshire in order to ob 
tain the data needed for working out some of the otherwise insoluble 
problems of the Boston district and to determine the age and corre 
lation of some of the local formations. Much of the material so ob 
tained by the author was used in the preparation of the geologic map 
of Massachusetts and Rhode Island, by B. K. Emerson, which was 
issued in 1916.

Meanwhile others were carrying on considerable work in the 
Boston district, notably G. R. Mansfield, on the Roxbury con 
glomerate; G. F. Loughlin, on the relations along the southern bor 
der of the Boston Basin; C. H. Warren, on the Quincy granite and 
associated igneous rocks; R. W. Sayles, on the tillite in the Roxbury 
conglomerate; and C. H. Clapp, on the igneous rocks of Essex 
County. Perhaps the most important event of the period was the 
determination by Sayles in 1909 and 1910 of the glacial origin of the 
tillite, a part of the Roxbury conglomerate. Two other events, al 
though occurring outside the Boston area, had much to do with 
establishing the geologic age and sequence of some of the formations 
within the area. J. H. Perry had, in 1885, published the discovery, 
two years earlier, of a fragment of Lepidodendron acimiinatiim at 
the " coal mine " in Worcester and had announced the Carboniferous 
age of the " mica schist " (now called Worcester phyllite) at the same 
place, which Hitchcock had mapped as pre-Cambrian. Some geol 
ogists, however, thought that the fossil must have been transported 
to the locality in some manner and still maintained the pre-Cambrian 
age of the rocks. In 1911 David White, of the United States Geo 
logical Survey, found an undoubted Carboniferous flora in the rocks 
at the " mine " and confirmed Perry's opinion. This established the 
age of the Worcester phyllite, and of the igneous rocks intrusive into 
and deformed with it, as Carboniferous and aided in fixing the age 
of several other formations. The other important event was the 
discovery in 1915, by Arthur Keith at Rowley, Mass., of fossils of 
probable early Devonian age in the rocks of the Newbury volcanic 
complex. This established the age of those rocks, which had been 
supposed to be Carboniferous, as pre-Carboniferous, and threw 
doubt on the supposed Carboniferous age of the similar volcanic 
rocks of the Boston district.

Many other workers, not mentioned here by name, have each con 
tributed something toward the great body of facts and conclusions 
whose accumulation has made possible the preparation of this report, 
and the author wishes to acknowledge his indebtedness to the labors 
of all those who have worked in the Boston field during more than 
a century. The photographs reproduced in this bulletin were loaned 
from the Gardner collection of Harvard University.
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TOPOGRAPHY 

FEATUBES OF THE BELIEF

GENERAL CHARACTER AND DIVISIONS

Although the land surface of the two quadrangles has an area of 
only 240 square miles and a relief of only 380 feet it displays wide 
diversity in topographic form and surface character. Along the 
coast are rocky cliffs and headlands, long stretches of smooth, curv 
ing beach, reedy marshes and inlets, and many islands and reefs, some 
of sand, gravel, or boulders, others of bare, jagged rocks. Inland the 
low areas are partly occupied by broad alluvial plains and partly by

FIGURE 3. Geomorphic subdivisions of Boston area. The Boston and Boston Bay 
quadrangles are indicated by the light ruling.

swamps and marshes, and the uplands comprise smoothly rounded 
hills and slopes of till, intricate areas having the kame and kettle 
topography of moraines, and rocky heights crowned by bare, wind 
swept crags.

The area comprises portions of several geomorphic districts. (See 
  fig. 3.) The central part, including much of the coast, is occupied 
by the Boston Lowland, northwest of which is the Fells Upland and 
southwest of which is the Needham Upland. Each of these districts
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has a rather characteristic surface form, and each extends into 
adjoining quadrangles. Besides these, the southern margin of the 
Boston quadrangle just touches some of the foothills of the Blue 
Hills, lying farther south, and part of the south side of the Boston 
Bay quadrangle lies on the low, rolling northern slope of the Sharon 

.Upland.
The peninsulas of Winthrop and Hull and most of the islands are 

parts of the Boston Lowland, but because of their special features 
the coast line and the islands will be described under a separate 
heading.

BOSTON LOWLAND

The central part of the area is occupied by the Boston Lowland, 
which extends from Lynn, on the North Shore, to Weymouth, on the 
South Shore, and includes the islands in the harbor as well as most 
of Hull. It extends westward up the valley of the Charles Biver into 
the Framingham quadrangle and south westward up the valley of the 
Neponset River into the Dedham quadrangle. The greater part of 
the lowland along the coast and in the main valleys is less than 50 
feet above sea level and once consisted mainly of marshes and allu 
vial plains. The remainder, which is 50 to 140 feet above sea level, 
consists of rolling country, partly rocky but mainly glacial drift.

Among the most characteristic features of the lowland are the 
drumlins smooth lenticular hills of till which number more than 
100, including those on the islands. The summits of some of them 
stand 160 feet above sea level, and in several parts of the lowland 
they are the dominating features of the landscape.

FELLS UPLAND

The northwestern part of the area is occupied by the Fells Upland, 
named from the Middlesex Fells, an area of characteristic upland 
topography. It is bounded on the southeast by a bold escarpment 
extending from Waltham to the coast in Swampscott. This ram 
part, from 100 to 300 feet high and so steep that in places its base 
is a cliff, is the most conspicuous feature of the landscape on the 
north side of the Boston Lowland, and its higher summits afford 
fine views of the lowland and the harbor. It is broken by several 
deep reentrants, two of which the valleys of the Saugus and Mystic 
Rivers extend through the upland and divide it into three sections. 
The eastern.and middle sections, though mainly less than 250 feet 
above sea level, are rather rough and contain a greater proportion 
of bare rock surface than any other parts of the quadrangles. The 
western section is partly rough and rocky and partly smooth and 
drift covered and contains several high-lying broad swampy tracts. 
A number of hills stand more than 300 feet above sea level, and one
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in the eastern corner of the town of Lexington reaches 380 feet, the 
highest point in the two quadrangles.

NEEDHAM UPLAND

The southwestern fourth of the Boston quadrangle is occupied 
by the Needham Upland, named from the town of Needham, which 
is situated on it. It is lower than the Fells Upland and not so 
well defined, and a greater proportion of its area is occupied by 
plains of alluvium and of glacial outwash. Although its surface 
has considerable relief, a great part of the relief is due to the drum- 
lins, of which there are about 40. Their size and height above their 
bases are about equal to those of the drumlins of the lowlands, but 
they stand on a rock platform considerably above the lowland, and 
the summits of several reach 300 feet or more above sea level.

COAST LINE AND ISLANDS

The coast line is irregular and has a length within the two 
quadrangles, excluding wharves, causeways, inlets, and islands, of 
more than 93 miles. Several oddly shaped peninsulas project from 
both the North Shore and the South Shore, which are also broken by 
a dozen estuaries and small bays. Much of the North Shore consists 
of beaches, two of which Revere Beach and Lynn Beach are each 
several miles long. The South Shore is more irregular and has but 
one notable beach Nantasket Beach, which is more than 3 miles long. 
The peninsulas of Winthrop and Hull, with the chain of islands 
between their opposing ends, divide Boston Bay from Boston Har 
bor, a commodious and almost landlocked haven. These two peninsu 
las consist mainly of drumlins tied to one another and to the main 
land by connecting beaches and marshes. The peninsulas of Marble- 
head Neck and Nahant, on the North Shore, and of Squantum and 
Houghs Neck, in the harbor, consist mainly of rocky knolls similarly 
joined to one another and to the mainland.

About the head of Boston Harbor are clustered the peninsulas of 
Boston, South Boston, and Charlestown, all originally joined to the 
mainland only by low necks that were submerged at the highest 
tides, but all now greatly changed artificially from their original 
form and extent, as have been also the shore lines of East Boston, 
Cambridge, and Somerville. Possibly nowhere else in the United 
States has the original extent and outline of a tidal harbor been so 
greatly modified artificially, chiefly through the filling in of tidal 
flats.

More than 100 islands, ranging in size from those many acres 
in area and 100 feet in height down to half-tide rocks and bars, dot 
Boston Harbor and Bay. Most of those in the bay are nearly bare
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rocks, but a few consist partly of glacial drift. Most of those in the 
harbor are glacial and consist of drumlins or groups of drumlins. 
Some of them have cliffs at places on their shores, where they have 
been partly cut away by the waves. Cliffs have been cut also on the 
headlands, formed by drumlins, on the outer or bay side of the 
peninsulas of Winthrop and Hull. Keefs of boulders, revealed at 
low tide, extend outward beneath the sea in front of the cliffs and 
show the original extent of the drumlins. (See fig. 5.)

DRAINAGE FEATURES 

STREAMS

All the area is drained by streams flowing to Boston Bay except 11 
square miles of the northwestern part, which is drained by tribu 
taries of the Shawsheen River, which flows to the Merrimack, and 
the extreme northeast corner, which is drained to Salem Harbor. 
The principal streams are the Charles, Mystic, Neponset, and Saugus 
Rivers, the first three of which flow into Boston Harbor and the 
fourth into Lynn Harbor. All four rise outside the area and flow 
across it in devious courses. The Charles, which is notably winding, 
enters the southwest corner of the area and flows east and south 
to Dedham, where it is less than 3 miles from the Neponset. Thence 
it turns northwestward and leaves the area below Newton Upper 
Falls, to reenter at Waltham, whence it flows eastward to the harbor. 
At Dedham it is tapped by a power canal that leads to Mother 
Brook and the Neponset, and thus about one-third the flow of the 
Charles above Dedham reaches the harbor through the Neponset 
River.

All the larger streams have estuaries several miles long. Those 
of the Charles and Mystic were formerly bays of considerable size 
which have been greatly reduced by the filling in of the flats about 
their margins. The upper part of the former estuary of the Charles 
is no longer tidal, a dam at East Cambridge having converted it into 
a fresh-water basin.

PONDS AND SWAMPS

As the area has been heavily glaciated, much of it, at the time of 
its settlement by white men, was poorly drained, and ponds and 
swamps abounded in the hollows and on the plains. Settlement has 
changed these conditions greatly, and many swamps have been 
reclaimed, but the number of ponds has probably increased, as, al 
though some have been drained or filled, a number of artificial ones 
have been made. Some of the natural ponds have been enlarged by 
damming at their outlets, and the greatly reduced remnant of the 
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former Back Bay, in the estuary of the Charles, is now an inclosed 
basin. Large swampy areas still remain in the outlying districts, 
especially along the Charles below Dedham.

COASTAL MARSHES

A considerable part of the coast is bordered by extensive tidal 
marshes. About the head of Boston Harbor and along the shores 
of the estuaries entering it most of the marshes have been reclaimed, 
and the shore lines have been pushed out well beyond their former 
positions. In other areas extensive tracts of salt marsh still re 
main, especially the great Saugus Marsh, covering more than 1,800 
acres between Revere and Lynn.

Where the marshes border the open water of the bay they are 
nearly everywhere protected by barrier beaches, and in such places 
the shore line is well defined. In some places along the estuaries 
and about the shores of Quincy and Hingham Bays, however, there 
is no beach separating the marsh from the open water, and the shore 
is rather poorly defined.

CHARACTERISTICS OF THE DRAINAGE

Certain characteristics of the drainage of the area have had an 
important influence on its settlement and its industrial and com 
mercial development. First is the fact that the coast is a " drowned " 
coast, hence all the principal streams reaching the sea have estuaries 
into which the tide penetrates for several miles and which are navi 
gable nearly to the head of tide. Second is the radial arrangement 
of the streams entering the head of Boston Harbor and the accom 
panying radial arrangement of the peninsulas between the estuaries. 
This arrangement of land and navigable water and the resultant 
spokelike routes of the main highways and railroads leading into 
Boston and the growth of settlement outward along the " spokes " 
have not only given Boston its name " The Hub " but have been 
factors of prime importance in the development of the Boston dis 
trict as a commercial center and port. A third characteristic, com 
mon to most heavily glaciated regions, is that the drainage as a 
whole is unsystematic, many of the streams showing a lack of .adjust 
ment to the topography through which they have found their way 
and many being still obstructed by falls or rapids, which are a source 
of power. A fourth characteristic, of less commercial importance 
but of some scientific interest, is the asymmetric character of the 
drainage pattern. With hardly an exception the tributaries of the 
main streams from the north and northwest are larger and longer 
than those from the south and southeast, and the divides between the 
main drainage basins lie much nearer to the main streams north 
of them.
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SETTLEMENT

All but the extreme southern corner of the city of Boston, in the 
former town of Hyde Park, is situated within the area here described. 
Besides Boston, 7 cities and 9 towns are wholly and 7 other 
cities and 17 other towns partly included in the area. An esti 
mate based on the census of 1930 gives the population of the 
two quadrangles in that year as approximately 1,740,000. The aver 
age density of population of the whole area is about 7,250 per square 
mile, but by no means all the area is inhabited. The ponds, swamps, 
marshes, beaches, etc., cover at least 24 square miles, and the aver 
age density of population of the remainder is about 8,055 per square 
mile.

The greatest density of population is on the low-lying and fairly 
level land about the head of Boston Harbor and alongside the main 
estuaries. From Boston as a center the more densely settled areas 
extend outward along the lines of railroad that center in the " hub," 
especially along the main line of the Boston & Albany Railroad, 
where the belt of dense population extends westward into the Fram- 
ingham quadrangle.

OCCUPATIONS

Not only is the Boston metropolitan district one of the principal 
centers of population in the United States, but it is also one of the 
principal manufacturing and commercial centers and one of the 
chief ports, both for foreign and for coastwise trade. It is likewise 
an important educational center, being the seat of two large uni 
versities and a number of colleges and technical institutions. In 
spite of being so largely occupied by urban and suburban communi 
ties, the quadrangles, especially along the shore, include several 
famous and popular summer resorts, which are patronized not only 
by people from the Boston area but by visitors from other parts 
of the country.

COMMUNICATIONS

A dozen lines of steam railroads, comprised in three systems, con 
nect Boston with all parts of New England. Much of eastern Massa 
chusetts is covered with a network of electric railways and motor- 
bus lines, many of which radiate from Boston, and a system of fine 
State roads also binds together all parts of the State. From the 
port of Boston a number of steamship lines run to other points on 
the coast and to foreign ports, and there is still a considerable trade 
carried on by sailing vessels, especially those engaged in the fishing 
industry.
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GEOLOGY

AKEAL GEOLOGY AND STRATIGRAPHY 

GENERAL CHARACTER, AGE, AND GROUPING OF ROCKS

The rocks of the Boston area are of many kinds: some of them 
are igneous and others sedimentary; some of them are greatly 
metamorphosed and others not at all; some of them are indurated 
and others incoherent. They range in age from pre-Cambrian to 
Recent but include no known rocks of Jurassic, Cretaceous, or 
Tertiary age. They are comprised in several groups, formed in 
epochs that were separated, for the most part, by considerable in- 
tetvals of geologic time, and the' several groups of stratified rocks 
are not found superposed in order of age. (See pis. 4 and 5.)

The oldest rocks are metamorphosed, are partly of igneous and 
partly of sedimentary origin, and are regarded as probably of pre- 
Cambrian age. There are some small masses of Cambrian strata, 
the only hard rocks of the district whose age is determined with cer 
tainty. The oldest well-defined group is a complex of plutonic 
igneous rocks of several varieties which is believed to be of early 
Paleozoic age, surely pre-Devonian. The next in order of age 
is another group of igneous rocks, not so diverse in composition 
as the group just mentioned but including both plutonic rocks and 
also effusive 'rocks and volcanic sediments. This group is of either 
Devonian or Carboniferous age but is believed to be mainly Devo 
nian. It is partly overlain by and may be in part interstratified 
with the sedimentary rocks of the Boston Bay group, which is of 
considerable thickness but contains almost no fossils and which is 
also of either Devonian or Carboniferous age but is regarded as 
probably Carboniferous. The next younger group, consisting of 
plutonic intrusive rocks of late Carboniferous age, is only sparingly 
represented in the area. The youngest group of hard rocks is a set 
of diabase dikes that cut nearly all the other hard rocks of the area 
and are regarded as of Triassic age.

Spread indiscriminately over all the older formations and occupy 
ing the surface of a great part of the area is a blanket of incoherent 
glacial deposits and sediments of glacial origin. Finally, the 
youngest group comprises marine and alluvial deposits begun in 
Recent time and still in process of formation.

The central part of the area, comprising most of the Boston 
Lowland and part of the Needham Upland, includes the greater 
part of the Boston Basin, a basin of generally synclinal structure 
occupied by the stratified rocks of the Boston Bay group. A few 
small masses of Cambrian strata are exposed about the margins of 
the basin. The rocks of the two great igneous complexes occupy 
much of the Fells and Needham Uplands. The pre-Cambrian rocks
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appear to be confined to the Fells Upland, and the late Carboniferous 
igneous rocks are exposed only in the extreme northwest corner of 
the area.

PRE-CAMBRIAN ROCKS 

GENERAL CHARACTER

Much of the Fells Upland is occupied by a complex of metamor- 
phic rocks, partly of sedimentary and partly of igneous origin, which 
are among the most interesting rocks of the region. They are widely 
distributed in eastern Massachusetts, northern Ehode Island, and 
southeastern New Hampshire, as a rule in narrow belts and lenses 
ranging in width from a few feet to. 3 miles and in length from a few 
yards to many miles. They are also found as inclusions of all sizes 
in the igneous rocks of the early Paleozoic eruptive complex.

The age of these rocks has not been finally determined. At one 
time those of sedimentary origin were rather generally regarded and 
described as Cambrian. For reasons given in the description of the 
Cambrian rocks it now seems best to treat these rocks as a separate s 
group, and they are here classed as pre-Cambrian. In general 
character and degree of metamorphism the more schistose varieties 
agree fairly well with rocks elsewhere classed as Algonkian, but those 
varieties herein grouped under the formation name Waltham gneiss 
in several respects resemble more closely formations elsewhere classed 
as Archean.

There is some uncertainty as to whether the schistose rocks should 
be divided into two or three formations. The evidence that there 
are three is increasing, and that number of formations is here recog 
nized. The oldest of the three, named by Emerson the Westboro 
quartzite, consists chiefly of quartzite. It is overlain by a formation, 
named by Emerson the Marlboro formation, comprising a variety of 
schists, some of which appear to be of volcanic origin. This seems 
to be overlain by a third formation, herein named the Woburn for 
mation, composed chiefly of silicic volcanic rocks but containing some 
quartzite, by reason of which it has often been confused with the 
Westboro. These three formations are so intricately folded together 
and so extensively invaded by later intrusive rocks that it is well- 
nigh impossible to make out their relations in any one locality, but a 
general survey of their occurrence in eastern Massachusetts seems to 
warrant the establishment of the sequence herein adopted.

In the Boston area the larger lenses and belts of pre-Cambrian 
rocks have a general northeasterly strike and a vertical or steep 
northwesterly dip. There are many local variations of both strike 
and dip, and the longer strips of the formation are rather sinuous. 
It is noteworthy that even many of the comparatively small masses 
of the pre-Cambrian rocks, which are surrounded by and apparently. 
are very large inclusions in younger igneous rocks, have the same
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general attitude as the larger belts and lenses. It is believed that 
this attitude was not acquired until the post-Pennsylvanian deforma 
tion of the region, long after the intrusion of the igneous rocks.

WAJLTHAM GNEISS

The Waltham gneiss is here named from the city of Waltham, 
in the northeastern part of which it is well displayed. It is a com 
plex of gneisses of several sorts and is probably mainly igneous.

The formation occupies much of northern Waltham, southeastern 
Lexington and Burlington, and northwestern Woburn. It extends 
northeastward into the Lawrence quadrangle and southwestward 
into the Framingham and Franklin quadrangles. It is fairly resist 
ant and forms rather rough hills, and its outcrops are abundant.

The formation comprises several varieties of biotite gneiss and 
hornblende gneiss, some aplitic gneiss, and a few porphyroid gneisses 
containing conspicuous crystals of feldspar in a matrix that is largely 
biotite. In some of the coarser-grained biotite gneisses the layering 
is irregular, and these varieties appear to be of igneous origin and 
were probably granites and diorites that have been strongly sheared. 
The aplitic varieties appear to be intrusive into the rest of the com 
plex and may be part of a much younger intrusive group. Some of 
the porphyroid gneisses have the appearance of volcanic rocks, as if 
they were originally amygdaloidal lavas, but they have been so much 
altered as to make this inference uncertain. Besides these varieties 
there are fine-grained biotite gneisses, more siliceous than the other 
sorts, in which the layering is so regular and so much like stratifica 
tion as to raise the question whether they are not recrystallized 
micaceous sandstones.

Although there are local irregularities the foliation of the gneiss 
has a general northeasterly strike and stands vertically or dips 
steeply northwestward. The outcrops are scattered so at random 
that no one variety can be traced more than a short distance along 
the strike, and the internal structure of the formation is unknown; 
hence no estimate of its thickness can be made. Its structural rela 
tions to other formations are also uncertain, except that it has been 
invaded in places by some of the rocks of the early Paleozoic igneous 
complex. On the one hand it seems to be intricately infolded with 
the other pre-Cambrian rocks, and conglomerates in those rocks 
contain pebbles of gneiss not unlike varieties of the Waltham gneiss; 
but on the other hand some of the pre-Cambrian schists have been 
invaded by gneissic rocks hardly to be distinguished from the 
Waltham gneiss.

The Waltham gneiss seems to have been contorted since it acquired 
its gneissic structure; hence, unless that structure is original, it must 
have been through two periods of marked deformation.
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The age of the formation is indeterminate, but it is regarded as 
probably pre-Cambrian because it seems to have been affected by an 
earlier deformation and metamorphism of which the younger rocks 
of the area show no signs. Its general lithologic character and the 
degree of its metamorphism are much the same as those of known 
Archean rocks in the northeastern United States, and it may, quite 
possibly, be of Archean age.

WESTBORO QUARTZITE

The Westboro quartzite, named by Emerson from the town of 
Westboro, consists almost wholly of quartzite.

In the Boston area the formation occurs in several small lenses and 
narrow strips, chiefly in Waltham, Belmont, Arlington, Melrose, and 
Saugus. Probably the best as well as the most extensive develop 
ment is that in Melrose arid Saugus, where it crops out in many places. 
It is not a particularly resistant formation, and much of the area 
occupied by it is low ground, although it is found here and there 
on hills.

The formation consists almost wholly of white, light-yellow, cream- 
colored, or light-gray quartzite, in some places containing feldspathic 
material, in others considerable muscovite, and in still others some 
biotite or other dark mineral. It is as a rule thin bedded and differs 
slightly in composition and weathering from bed to bed, so that many 
outcrops have fluted surfaces parallel to the bedding. Its thickness 
is unknown but may be 500 feet or more. The structural relations 
and age of the formation are discussed in the general section on the 
pre-Cambrian rocks.

MARLBORO FORMATION

The Marlboro formation was named by Emerson from the town 
of Marlboro, where it is well displayed. It is a complex of gray, 
green, and brown schists of several sorts.

In the Boston area the formation occurs mainly in two interrupted 
belts, one extending across the northwest corner of the Boston quad 
rangle in Lexington and Burlington, the other extending in a sinuous 
course across Waltham, Belmont, Arlington, Winchester, and Stone- 
ham. There are also a few small masses in Lynn and Marblehead. 
It is more resistant than the Westboro quartzite and generally occu 
pies the slopes of hills.

A considerable part of the formation consists of dark-green, dark- 
gray, or black schist and slate, in some places almost a hornstone, 
composed chiefly of biotite, chlorite, and epidote, with some quartz 
and hornblende. From its association with rocks that appear to be 
sheared and altered basaltic lavas this rock is believed to be largely 
of volcanic origin and to have consisted originally in the main of fine 
basaltic tuff. That it is not wholly volcanic and is in part perhaps



18 GEOLOGY OF THE BOSTON AREA, MASSACHUSETTS

a marine sediment is attested by the not uncommon occurrence in it 
of thin beds; of limestone, quartzite, and pebbly sandstone or even 
conglomerate. South of Arlington Heights the formation contains 
extensive bodies of volcanic rocks of several varieties, and the much 
altered basaltic masses in Woburn, Stoneham, and Melrose may be 
associated with this formation.

The thickness of the formation has not been determined, as the 
top has nowhere been definitely located, but, to judge from the width 
of outcrop, it may be as much as 3,000 feet. The age and structural 
relations of the formation are discussed in the general treatment 
of the pre-Cambrian rocks.

WOBUBN FORMATION

The Woburn formation is named from the city of Woburn, in the 
southwestern part of which it is well displayed. It is a complex of 
silicic igneous rocks and interbedded siliceous sediments.

The formation occurs in the Boston area mainly in the ravine 
known as Shaker Glen, in southwestern Woburn. Smaller masses 
of it are found in central and eastern Woburn and in Waltham, 
Arlington, and Burlington. It is more resistant than the Westboro 
quartzite and generally occupies higher and rougher ground.

The formation is composed largely of felsic igneous rocks, prob 
ably mainly volcanic. Rhyolite and dacite are the predominating 
types, although there are some sparsely porphyritic varieties that are 
probably andesitic. Most of the igneous rocks are highly siliceous 
and well laminated and have frequently been taken for quartzite 
and so mapped. On Emerson's geologic map of Massachusetts and 
Ehode Island the Woburn is included in either the Westboro 
quartzite or the Marlboro formation, but the suspicion had already 
arisen that it might be a separate formation, and a statement to 
that effect was inserted in the text of the bulletin containing the map.

The thickness of the formation is uncertain, as it is so extensively 
involved with other rocks. As it seems to be largely volcanic, its 
thickness probably differs from place to place, but the average thick 
ness is probably not far from 500 feet. The age and structural 
relations of the formation are discussed in the general treatment of 
the pre-Cambrian rocks.

CAMBRIAN SYSTEM 

GENERAL FEATURES

The Cambrian system is represented in this area by several small 
masses of somewhat metamorphosed strata. Cambrian fossils have 
been found at only one locality within the two quadrangles, but they 
have been found in several localities just south of the area.

Both the Lower and Middle Cambrian series are represented in 
the fossiliferous beds, and they are the only pre-Quaternary rocks
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in the Boston district whose age can be determined with certainty 
ajnd on internal evidence. They are, however, of little use in fixing 
the age of neighboring formations, because they occur in such small 
and isolated masses, and all that can be ascertained with regard to 
their external structural relations is that they have been invaded 
by igneous rocks which are known from other evidence to be much 
younger.

Lower Cambrian fossils have also been found at several localities 
in the Narragansett Basin and in boulders on the beach at Cohas- 
set, but no Middle Cambrian fossils have been found elsewhere in 
eastern Massachusetts. There are pebbles of quartzite containing 
Upper Cambrian fossils in a conglomerate of Carboniferous age in 
the Narragansett Basin, but the parent ledges from which they 
were derived have not been discovered. No other Cambrian rocks 
are known in southern New England east of the Connecticut Eiver. 
(See appendix.)

Much of the quartzite and schist now regarded as pre-Cambrian 
has in the past been included in the Cambrian; hence the statements 
in geologic literature that Cambrian strata have been found widely 
distributed over eastern Massachusetts. Sears mapped as Cambrian 
nearly all the metamorphic sedimentary rocks of Essex County and 
reported the discovery of fossils at several localities. Except at 
Nahant his reported discoveries have not been confirmed by later 
geologists, and some of the rocks stated by him to contain fragments 
of Cambrian fossils are now known to be much younger, Devonian 
fossils having been found at one place. Furthermore, the rocks 
formerly supposed to be Cambrian differ lithologically from the 
fossiliferous Cambrian rocks, and most of them are much more 
metamorphosed. It seems best, therefore, to exclude them and confine 
the Cambrian to the fossiliferous rocks and to other beds of the same 
type in their immediate vicinity.

The scattered remnants of Cambrian strata indicate that Cam 
brian rocks formerly covered much of southeastern Massachusetts. 
All the certainly Cambrian rocks are now found immediately at 
the borders of the Boston and Narragansett Basins. Presumably 
they owe their preservation to having been covered by the rocks of 
those basins until a comparatively late geologic time, whereas other 
Cambrian beds, not so covered, were long ago removed in the pro 
found degradation that southeastern New England has suffered since 
the Paleozoic era.

LOWER CAMBRIAN SERIES 

WEYMOUTH FORMATION

The "Weymouth formation was named by the author from the town 
of Weymouth, where the formation is most abundantly fossiliferous. 
It consists mainly of siliceous slate and slaty quartzite.
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The type locality of the formation is at Mill Cove, in Weymouth, 
in the Abington quadrangle. In the Boston area it is found only at 
Nahant, where it is exposed in the cliff southwest of East Point. 
Several small masses of the formation are exposed at low tide on the 
west side of Nahant, but identifiable fossils have been found only 
in the cliff at East Point. (See pi. 6, A.)

At Nahant the formation is chiefly gray slaty quartzite and cherty 
greenish slate, with some thin beds of white limestone. It has been 
baked by intrusive igneous rocks but otherwise has not been much 
metamorphosed.

In the cliff at East Point possibly 100 feet of beds are exposed above 
low-tide level, but the formation evidently extends below that level, 
and its whole thickness can not be determined. The exposures at 
Weymouth indicate that the thickness must be at least several 
hundred feet.

At Nahant the formation is in contact only with intrusive igneous 
rocks. At Weymouth it is probably overlain by Middle Cambrian 
beds, but the floor on which it was deposited is nowhere exposed.

About 30 species of fossils have been identified from the forma 
tion, chiefly from the Weymouth locality. They include brachio- 
pods, gastropods, pteropods, and crustaceans; at Nahant the ptero- 
pods predominate. The paleontology of the formation has been 
fully described by Grabau, who gives lists of fossils.

The fossils belong to the Olenellus fauna and fix the age of the 
formation as Lower Cambrian. It is nearly equivalent to the Hop- 
pin slate of the Attleboro district, in the Narragansett Basin, and 
to the Lower Cambrian formations of Western New England.

MIDDLE CAMBRIAN SERIES

BRAINTKEE SLATE

The Braintree slate was named from the town of Braintree, in the 
Dedham and Abington .quadrangles, where the formation is f ossilif- 
erous. It is typically a rather massive dark-gray slate.

In the Boston area the formation occurs only in small masses 
along the border of or included in the Quincy granite in Quincy 
and Milton, in the southeast corner of the Boston, quadrangle. Out 
side the area it is found in the northwest corner of the Abington 
quadrangle, in Quincy, Braintree, and Weymouth, where it has 
yielded fossils in several places. (See pi. T.) A small area of similar 
rocks lies at the northern base of the Blue Hills, in the Dedham 
quadrangle. No fossils have been found at this locality, but the 
rocks are believed to be part of the Braintree slate. No fossils have 
been found in the formation in the Boston area, but it is easily iden 
tified lithologically, and the outcrops are nearly continuous with
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those of the type area at Hay ward Creek. The formation is not 
known except along the southern margin of the Boston Basin.

The formation consists of noncalcareous green to dark-gray or 
black, rather massive slate. In the Boston quadrangle it has been 
altered by the contact of the intrusive Quincy granite, with indura 
tion and the development of considerable mica and garnet and some 
tourmaline in almost microscopic crystals.

The thickness of the formation is unknown but is probably at 
least 1,000 feet. In Weymouth it probably overlies the Weymouth 
formation, but the contact is nowhere exposed. It has been in 
truded by the Dedham granodiorite and the Quincy granite, and 
it is bordered on the north by the Eoxbury conglomerate, from 
which it is separated by a fault.

The formation has yielded seven species of fossils, mainly trilo- 
bites and pteropods. The chief fossil locality was the former Hay- 
ward Creek quarry in the Abington quadrangle, a classic locality 
of New England geology, where fine specimens of Paradoxides 
harlani were obtained. The fauna is a characteristic Paradoxides 
fauna and fixes the age of the formation as Middle Cambrian, but 
there are no other formations in eastern New England with which 
it can be correlated.

EARLY PALEOZOIC IGNEOUS ROCKS

GENEIiAL CHAttACTEK

Igneous rocks believed to be of early Paleozoic age occupy about 
half the territory extending from Buzzards Bay northward to Hamp 
ton, N. H., and from the coast westward to Marlboro and Grafton. 
They also form most of the floor on which the younger sedimentary 
and volcanic rocks were deposited. In the Boston area they occupy 
much of the Fells and Needham Uplands and of the South Shore 
east of Hingham Harbor, and they must underlie most of the Boston 
Basin, beneath the younger rocks. They were exposed by erosion 
and deeply weathered and disintegrated before the eruption of the 
volcanic rocks here assigned to the Devonian or Carboniferous, and 
they must have formed the greater part of the surface upon which 
those rocks were deposited.

The rocks of this group belong to several types, ranging from 
aplite and pegmatite to gabbro and camptonite, but all have certain 
mineral and chemical characters in common. These are, briefly, as 
follows: The dominant feldspars, commonly yellowish or pinkish, 
are microcline and andesine, and orthoclase is scarce; quartz, where 
present, is generally sea-green and is more resistant to weathering 
than the other minerals; titanite is an almost universal though not 
abundant accessory mineral; and in the granites and syenites the 
dark minerals have been very largely altered to chlorite and limo-
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nite. Chemically the rocks tend to be rich in calcium, iron, and 
magnesium, although the Dedham granodiorite, one of the types 
richer in silica and alumina, probably equals or exceeds in bulk all 
the others combined.

The rocks of the group also have a general likeness in textural and 
structural characters, in their slight amount of regional metamor- 
phism and their considerable chemical alteration, and in their rela 
tions to the neighboring rocks. They are also all younger than the 
pre-Cambrian rocks and older than the Devonian (?) rocks. The 
less silicic types have been everywhere invaded by the more silicic 
types, and their mutual contact relations show a progression in age 
from the least silicic, which are the oldest, to the most silicic, which 
are the youngest. Their eruption must necessarily have lasted for a 
considerable time. Nevertheless there is also complete intergrada- 
tion between types of related composition, and in some places two 
contrasted types appear to have solidified side by side and simultane 
ously. There seems, therefore, to be ample justification for includ 
ing all the rocks in a single group of the same general geologic age.

The age of the group has not been determined further than that it 
is probably early Paleozoic. The Dedham granodiorite is almost 
surely younger than the Cambrian rocks of the region, and the gab- 
bro or norite of Nahant, which is here included in the group, is cer 
tainly post-Cambrian. The rocks of the group are also older than 
the Devonian (?) volcanic rocks probably considerably older, as 
they had been deeply eroded and weathered before the eruption of the 
volcanic rocks. The convergence of different lines of evidence seems, 
therefore, to fix the probable age of the group as Ordovician or pos 
sibly early Silurian.

The rocks of this group have invaded the pre-Cambrian rocks
and include numerous masses of them, especially of the schistose 
varieties. They have been in turn invaded by the Devonian or Car 
boniferous igneous rocks, which contain included masses of them, 
and they have furnished much of the material in the conglomerates 
of the Boston Bay group. They were considerably folded and 
faulted, together with nearly all the other rocks of the region, at the 
end of Carboniferous time, but they were little metamorphosed.

Most of the sorts of rock constituting the group occur in the Boston 
area, but they are so intricately mixed, by both intrusion and inter- 
gradation, that it is impossible to map them separately except on a 
very large scale. For convenience in mapping and description the 
numerous types are here combined into the three general subgroups 
adopted by Emerson, which comprise respectively the gabbroic and 
dioritic, the tonalitic, and the granitic varieties. No sharp lines can 
be drawn on the ground or in the laboratory between the rocks of
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these subgroups, and the inclusion of a mass of rock in one or another 
of them is often a matter of personal choice. Hence the three 
formations shown on the map the Salem gabbro-diorite, Newbury- 
port quartz diorite, and Dedham granodiorite are not lithologic 
units, like most formations, but cartographic units adopted mainly 
for convenience. Furthermore, because of the intricate mixing of 
the different sorts, none of the three as mapped is made up wholly 
of types characteristic of that formation, but each includes many 
small areas of rocks of types characteristic of the other formations.

SALEM GABBRO-DIOBITE

Under the formation name Salem gabbro-diorite are included the 
gabbros, diabases, amphibolites, camptonites, norites, and diorites 
belonging in the group types characterized by the scarcity of
quartz and the dominance of ferromagnesian minerals over feld 
spars. The formation as mapped includes small masses of rocks 
of the other two formations of the group, and small masses of 
this formation are mapped with the other two formations.

The best development of the formation is in the Salem quadrangle, 
outside the Boston area. Within the area it occupies most of 
Swampscott, Marblehead, and Salem. There are other small areas 
in the northwestern part of the Boston quadrangle and in Dedham, 
Westwood, and Cohasset. The gabbro or norite of Nahant is here 
included in the formation, though some authors have assigned 
it otherwise. In very few areas occupied by the formation is it 
the only one to be found there, as in almost every outcrop the 
rocks that constitute the formation have been invaded by tonalite, 
granite, or aplite. The norite of Nahant is an exception to this rule, 
the only rocks which invade.it being dikes, chiefly diabasic, belonging 
in much younger igneous groups.

The formation as mapped includes at least eight varieties of rocks, 
some of which, however, are of only minor importance. The most 
abundant and widely distributed type, which gives the name to the 
formation, is typically developed in Salem. It is a medium-grained 
dark-gray granular rock, ranging to light gray with increase of 
feldspar, and it has a rather wide range in composition, grain, and 
color in different localities. It consists essentially of andesine, lab- 
radorite, quartz, pyroxene, hornblende, and biotite, with accessory 
apatite, magnetite, pyrite, and ilmenite or titanite. In a few places 
it is porphyritic, containing large phenocrysts of microcline, and in a 
few places it is foliated or gneissic. It grades on the one hand into 
quartz diorite and on the other into hornblende diorite.

Another widely distributed type, especially abundant in Waltham, 
is a fine-grained gabbro which has the composition, color, texture,
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and weathering of diabase but which forms small rounded stocks 
and irregular masses of all sizes and shapes, like ordinary plutonic 
rocks, instead of dikes, like ordinary diabase.

A third common type, found mainly in Marblehead and Woburn, is 
a dense, fine-grained, almost aphanitic dark-gray to black rock com 
posed essentially of labradorite and hornblende, with accessory 
pyrite, magnetite, ilmenite or titanite, and not uncommonly augite. 
It grades into amphibolite on the one hand and into camptonite on 
the other.

A fourth type, found only sparingly in the Boston area, is a me 
dium-grained to fine-grained felsitic-looking rock of olive-brown 
or tan-brown color, composed essentially of andesine and labradorite,. 
with subordinate hornblende, pyroxene, and biotite, the dark min 
erals having been largely altered to chlorite. This type, on account 
of its dominant feldspar, seems to be an intermediate variety between 
a diorite and an anorthosite.

The rock which forms nearly all of Nahant, Little Nahant, and 
Egg Rock is herein assigned to this formation, although some geolo 
gists have put it elsewhere. It has been called diabase, hypersthene 
diabase, norite, and gabbro by different authors, who have also- 
stated its composition differently. It differs considerably from place 
to place in texture and color and probably to some extent in compo 
sition, but it is typically a dark-gray, coarsely granular rock com 
posed essentially of labradorite, augite, and titaniferous magnetite,, 
with or without hypersthene. It is certainly post-Cambrian and 
probably pre-Carboniferous, but because of its isolation and lack 
of contacts with other formations its age has not been more closely 
determined. It is herein assigned to the Salem gabbro-diorite be 
cause of its general magmatic character and because it is cut by
some dikes that appear to belong to the Lynn volcanic complex.

The different types of the Salem gabbro-diorite grade into one 
another in the field, so that it is the exception rather than the rule 
to find two types separated by a sharp contact. They also grade 
into the different types of the Newburyport quartz diorite, although 
in places dikes of quartz diorite cut the gabbro-diorite. Nearly 
every outcrop of the formation is cut by dikes of the granite and 
aplite of the Dedham granodiorite. The gabbro-diorite of consid 
erable areas, especially in "Woburn, Arlington, and Swampscott, is- 
really a plutonic breccia on a huge scale, grading from diorite with 
scattered granite dikes to granite with scattered diorite inclusions,, 
and no sharp formation boundary can be drawn anywhere in such 
areas. (See pi. 8.) Again, at some localities in Winchester, Arling 
ton, and Lexington, granite and diorite are intricately mixed, some 
of the contacts between the two phases being sharp and others being
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completely gradational, all in the same outcrop. In such places it 
seems as if the magma must already have separated into two partly 
immiscible phases that were intruded together in a complex fashion 
and solidified simultaneously and side by side, as no theory of mag- 
matic differentiation in place seems competent to explain the phe 
nomena displayed.

NEWBURYPOBT QUARTZ DIORITE

The formation named by Emerson the Newburyport quartz diorite 
comprises those rocks of the early Paleozoic igneous complex which 
are composed of dominant calcic plagioclase and subordinate quartz 
and ferromagnesian minerals. These are among the most charac 
teristic rocks of eastern Massachusetts, but they are also some of 
the hardest to map, because ordinarily they are not sharply defined 
but grade into the other types of rock in the complex.

In the Boston area the formation occupies several areas, some of 
considerable size, in the Fells and Needham Uplands. It also forms 
dikes in the Salem gabbro-diorite and gradation phases of both the 
Salem gabbro-diorite and the Dedham granodiorite. It is a rather 
resistant formation and occupies many of the higher hills in the 
uplands.

The formation includes several varieties of quartz diorite, the 
variety depending on the dark minerals contained, but all are so 
similar that a single lithologic description will serve. The rock is 
typically medium grained, granular, and light gray to greenish and 
contains dominant andesine and labradorite in about equal amounts, 
subordinate quartz and either hornblende or biotite or both, and 
accessory pyrite, magnetite, and titanite. Some phases contain a 
little augite or hypersthene or both. Where the rock contains con 
siderable biotite it tends to be foliated and in some places has 
acquired a distinctly gneissic structure. There appears to be no 
uniform composition of the rock, as it differs from place to place, and 
all possible gradations are found between it and the granodiorites, 
syenites, diorites, norites, and gabbros of the group. In many places 
it has a markedly fresh look, especially on newly fractured surfaces, 
and the biotite-rich phases, in particular, look fresher and younger 
than any other igneous rocks in the area. However, what are ap 
parently even the freshest types, when examined in thin section, 
show considerable kaolin and chlorite, and the degree of alteration 
as a whole is about the same as in the other formations of the group.

Dikes of the formation cut the Salem gabbro-diorite, and the 
larger masses of it are cut by dikes of the Dedham granodiorite. It 
is therefore intermediate in age as well as in composition between 
the other formations of the group.
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DEDHAM GRANODIORITE

The formation mapped as the Dedham granodiorite occupies a 
greater area in eastern Massachusetts than any other formation, and 
it is more widely distributed than any other rock in the State except 
the Triassic diabase. It comprises the pegmatites, aplites, granites, 
granodiorites, and syenites of supposed early Paleozoic age rocks 
containing considerable alkalic feldspar and only subordinate- 
amounts of ferromagnesian minerals.

The formation occupies a number of areas, some of them rather 
large, in all parts of the Boston area except the Boston Lowland. It 
also occurs in dikes and small stocks cutting the other two forma 
tions of the group.

It includes several types and minor phases, but the most abundant 
is the granodiorite, a rather coarse-grained granular rock composed 
essentially of microcline, andesine, quartz, and chlorite, commonly 
with considerable epidote and kaolin. The quartz is vitreous and 
generally greenish white or pale sea-green and is peculiarly resistant 
to weathering, so that grains of it stand out on weathered surfaces 
of the rock, giving them an appearance somewhat like the sole of a 
hobnailed boot. The microcline is generally reddish or pinkish and 
the andesine greenish. The feldspars are more or less kaolinized, 
and the chlorite and epidote are alteration products of biotite and 
hornblende, which are now rarely found in the rock. The grano 
diorite differs more or less in composition and texture and especially 
in color in the different stocks and intrusive bodies, and the color 
inclines to yellowish white, pinkish, or red where the microcline is 
dominant and to greenish white or light or dark greenish gray where 
the andesine is dominant. In a few localities it is dark red and 
porphyritic, with conspicuous phenocrysts of red microcline as much 
as 2 inches in length. In a few other localities, as in the Oakland- 
vale part of Saugus, it is somewhat gneissic, the structure probably 
being secondary.

Another prominent type of the granite is a pink to bright-red 
medium-grained to fine-grained or almost aphanitic rock composed 
almost wholly of dominant red feldspar, mainly microcline, and 
subordinate quartz, with a few little spots of chlorite or epidote that 
once were biotite or hornblende. Eock of this type forms several 
small elongated stocks in Winchester, Woburn, and Stoneham and 
numerous dikes cutting the other rocks in that part of the area. In 
western Lexington there are a few small lenses of red granite con 
taining some slightly altered hornblende.

A syenitic phase, which, except that it contains no quartz, seems 
to be intermediate in composition between the red granite and the 
Salem gabbro-diorite, forms the summit of Arlington Heights and 
is found in a few small dikes in the neighboring diorites. It is a
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medium-grained reddish-gray rock composed essentially of micro- 
cline, andesine, hornblende, biotite, and perhaps augite, with the 
usual accessory minerals. It grades into a phase hardly distinguish 
able from the red granite.- A somewhat different rock, seemingly 
intermediate in composition between syenite or monzonite and 
gabbro, forms the summit of Turkey Hill in Arlington and extends 
into southwestern Winchester. It is a medium-grained reddish-gray 
porphyritic granular rock, composed essentially of the same minerals 
as the syenite on Arlington Heights but in other proportions, as the 
dark minerals equal or exceed the feldspars in amount, and the rock 
contains abundant phenocrysts of andesine.

The pegmatitic and aplitic phases of the formation occur only in 
dikes and veins cutting practically all the older rocks of the district, 
including the larger masses of the granodiorite itself. They are 
yellowish white, cream-colored, or light gray and range in grain 
from nearly aphariitic aplites to moderately coarse pegmatites. 
They are composed almost wholly of microcline and quartz, with the 
microcline generally somewhat in excess, but some of the thicker 
dikes of aplite of medium grain contain a few sparsely distributed 
crystals of biotite.

The rocks mapped as Dedham granodiorite have invaded prac 
tically all the older formations of the district and are themselves 
invaded by the felsites associated with the Quincy granite. They 
are overlain in places by the Devonian or Carboniferous volcanic 
rocks and by the stratified rocks of the Boston Bay group, to the 
conglomerates of which they have furnished much material.

GENERAL RELATIONS

All the known rocks of the complex are plutonic and therefore 
intrusive. Their textures and relations indicate that they solidified 
at considerable depths and beneath a cover of other rocks. They 
are intrusive into the pre-Cambrian rocks, which must originally 
have occupied most of southeastern New England. The scattered 
remnants of Cambrian rocks and the pebbles of Upper Cambrian 
quartzite in the Dighton conglomerate of the Narragansett Basin 
show that Cambrian strata at one time covered much of southeastern 
Massachusetts, but the remnants owe their present positions to 
profound faulting, and it is quite possible that, except perhaps at 
Nahant, the older igneous rocks nowhere invaded Cambrian strata.

The rocks of the group nearly everywhere form the floor beneath 
the Devonian or Carboniferous volcanic and sedimentary rocks, and 
it is worthy of note that in almost every place where the basal con 
tact is exposed the underlying rock is the Dedham granodiorite or a 
tonalite into which the granodiorite grades. It commonly shows 
evidence of deep weathering and disintegration before its burial, 
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and where the overlying rock is tuff, volcanic breccia, or arkose it is 
almost impossible to differentiate the two formations.

The consanguinity of the rocks of the group, as shown by their 
common mineral and chemical characters, is strong evidence of their 
contemporaneity, at least in the larger sense. This conclusion is 
supported by their common relation to the adjacent formations, their 
common areal distribution, and their intricate mixture and inter- 
gradations, and there seems little reason to doubt that they were de 
rived from a common parent magma. On the other hand, they com 
prise a wide range of lithologic types which display a progression in 
age from the least to the most silicic. The group as a whole, there 
fore, affords an example of magmatic differentiation on a large scale 
and in a complex fashion, and the cause and manner of its differen 
tiation are problems which have attracted much attention from a 
number of geologists. Several explanations have been offered, but 
most of them assume that the differentiation occurred in place and 
after intrusion. All' are presumably partly correct, and each is 
applicable to some of the observed phenomena, but none is satisfac 
tory when applied to all the phenomena displayed by the group as 
a whole and throughout its geographic range. From a study of the 
group as a whole and in all its relations the author has arrived at a 
somewhat different explanation, involving differentiation before 
movement to the place of final solidification. This subject, together 
with the intrusion, denudation, weathering and alteration, and de 
formation of the rocks of the group, is discussed further under the 
heading " Geologic history."

DEVONIAN OR CARBONIFEROUS ROCKS 

GENERAL CHARACTER, GROUPING, AND AGE

The whole of the Boston Lowland, about half of the Fells Upland 
east of the valley of Mystic River, and much of the Needham Up 
land are occupied by rocks that are much younger than those already 
described but are older than the deformation at the end of the Car 
boniferous period. Part of these rocks are sedimentary, and part 
of them are igneous; and of the igneous rocks part are intrusive and 
part are effusive. The sedimentary and effusive rocks lie on a floor 
formed of the pre-Devonian rocks of the region, through which the 
intrusive rocks have forced their way.

The igneous rocks may be divided into two general groups an 
older group, composed chiefly of volcanic rocks, forming the Lynn 
and Mattapan volcanic complexes, and a younger group of intrusive 
rocks, comprising the Quincy granite and associated rocks. The 
sedimentary rocks, which with some contemporaneous volcanic rocks 
constitute the Boston Bay group, are in part terrestrial and in part 
lacustrine deposits and contain virtually no fossils.
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The age of these rocks is not definitely known, as some or all 
of them may be Devonian or part of them may be Carboniferous. 
At one time all were supposed to be Carboniferous, but the discovery 
that part may be Devonian has thrown doubt on the Carboniferous 
age of the rest. The question of their age is discussed more in detail 
in the descriptions of the several groups.

The volcanic rocks include not only effusive lavas but also dike 
rocks and thick beds of tuff, agglomerate, volcanic breccia, and 
conglomerate. These rocks are found only in or adjacent to the 
basins of late Paleozoic strata in eastern Massachusetts. In the New- 
bury and Framingham Basins they are the only rocks exposed, and 
in the Boston Basin they form much of the floor and margins of 
the basin, beneath the sedimentary rocks, with the lower part of 
which the}7 may be interstratified to some extent. In the Boston area
they occupy much of the Fells Upland from Medford to Lynn, half 
of Marblehead Neck, a large part of the Needham Upland, several 
large areas in the Neponset Valley, and smaller areas in Hingham 
and Hull.

The subdivision of the volcanic rocks is a difficult problem, which 
has not yet been satisfactorily solved. The division into two forma 
tions the Lynn and Mattapan volcanic complexes herein adopted 
is based partly on lithologic character and partly on structural rela 
tions, but there is considerable probability that the two are con 
temporaneous, and their separation may therefore be invalid. Hence 
the formation names must be regarded as adopted only tentatively, 
chiefly as the most convenient way of expressing facts whose relations 
are not yet fully understood.

The age of the rocks of the volcanic complex forming the Newbury 
Basin, in Essex County (Newbury volcanic complex), was deter 
mined as probably Lower Devonian through the discovery by Keith, 
in 1915, of marine fossils regarded by Ulrich as probably of that age, 
in a calcareous shale that is an essential part of the complex. The 
rocks of the Lynn complex are essentially identical lithologically 
with those of the Newbury Basin and are believed to be of the same 
age. That the rocks of the Mattapan complex are also of that age 
seems fairly certain for similar reasons. So far there is no difficulty 
in thus correlating the volcanic rocks, but an argument of the same 
sort fails when applied to the volcanic rocks of the Attleboro dis 
trict, in the Narragansett Basin. Those rocks, which are of the 
same lithologic types as part of those of the Mattapan complex and 
hence might be supposed to be of the same age, are interstratified 
with sedimentary rocks that are undoubtedly Pennsylvania!!. At 
what point in the chain of reasoning there is a flaw has not been 
determined, hence it seems best in this report to state the age of the 
Lynn and Mattapan complexes and the rocks associated with them as
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Devonian or Carboniferous. This assignment leaves the age of the 
rocks of the Boston Bay group still undetermined but is as far as it 
is safe to go at the present time.

LYNN VOLCANIC COMPLEX

The Lynn volcanic complex comprises the volcanic rocks of late 
Paleozoic age, commonly known as felsites, in the Fells Upland and 
on Marblehead Neck. It is equivalent to the Lynn volcanics of 
Clapp, except that the norite of Nahant, which he included in his 
Lynn volcanics, is here grouped with the early Paleozoic igneous 
rocks. On Emerson's geologic map of Massachusetts and Khode 
Island the Lynn was included in the Mattapan volcanic complex, and 
the two were regarded as of a different age from the rocks of the 
Newbury Basin.

In the Boston area, to which they are almost wholly confined, the 
rocks of the complex occur mainly in two principal tracts a northern 
one extending from eastern Winchester into northern Saugus and a 
southern and larger one extending from West Medford into Lynn. 
A smaller tract occupies the northern half of Marblehead Neck. The 
rocks are rather resistant to erosion and are abundantly exposed, 
forming rugged hills that exhibit many cliffs and are crowned by 
bare crags.

The formation includes a number of sorts of rock, nearly all 
of volcanic origin but partly effusive and partly sedimentary. It 
also includes dikes penetrating the adjacent older formations. Sev 
eral strongly contrasted and easily distinguishable types are included 
in the formation, but its structure is so complicated that they can 
not well be mapped separately except on a very large scale.

The effusive rocks are dominantly silicic and consist mainly of 
types formerly grouped under the general name felsite, but they also 
include some ferromagnesian rocks, which are largely andesitic. 
They range in texture from glassy or flinty through cryptocrystal- 
line to fine-grained granular, though most varieties are rather con 
spicuously porphyritic, and in structure from thoroughly massive to 
strikingly and rather finely banded. Spherulitic and taxitic phases 
and fairly well developed lithophysae are found in a few places, but 
they are not characteristic of the rocks in general. The rocks pre 
sent a considerable variety of colors, including white, light gray, 
yellowish gray, pink or red, purplish gray, purplish brown, greenish 
gray, and slate-green. Some are mottled, but in most the groundmass 
is of rather uniform shade.

The groundmass of the more silicic varieties which are mainly 
aphanitic, consists, where the minerals can be recognized, of albite 
and quartz and perhaps a potassic feldspar and accessory biotite, 
pyrite, apatite, and zircon in small amounts. The phenocrysts are
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chiefly albite or oligoclase, and some varieties of rock contain also 
phenocrysts of quartz. The alteration of the rocks is not marked, 
but many outcrops have a thin whitish weathered crust of kaolin.

Chemically these rocks are high in silica and low in lime and mag 
nesia and are distinctly sodic. They were formerly classed under 
the general name felsites, and later they were called rhyolites. In 
recent years the tendency has been to call them quartz keratophyres 
because of their sodic character.

The formation includes also basaltic varieties of effusive rocks, 
some of which are amygdaloidal, but none have yet been mapped as 
melaphyre, as have similar rocks of the Mattapan complex. The ba 
saltic varieties are rather more coarsely crystalline than the felsites 
and are generally darker and more altered. Their groundmass, 
which now consists mainly of sericite, kaolin, chlorite, epidote, cal- 
cite, and limonite, originally consisted probably of feldspars of in 
termediate composition, hornblende, and biotite, with quartz in some 
varieties, and accessory magnetite. The phenocrysts are different in 
the different types albite and hornblende in the trachytes, oligo 
clase and quartz in the dacites, and andesine in the andesites. Some 
of the andesites contain amygdules of quartz and epidote. These 
rocks also were originally included under the name felsite, but in 
recent years the fact has been recognized that they are more closely 
allied to basalts.

The sedimentary rocks tuffs, breccias, agglomerates,' and a little 
slate and conglomerate are mainly of explosive origin and consist 
chiefly of volcanic material, although the coarser deposits contain 
pebbles and even boulders of foreign material, especially quartzite 
and granite. All are probably terrestrial, and only a few are water- 
laid. Because some of the lavas are flow breccias that have incorpo 
rated water worn detritus from the surface over which they flowed, 
the volcanic sediments can not everywhere be distinguished from the 
effusive rocks. A basal agglomerate or breccia is found in some 
places where the rocks were deposited on a deeply weathered surface 
of the Dedham granodiorite. At the " ball" quarry on the Saugus 
branch of the Boston & Maine Eailroad between Cliftondale and 
Saugus the lava seems to have been erupted into or through a granite 
saprolite that ranged in coarseness from fine arkose to disintegrated 
boulders several feet in diameter. The resulting breccia is a mixture 
of granite boulders and fragments, arkose, tuff, and an interpenetrat 
ing matrix that was probably a very fluid lava.

In West Medford the arkose overlying the granodiorite and ton- 
alite grades upward through a material so much altered that its 
original nature, whether arkose or tuff, is indeterminate, into poorly 
bedded conglomerate with lenses of slate and sandstone. This con 
glomerate in turn grades upward into a rock that was long called
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feldspathic quartzite but is now regarded as a siliceous tuff. No 
lava flows have been certainly identified in the West Medford section, 
but its uppermost part, which has been so shattered by faulting and 
shearing that its original nature has been obscured, may consist of a 
brecciated flow of rhyolite.

In northwestern Saugus and on Vinegar Hill in eastern Saugus 
are coarse agglomerates that contain much foreign material, granite 
boulders several yards in diameter being found in the rock on Vine 
gar Hill. These deposits were probably formed near volcanic 
vents. Breccia of another type, which is of explosive origin but 
contains almost no foreign material, is formed in southeastern Mel- 
rose and in the eastern part of the Lynn Woods. It is dull red or 
purplish gray, is rudely stratified, and ranges in different beds from 
fine material to fragments several inches across. The fine layers 
seem to be volcanic ash. The fragments in the coarse layers are 
mostly angular, but they consist of volcanic rocks, mainly coarse 
tuff, ejected scoriae, and small bombs. Such rocks are not flow brec 
cias but seem to be volcanic muds, the material in them consisting 
chiefly of tuff that had been deposited elsewhere and washed away 
and redeposited in these beds. These breccias are more homogeneous 
than the felsite breccias, as they consist almost wholly of andesitic 
material, and they probably originated in an explosive eruption of 
andesitic type.

Breccia of still another type, that may be intrusive, is found in 
Melrose Highlands, in the Oakgrove district of Maiden, on Marble- 
head Neck, and elsewhere. The matrix is generally dacitic and 
either bright red or light slate-green; in some places, as on Marble- 
head Neck, it is yellowish gray, roughly banded, and probably a 
keratophyre of some sort. On Marblehead Neck it contains few 
fragments of other than related volcanic rocks, but elsewhere it con 
tains much foreign material from underlying formations.

Besides the effusive and sedimentary rocks the Lynn complex in 
cludes many dikes too small to be mapped. They may be either the 
last irruptions of volcanic magma or the first irruptions of the plu- 
tonic magma of the Quincy granite type, as the magmas of the two 
groups of rocks are chemically closely related. Texturally, how 
ever, these dikes are more closely akin to the volcanic rocks than to 
the dikes of intrusive felsite associated with the Quincy granite. 
They cut the volcanic rocks in many places and also the Dedham 
granodiorite but are almost unknown in the other older rocks. They 
include most of the types of rock in the flows, although the silicic 
types predominate. Some of these dikes consist of intrusive breccia 
like that described in the preceding paragraph, and, like some of the 
inclusion-bearing diabase dikes described farther on, they contain
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inclusions of rocks and minerals not known elsewhere in eastern 
Massachusetts.

Perhaps the most interesting dike of the complex is the bostonite 
dike on Marblehead Neck, the type locality for that rock, from which 
many museum specimens have been obtained. It is exposed on the 
west shore of the neck only at low tide, and its relations are nowhere 
displayed. Most geologists have regarded the mass as a flow, but 
Clapp has presented good reasons for believing it a dike, with which 
the present author concurs.

The effusive rocks of the Lynn complex were erupted upon a sur 
face formed chiefly of the early Paleozoic igneous rocks, and the 
intrusive rocks of the complex cut the volcanic rocks as well as the 
underlying older rocks. The complex is cut in turn by intrusive 
stocks of the Quincy granite type and by several sets of diabase 
dikes. It is separated from the Boston Basin by a fault, and its rela 
tion to the rocks in that basin is unknown, but it is almost certainly 
older than they. Its age and correlation are discussed in the general 
treatment of the Devonian or Carboniferous rocks.

MATTAPAN VOLCANIC COMPLEX

The Mattapan volcanic complex comprises the late Paleozoic 
volcanic rocks in and adjoining the southern part of the Boston 
Basin. The Brighton melaphyre, part of which is interbedded 
with the lower strata of the Boston Bay group, may represent the 
final eruptions of Mattapan time and hence may be a part of the 
Mattapan complex. This has not been finally determined, however, 
and the Brighton melaphyre is here treated as younger than the 
Mattapan.

The Mattapan complex is of greater areal extent than the Lynn 
complex and is found in several areas from the Framingham Basin 
on the west to Nantasket on the east. In the Boston area it oc 
cupies about half of the Needham "Upland in Newton, Needham, 
and Brookline, and two areas extending from Hyde Park into 
Dorchester and Milton. Similar masses in Hingham and Nantasket 
are assigned to the formation. The rocks of the formation are 
rather resistant to erosion, but the area which they occupy is 
heavily blanketed with drift, and they are not exposed so abun 
dantly as those of the Lynn complex.

Most of the rocks of the formation are of the same types as 
those of the Lynn complex, and the description of one forma 
tion will apply fairly well to the other. The two differ in some 
details but not more than would be expected in areas of volcanic 
rocks of the same general age a few miles apart. Thick beds of 
volcanic ash and of coarse tuff, niud flows, and water-laid sediments
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composed of reworked tuff with some extraneous pebbles are per 
haps more abundant in the Mattapan complex, and its structural 
and age relations to the rocks of the Boston Bay group are better 
displayed than those of the Lynn complex.

It is unnecessary to repeat here the descriptions of those types of 
rock that occur in both formations. Some of the silicic varieties 
that are abundant in the Lynn complex are rare or lacking in the 
Mattapan, which contains some silicic types not found in the Lynn. 
The most striking is a rock in the southwestern part of Needham 
that may be intrusive, though its relation to the surrounding rocks 
is nowhere displayed. It is light yellowish gray, ranges in grain 
from aphanophyric to granophyric, and contains abundant pheno- 
crysts of quartz in a groundmass of fine crystals of quartz and albite. 
In most places this rock is cut by several sets of closely spaced, 
nearly vertical joints, which gives some ledges a structure closely 
simulating columnar jointing. (See pi. 6, B.) Another silicic type, 
common about Mattapan, is a semivitreous rhyolite which in some 
outcrops is so evenly and closely laminated that it has been mistaken 
for quartzite. The commonest melaphyre is an andesite containing 
amygdules of epidote and quartz. Porphyritic types, largely 
trachytes and dacites, are also abundant. Although there was plainly 
some alternation in the eruption of more and less silicic lavas, the 
earliest flows were felsites and the latest were melaphyres, and most 
of the melaphyres are younger than most of the felsites.

The sedimentary rocks of the complex are chiefly tuffs, tuff breccias, 
and mud flows, composed largely of andesitic material. Near the 
top are some interbedded lenses of conglomerate, sandstone, and 
slate. The breccias and mud flows, some of which are many feet 
thick, are among the characteristic rocks of the complex and are
found throughout its extent, from Framingham to Nantasket. In 
places they are associated with agglomerates, some of which contain 
divine bombs as much as a foot in length. The sandstone and 
slate are mainly composed of reworked tuff, and the conglomerate of 
pebbles of volcanic rocks, but the conglomerate contains also some 
pebbles of other sorts of rocks.

The conglomerate and sandstone lenses have been confused with 
the lower part of the Roxbury conglomerate, which, however, is com 
monly much coarser and only obscurely stratified. Furthermore, 
they have no great lateral extent and give place to ordinary volcanic 
rocks, whereas the base of the Roxbury is nearly everywhere trace 
able as a continuous horizon. The failure, heretofore, to recognize 
these stratified rocks as volcanic sediments and essential parts of the 
volcanic complex has led to much confusion in the interpretation of 
the stratigraphy and structure of the Boston Basin. The fine 
grained, well-bedded tuffs simulate the Cambridge slate, parts of
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which have much the same composition as the tuffs; the mud flows 
are easily mistaken for thick-bedded, brecciated parts of the slate; 
and the volcanic conglomerates are not easily distinguished from 
some parts of the Koxbury conglomerate. Careful study of the 
composition, texture, and relations of the rocks, however, shows 
that they are interbedded in a volcanic complex, are composed of 
volcanic material, and are stratigraphically below the recognized 
base of the Koxbury.

The Mattapan complex contains some dikes and larger intrusive 
masses of the same types as those of the Lynn complex, and the 
description of those rocks will serve for both. The neighboring 
Dedham granodiorite is also cut by " felsite" dikes that may be 
Mattapan.

Not only are the Mattapan and Lynn complexes composed mainly 
of rocks of the same general lithologic types, but they have the 
same general structural relations to adjacent formations. They are 
probably also of the same age and should presumably be mapped 
as one formation, but this is not yet certain, hence they have been 
mapped separately here.

QTTINCY GRANITE AND ASSOCIATED ROOKS

GENERAL RELATIONS

The plutonic rocks of a considerable group in southeastern New 
England are characterized by abundant amphibole and pyroxene 
and little or no mica, and by their sodic composition. They occupy 
large areas in Essex and Norfolk Counties in Massachusetts and in 
Providence and Kent Counties in Rhode Island. They are regarded 
as being in general the plutonic equivalents of the volcanic rocks just 
described, to which they seem to be related chemically, and their 
irruption is regarded as being the final stage of the Devonian igneous 
cycle, of which the volcanic eruptions were the initial stage.

The age of these rocks is fairly well fixed by their structural 
relations to the other rocks and is either Devonian or early Carbonif 
erous. Stocks and dikes of Quincy granite in Essex County cut the 
rocks of the Lynn volcanic complex, which is regarded as probably 
of early Devonian age. On the other hand rocks associated in age 
with the Quincy granite have furnished pebbles to the Carboniferous 
conglomerates of the Narragansett Basin, whose basal strata are 
at least as old as earliest Pennsylvanian and are possibly some 
what older.

In the Boston and adjacent areas the sodic rocks include not 
only the Quincy granite, which is strictly plutonic, but also some 
felsite dikes cutting older rocks, and the Blue Hill granite porphyry, 
which is regarded as the suddenly chilled shell or peripheral zone 
of the Quincy granite batholith.



36 GEOLOGY OF THE BOSTON AREA, MASSACHUSETTS

QUINCY GRANITE

The Quincy granite is a hornblende granite that appears to be 
chemically akin to the volcanic rocks of the Lynn and Mattapan 
complexes. Although of considerable extent in quadrangles adja 
cent to the Boston area, it occupies but a small part of that area 
at the northern and southern sides. The northern edge of the 
type area of the formation, in Quincy and Milton, just enters the 
southeast corner of the Boston quadrangle, and the southern edge 
of the Peabody area of the granite just enters the northern side of 
the Boston Bay quadrangle, in Lynn. Several small stocks of the 
granite are intrusive into the older rocks in Lynn, Marblehead, and 
Swampscott, and the Salem gabbro-diorite in Swampscott is cut 
by many dikes of the granite. (See pi. 8.)

The typical Quincy granite is a moderately coarse-grained bluish- 
gray rock composed essentially of dominant quartz, feldspar, and 
hornblende, subordinate aegirite, and accessory zircon, titanite, and 
magnetite. The feldspar is almost all microperthite, composed of 
intergrown microline and albite, and the hornblende is mainly 
riebeckite, but some phases of the rock contain cataphorite also. 
These minerals, with the aegirite, make the rock notably sodic as 
compared with the other granites of the district.

There is little variety in the small masses of the granite in the 
Boston area. A fine-grained contact phase is developed in Quincy, 
where the rock is in contact with Braintree slate, and another con 
tact phase is shown in the stock in East Lynn, which lies between 
the Salem gabbro-diorite and the volcanic rocks. This rock is some 
what foliated and apparently has been sheared during faulting 
along the contact. It is composed almost wholly of quartz and 
microperthitic feldspar and is more altered than most other phases 
of the granite. The rock of some of the small stocks in Marblehead 
is poor or lacking in quartz and is allied to nordmarkite. In the 
Boston area there are no nephelite-bearing sodic rocks, such as are 
found in Salem and Beverly, which are interpreted as formed by 
assimilation of Salem diorite into the granite.

The Quincy granite is intrusive into or against all the other rocks 
with which it is in contact except the Roxbury conglomerate, from 
which it is separated by a fault. The relative age of the two forma 
tions is uncertain, as no pebbles of the granite have been surely 
identified in the conglomerate and no dikes of the granite cut the 
conglomerate, but the granite is supposed to be the older.

The Quincy granite forms the eastern and lower part of the 
range of the Blue Hills, just south of the Boston area, the western 
and higher part of the range being formed by the Blue Hill granite
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porphyry. The latter formation does not enter the area here mapped 
but is important in connection with the geology of the area because 
of the age relations shown by it.

It is bluish gray, pofphyritic, and of nearly the same mineral and 
chemical composition as the Quincy granite, and it is regarded as 
a quickly chilled phase formed at the top of the granite batholith as 
the magma came to rest after intrusion. It is overlain, along the 
southern base of the Blue Hills, by the Pondville conglomerate of the 
Narragansett Basin, the base of which is a " giant" conglomerate 
formed of boulders and cobbles of the porphyry in a matrix of finer 
material derived from the same rock. This relation fixes the age of 
the porphyry, and hence of the Quincy granite and associated rocks, 
as certainly pre-Pennsylvanian and probably Mississippian.

INTRUSIVE FELSITES

Near the Quincy granite some of the older rocks are cut by scattered 
dikes of light-gray or yellowish-gray porphyritic rock, composed 
chiefly of quartz and a kaolinized feldspar that probably was albite. 
These rocks have generally been called felsites. In the Fells Upland 
they cut both the early Paleozoic igneous rocks and the rocks of the 
Lynn volcanic complex, but they are found only near stocks of 
Quincy granite, with which they are probably genetically connected. 
In the Needham Upland and on the South Shore they cut the Ded- 
ham granodiorite and the associated diorite, but some of them are 
several miles from any recognized stocks of Quincy granite. As a 
rule they can be distinguished from the dikes associated with the 
volcanic rocks, and they are with little hesitation assigned to the 
rocks associated with the Quincy granite.

In the areas of both the Lynn and the Mattapan volcanic com 
plexes are small stocks of medium-grained hornblende-bearing or 
biotite-bearing granite porphyry. These may be plutonic equivalents 
of some of the coarser volcanic porphyries, or they may be small out 
lying stocks of Quincy granite. As they are in the midst of the 
volcanic complexes they are in this report mapped with those 
formations.

BOSTON BAY GROUP

GENERAL RELATIONS

The Boston Bay group comprises the late Paleozoic stratified 
rocks which, with the interbedded Brighton melaphyre, occupy the 
Boston Basin, including most of the Boston Lowland, a part of the 
Needham Upland, and a strip along the South Shore. These rocks 
are not found except in the Boston Basin, which, however, extends
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southward a little beyond the area here described into the Dedham 
and Abington quadrangles and southwestward across the corner of 
the Framingham quadrangle into the Franklin quadrangle. In 
East Boston, Chelsea, Winthrop, Kevere, and the Saugus Marsh 
bedrock is not exposed on the surface and has not been encountered 
in excavations. The rock beneath East Boston, Chelsea, and Win 
throp is probably the Cambridge slate, but that beneath the Saugus 
Marsh, Lynn Beach, and most of Kevere is quite unknown, as 
indicated on the areal-geology map.

The rocks of the group consist of conglomerate, tillite, arkose, 
sandstone, quartzite, slate, and melaphyre. The sedimentary rocks 
seem to be wholly nonmarine and largely terrestrial. The tillite was 
probably deposited on land, but it includes some fluviatile beds, and 
the slate is probably lacustrine, though part of it may be fluviatile. 
The rocks are almost wholly devoid of fossils, either plants or ani 
mals, and seem to have been deposited under conditions that pre 
cluded the existence of life in their vicinity.

The group comprises three formations the Koxbury conglomerate, 
Brighton melaphyre, and Cambridge slate. The Brighton melaphyre 
does not lie between the other two formations but is intruded into 
and interbedded with the lower part of the Koxbury. Owing to the 
conditions under which the beds were deposited few definitely recog 
nizable horizons can be traced throughout any considerable part of 
the basin, and sections in different parts differ much not only in 
details but in general make-up. The thickness of the Roxbury con 
glomerate differs widely in different places, and, partly for this 
reason and partly because of thrust faulting, no close estimate of its 
thickness can be made. On account of the irregular thickness and
the lack of persistent key horizons the structure of the Boston Basin 
is difficult to interpret and never has been satisfactorily worked 
out. Even the sequence of the formations was long in doubt.

The Roxbury conglomerate overlies the Dedham granodiorite and 
part of the rocks of the Mattapan volcanic complex and contains 
pebbles of those rocks as well as of the older rocks of the region. 
All the rocks of the group are cut by two sets of diabase dikes, but 
they are nowhere invaded by plutonic rocks. The rocks of the group, 
in common with all the older rocks of the region, were folded and 
faulted in the great Appalachian deformation at the end of the 
Carboniferous period, and they are not overlain by any younger rocks 
except the Quaternary deposits.

The age of the rocks of the group is one of the greatest puzzles in 
the geology of the region, and; it remains unsolved after a century 
of work. Except a few short pieces of tree trunks, of which not 
even the genus can be certainly determined and which may be of 
either Devonian or Carboniferous age, no fossils have been found in
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these rocks. In the absence of direct, internal .evidence of age, in 
direct or external evidence, such as the structure of the Bostoin 
Basin and the relations of the rocks of the group to the adjacent 
formations, must be used. On such external evidence the age of the 
group is known to be not older than Devonian and not younger than 
Carboniferous, and at present its age can not be more definitely 
stated.

The Boston Bay group can not be positively correlated with any 
other rocks in southeastern New England. When it was regarded 
as Carboniferous it was correlated with the rocks of the Narragan- 
sett, Woonsocket, Worcester, and Merrimack Basins, and some 
geologists hold that the rocks of all five basins are remnants of a 
cover of Carboniferous strata that formerly extended over the whole 
region. The nonmarine character of the rocks, the differences in 
sections a few miles apart, and the lack of persistent beds are not in 
accord with such a view, however, and it now seems hardly tenable. 
The close juxtaposition and possible connection of the Boston and 
Norfolk Basins, on the other hand, make it seem not improbable 
that their rocks may be of the same age, and there is therefore a 
slight balance of probability in favor of regarding the rocks of the 
Boston Bay group as Carboniferous.

The Roxbury conglomerate is the basal formation of the Boston 
Bay group. Except at one locality in Watertown it is not exposed 
on the surface or in excavations north of the Charles Eiver. The 
main area of the formation occupies nearly all of Roxbury and large 
parts of Dorchester, West Roxbury, Brookline, Brighton, and New 
ton. There are other large areas in Hyde Park, Milton, and Hing- 
ham and small ones in Quincy and Hull. As a rule the rock is 
resistant and forms bold hills with many ledges and cliffs.

In Emerson's bulletin on the geology of Massachusetts and Rhode 
Island the Roxbury is described as comprising three members  
the Brookline conglomerate member at the base, the Dorchester slate 
member in the middle, and the Squantum tillite member at the top. 
Later knowledge gained from recent excavations has shown that this 
threefold division does not persist throughout the area occupied by 
the formation with sufficient definiteness to warrant the mapping 
of the members separately. Furthermore, the Dorchester slate mem 
ber does not everywhere have a well-defined lower limit, and in some 
areas beds characteristic of it are intercalated in most of the forma 
tion below the tillite. The threefold division is herein retained for 
convenience in description, but no attempt is made to represent the 
members on the map or in the sections, and they are not regarded as
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clearly distinguishable stratigraphic subdivisions throughout the 
area.

The thickness of the formation differs greatly in different parts 
of the Boston Basin, but it is probably nowhere less than 1,500 feet 
in any section where the full thickness is preserved, and in some 
areas it may be as much as 3,000 feet or more.

The Brookline conglomerate member consists mainly of massive 
conglomerate, which may attain a thickness in some areas of 1,200 
feet. In a few places it is well stratified, but in much of its outcrop 
area it shows no bedding. (See pi. 9, A.) Its base, where exposed, 
is generally coarse and heterogeneous, containing cobbles and small 
boulders, many of which are of the same rock as the underlying 
formation, which in a few places is the Dedham granodiorite but 
elsewhere is some part of the Mattapan volcanic complex. Hence, 
although they are for the most part rather well rounded, they ap 
parently have not been transported far. In Quincy, Hingham, and 
Hull the basal zone is interbedded with flows of Brighton melaphyre, 
and the same association may occur also in some areas in Newton.

The Dorchester slate member is characterized by beds of red and 
purple sandy slate, purplish sandstone and grit, and small-pebble 
conglomerate. Much of the slate is composed of rather coarse ma 
terial, apparently reworked basaltic or andesitic tuff. The rocks 
of this member are well stratified, and the sandstone and slate com 
monly show a characteristic cross-bedding. The Dorchester member 
is best shown and apparently is best developed in Dorchester and 
Hingham, where its position in the formation is clear. The sandy 
slate and interbedded sandstone of Allston Heights, in Brighton, 
were long believed to be part of the Cambridge slate, but it now 
seems more probable that they should be assigned to the Dorchester 
slate member of the Roxbury. This may be true also of the beds 
exposed in the long railway cut east of West Newton station. The 
slate and sandstone in Allston Heights are cut by dikes and sills 
of Brighton melaphyre and are interbedded with flows of the same 
rock, but neither of these conditions is found in any beds that are 
certainly part of the Cambridge.

The Dorchester slate member ranges in thickness from 300 to 
possibly 2,000 feet or more. Its limits can not be defined with pre 
cision, and in Allston, where it is apparently very thick, its seem 
ingly great thickness may be due to duplication by strike faults. 
Some of the beds or lenses of slate in Dorchester and Allston are 
at least 150 feet thick, but such considerable thicknesses of contin 
uous slate are not common in this zone.

The Squantum tillite member, which forms the upper part of the 
Roxbury conglomerate, is exposed at many places in the southern
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part of the Boston Basin, but north of the Charles River it was seen 
only at the former quarry in East Watertown. The peculiar con 
glomerate on North Beacon Street in Allston, which contains many 
angular fragments of slate and was once thought to be a local bed 
in the Cambridge slate, may possibly be Squantum. A similar rock 
was formerly exposed in eastern Allston and in Auburndale, and a 
few boulders of it were found near Bemis, hence a narrow belt of 
tillite may underlie that part of the basin, but it is so largely con 
jectural that it has not been mapped.

The Squantum member consists mainly of a peculiar breccia now 
regarded as tillite or glacial conglomerate, interbedded with a few 
thin layers that are regarded as water-laid drift. (See pi. 10.) The 
tillite contains striated and faceted pebbles and other indications of 
its glacial origin, including angular boulders of granite and other 
rocks 3 to 4 feet long. Its base is nowhere certainly exposed, but 
it probably merges downward into the underlying conglomerate, a 
part of which, while yet gravel, presumably was incorporated into 
the base of the till. The thickness of the tillite is probably at least 
600 feet in some places in the southern part of the basin, but it may 
be and probably is much less in the Brighton-Watertown-Newton 
area. At its top, where that is exposed, it ordinarily grades into the 
Cambridge slate through transition beds which are similar in com 
position to those found in the Dorchester slate member but which 
include also some beds of tillite a few feet thick.

No fossils have been found in the Roxbury conglomerate except 
a few short pieces of tree trunks that were collected near Forest 
Hills, probably in tKe Brookline conglomerate member. The pieces 
are casts of trunks from which the bark had fallen,, and the genus 
to which they belong is uncertain but is probably either Cordaites or 
Lepidodendron. Their age, therefore, can not be determined more 
closely than that they are either Devonian or Carboniferous.

The interpretation of the Roxbury formation has always been 
difficult. It contains waterworn material derived from most of the 
older rocks of the district, and most of the pebbles are rather well 
rounded, yet wherever the base of the formation is exposed it con 
sists largely of pebbles of the underlying rocks. Hence it was once 
regarded as marine and as mainly a shore deposit. It is devoid of 
evidence of marine action, however, and its general structure and 
largely unsorted character indicate that it was deposited mainly on 
land and by torrential streams. The discovery that the upper part 
of the formation is tillite has shed much light on the problem, and 
it is now regarded as mainly of glacial origin and as consisting 
chiefly of outwash deposits that were later overridden by the ice and 
covered with a deposit of till.
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BRIGHTON MELAPHYRE

The formation mapped as Brighton melaphyre comprises dikes, 
flows, and probably sills, chiefly of basalt, intruded into and inter- 
bedded with the Eoxbury conglomerate in Newton, Brighton, 
Brookline, Quincy, Hingham, and Hull. A few irregular dikes that 
are intrusive in the rocks of the Mattapan volcanic complex in Need- 
ham, Dorchester, and Milton are presumed to belong in the forma 
tion, and there is a single small mass of rock of the same sort near 
Saugus Center. These small masses are not mapped.

The rock is greenish, brownish, or purplish amygdaloidal mela 
phyre of basaltic character, composed of augite, labradorite, and 
olivine with accessory pyrite, magnetite, and hornblende, though 
the hornblende may be secondary. The rock is now much altered 
to chlorite, epidote, limonite, and calcite. Some masses of it con 
tain small kaolinized phenocrysts of calcic feldspar. The amygdules 
are mostly small and well rounded and are composed of calcite, 
though some contain quartz and epidote. In some masses of the 
rock amygdules are notably abundant, but other masses contain 
very few.

Some bodies of the melaphyre contain angular fragments of rock 
of the same sort and seem to be flow breccias or mud flows, as frag 
ments of rock of other sorts are scarce. As there are a few beds of 
tuff and explosive breccia, some of which contain olivine bombs, the 
effusive character of at least part of the formation and the occur 
rence of explosive eruptions during its extrusion seem well 
established.

The interbedded masses range in thickness from a few "feet to 
several hundred feet and in length from 100 feet or less to more 
than a mile. The thicker ones are probably not single sheets, but 
lack of continuity in outcrops and the possibility of concealed faults 
make this inference uncertain. Some of the smaller intrusive masses 
are clearly dikes or pipes that fed flows or sills.

There has been much discussion regarding the structural relations 
of the melaphyre, especially in Quincy, Brighton, and Newton, some 
geologists holding that it is nearly all effusive and contemporaneous 
with the conglomerate, others that it is intrusive and later than the 
conglomerate. Those on both sides seem to have been overinfluenced 
by the relations shown in some areas and to have given insufficient 
attention to those shown elsewhere, and no one on either side seems 
to have discriminated between the Brighton melaphyre, which is 
associated with the Roxbury conglomerate, and the melaphyre that 
is part of the Mattapan complex and is older than the Roxbury. 
The author has reached the conclusion that some of the interbedded 
sheets of Brighton melaphyre are certainly flows and that others
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A. WKYMOUTH FORMATION (LOWER CAMBRIAN) 
IN THE CUFF AT EAST POINT, NAHANT

The formation here consists of thin-bedded quartzite, cal 
careous slate, and eherty limestone, cut by sills of gabbro: 
The best preserved Lower Cambrian fossils were found 
al this locality, where the strata, though somewhat meta 
morphosed, are little sheared. Photograph by F. H. 
Lalu-e. 1')M.

H. COLUMNAR JOINTING IN RHYOLITE PORPHYRY

Note the irregularity in form, size, and development of the columns, the absence of "cup-and-ball" 
structures, and the absence of polygonal jointing on the upper surface of the block. Photograph 
by J. L. Gardner, jr., 1901.
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FOSSILS OK MIDDLK CAMBRIA IN AUK FROM" TlIK BRAINTRKK SLATK

The specimens, which are of the trilobite Par (idnx ides harlaui, came from the former quarries at Hay ward Creek, East Braintree, 
where practically all the good specimens of Middle Cambrian trilobites were found. Photograph by W. C. Ryder, 1910 (?}.
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PLUTONIC BRECCIA IN CLIFF AT CLIFTON, M MtliLEHEAD

The darker rock is Salem diorile, which has been invaded and breccia ted by dikes of granite and tonalite. This locality is typical of the breccia that 
occupies practically all of Swampsoott, with adjacent parts of IVTarblehead, Salem, and LynD. 1'hotograph by IV L. Stebbins.
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A. CLIFF OF ROXBURY CONGLOMERATE ON COMMONWEALTH AVENUE IN 
WASHINGTON HEIGHTS, BRIGHTON DISTRICT, BOSTON

This cliff, now removed, was a typical exposure of the lower, true conglomerate part (Brookline 
member) of the Roxbury. The view also shows well the perfection of the torsion joints in such 
coarse and heterogeneous rock. Many pebbles are sliced cleanly through, and many square 
feet of the joint plane surfaces are as smooth as if in fine-grained sandstone.

13. DISINTEGRATING IMAItASE OF THK GREAT MKDFORD DIKE, IN THE FOR 
MER QUARRY AT PINE HILL, MEDFORD

A close view, showing well two boulders of disinlegration, parlly surrounded by series of exfolia 
tion shells and embedded in completely disintegrated saprolite, still in place but easily remov 
able. Photograph by F. 11. Lahce, 1914.
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SQUANTUM TILLITE IN CLIFF AT SQUANTUM IIKAD, QU1NCY

A typical exposure of the tillite of the Squantum area, where the matrix is sandier than in Hyde Park and Roslindale. The view shows the wide 
range in size and shape of the pebbles and boulders, their heterogeneous lithologic character, the absence of sorting or stratification, and the 
low ratio of fragments to matrix. Photograph by F. H. Lahee (?), about 1914.
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: SLATK I IN TMK I-'OHMKR MYSTIC QUARRY, SOMKRVILLK,

away, showed fairly well ihe characteristic failures of the formation in the area where it was best exposed. At the right of the view 
the "Uvin dikos," two diabase dikes of the later north-south set, that were of interest because of the contained inclusions of rocks and 

from considerable deth. Photorah b IN. L. S(.ebbins.

This cliff, now quarried
the slate is cut by the v s, - 
minerals brought up from considerable depth. Photograph by IN. L. S(.ebbins.
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are probably crosscutting sills, but that all are contemporaneous with 
the Koxbury conglomerate.

The correlation of the melaphyre is nevertheless still rather un 
certain. For years it was not distinguished from the closely similar 
rocks of the Mattapan complex, and it may possibly be part of that 
complex and represent eruptions that continued after the deposition 
of the Roxbury conglomerate had begun. On the other hand, it may 
represent entirely distinct eruptions that occurred in a later igneous 
cycle than the Mattapan epoch.

CAMBRIDGE SLATE

The Cambridge slate is the upper formation of the Boston Bay 
group. It occupies all the northern part of the Boston Basin, except 
one small area in Watertown, and several long belts in the southern
part. It underlies most of Boston Harbor and forms part of the 
small rocky islands in Boston Bay off the mouth of the harbor. It 
is only moderately resistant and occupies low land or forms low hills, 
except where it is held up by the underlying Roxbury conglomerate.

The formation consists chiefly of rock of generally fine-grained 
argillaceous character that has been called pelite, shale, argillite, 
and slate, though none of those names is wholly satisfactory. As 
" slate " is generally used locally and has been longest in use, it has 
been adopted for use in this report. The typical Cambridge slate 
is dark bluish gray or brownish gray, rather fine grained, and com 
posed chiefly of argillaceous material. Some parts of it are well 
stratified and thin bedded; other parts are rather massive. Most of 
it splits easily parallel to the bedding, and nearly everywhere it has 
developed a fissility across the bedding, but only rarely is this sec 
ondary structure dominant, and practically nowhere in the basin 
is the rock a true slate. (See pi. 11.)

The formation contains no conglomerate, unless the peculiar con 
glomerate in Allston and Auburndale, already mentioned, is part of 
it. Coarse-grained beds, some of them sandy but most of them com 
posed mainly of reworked tuff, are scattered through the formation, 
mainly in its lower part. Near its top it contains some red and 
green shale, and what is probably its uppermost part has been 
named the Tufts quartzite member. This member, consisting of 30 
feet or so of greenish and white quartzite, is exposed in only three 
places on the south slope of College Hill, Somerville, in the large 
quarry in East Everett, and on a half-tide island in the Mystic River. 
These three localities are situated respectively at the apex and on 
the north and south limbs of a syncline pitching eastward, but there 
are no exposures within the V thus formed, and nothing is known of 
the rock therein, hence it is uncertain whether the Tufts member

111895 32  4
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is the top of the formation or whether there is more slate above it. 
(See appendix.)

The thickness of the formation is in doubt. It may not be so great 
as it appears to be, as concealed faults are highly probable, but it 
must be at least 2,000 feet and it may be 3,500 feet or more. The 
Tufts quartzite member is probably less than 40 feet thick. The 
slate is cut by several sets of diabase dikes but is not overlain by any 
younger rocks except Quaternary deposits. No fossils have been 
found in it, and its age can not be determined directly.

CARBONIFEROUS ROCKS

ANDOVEE GRANITE

The Andover granite is the muscovite granite of late Carbon 
iferous age in eastern Massachusetts. In the Boston area it occu 
pies only a small part of the northwest corner.

The normal granite' is medium grained to moderately coarse 
grained, light gray to nearly white, and is composed of quartz, albite, 
microcline, and muscovite, with or without biotite, orthoclase, and 
microperthite. The grain is rather irregular, and the normal phase 
grades into porphyritic and pegmatitic phases. The rock is also 
generally foliated and in many places is rather strongly gneissic.

A striking feature of the granite is its diversity, even in a single 
ledge. This is well shown at the falls on the Shawsheen Kiver in 
Bedford, in the southeast corner of the Lowell quadrangle, a few 
hundred yards outside the Boston area, where not only the normal 
granite but also coarsely porphyritic, coarsely pegmatitic, and 
strongly gneissic phases are displayed in one large outcrop. The 
porphyry contains large phenocrysts of microcline in a matrix of the 
normal granite; the pegmatite contains crystals of quartz, feldspar, 
and muscovite several inches across; and the gneiss, composed of the 
same minerals, is fine grained and so evenly foliated that it resembles 
a well-stratified arkose. These phases are sharply separated iti parts 
of the outcrop but intergrade in other parts, and all are manifestly 
phases of the one granite.

Elsewhere the granite displays also a greisen phase, composed 
almost wholly of rather fine grained quartz and muscovite, and 
pegmatitic phases that contain large plates of biotite as well as of 
muscovite and nearly perfect icositetrahedral crystals of garnet, 
some of them nearly an inch in diameter.

The relation of the granite to the other rocks of the Boston area is 
unknown, and it may be separated from them by a fault. It is 
intrusive into the Carboniferous strata of the Merrimack Basin but 
has been deformed along with them. It is therefore regarded as of 
late Carboniferous age.
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x DIABASE DIKES OF DIVERSE AGES

GENERAL RELATIONS

All the hard-rock formations of the Boston district are cut by 
dikes of the sort generally called, for convenience, trap dikes. The 
rock of most of the dikes is diabase, and that of most of the rest, has 
a diabasic texture but is considerably altered in composition. The 
rock of still other dikes has neither the composition nor the texture 
of diabase, but their general character and structural relations are 
such as to indicate that they also were originally diabase or some 
closely related rock.

The diabase dikes display a great variety of size, form, relations, 
structure, and weathering. They range in thickness from a fraction 
of an inch to more than 500 feet, in length from a few feet to more
than 4 miles, and in form from straight, almost even-sided dikes 
filling what are obviously joint fissures to masses of such irregular 
shape that they can hardly be called dikes. Sills, also, are not uncom 
mon in the Cambridge slate. By far the greater number of dikes 
cutting the stratified rocks are nearly perpendicular to the stratifica 
tion, and dikes that are markedly oblique to the beds, although not 
unknown, are scarce. Faulted and offset. dikes are common, and 
many of those that were intruded before the deformation of the 
inclosing rocks were tilted and warped with the rocks.

It is difficult to estimate the number of dikes in the Boston area, 
but there must be many hundreds, as there is no reason to suppose 
that they are less abundant in the areas covered with Quaternary 
deposits than in areas where outcrops are numerous. They are very 
abundant in the Cambridge slate areas, especially in the northern half 
of the Boston Basin. They are also abundant along the rocky shores 
in Cohasset, Hull, Nahant, Swampscott, and Marblehead and among 
the rocky hills in Stoneham, southern Wakefield, and eastern Win 
chester. In some areas of rocks of little resistance to erosion almost 
the only outcrops consist of diabase.

Diabase dikes are notably scarce in the areas occupied by the 
Quincy and Andover granites and are especially abundant in those 
occupied by the Cambridge slate. Otherwise there seems to be no 
relation between the abundance of the dikes and the formation which 
they cut. In some areas, such as the southeastern part of the Mid 
dlesex Fells, diabase dikes are surprisingly few, but in other areas 
of rock of the same sort they are abundant.

Most of the dikes can be grouped according to their trends into 
four sets. Some, especially in Nahant and Marblehead, can not at 
present be assigned to any of the sets, and possibly some of them 
belong to sets not recognized elsewhere. The relative age of the 
sets is shown by their intersections, and their geologic age is fairly
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well known from their relations to other rocks. The sets are (1) 
the older east-west set, (2) the northwest-southeast set, (3) the 
younger east-west set, and (4) the north-south set. Dikes of sets 1 
and 2 are found only in certain areas of pre-Carboniferous rocks, but 
those of sets 3 and 4 are found throughout the district.

Some trap dikes in the Middlesex Fells cut the Dedham grano- 
diorite but are cut off by the rocks of the Lynn volcanic complex. 
These dikes have the composition and texture of minette and are not. 
included among the diabase dikes, although they have a common, 
north-south trend and apparently form another set.

Although many of the dikes are large enough to be mapped, only 
one is shown on the maps in this report. The others are not shown, 
because to do so would complicate the maps unnecessarily and because- 
they could be shown only where outcrops are abundant, thus giving^ 
a misleading idea of their distribution.

OLDER EAST-WEST DIKES

The older east-west dikes are extremely scarce, and none have been 
definitely recognized within the Boston area. The best-known ones 
are a mile or so outside of this area, in the vicinity of Pine Tree 
Brook, southeast of Milton Center. They are mentioned here because- 
of their possible connection with some of the rocks of the early 
Paleozoic igneous group and their possible importance as a link in. 
the geologic history of the region.

Several dikes that trend almost east cut the Braintree slate, which, 
strikes east and stands about vertical, so that the supposed dikes may 
be upturned sills. The dikes consist of dark-gray or nearly black, 
rock, ranging in grain from fine to rather coarse- and composed es 
sentially of hornblende and a calcic feldspar. They have evidently 
been considerably altered, and they may never have been diabase. 
The mass of Braintree slate which they cut appears to be a large in 
clusion, possibly a roof pendant, in the Quincy granite, and the dikes 
do not extend into the granite but probably are cut off by it. If so- 
they are of post-Cambrian and pre-Carboniferous age and prove the 
occurrence of a period of intrusion of trap dikes in pre-Carbonifer 
ous time. Furthermore, the possibility of their genetic relation 
ship to the early Paleozoic igneous rocks is a little additional 
indication of the post-Cambrian age of those rocks.

NORTHWEST-SOUTHEAST DIKES

There is considerable doubt whether the northwest-southeast dikes 
constitute a set by themselves or whether they are offshoots of the 
younger east-west dikes. In the western part of the Middlesex 
Fells, where these dikes are abundant, the evidence from intersections.
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is indeterminate, as the northwest-southeast dikes appear to be cut 
by the east-west dikes in some places and to be branches of them in 
other places. If there are really two separate sets, probably they are 
not greatly different in age and belong together in one eruptive cycle. 

The rock of the northwest-southeast dikes is typically light 
greenish gray, fine grained to almost aphanitic and obscurely 
porphyritic, and is nearly all altered to chlorite, epidote, calcite, and 
limonite, though the texture indicates that it was originally diabase. 
The rock is almost identical in composition, texture, and degree of 
alteration with that of some of the sills of the younger east-west set, 
and, as the northwest-southeast dikes are everywhere associated with 
east-west dikes, it seems probable that they, like the sills, are branches 
of those dikes.

YOUNGER EAST-WEST DIKES AND SILLS

The younger east-west dikes occur throughout the Boston area 
and cut all the hard-rock formations, but they are scarce in the 
Quincy and Andover granites. They include the largest diabase 
dikes of the region, some of them being traceable for several miles 
and reaching a maximum thickness of 400 to 500 feet. Dikes 100 
feet thick are fairly common, and those less than 5 feet thick are 
rather scarce, although not unknown. A number of sills, ranging 
in thickness from a few inches to 30 feet, cut the Cambridge slate, 
and several of them are plainly offshoots of the east-west dikes.

The trend of the dikes of this set ranges from N. 60° W. to S. 75° 
W., and their hade ranges from 0° to 30°, its direction depending on 
the attitude of the inclosing rocks, as the dikes were tilted and warped 
in the general deformation of the region. Some of them are fairly 
straight, but most are rather irregular, and many are branched or 
are split about horses.

The rock of these dikes is typical medium-grained diabase, tan- 
brown to olive-brown on weathered surfaces and dark greenish gray 
on fresh surfaces, and composed of labradorite, augite, and subor 
dinate magnetite, with accessory pyrite and, in some dikes, olivine. 
Some also contain a little probably secondary hornblende. Many of 
the thinner dikes have a layer of basaltic glass at the contact. The 
dikes are more or less altered, and most long-exposed surfaces have 
a thin weathered crust of limonite and kaolin. Spheroidal weather 
ing is rare, and the ultimate product of disintegration is a moder 
ately coarse limonitic sand. Many of the dikes are porphyritic, and 
their petrography is an interesting study by itself.

The rock of the thicker sills is not particularly different from that 
of the dikes. That of some of the thinner sills is much like that of 
the northwest-southeast dikes, but that of other thin sills is very dif-
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ferent and contains conspicuous small rhomb-shaped phenocrysts of 
calcic feldspar in a nearly aphanitic groundmass, the whole rock 
being altered to a mixture of kaolin, calcite, limonite, and other min 
erals. Nearly all the dikes of the set and all the sills except the por- 
phyritic ones display an imperfect columnar jointing, at least across 
their central portions*,

As dikes of this set cut the Andover granite they must be at least 
as young as late Carboniferous, but as they plainly were affected by 
the deformation at the end of the Carboniferous period they can not 
be any younger. Their age is therefore more definitely known than 
that of most other rocks of the region.

MEDFOKD DIABASE DIKE

The great Medford diabase dike is the best-known diabase dike 
in the district and one of the largest. As it can not certainly be 
classed with any of the sets it is described by itself and is shown 
on the geologic map. The main dike extends from Powderhouse 
Hill, in West Somerville, northward almost to Spot Pond, a dis 
tance of 3 miles, and attains a maximum thickness of 560 feet. 
Rock of the same sort is or was once exposed in Allston, Brookline, 
and -West Roxbury, at localities almost on the line of the main dike 
prolonged southward. The northernmost and southernmost ex 
posures on this line, which trends N. 19° E., about the average trend 
of the north-south dikes, are 11 miles apart. All the outcrops on 
this line are thought to be the higher portions of a single dike with 
an irregular top, the rest of which has not yet been exposed by 
erosion. Diabase of the same type is or was exposed also at the 
Granite Street quarry in Somerville, on Galen Street in Watertown, 
and a little east of Main Street in South Medford. These exposures
are presumed to be outcrops of branches of the great dike.

The rock of the dike is dark gray, is medium to coarse grained, and 
in many places contains some biotite and hornblende in addition to 
the ordinary minerals of diabase. Its most notable characteristics 
are its spheroidal weathering and its relatively rapid disintegration 
into fine angular gravel and coarse residual sand. (See pi. 9, B.) 
The rock at the Granite Street quarry in Somerville is also noted for 
an extraordinary pegmatitic phase, which is perhaps secondary and 
due to pneumatolytic action.

The south end of the main mass, where it tapers to a point just 
south of Powderhouse Hill, is a breccia made up almost wholly of 
angular fragments of other rocks, the interstices between which 
are filled with fine-grained, almost glassy diabase. Among the in 
clusions are blocks of Tufts quartzite and of a pegmatite thought to 
be a phase of the Dedham granodiorite and smaller pieces of rocks
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and minerals not found elsewhere. Seemingly the ascending diabase 
magma tore loose and bore along fragments of the walls and packed 
them into the tapering end of the fissure.

Although having about the same trend as the north-south dikes, 
the Medford dike differs from them in lithologic and structural 
character, and it is cut in one place in Medf ord by a north-south dike 
that seems to be a member of that set; hence it is not included with 
the north-south dikes. It can not be much older than those dikes, 
however, as it is clearly later than the younger east-west dikes and 
than the fault bounding the Boston Basin on the north. It is there 
fore regarded as of Triassic age.

NORTH-SOUTH DIKES

The north-south dikes, which occur throughout the area and cut 
all the other hard rocks, are the most interesting diabase dikes in the
region. It is problematical whether they or the younger east-west 
dikes are more numerous, but none of them attain as great thickness 
or length as the larger east-west dikes.

The north-south dikes range in thickness from less than an inch to 
40 feet and in length from a few feet to half a mile. Although many 
are faulted or offset, nearly all occupy preexisting joint fissures; 
hence they are, as a rule, nearly straight, with smooth walls that are 
approximately parallel. Their trend ranges from about due north 
to N. 25° E., and nearly all hade to the west, ordinarily less than 15°. 
This hade appears to be due to tilting after their intrusion, accom 
panied by faulting along the joint fissures, so that many of the dikes 
have been torn loose from one of their walls, and some have been 
split lengthwise, by the faulting. A few thin sills are associated with 
the dikes of this sort.

The rock of these dikes is the youngest and least altered hard rock 
in the region. It is typical olivine diabase, dark gray to almost black, 
fine grained to almost aphanitic, and rarely porphyritic. Except 
for a thin rusty, weathered crust on long exposed surfaces it is very 
little altered. It weathers spheroidally, although not so strikingly 
as the Medford diabase, and disintegrates into a rusty-brown powder.

Some of the most interesting dikes of this set are the inclusion- 
bearing dikes, now nearly all obliterated by quarrying, some of which 
contain fragments of Dedham granodiorite and of volcanic rocks of 
the Lynn complex. As several of these dikes were irrupted through 
the Cambridge slate the existence of the granodiorite and of the vol 
canic rocks beneath the Boston Basin and hence the fact that those 
rocks are older than the Boston Bay group seems established. 
Among the inclusions are also pieces of rocks and minerals not found 
at the surface in the Boston district. (See pi. 11.)
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The north-south dikes are clearly post-Carboniferous, as they 
were not affected by the great post-Pennsylvanian deformation and 
they occupy joint fissures that were formed since the strata cut by 
them were folded. The rock of which they were composed is like 
that of dikes throughout the State and elsewhere that are commonly 
regarded as late Triassic, and the movement by which they were 
tilted and faulted was probably the block faulting that occured at 
the end of the Triassic period. Their age is thus determined fairly 
closely.

QUATERNARY SYSTEM 

GENERAL RELATIONS

Nearly the whole land surface of the two quadrangles is occupied 
by surficial deposits of Quaternary age, part of them Pleistocene 
and part Recent. Those of Pleistocene are mainly glacial, and 
those of Kecent age comprise the ordinary alluvial and marine de 
posits found in any area of the sort.

The Quaternary deposits are distributed throughout the area but 
attain their greatest thickness and extent in the Boston Lowland 
and the broader valleys. On the uplands their thickness ranges 
from a few inches to at least 60 feet and possibly more. In the 
lowlands their maximum thickness is unknown but is certainly 
several hundred feet. This blanket of Quaternary deposits lies upon 
and to a certain extent masks the inequalities in a bedrock surface 
of greater relief than the present land surface and fills old valleys 
that extend well below present sea level. In parts of the Boston 
Lowland the pre-Quaternary topography is too deeply buried to affect 
the present surface, but elsewhere the major features of the two cor 
respond fairly well, except for such prominent glacial features as
drumlins.

PLEISTOCENE SERIES 

GENERAL CHARACTER AND DIVISIONS

All the known Pleistocene deposits of the Boston area are of late 
Pleistocene age, presumably post-Illinoian, and nearly all are of 
glacial derivation. They consist chiefly of glacial and associated 
deposits of Wisconsin age, but they include also marine deposits, 
some of which are of pre-Wisconsin and some of late Wisconsin age. 
Although it is possible that the area was invaded by one or more 
of the earlier ice sheets, no pre-Wisconsin drift has been recognized 
in it.

The Pleistocene deposits as mapped and described in this report 
comprise three groups the pre-Wisconsin (?) deposits, the Wis 
consin drift sheet, and the late Wisconsin marine deposits.
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PBE-WISCONSIN (?) DEPOSITS

Much of the Boston Lowland is underlain by moderately hard 
blue clay. When the district was first settled by white men the clay 
was probably not exposed anywhere except in the channels of a few 
streams and tidal creeks, but throughout large areas it was covered 
only by a thin layer of alluvial soil, and thus it was encountered in 
many shallow excavations and scores of clay pits have been opened 
in it. In other large areas it is overlain by Wisconsin drift, and 
in much of the lowland it must form the floor on which that drift 
lies.

The formation consists of laminated blue clay of the sort com 
monly associated with the glacial deposits in the northeastern 
United States. In a few places it contains thin beds of sand and 
silt, but generally it is homogeneous. It is a still-water deposit, but
so far as known bears no evidence whether it is marine or lacustrine. 
Its thickness ranges from a few feet to an unknown maximum, but 
it is probably not less than 200 feet thick in some places.

The clay ranges in altitude from 40 feet above sea level to an 
unknown distance below and forms the floor, beneath the silts of 
Recent age, of much of Boston Harbor and the tributary estuaries. 
It must constitute a large part of the material filling the hollows in 
the bedrock surface that are now below sea level, but whether it 
everywhere lies on bedrock or whether older Pleistocene deposits in 
tervene in places is unknown. Its upper surface is also irregular 
and has a relief of at least 100 feet, but much of the irregularity is 
due to subsequent erosion.

No fossils have been found in the clay, although it may have been 
the source of the fragmentary marine fossils in the till of some of the 
drumlins in Boston Harbor. Its age has been variously fixed, but 
the preponderance of evidence indicates a pre-Wisconsin or early 
Wisconsin age. Very little is known regarding pre-Wisconsin 
Pleistocene deposits in eastern New England, and it is unwise 
at present to attempt to fix the age of the clay more closely or to cor 
relate it with deposits elsewhere.

WISCONSIN DRIFT

General relations. The material deposited by the Labrador ice 
sheet of the Wisconsin stage forms a blanket over the surface of 
much of the area. In the more rugged uplands, where the bed 
rock surface is very rough, the drift blanket is thin and is inter 
rupted by large areas of bare rock, and this is true of much of the 
coast also. In parts of the Boston Lowland the Wisconsin drift 
is thin or lacking, except for the drumlins, and the Recent deposits
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overlie the blue clay or the bedrock with little or no intervening 
material.

The Wisconsin drift consists of ice-borne material ranging in 
coarseness from rock flour to boulders weighing many tons and in 
shape from angular blocks torn from the parent ledges to smoothly 
rounded pebbles. Most of the larger boulders are of local origin, 
many of them having been moved only a few yards and few of them 
having been carried more than 2 or 3 miles, but many smaller ones 
were brought from northern New England. Much of the finer out- 
wash was also brought a long way, as the sand characteristic of it 
has been observed at Concord, N. H., and evidently came from some 
locality farther north. (See fig. 4.)

The drift comprises the usual assemblage of ice-laid deposits or 
till, glaciofluvial outwash, and glaciolacustrine deposits, all occur 
ring in the forms characteristic of glacial topography, some of which 
have received names. The several sorts of deposits and their charac 
teristic topographic forms are not everywhere well separated but 
in many places merge into those adjoining. Hence they are difficult 
to map, because of their intricate relations and the impossibility of 
drawing definite boundaries between them. The surficial-geology 
map in this report is therefore much generalized, and deposits of 
similar character, not clearly separated, are shown in patterns of the 
same color, without boundary lines between them.

Because of the complex morainal topography it is not feasible, on 
a map of the scale here used, to differentiate the several recessional 
moraines, and the outwash and lacustrine deposits associated with 
each, according to their relative age, or to show the positions of the 
retreating ice front at its successive halts. Furthermore, in much 
of the area the glacial geology has been greatly obscured by human
occupation, and it is not possible in such tracts to map the recessional 
moraines. Therefore no attempt has been made on the accompanying 
surficial geology map to indicate the order in which the moraines 
were formed.

General till sheet. Much of the surface is occupied by a hetero 
geneous deposit of till, or ground moraine, either poorly or not at 
all stratified, containing many boulders and cobbles in a matrix 
of so-called boulder clay, although the boulder clay is in general 
notably sandy. This material was chiefly deposited directly on the 
surface by the melting of the stagnant ice of the waning ice sheet. 
It is rarely more than a few feet thick, but it merges, by increase in 
thickness and some change in character, into till moraines on the one 
hand and into drumlins on the other. Ordinarily it constitutes 
merely a blanket on the underlying bedrock, the configuration of 
whose surface is the controlling factor in the topography, but in
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some places it attains thickness enough to form low, irregular knolls 
and hillocks that are independent of the bedrock relief.

Terminal moraine Direction of ice movement 
(Generalized )

FIGURE 4. Map of parts of New England, New York, and New Jersey, showing direc 
tions of movement and terminal moraines of the last great ice sheet. (Compiled by 
W. C. Alden.)

The till sheet occupies the areas between the morainal belts. 
Nearly everywhere it lies directly on the bedrock, and each belt of it
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is overlapped by the outwash and lacustrine deposits associated with 
the next younger moraine.

Drwnlins. The drumlins are smooth oval hills of ground moraine 
or subglacial till, as a rule more clayey and more stony than the 
general drift sheet. About 180 such hills have been recognized in 
the Boston area, and nearly all are situated in the Boston Basin or 
on its southern and southwestern margins. (See pi. 12, A, and 
fig. 5.) In some parts of the basin they form irregular, more or 
less coalescent groups; in other parts they stand in ill-defined rows 
a few miles long; and elsewhere single drumlins are scattered at 
random. There are very few in the large areas of outwash and 
alluvial deposits or in the tidal marshes.

Their length, which may be as much as three times their width, 
ranges from a few hundred feet to nearly a mile, and they stand 
10 to 150 feet above the surrounding territory. The highest point 
in Boston 330 feet above sea level is the summit of Bellevue Hill, 
a drumlin in West Roxbury, and the highest point in the Boston 
Basin 340 feet is the summit of Lyman Hill, in Brookline. The 
average trend of the longer axes of the drumlins is about S. 55° 
E., approximately the direction of the latest movement of the ice, 
and in the Boston area only a few have trends differing notably from 
the average. Where they form chains or rows the trend of the row 
is about the same as that of the drumlins.

The drumlins are composed of rather compact stony till with 
little evidence of stratification, although in some the finer mate 
rial is somewhat obscurely stratified. Some geologists have regarded 
the drumlins as made up of a core of pre-Wisconsin till and a coat 
ing of Wisconsin till, but so far as the author has observed there 
seems to be no warrant for this conclusion, the till of the drumlins
being of essentially the same composition and condition throughout 
and showing no indication of having been deposited during two 
widely separated glacial stages. Some of the drumlins in the harboi 
contain fragments of marine fossils that probably were originally 
deposited in an older marine clay that was gouged out and 
transported by the Wisconsin ice and redeposited in the till of the 
drumlins.

Some drumlins were manifestly formed upon or against elevations 
in the bedrock surface, as rock is exposed about their bases or even 
high on their slopes; in others, some of which have been partly cut 
away, either artificially or by wave erosion, no bedrock is exposed. 
Furthermore, by no means all those drumlins that lie upon or against 
rock knobs are situated in the lee (southeast) of those knobs; in 
some of them rock is exposed along one or both sides of the hill, and
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in others it crops out at the southeast end. There is therefore no 
systematic relation of the drumlins to bedrock in the Boston area.

Till moraines and boulder belts. The general till sheet is not 
everywhere a thin veneer but in many places forms knolls and hillocks 
whose surface form is their own. Many of these till hillocks are 
arranged in groups or belts which are closely associated with the 
kame and kettle belts that mark the halts of the receding ice front 
and which are, in fact, parts of the recessional moraines. The till in 
the hillocks does not differ especially from that of the till sheet and

Grovers Cliff

BOSTO/V BAY

Drumlins Cskers 
FIGDBB 5. Distribution of drumlins and eskers in the Boston area

consists of material deposited in place, with little or no transporta 
tion by water, from the lower part of and beneath the stagnant ice. 
Belts of large boulders, which are associated with the till moraines 
in some places, are also among the features which, collectively, make 
up the recessional moraines of the district.

Because of the relief of the surface on which the melting ice lay 
and the probably considerable irregularity in the form and thickness 
of the stagnant ice itself, the till moraines and the kame moraines 
are closely associated and grade into each other. In many places
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stratified and unstratified materials are so mixed that the deposit as 
a whole is neither the one nor the other, and whether it should be 
classed as till or outwash is largely a matter of judgment.

Kame and kettle moraines. The till moraines are associated with 
and grade into outwash deposits of irregular thickness and surface 
form that have the characteristic " knob and kettle" topography 
which is perhaps the most distinctive feature of the Wisconsin drift. 
These belts of kames and kettles are the most characteristic and per 
sistent components of the recessional moraines of the district. They 
are formed of gravel and moderately coarse sand and are as a rule 
well but irregularly stratified, cross-bedding and lenses being abun 
dant. In general small boulders are not uncommon, both in the 
beds and on the surface, although notably large boulders are scarce. 
Much of the kame material was deposited upon or about masses of 
stagnant ice and slumped as the ice melted, hence both the surface 
form and the internal structure of the kame moraines are more irreg 
ular than when the material was deposited.

The kame and kettle moraines grade into till moraines on the one 
hand and into kame terraces and outwash plains on the other hand. 
They are partly overlain by late Pleistocene lacustrine deposits and 
Kecent alluvial deposits, and the kettle holes and other low places 
contain many small irregular patches of such deposits, most of which 
have been omitted from the map.

Eskers. Eskers are fairly numerous in the Boston area, being 
commonly associated with the moraines, of which they are striking 
features, although they add little to the bulk of the deposits. They 
are abundant in a belt along the west side of the Boston quadrangle 
and in an area in the southeastern part of the quadrangle, in Milton
and Quincy. They are rare in the higher parts of the uplands, as
they tend to follow lower ground. They are also rare in the broad 
alluvial areas and tidal marshes of the Boston lowland, although 
some partly buried eskers are found in those areas, and not improb 
ably others are wholly buried by the later deposits. Undoubtedly 
some have been obliterated in the settlement of the district, as they 
are a convenient source of road material and are easily removed.

The eskers of the Boston area range in size from low, hardly 
noticeable ridges a few hundred feet long to bold "horsebacks"1 
nearly 100 feet high and a mile or more long. The best known and 
probably the largest is the Auburndale esker, which lies across the- 
western margin of the Boston quadrangle. It originates in a group- 
of kames in Auburndale, runs south westward and then southeastward, 
about a mile, and merges with the sand plain on which most of 
Waban is built. (See pi. 13.)

Most of the eskers begin rather abruptly and fully developed, but. 
some begin in groups of kames, and a few emerge from beneath the.-
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margins of later sand plains. Most of them wind through kame 
fields, and some lose themselves among the kames, without definite 
terminations. Some end abruptly or die out against hillsides cov 
ered with till, the further courses of the depositing streams probably 
having been across ice and having such steep grades that no material 
was deposited. Still others disappear beneath later lacustrine or 
alluvial deposits. Many eskers, however, merge with small deltas or 
large sand plains, and the points of escape from the ice of the streams 
that formed the eskers are fairly obvious. None of the typical eskers 
of the district show any evidence of having been modified by marine 
submergence during the disappearance of the ice, and none are over 
lain by marine deposits, except those that are partly buried by the 
Kecent tidal marshes. 

A number of eskers are shown on the surficial-geology map, but
probably by no means all the eskers in the area have been mapped. 
Most of them traverse kame fields, where small or poorly developed 
eskers are not easily distinguished from other types of gravel ridges. 
Furthermore, because of the steep slopes and the coarse gravelly soil 
most of the kame and kettle areas are not cultivated and are largely 
covered with thickets of scrub oak, sumac, and other small trees, and 
in such a thicket a small esker might easily escape recognition.

Outwash plains. A large part of the area covered by Wisconsin 
drift, especially in the lowlands and the valleys, is occupied by de 
posits of outwash sand and gravel, some of which cover several square 
miles. Some of these deposits were laid down close against the ice 
and are associated with and in a way form part of the recessional 
moraines; others are valley trains the flood plains of streams that 
flowed from the melting ice and deposited material for long distances 
from the ice front. The plains formed in contact with the ice are 
also of two sorts those of the general nature of deltas, where the 
material was deposited in glacial lakes, and those of the general 
nature of alluvial fans, where it was deposited on land. Where they 
are typically developed and their relation to the ice can be deter 
mined the plains of the different sorts can generally be distinguished, 
but they merge into one another, both laterally and vertically, in 
many places where no definite lines can be drawn between them. On 
the surficial-geology map in this report all the outwash plains are 
indicated by the same color and symbol.

The deposits of the outwash plains consist of fine gravel, sand, and 
fine silt, but nowhere of true clay. The delta plains are in general 
regularly stratified but display some cross-bedding. The apron plains 
and valley trains are less regularly stratified and contain abundant 
cross-laminated and lenticular beds. Boulders are scarce in the 
bedded deposits but are not uncommon on the surface of the delta 
plains.
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The typical delta plains have rather steep lobate margins, breaking 
down in places into groups of kames which probably mark the former 
positions of buried ice mlasses. Both the top-set and the fore-set beds 
are well developed, and in certain plains whose surface has not been 
artificially modified some distributary channels can still be seen. 
There has been some slumping of very steep ice-contact slopes, but 
true back-set beds are rather rare, and most of the contact slopes 
where the plains were built against steep faces of ice are well pre 
served. Where a delta deposit lapped on a sloping ice foot its mar 
gin is now a kame and kettle belt, and pitted plains are common. The 
pitted plains are not confined to the areas close to ice contacts, as the 
shallow, saucerlike kettle holes that are interpreted as marking the 
former positions of small buried ice lumps may occur anywhere in 
the delta plains and are found even in the valley trains.

Lacustrwe deposits. During the melting of the ice sheet lacus 
trine deposits were formed wherever the topographic conditions 
permitted. Some of them were soon covered by outwash, and their 
existence is revealed only by chance in stream cuts and artificial 
excavations. Those not so buried are nearly everywhere overlain by 
Recent alluvium, but the Kecent deposits are generally thin, and 
the lacustrine deposits beneath are revealed in shallow excavations 
and in some places merely by plowing. They consist of fine sand, 
silt, clay, and a few thin layers of peaty material. In many places 
they grade upward into the Eecent alluvium.

Practically all the Pleistocene lacustrine deposits that can be 
identified as such are lake-bottom beds, and in only a few places have 
beach deposits been suspected. Probably beaches were formed about 
the larger glacial lakes, but most of them have since been buried 
by wash from the surrounding slopes. A notable feature of the lake 
beds, where they consist of clay, is their relative imperviousness, to 
which is due the continued existence of many ponds and wet bogs 
in undrained or poorly drained kettles and ice-block holes among 
porous outwash deposits.

LATE WISCONSIN MARINE DEPOSITS

General relations. Some parts of the area northeast of the Saugus 
River are occupied by marine deposits of late Wisconsin age, con 
sisting partly of till and outwash reworked by the waves into beaches 
and spits and partly of clay carried out by glacial streams and 
deposited in coves and inlets. These materials are generally over 
lain by thin deposits of Recent age, into which they grade in places, 
and are exposed only in stream cuts and artificial excavations. As 
the reworked material also grades downward into undisturbed glacial 
deposits its mapping is largely a matter of judgment. For these 
reasons the marine deposits are mapped only in areas where they are 
practically the surface formations.
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Beaches and spits. Only one beach of Pleistocene age has been 
identified in the Boston area. This extends northward from the 
rocky headland of Phillips Point to the eastern foot of the upland 
that occupies the central part of Swampscott and thence swings 
northeastward in a sweeping curve to Beach Bluff. It is a broad, 
low swell whose crest is now 25 to 35 feet above sea level. The part 
extending northward from Phillips Point has a nearly symmetrical 
cross section and appears to have been a wave-built beach that joined 
the former island of Phillips Point to the mainland. On both sides it 
slopes down gently to marshy areas, now partly reclaimed. The 
ridge curving northeastward to Beach Bluff is higher and unsym- 
metrical in cross section. On the seaward side it slopes gently down 
to the marsh and present beach, but its back or landward slope is 
steeper and more irregular. This part of the old beach extends 
along a till ridge that probably was a recessional moraine, deposited 
when the ice front stood in the sea and submerged and reworked on 
the surface when uncovered by the melting of the ice. The same 
moraine extends northeastward through Clifton but is there higher 
and was not submerged and reworked.

Marine clay. Several small areas in Lynn, Swampscott, Marble- 
head, and Salem, lying below the 20-foot contour, are underlain by 
marine clay that extends below the present sea level. This clay is 
nearly identical in general character with the clay of the Boston 
Lowland, and the two have sometimes been regarded as the same. 
It is, however, fossiliferous and is regarded by the author as part 
of the " Leda clay," which is extensively developed along the coast 
of Maine, New Hampshire, and northeastern Massachusetts and is 
definitely determined to be of late Wisconsin age. The clay in the 
brick pits along Revere Brook in West Lynn, which contains late 
Pleistocene fossils, seems to be the southwesternmost area of " Leda 
clay " still remaining above sea level, but not enough is yet known 
about the extent and relations of the Pleistocene marine clay in 
southern Essex County to permit stating its age and correlation with 
full assurance.

RECENT SERIES

ALLUVIAL DEPOSITS

Alluvial deposits of Recent age, ranging in thickness from a few 
inches to 6 feet or more and in area from patches of less than an acre 
in extent to those covering several square miles, abound in all parts 
of the Boston area above the present reach of high tide and in many 
places extend outward beneath the tide marshes to an unknown dis 
tance and depth. They lie both in the lowlands and in the uplands 
but are more abundant and larger along the courses of the 
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main streams, particularly where the streams have been forced to 
find their way through or among the morainic deposits.

The alluvial deposits are of two sorts (a) flood-plain deposits 
of sand and silt and (&) swamp and marsh deposits of silt, muck, 
and peat. The flood-plain deposits, which are of minor extent in 
the Boston area, occur in narrow strips along some of the streams and 
along the bases of the slopes surrounding some of the swampy tracts. 
The fresh-water swamp and marsh deposits are much more extensive 
and are more important in relation to human activities. At present 
they occupy a total area in the two quadrangles of not less than 7 
square miles, and they were originally of greater extent, but large 
tracts, especially in the Boston Lowland, have been reclaimed. The 
alluvial deposits of the two sorts grade into each other and are in- 
terbedded in many places, and both grade downward into similar 
deposits of late Pleistocene age.

MABINE DEPOSITS

Recent marine deposits occupy a large part of the shore and extend 
inland to the limit of the areas invaded by the highest tides. They 
also are of two sorts (a) wave-formed beach and spit deposits of 
sand and gravel and (Z>) tide-marsh deposits of silt, muck, and peat. 
Deposits of both sorts are still in process of formation, although the 
areas of both have been somewhat reduced in the last century by ar 
tificial changes of coast line. The beaches consist mainly of sand, 
with some fine gravel here and there, but a few " pocket beaches " 
are built almost wholly of gravel or shingle. The sand on the higher 
parts of the beaches and behind them has been more or less shifted 
about by wind, but true sand dunes are almost wholly lacking and 
the few that exist are small and inconspicuous. Spits of gravel or
sand, laid bare at low tide, extend outward from some of the points 
and from some of the islands in Boston Harbor, and reefs of 
boulders, too large to be removed by the waves, lie at the bases of the 
cliffs where drumlins have been partly destroyed by the waves and 
the finer material of the till has been washed away.

Marine marsh deposits at present occupy a total area in the two 
quadrangles of about 8 square miles, and they were formerly much 
more extensive, large areas about the head of Boston Harbor and the 
estuaries of the Charles and Mystic Rivers having been converted 
into "made land." The marsh deposits consist mainly of peat and 
vegetal detritus but contain considerable mud and silt in the inter 
stices of the peaty matter. Throughout a large part of the marshes 
the deposit is thin, and it feathers out along their landward margins, 
but a thickness of 14 feet of marine peat has been found by boring 
in a small marsh at Nahant.
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In a few places tide-marsh deposits are overlain by sand blowm 
back from barrier beaches, and in a very few places where all the 
conditions are favorable they are overlain along their landward 
margins by rain-washed alluvium from steep bordering slopes- 
Nearly everywhere, however, marine deposits form the surface of 
the marshes at the present time and are being added to at nearly 
every high tide. The marine deposits are underlain in some places 
by fresh-water marsh deposits, in some places by Pleistocene clay 
beds, and in some places by till and glacial outwash of Wisconsin age. 
The surface on which they were deposited is irregular, and islands of 
rock or of glacial deposits project through some of the marshes and 
break, the evenness of their surfaces.

STRUCTURE 

GENERAL CONDITIONS

The hard rocks of the Boston area are not in their original atti 
tude and relative positions but have been greatly deformed and dis 
placed. Hence the geologic structure is complicated and difficult to 
interpret, especially as so much of the bedrock is covered by surficial 
deposits. The principal structural features are folds and faults, 
and the minor features include joints, fissility, and schistosity, al 
though evidence of dynamic metamorphism is not generally con 
spicuous except in those rocks regarded as pre-Cambrian.

Probably all the hard rocks, except some of the diabase dikes, 
are more or less folded. Outside the Boston Basin, as the forma 
tions are largely igneous and are of irregular and discontinuous dis 
tribution, the character of the folding and main structural features, 
aside from trend, can not well be determined. Within the basin, 
where the rocks are mainly sedimentary, the major features have 
been worked out, but owing to complicated faulting in some areas 
and the scarcity of outcrops where surficial deposits occupy most 
of the surface the details of the structure defy interpretation. This 
is particularly true in the southern half of Newton and in parts 
of Brighton, Quincy, Weymouth, and Hingham, where the strata 
have been fractured and tilted in different directions to form a 
patchwork of blocks without determinable structural relations to 
one another.

FOLDS

In the Fells Upland the formations have a general northeasterly 
structural trend. Bedded rocks that presumably were originally 
level are now tilted, in places considerably, and as their strike con 
forms in general to the regional trend, they are presumably folded, 
even though the folds can not be traced. The dip is generally
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west, and the beds are supposed to be folded and overturned south 
eastward toward the Boston Basin.

In the Needham Upland the general structure is anticlinal, but 
little can be learned regarding its detail.

The Boston Basin is a synclinorium having a rude fan structure 
much complicated by faults. The general trend of the folds, as
 of the basin itself, is northeasterly, ranging to easterly and even
- a little southeasterly in some places. The folds pitch eastward and 
'carry the Roxbury conglomerate below sea level, and the basin is 
therefore deeper beneath Boston Bay than on the land and may ex 
tend far eastward beneath the Gulf of Maine.

The central part of the basin is a broad, flat-topped anticline  
the Roxbury anticline of Roxbury conglomerate, with minor folds 
on its flanks, overturned on both sides toward the main axis. The 
Roxbury anticline pitches eastward, and the conglomerate passes 
beneath sea level near Savin Hill in Dorchester. The northern 
flanking fold the Brighton anticline is lost beneath the Quater 
nary cover in Brookline, and the southern one the Needham-Savin 
Hill anticline extends into the harbor, the conglomerate passing 
beneath sea level just east of Savin Hill. These three anticlines 
together form a central upfolded belt called the Shawmut arch.

The northern part of the basin is a generally synclinal area of 
Cambridge slate the Mystic trough which widens rapidly and 
probably also deepens eastward. The underlying conglomerate is 
exposed in only one of the folds the Mount Auburn anticline and 
at only one place, in East Watertown, but the lithologic character 
of the slate north of College Hill, in Medford, indicates that its base 
is there not far below the surface. The Roxbury conglomerate is not 
exposed along the northern margin of the basin, and that part of the
trough is probably cut off by a thrust fault.

The southern part of the basin is also mainly a down-folded belt 
of Cambridge slate, which also widens and deepens eastward but is 
more closely folded and more complex than the Mystic trough. The 
underlying conglomerate is brought up along several minor folds, as 
well as along part of the southern margin of the basin, where most 
of it is cut off by a fault and only the uppermost part remains.

FAULTS

Faults are among the most abundant and characteristic structural 
features of the area and have had a marked influence on its struc 
tural development. Altogether there must be hundreds of faults in 
the rocks of the area, but most of them are small and are concealed 
by surficial deposits. Some small faults can be seen in outcrops, and 
in a few places short stretches of some of the main faults are exposed.
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The main faults are, however, chiefly hypothetical, although they 
are necessary postulates in the interpretation of the structure.

The faults of the Boston area are of two general sorts thrust or 
compression faults, which have the same general trend as the main! 
structural features of the region, and normal or tension faults, which 
have a general trend approximately perpendicular to the main struc 
tural trend. The normal faults are nearly everywhere clearly 
younger than the others, and some are certainly much younger, 
though it is not certain that all are.

The Boston Basin is bounded along its northwest side by a pro 
found fault, which is believed, from the general relation of the for 
mations, to be a thrust fault. Several other thrust faults probably 
traverse the rocks of the Fells Upland, and a number of them add to 
the complexities of structure in the Koxbury conglomerate anticlines. 
North of the axis of the central anticline the direction of overthrust, 
both within and without the basin, appears to have been from the 
northwest, and the faults are probably not very steeply inclined. 
South of that axis the upthrow is on the south instead of on the 
north, but the main faults, including those that bound the basin 
along part of its south side, are highly inclined, if not vertical, and 
may possibly be interpreted either as steep overthrusts or as normal 
faults. Here, as in other parts of the Appalachian region, the struc 
ture of so small an area as two quadrangles can be only tentatively 
explained until that of a considerable surrounding region has been 
studied, and as yet'very little is known of the geologic structure of 
the quadrangles next south of the Boston area.

Most of the normal faults of the younger set that are exposed are 
small, having throws of a few feet at most, along north-south joints 
or along the walls of Triassic diabase dikes. The areal and struc 
tural relations of the rocks in the Boston Basin make the existence 
of large faults of nearly north-south trend and of major importance 
as structural features highly probable. Several such faults are 
mapped in the western part of the Boston quadrangle and others are 
believed to exist in the southern part of the Boston Bay quadrangle.

JOINTS

The most conspicuous structural features of the rocks of the Bos 
ton area are the joints, which cut all the hard-rock formations except 
the Triassic dikes and which are so abundant that outcrops in which 
the rock is not cut by joints are very scarce. At least three principal 
sets of joints and generally one or two incipient or partly developed 
minor sets can be observed in almost every formation, and five or six 
sets are well developed in the Cambridge slate, the norite of Nahant, 
and some of the rhyolites. Throughout the area the master joints
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have an approximately north-south trend, and joints of this set are 
found nearly every\vhere. The number of other sets that are de 
veloped, the particular sets that are developed, and the angles at 
which they intersect one another depend partly on the formation and 
partly on the geologic structure.

The universality of the jointing and the fact that many joints 
pass from one sort of rock to another without change in direction 
or character show that the joint system as a whole is regional 
rather than pertaining to individual formations. The perfection 
of development of the joints regardless of the kind of rocks in 
which they occur is also a striking characteristic. Even the Kox- 
bury conglomerate, a rock of conspicuously heterogeneous composi 
tion and texture, is traversed by numbers of clean-cut, smooth 
joints that intersect the hardest pebbles, which remain firmly em 
bedded in the matrix. (See pi. 9, A.) The joints are therefore 
plainly the result of the deformation of the rocks and not of their 
shrinkage while cooling or hardening. They are believed to be due 
to torsional stresses produced by slight but comparatively rapid 
crustal warping.

In some of the more massive igneous rocks the average distance 
between parallel joints is several feet, but in some of the rhyolites 
and in parts of the Cambridge slate the joints of at least one set 
are closely spaced, on the average not more than an inch apart. 
The fine-grained portions of such rocks, if three or more sets of 
joints are about equally well developed, are cut -into small smooth- 
sided polyhedral blocks resembling large crystals. Measurements 
of the interfacial angles show, however, that the faces have no 
systematic mutual relations and that apparently parallel faces really 
diverge from parallelism by several degrees. Furthermore, although
the faces of the small blocks appear to be planes, practically all the 
joints, when traced for more than a foot or so in the outcrops, prove 
to be curved surfaces rather than planes.

METAMORPHIC CHARACTERS

All the hard rocks of the Boston area except some of the diabase 
dikes show the effects of regional metamorphism to a slight degree, 
but, except in the pre-Cambrian rocks and aside from the fissility 
that is developed nearly everywhere, metamorphic characters are 
rarely conspicuous. The pre-Cambrian rocks are nearly all gneissic 
or schistose and were probably considerably metamorphosed before 
the other rocks of the region had been formed. The Paleozoic 
rocks are nearly everywhere slightly metamorphosed but rarely 
more than slightly.
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The most conspicuous metamorphic character of the rocks is a 
fissility, akin to slaty cleavage but different from it in some respects, 
which is developed to a greater or less extent in almost all the 
Paleozoic rocks of the district but is most pronounced in the forma 
tions that occupy the Boston Basin, especially where those formations 
have been closely folded or strongly faulted. Although there are 
some local variations, nearly everywhere in the area this fissility 
strikes northeast and dips rather steeply northwest, no matter what 
may be the attitude of the rock in which it is developed. Like the 
joint systems, it is, therefore, the result of regional deformation and 
not peculiar to certain rocks. True slaty cleavage has not been 
noted in the area but is fairly well developed in portions of the 
Braintree slate just outside the area, in the Abington quadrangle, 
and in the Cambridge slate in the Framingham quadrangle.

STRUCTURE SECTIONS

The locations of the structure sections shown on Plate 1 were 
chosen to illustrate the geologic structure of the Boston quadrangle 
and, as far as possible, the manner in which that structure was de 
veloped. As there is relatively little land in the Boston Bay quad 
rangle and the exposures of stratified rock are separated by wide 
stretches of water, structure sections in that quadrangle would be 
mainly hypothetical, hence none have been prepared.

The sections show the rocks roughly as they would appear in the 
sides of deep trenches cut across the country. The lines A-A', B-B', 
etc., on the map show the positions of the sections. The vertical 
and horizontal scales are the same, so that the sections show the 
relief and slope of the land surface, as well as the attitude of the 
rocks, in true scale. The sections represent the structure as it is 
inferred from surface observations of dip, strike, and other features, 
except that the scale of the map does not permit the minute details 
of structure to be shown. Each section is generalized from data 
plotted in a belt of some width and projected into the plane of the 
section. Where the strike of a tilted bed or structure is oblique to 
the plane of the section the projected dip, as shown, is less than the 
true dip. A fault is shown on the map by a heavy solid or dashed 
line and in a section by a heavy line whose inclination shows the 
probable hade of the fault, the arrow indicating the direction in 
which the displaced block moved.

Sections B-B', C-C', and F-F', extend from the Fells Upland 
into or across the Boston Basin. These show not only the differences 
in the kind and attitude of the rocks but also the differences in 
attitude and relief of the two geomorphic divisions. However, 
owing to the relatively small relief of the whole area, the last-
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named differences are not well brought out on profiles drawn on 
the scale of the map and without vertical exaggeration. These 
sections show the supposed overthrusting of the rocks of the upland 
onto those of the basin, so that the Roxbury conglomerate does not 
reach the surface anywhere along the northern margin . of the 
basin within the quadrangle. Sections F-F' and Gr-G' extend 
from the basin into the area of Quincy granite on the south and 
show the cutting out of the basal part of the Roxbury conglomerate 
by the southern boundary fault. Sections B-B' and C-C' cross the 
anticline of pre-Carboniferous rocks forming the floor of the basin 
in the Hyde Park region and show its present structural relation to 
the rocks of the basin. The scale of the sections does not permit 
the showing of details of folding or the intricate relation to the 
Roxbury conglomerate of some of the bodies of Brighton melaphyre. 
Sections B-B', C-C', and E-E' indicate something of the structural 
relations of the rocks of the Fells Upland, but in view of the large 
areas of rocks without outcrops and the very few exposures of actual 
contacts between formations the relations shown in these sections 
are largely conjectural.

GEOLOGIC HISTORY

FEE-CAMBRIAN TIME

The history recorded in the rocks of the Boston area begins with 
the formation of the pre-Cambrian rocks. The stratified rocks of 
pre-Cambrian age must have been deposited on a floor of older rocks, 
of which nothing certain is known. Within the area so little is left 
of the pre-Cambrian rocks and their relations are so obscure that not 
much can be learned regarding their history, which, however, can 

be partly reconstructed from evidence gathered in adjacent districts.
Stratified rocks of pre-Cambrian age are found in most parts of 
eastern North America where the floor beneath the Paleozoic strata 
is exposed, and they are believed to have been deposited over a large 
area. Because of the rather widespread occurrence of beds of lime 
stone among them they are usually regarded as having been deposited 
in the sea. In New England, as in some other areas, deposition was 
accompanied by the eruption of lava flows and the formation of 
beds of tuff.

The Boston area was probably entirely covered by pre-Cambrian 
rocks, largely of volcanic origin, although the location of the vol 
canic vents is unknown. As the relative age of the Waltham gneiss 
and the other pre-Cambrian rocks has not been determined, the gneiss 
may be a part of the floor upon which the other rocks were deposited, 
or it may consist of plutonic rocks whose intrusion followed the 
volcanic eruptions and ended the eruptive period.
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The formation of the pre-Cambrian rocks was evidently followed 
by a period of great deformation, probably accompanied by moun 
tain building, during which the rocks were much sheared and meta 
morphosed. Although there is no evidence to that effect in the Bos 
ton area, it is believed that the deformation was followed by a long 
period of erosion during which the region was reduced to a surface 
of comparatively slight relief.

CAMBRIAN PERIOD

Early in the Paleozoic era the worn-down pre-Cambrian land sur 
face had been submerged and was receiving marine deposits. The 
outline of the sea of that time can not be determined, but the distri 
bution of the Cambrian strata now remaining in eastern Massa 
chusetts indicates that it probably covered much if not all of south 
eastern New England, at least during Lower Cambrian time. The 
deposits were at first chiefly sand or sandy mud, but they contained 
lenses of clay and of calcareous ooze, and the remains of several 
species of marine animals, especially mollusks and crustaceans, were 
buried in them.

In Middle Cambrian time the deposits became almost wholly clay, 
containing only a little sand and calcareous material, and the ani 
mals whose remains have been found preserved were mainly trilo- 
bites. As Middle Cambrian strata are now found only in the Bos 
ton district the sea of that time may have become restricted, in south 
eastern New England, to a rather narrow bay or strait.

In Upper Cambrian time the character of the deposits again 
changed, this time to quartz sand, and the remains of only a single 
species of brachiopod have been found preserved. The Upper Cam 
brian sea may not have covered the Boston area, but that it lay not 
far to the southeast seems fairly certain. (See appendix.)

ORDOVICIAN AND SILURIAN PERIODS

The history of the Boston area throughout most if not all of 
the Ordovician period is unknown, and no light is thrown on it by 
observations in other areas, as there are no positively identified 
Ordovician rocks in New England east of the Appalachian Valley. 
How great a thickness of Cambrian strata was deposited in eastern 
Massachusetts, whether deposition continued in Ordovician time or 
was terminated by uplift, and whether the uplift, when it did occur, 
was merely crustal warping or was a great deformation are equally 
unknown. All that is certain is that by the beginning of Devonian 
time the region had long been dry land and had undergone long- 
continued and profound degradation.
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During some part of this interval the rocks of the early Paleozoic 
igneous complex were formed. They are all of plutonic or hypabyssal 
types and according to the commonly accepted idea must have been 
intruded beneath a thick cover of rocks of some sort. The available 
evidence, indicates that nearly everywhere this cover consisted of 
the metamorphic rocks of pre-Cambrian age, which, although highly 
deformed, presumably still occupied most, if not all, of the region. 
There is no evidence that the igneous rocks reached the surface and 
no certainty that they invaded Cambrian strata, though such invasion 
is suspected.

Many masses of rock of different size and composition were ir 
rupted, but there was a general progression in composition from less 
to more silicic types. The reasons have already been given for 
regarding all these rocks as parts of a single eruptive group and 
hence as having a common magmatic origin. The problem of the 
magmatic differentiation of these rocks has been studied by several 
geologists, most of whom have regarded it as having occurred in 
place or nearly so. Attempts have been made to explain it as having 
been caused by cooling against the wall rocks, by assimilation of part 
of the wall rocks, by zonal fractionation in laccolithic masses, and 
by gravitative fractionation in batholithic masses of great depth. 
Probably some differentiation did occur on a small scale and locally 
in each of these ways, but none of them is sufficient to account for 
the differentiation of the whole group throughout its geographic 
range. Again and again the overlying rocks and even the first- 
formed rocks of the group itself were invaded by intrusive masses. 
The older rocks of the group had long been solidified when they 
were invaded by later rocks of the same group, and the irruption 
of the whole group must have occupied a large part of a geologic 
period, or perhaps even longer.

Clearly, therefore, no theory of differentiation in place based pri 
marily on the supposed structural relations of the different types of 
rock will suffice to explain the phenomena. From a study of the 
geographic distribution of the types of rock in the group throughout 
its range, as well as their structural relations, the author is of the 
opinion that the differentiation must necessarily have taken place in 
a primary magmatic chamber that probably underlay the whole 
region. Gravitative fractionation may have been a considerable fac 
tor, but the differentiation was probably also due partly to assimila 
tion of the invaded rock. Both processes would tend to cause a 
progressive change in the composition of the parent magma, which 
was basaltic at first, toward the silicic end of the scale, until at 
length, when the final solidification occurred at the end of the erup 
tive period, the irrupted masses had the composition of aplite.
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The invasion of the overlying rock by the parent magma did not 
take place in a single great engulfment. Many dikes, plugs, and 
small batholiths successively invaded the overlying rocks and solidi 
fied, some of them to be themselves invaded in turn. As the compo>- 
sition of the magma grew more silicic the lithologic character of the 
intrusive masses changed accordingly, and as the later masses not 
only invaded the early ones but penetrated farther into the overlying 
rocks, the granite is now the most abundant and widely distributed 
rock of the group.

Whether the irruption of the plutonic rocks was accompanied by 
either volcanic outbreaks or mountain-building deformation can not 
be determined, as degradation has removed the evidence, if any ever 
existed. It was, however, followed by a long period of quiescence, 
during which the land was profoundly degraded, much of the cover
which the plutonic rocks invaded was removed, and the plutonic 
rocks themselves were expo'sed and deeply eroded. Upon the land 
surface thus produced the volcanic rocks of probable early Devonian 
age were deposited. Hence the degradation of the surface must have 
been going on during the Silurian period and, inasmuch as it prob 
ably amounted to several thousand feet, it must have occupied most 
of the period. The irruption of the plutonic rocks presumably 
occurred in early Silurian time or even still earlier, in the Ordovician 
period.

DEVONIAN PERIOD

At the beginning of the Devonian period the surface of the region 
was land that had long been subjected to weathering and erosion. 
Its surface was occupied largely, but not wholly, by the Dedham 
granodiorite, which was deeply weathered and partly disintegrated. 
Upon this surface the volcanic rocks of probable early Devonian 
age were deposited. Whether the surface was low and flat or had 
considerable relief and whether the volcanic rocks were deposited 
over the whole of a wide area or were accumulated only about centers 
of eruption can not now be determined. There are some indications, 
however, that the surface had some relief and that the deposition of 
the volcanic rocks was rather localized.

There is, indeed, some reason to believe that early in the Devonian 
period minor crustal warping had already begun, the forerunner of 
the great deformation that culminated at the end of the Carboniferous 
period. The surface was probably broadly warped into troughs and 
swells, which, in Carboniferous time, became respectively the basins 
and the uplands separating them. This warping probably became 
more marked and more sharply localized throughout Devonian time, 
so that by the end of the period the future basins were fairly well, 
defined. Even at first the areas in which the volcanic eruptions
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occurred and in which the volcanic rocks were deposited were prob 
ably controlled largely by the warping. In the Newbury Basin, in 
Essex County, the land was depressed so that the surface was beneath 
the sea for a time early in the period, but there is no indication that 
the whole region was so submerged.

The eruption of the volcanic rocks was followed and perhaps over 
lapped by the irruption of the plutonic rocks of the hornblende 
granite group (Quincy granite). The cover of older rocks thus 
invaded must have been rather thin, and there is some reason to 
believe that the main stock of Quincy granite nearly or quite reached 
the surface before solidification, hence the formation of the quickly 
chilled shell now constituting the Blue Hill granite porphyry. Dur 
ing the irruption of the plutonic rocks the degradation of the sur 
face, including the newly formed volcanic rocks, was still going on, 
and with this series of events in progress the Devonian period came 
to an end.

In eastern Massachusetts Devonian time merged into Carbonif 
erous time without sudden or marked change in the condition or 
attitude of the rocks and the surface. A change of some sort occurred, 
however, as in Devonian time erosion dominated and the trans 
ported material was mainly deposited elsewhere, but in Carbonifer 
ous time deposition was dominant and a great thickness of sedimen 
tary material was laid down over much of the surface. Opinion is 
divided as to whether the Carboniferous beds were deposited in a 
continuous sheet that covered the whole region and extended indef 
initely northeastward and southwestward or in several basins that 
were nearly or quite separate. Everywhere there was a general pro 
gression in the character of the strata from siliceous and rathero

coarse to argillaceous and rather fine, and when the belief prevailed 
that the strata are marine, belief in their original extension over the 
whole region also prevailed. No marine fossils are found in any 
Carboniferous rocks in the region, however, and it is now believed 
that the deposits are lacustrine and terrestrial. It is also now recog 
nized that, although there is a general similarity in the sequence of 
the strata in the several basins, such similarity is to be expected 
whether the sediments were marine or terrestrial, and that the basins 
differ greatly in the detailed character and succession of the beds and 
in the abundance or rarity of fossils. In the Boston Basin fossils are 
so scarce that it is not certain whether the strata are Carboniferous. 

The deformation that seems to have begun in early Devonian 
time presumably continued through the Devonian period, so that by 
the beginning of Carboniferous time the surface of the region had 
considerable relief and variety of form. In the Boston area the relief



GEOLOGIC HISTORY 71

must have been fairly strong, as the basal strata appear to be tor 
rential deposits of material of local origin. Although the Roxbury 
conglomerate contains pebbles of nearly every sort of rock in the 
district except Quincy granite and the later diabases, it contains 
none that need have been transported more than a dozen miles,, 
although some may have come much farther. In many places the 
base of the conglomerate is composed largely of pebbles of the sort 
of rock constituting the underlying formation. As most of the 
pebbles are well rounded these facts used to be regarded as evidence 
that the deposit is of marine origin, and it was interpreted as being 
largely a shore formation. In the absence of other indications of 
marine origin that hypothesis has been abandoned, and the forma 
tion is now regarded as terrestrial and perhaps in part lacustrine. 
The discovery that part of the conglomerate is tillite has thrown new 
light on the problem, and the formation is now regarded as being 
mainly of glacial origin. Much of the formation is believed to have 
been outwash gravel laid down in front of an advancing glacier 
which overrode the gravel for several miles and on melting deposited 
the till that now forms a part of the conglomerate. The inter 
calated beds and lenses of slate and conglomerate are probably 
mainly lacustrine strata deposited in temporary lakes in front of 
the ice.

So little tillite is left and it is so greatly disturbed by folding and 
faulting and cut by erosion into separate masses that it is unsafe 
to do more than conjecture regarding the position and the direction 
of movement of the glacier by which the till was deposited. There 
are some indications that the ice came from the east or southeast 
into what is now the Boston Basin but that it did not occupy the 
entire area of the basin. No tillite has been found in the south 
western part of the basin, and 'all the conglomerate in that part ap 
pears to be of the ordinary sort. The rock types represented in the 
pebbles and boulders in the tillite can all be found within a few 
miles. Quite possibly much of it may have been picked up by the 
ice from the gravel now forming the lower part of the Roxbury 
conglomerate, over which the glacier advanced across the basin.

The suggestion that the glacier may have come from the south 
east, is partly supported by the peculiar character of the Dighton 
conglomerate, the uppermost formation in the Narragansett Basin 
in southeastern Massachusetts. That formation contains pebbles and 
small boulders of muscovite granite and of quartzite, and the qnartz- 
ite contains fossils of Upper Cambrian age. The source of bot1 ). 
sorts of rock is unknown, but the pebbles of both are larger and more 
abundant toward the southeast side of the basin, seemingly indicat 
ing a source in that direction. The suggestion has been made that
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the Dighton conglomerate is also of glacial origin, but no unmistak 
ably glacial characters have been found in it. Such data as are 
available seem, therefore, to indicate that there was then a moun 
tainous region southeast of the Boston and Narragansett Basins, 
from which the streams brought detritus derived from formations 
not now exposed in Massachusetts and from which a piedmont glacier 
descended to and spread some distance over the lower country and 
 deposited the till that now forms a part of the Koxbury conglomerate. 
During the melting of the glacier the Boston Basin appears to have 
been occupied by a lake in which was deposited a great thickness of 
glacial clay, containing a few thin beds of sand, which now consti 
tutes the Cambridge slate.

LATE CARBONIFEROUS DEFORMATION

The Carboniferous period ended with a great mountain-building 
movement that affected most of eastern North America. The rocks 
of the Boston district, in common with those of the rest of New 
England, were closely folded and compressed, and some of them were 
much metamorphosed. Some folds were overturned, and. others were 
broken by strike faults that developed into overthrusts miles in 
length. The basins in which the Carboniferous strata had been 
deposited were deepened into synclinoria of complex structure, 
which, because most of the area is now covered by Pleistocene glacial 
deposits, can not be fully unraveled. The structure of the floor of 
older rocks upon which the Carboniferous strata had been deposited, 
already complex because of its previous deformation and the exten 
sive igneous intrusion in early Paleozoic time, was made much more 
complex by the further folding and compression of the rocks. There 
was presumably considerable overthrusting in these rocks also, but 
it is almost impossible to determine such features in areas where the 
structure is so complex and exposures are so few.

The history of the Boston area during the deformation is a part 
of the history of the region in general and can not be interpreted 
without some knowledge of the regional history. However, as the 
Boston Basin borders the sea and is adjoined on the land side by 
areas of crystalline rocks of whose deformational history only the 
salient points can be determined, the story of the development of the 
structure of the basin must be read almost entirely from the rocks of 
the basin itself. The dominant stress during the deformation was 
clearly compressional and acted mainly along north west-southeast 
lines. The general northwesterly dip of the bedded rocks of the Fells' 
Upland and of the fissility or incipient cleavage that was extensively 
developed in the rocks of the Boston Basin and the greater over- 
thrusting from the north than from the south indicate that the dis 
placement was southeastward in the Boston district and immediately
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surrounding the area. As this is not true everywhere in New Eng 
land, the course of events in the Boston area would appear to have 
been influenced largely by factors localized in eastern Massachusetts. 
Furthermore, the Boston Basin plunges eastward and may extend 
many miles beneath the sea. Possibly, therefore, the part of the 
basin now above sea level is only the west end of a large geosyncline 
and the structure of the part now exposed may not be typical of 
that now submerged. Hence it is somewhat hazardous to base con 
clusions regarding the deformational history of the basin on the only 
part that can be studied.

The compression first produced folding and buckling of the strata 
of the Boston Basin as the synclinorium developed. The number 
and position of the folds were probably influenced largely by local 
differences in the thickness and composition of the formations. In 
creasing compression resulted in further deepening and wrinkling of 
the synclinorium and in the development of an inverted fan struc 
ture, with several prominent subordinate anticlines. This compound 
character of the synclinorium is so marked in the part of the basin 
now above sea level that this part might almost be described as com 
prising two synclinal basins separated by an anticlinal arch. As 
the deformation continued the areas; of crystalline rocks on each side 
of the basin were forced upward and inward in relation to the basin, 
so that the sides of the basin were crowded toward each other. This 
resulted in faulting along the margins of the basin, and the rocks on 
both sides were overthrust upon those of the basin. The greater 
displacement was toward the southeast, hence on the northwest side 
of the basin the dips of the faults are less and the crystalline rocks 
are overthrust farther than on the south side. One result of this dif 
ference is that the Roxbury conglomerate is not exposed anywhere 
along the northwestern margin of the basin within the Boston quad 
rangle. Another is that the strata are more closely appressed and 
vertical or steep dips are more common in the southern part of the 
basin than in the northern part.

There is no reason to suppose that the Carboniferous strata occu 
pying the Boston and other basins were covered by younger strata 
before the deformation began, and they may not have been fully 
indurated. The Roxbury conglomerate seems to have behaved as a 
competent layer, and where it was thrust upon other rocks it over 
rode them without itself being much broken or crumpled. On the 
other hand, the marked scarcity of present indications of bedding in 
the Roxbury throughout considerable areas indicates that it may have 
undergone considerable internal rearrangement and resulting ob 
literation of bedding. The dikes of the younger east-west set, which 
are of Carboniferous age, were formed just before the folding, as
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they cut all the rocks of the basin, including the highest known 
beds of the Cambridge slate, but they were deformed with the strata 
and they are broken in many places by small thrust faults that were 
developed during the later stages of the deformation.

The further continuation of the compression resulted in the thrust 
faulting that. is a marked feature of the present structure of the 
basin. (See pi. 14.) Such faulting occurred not only on the large 
scale that is shown in the areal maps and the structure sections 
but also on a small scale, as shown by the small thrust faults seen 
in all outcrops of any considerable size throughout the basin. That 
the compression continued and was pronounced after the folding 
and faulting had ceased is shown by the characteristic fissility or 
cleavage of the rocks, which affects all the formations to about the 
same degree and which has nearly the same trend and dip through 
out the basin, largely without regard to the attitude of the rocks.

The intrusion of the Andover granite probably occurred early in 
the epoch of deformation. That granite occupies only a small part 
of the Boston area, and its relation to the other rocks is not shown 
therein. However, the Andover and other granites of similar age 
are intrusive in the Carboniferous strata of the Worcester and 
Merrimack troughs and are deformed with them, hence the relation 
in time of the granitic intrusion to the deformation is rather closely 
fixed. Those granites are also cut by a few scattered diabase dikes 
that appear to belong to the younger east-west set.

TRIASSIC PERIOD

The fairly continuous story of geologic events in the Boston area, 
as recorded in the rocks, is concluded with the deformation at the 
end of the Carboniferous period. The record since then is inter 
rupted by gaps that represent more time than the rocks and 
structural features of later date. Presumably such gaps correspond 
to long periods of weathering and degradation of the land. There is 
no reason to suppose that there was, except in Pleistocene time, any 
considerable deposition of sedimentary rocks or, except at the end 
of the Triassic period, any marked deformation or eruption. From 
time to time some warping, tilting, and uplift or subsidence of the 
land surface occurred, but such movements were of the gentler sort 
and left no record in the rock structure.

There are no Triassic strata in eastern Massachusetts and no 
igneous rocks of assuredly Triassic age. Situated as it is between 
the Acadian trough on the northeast and the Connecticut trough on 
the southwest, the region could hardly have escaped being affected 
by the diastrophic movements recorded in the Triassic strata in these 
basins. Furthermore, the intrusion of diabase dikes and sills was not
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A. GRKA.T HILL OR WINTHROP HEAD, WINTHROP

Looking north from Shirley Beach, with Grovers Cliff in the distance. Great Hill is a typical 
drumlin, which has been half cut away by the waves. The photograph was made before 1900, 
and the cliff has receded several feet since. The slope is now covered with cottages, and the 
Winthrop standpipe is on the summit. The base of the cliff is now protected by a sea wall and 
riprap, and erosion there has been stopped, but the top is still receding through frost aclion 
and rain wash, and the edge is now perilously near the base of the standpipe.

B. GLACIAL GOUGE IN BEDROCK, MATTAPAN, DORCHESTER DISTRICT, BOSTON 

The view shows a gouge carved in the rock by a small boulder frozen in the bottom of the glacial ice.
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TI1K AUBURNDALK RSKER, JNKWTON

Cut on Highland branch of Boston & Albany Railroad, looking east. The view shows the triangular section characteristic of most well-developed eskers, and 
the steepness of the side slopes. In the middle distance is a shallow cut through a lobe of the Woodland outwash plain, and in the background is an old 
gravel pil in the southwestern margin of the Brae Burn on [.wash plain. The point where the picture was taken is a little outside the western margin of the 
Boston quadrangle.
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CLIFF ON THE NORTH SIDE OF BEACON STREET, EAST OF INK\VR)iN CENTER

Showing the Roxhury conglomerate overthrust on the Cambridge slate. The author, as well as most, other geologists familiar with the locality, regards this con 
tact as a fault and as parl, of a great structural overthrust several miles in length. A few geologists, on the other hand, regard it as an angular unconformity 
of [he conglomerate oa an interbedded lens of slate of purely local extent.



U. S. GEOLOGICAL SURVEY BULLETIN 839 PLATE 15

THK "CHURN" OR "SPOUTING HORN," MARBLEIIEADJNECK

The fissure has been formed by the weathering out of part of a diabase dike cutting Ihe rhyolite breccia of the cliff. When the tide is rising the surf rushing into the 
chasm strikes its inner end with great violence, and spray is thrown high in the air. The view is deceptive as regards the height of the cliff; the surface of the rocks 
in the foreground is more than 30 feet above the level of the water. Photograph by M. 11. Graves.
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confined to the Triassic basins but occurred over a far greater area. 
The diabase dikes of the north-south set in the Boston area are 
lithologically akin to those that cut the strata in the Triassic basins 
and are clearly younger than the structure imposed on the Carbonif 
erous rocks in the great deformation. Hence geologists have little 
hesitation in referring such intrusive bodies, in the Boston area as 
elsewhere, to the Triassic eruptive period. This reference aids 
greatly, in fixing the geologic date of some of the events recorded 
in the rocks of the Boston area.

The history of much of Triassic time in the Boston area is a 
blank. To judge from what is known of it in other parts of the 
Appalachian region it must have been a time of prolonged deg 
radation of the surface, in which the land Avas probably reduced 
well toward base level. The subsidence by which the Triassic basins 
Avere formed probably began fairly early in the period, and the 
evidence afforded by the beds of conglomerate intercalated with the 
other strata suggests that it continued throughout the time of depo 
sition. No record of this warping is preserved in the Boston area 
except in the great system of joints that cut all the rocks other than 
the diabase dikes of the north-south set. At one time the joints 
were supposed to have been produced during the great deformation 
at the end of Carboniferous time, but they are independent of the 
deformed structure of the rocks and evidently were formed after 
the rocks had acquired their present attitude. Furthermore, they 
are torsional joints, developed under a tensile stress presumably im 
posed by mild regional warping and not under compressive stress 
such as characterized the Carboniferous deformation. They do not 
cut the dikes of the north-south set, many of which were formed 
in joint fissures, hence it seems probable that the joints were de 
veloped at some time during the Triassic period but prior to the in 
trusion of the diabase dikes.

At the end of the Triassic or the beginning of the Jurassic period 
the diabase dikes of the north-south set were erupted into fissures of 
the master set of joints of the system just developed. The great 
Medford dike and other intrusions of coarse diabase of similar type 
may or may not have been erupted previously; there is no definite 
evidence on this point. Indications are lacking that any of the 
Triassic diabase reached the surface and formed flows in the Boston 
area, and as all the dikes are relatively small there is no reason to 
suppose that such extrusion occurred.

The intrusion of the dikes was accompanied and followed by
renewed warping of the surface, and as the rocks were then jointed
the warping caused considerable tilting of large blocks or slices
of rock and faulting along the master joints. The diabase dikes
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of the east-west set were offset in numerous places by the faults, and 
many dikes of the north-south set were split or were torn loose 
from one or both walls. The cross faults that are conspicuous 
features of the Boston Basin and that offset the formations con 
siderably must also have been developed at this time.

The faulting that ended or immediately followed the Triassic 
period was the latest marked structural deformation that has affected 
the rocks of the Boston area. Since that time they have remained in 
substantially the same attitude that they then assumed, although their 
position with regard to sea level has presumably differed consider 
ably from time to time.

JURASSIC TO TERTIARY TIME

The geologic history of the area from the end of the Triassic 
period until the Pleistocene epoch is another blank except in so far as 
it can be interpreted from the topography of the area. The interval 
was dominantly one of land conditions and was characterized by pro 
found degradation of the surface, which presumably was several 
times reduced well toward base level. It was repeatedly uplifted, 
with revival of dissection and the beginning of degradation toward a 
new base level. It is possible, also, that the district may have been 
once or twice submerged by the sea and that it may have been covered 
by Cretaceous or Tertiary strata, but there is no definite evidence on 
this point.

It is generally believed that southern New England was reduced to 
a peneplain toward the end of the Jurassic period and that the 
peneplain was then uplifted and tilted so that it stood well above 
sea level in western Massachusetts but was submerged by the sea
on the southeast. The basal Cretaceous strata were probably
deposited on the submerged part of the peneplain and extended for 
an unknown distance northwest of the present coast line. The north 
ernmost known remnants of Cretaceous strata are in Scituate, some 
miles southeast of the Boston area, and no other Cretaceous rocks 
are known in Massachusetts except on Marthas Vineyard. The 
Cretaceous beds may formerly have extended northwestward and 
covered the Boston area, but there is nothing at present to indicate 
that they did.

Seemingly no remnants of the Jurassic peneplain are preserved in 
southern New England, though some parts of the upland may have 
been but little modified from it. The belief has long been held that 
large tracts of the upland are parts of the peneplain, which is 
described as descending southeastward from the plateau at the base 
of the Green Mountains to pass beneath sea level at the coast. The 
extended field work of the author on the geomorphology of southern 
New England has led him to a different interpretation, which is
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supported by the observations of Arthur Keith and of Joseph Barrell, 
though the conclusions reached by each of these investigators differ 
from those of the author in some details.

The general upland surface of the region, aside from the residual 
mountains and the glacial drumlins, is not a single, nearly uniformly 
sloping surface that descends gently to sea level at the coast but is a 
complex surface, made up of several distinct platforms that stand 
at altitudes ranging from 140 to 2,200 feet above sea level. The 
higher platforms have gentle slopes to the southeast, south, or south 
west, but the lower ones are nearly level throughout many square 
miles. Furthermore, the several platforms are intricately inter- 
jningled, as tongues of lower ones extend far up the valleys into the 
plateaus and lobes of higher ones extend out along divides between 
lowland areas. Near the coast outlying areas of higher platforms are 
surrounded by lower ones. Finally, along the coast the surface does 
not everywhere descend gradually to and beneath the sea, but in 
places one or another of the lower platforms extends to the shore and 
is cut off abruptly or is beveled by a relatively steep slope. In other 
words, the surface of southern New England, if smoothed by oblitera 
tion of its minor irregularities, would be found to be quite different 
from its usually accepted form. Moreover, it is so complex that it 
can not be assumed to have been modified from an uplifted and tilted 
peneplain by any conceivable warping. It can have been developed 
only by repeated degradation in several partly completed cycles, 
separated by small uplifts. The erosion may have been in part 
marine, as claimed by Barrell, especially in southern Connecticut 
and Rhode Island, but the present form of the surface, aside from the 
effects of glaciation, has clearly resulted mainly from the work of 
streams.

The erosional history of the Boston area in Cretaceous and Ter 
tiary time is but partly known and never can be worked out in more 
than outline. In fact, nothing is known of the events of the Creta 
ceous period except that the surface must have been undergoing 
prolonged degradation. Parts of only the lowest three of the plat 
forms mentioned in the preceding paragraph are found in the area, 
and all three were probably developed late in the Tertiary period. 
Presumably the surface was previously reduced to some of the higher 
platforms, but they have long since been removed by the continued 
degradation, and a quite different topography has been developed in 
their stead.

Early in Tertiary time there must have been subsidence, followed 
by invasion by the sea, as remnants of Miocene strata also are pre 
served in the cliffs at Scituate. The sea may have covered the Bos 
ton area, and Miocene beds may have been deposited in it, but no 
traces of such beds remain, and their former existence in the area is
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merely a hypothetical possibility. Any submergence must have been 
brief, as during the Pliocene epoch the land stood higher than now, 
and the district may then have been more than 100 miles inland.

The present relief of the area, aside from the effects of Pleistocene 
glaciation, was developed mainly late in the Tertiary period, prob 
ably in Pliocene time. The land may not have stood high at the 
beginning of the Pliocene, but it was uplifted twice or thrice during 
the epoch, and at the end it must have stood much higher than now. 
The work of the streams in reducing the surface and broadening the 
reduced areas to platforms went on as before, and the surface soon 
acquired a relief that was not greatly different from that of the 
present, except that it Avas more accentuated.

There are several reasons for believing that at the end of the 
Pliocene epoch the land stood higher than now. The larger valleys 
of the Boston Lowland are deeply filled with drift, and the bedrock 
surface beneath is well below sea level. Complete data are lacking, 
but enough is known of the form of the bedrock surface to warrant 
the conclusion that it was developed by stream erosion, hence the 
land must have stood higher than now by an amount at least as great 
as the depth of the drift-filled valleys. The maximum depth below 
sea level of the bedrock surface is not known, but it is more than 200 
feet and may be considerably more. Several lines of evidence lead 
to the conclusion that at the end of the Pliocene epoch the Atlantic 
coast was far southeast of its present position and probably near the 
margin of the continental shelf and that the present sea bottom near 
the Massachusetts coast was land. The streams that carved the 
buried valleys must have had some fall between the Boston area and 
the points where they reached the sea, hence the difference between 
the altitude of the land then and now is greater than the maximum 
depth below sea level of the bedrock surface within the area.

Very little is known of the drainage pattern of Pliocene time, al 
though there has been considerable speculation regarding it. The 
master streams of southern New England in the Cretaceous period 
and possibly in early Tertiary time probably flowed southeastward in 
courses determined by the warping and tilting of the Jurassic pene 
plain. Some writers have concluded that the southeasterly course of 
the main streams persisted throughout Tertiary time, and this con 
clusion seems rather probable as regards the streams from the Black- 
stone River westward. .In eastern Massachusetts, however, there are 
reasons for believing that a subsequent drainage had been developed, 
along the trend of the geologic structure and that the master streams, 
of Pliocene time flowed northeastward. The drainage of the greater 
part of the Boston area appears to have been tributary to a master- 
stream that had nearly the present course of the Neponset River and
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flowed on northeastward toward the deeper part of the present Gulf 
of Maine, where it may have debouched into an arm of the sea.

A deeply buried valley extends southward from Winchester 
through the Mystic Lakes, across eastern Arlington and western 
Cambridge, thence between Brighton and Cambridgeport, and across 
eastern Eoxbury and Dorchester Neck to the Old Harbor, and there is 
little doubt that it is the valley of the Pliocene predecessor of the 
Mystic River. On account of its considerable depth,'more than 200 
feet in Dorchester, some have assumed that it could not have been 
made by a stream with so small a drainage basin as the present 
Mystic and have asserted that it is the valley of the Pliocene Merri 
mack. The author knows of no facts in support of this conclusion. 
Evidence is lacking of a buried valley extending through to the 
present course of the Merrimack, and such a valley, if it ever existed, 
must have crossed the present valley of the Shawsheen River, which 
apparently is also a preglacial valley. There is also reason to believe 
that the Pliocene course of the Merrimack below Lowell was not 
greatly different from the present course past Lawrence, Grovelancl, 
and Newburyport, and that if the ancestral stream ever flowed south 
eastward from Lowell to Boston it must have been far back in 
Tertiary or even in Cretaceous time and long before the present 
topography of eastern Massachusetts was developed.

QUATERNARY PERIOD 

PLEISTOCENE EPOCH 

PRB-WISCONSIN TIME

Little is known of the Pleistocene history of the Boston area before 
the Wisconsin glaciation. According to some authors, at least two 
deposits of till that are older than the Wisconsin and are supposed 
to correspond to the Kansan and Illinoian drift sheets of the central 
United States, as well as some glacial deposits that may be as old as 
the first or Jerseyan drift, are found on the islands off the southern 
coast of New England, separated from each other and from the 
Wisconsin drift by interglacial deposits, some of which are marine. 
If this is true the Pleistocene history of southern New England was 
as varied as that of the Central West, with the added complication 
of marine submergences.

There is no evidence in the Boston area of invasions by pre- 
Wisconsin ice sheets. The deposits encountered in deep borings 
on islands in Boston Harbor have been interpreted by some geologists 
as showing the existence, beneath the Wisconsin till, of both pre- 
Wisconsin till and interglacial deposits. This explanation may be
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correct, but it can not be accepted until more detailed information is 
at hand.

The blue clay that underlies much of the Boston Lowland 
may be of pre-Wisconsin age and of marine origin. Its thick 
ness, the altitude of its upper surface, and the form of the under 
lying surface, so far as that is known, indicate that it was deposited 
on a surface of moderate relief, probably due to stream erosion, 
which had been submerged about 40 feet more than at present, and 
that later the land rose again until it stood considerably higher than 
now, and the surface of the clay was more or less dissected before it 
was overridden by the Wisconsin ice.

Southern New England seems to have stood several hundred feet 
higher when it was invaded by the Wisconsin ice sheet than it does 
now. In the Boston area drift of Wisconsin age was deposited on a 
surface much of which is now below sea level, but there is nothing 
in the form of the deposits to indicate that they were laid down 
on other than a land surface. The conclusion seems warranted 
that Boston Harbor and Bay were not then in existence and that the 
margin of the ice sheet was far to the east, in what is now the Gulf 
of Maine but may then have been chiefly land. Nothing is known 
of the drainage pattern of the area at the time just preceding the 
invasion by the Wisconsin ice sheet. It may have followed the same 
general lines as that of Pliocene time, but if the area had already 
been covered by at least two earlier ice sheets and had been partly 
submerged since the supposed Illinoian glaciation, presumably a 
new, youthful drainage had developed on the modified surface. 
The subsequent modification of the topography by the Wisconsin 
glaciation has probably destroyed all traces of an earlier Pleistocene 
drainage pattern.

WISCONSIN GLACIATION

The drift left by the Wisconsin ice sheet during its occupation 
of and disappearance from the area covers so much of the surface 
and is nearly everywhere so thick that most traces of events during 
the advance of the ice have been obliterated. Presumably most of 
the erosive work of the ice was done then, but in the absence of more 
than an approximate idea of the topography in pre-Wisconsin time 
the extent to which it was modified by glacial erosion must remain 
conjectural. It is clear, from the form of many of the ledges now 
exposed and from the number of huge angular blocks that were not 
carried far from the parent ledges, that plucking was a very impor 
tant factor. In parts of the area where the bedrock is abundantly 
exposed there are many canal-like ravines, some of them more than 
100 feet wide and 1,000 feet long, between parallel walls of rock, 
which look like down-faulted troughs or grabens. They are, how-
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ever, probably due to glacial plucking of the blocks between parallel 
joints. In other places small knolls of rock were shattered by the 
ice as it moved over them, and the blocks of rock were tilted about 
and left in a confused heap, although many were moved but a few 
feet.

The Wisconsin ice sheet approached from the northwest and moved. 
over the area in a southeasterly direction. Glacial striations and 
small grooves are abundant on the ledges (see pi. 12, B. and fig. 6) 
and show that the general direction of movement was about S. 15° E.,.
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although locally controlled to some extent by the topography. Stri - 
ations with a more easterly trend are preserved on many ledges, and 
in some places they seem to indicate that, late in the stage of ice 
formation, the movement was more easterly than at first. Further 
more, the trend of the longer axes of most of the drumlins is consid 
erably more easterly than the average trend of the striations, and the 
same is true of the trend of the chains of drumlins.

As the ice sheet at its maximum extended nearly 100 miles south 
of Boston its thickness in the Boston area must have been consider 
able. It covered the highest hills in the area, possibly to a depth of 
hundreds of feet. An ice sheet of so great thickness, heavily loaded 
with debris in its lower part, must have been an effective grinding 
agent. It rounded, smoothed, and polished the ledges beneath it, 
although it may not have greatly modified the larger features of the 
relief. In its work it was unsparing of its tools, and the large blocks 
of rock that it plucked from the ledges were rapidly reduced io 
rounded boulders and then to fine material. As a result the greater 
part of the coarse material in the drift, including nearly all the large 
boulders, has been transported only a few miles at the most, although 
some cobbles and boulders can be identified as having come from 
formations many miles away. Another result is that boulders, al 
though the most conspicuous element of the drift, are really but a 
small part of it compared to the far greater bulk of gravel, sand, 
and clay, much of which was brought from far to the north and was 
ground ever finer as it was borne along.

The greater part of the record of Wisconsin time that is preserved 
in the drift relates to the disappearance of the ice from the region. 
During its advance and while the climate was probably growing more 
frigid, the ice came on more rapidly than its margin was wasted by 
melting, and it steadily invaded the country south of it. When it 
reached its maximum extent the rate of advance and that of melting 
were probably rather closely balanced for some time, as a large ter- 
minal moraine was accumulated along the ice margin and a great 
 quantity of outwash was discharged from the melting ice while its 
margin was almost stationary.

Eventually, as the local climate again became more genial and as 
the conditions at the center of ice dispersion became unfavorable to 
continued growth of the glacier, its forward movement slackened 
.and at times ceased, although frequently renewed spasmodically. 
When the renewed forward movement was vigorous it sometimes 
exceeded the rate of melting back of the ice margin, which advanced 
again for a short distance. Commonly, however, the rate of ad 
vance and that of melting back were nearly balanced, and the mar 
gin remained stationary for a time. In the intervals when the 
.advance slackened greatly or ceased the ice near the margin was
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stagnant and melted away in place and the ice margin retreated 
rapidly for some distance.

When the ice margin was readvancing new material was con 
tinually brought forward and was dropped at the melting edge or 
was washed out in front of the ice by streams flowing from it. When 
the advance ceased and the stagnant ice melted where it lay, the 
outwash was spread over the land already bared or was deposited 
in hollows in the surface of the ice. Thus a series of recessional 
moraines, each marking a line where the ice front was nearly sta 
tionary for a time, was built across eastern Massachusetts. Each 
moraine is made up largely of kame fields and outwash deposits, is 
associated with eskers and deltas, and is fronted by outwash plains. 
The intermediate belts of country are occupied largely by ground 
moraine deposited from the stagnant ice as it melted, but they also 
contain many ice-block holes surrounded by outwash plains. As 
the region has a relief of 600 feet and as some of the readvances of 
the ice were rather narrowly localized the recessional moraines are 
not parallel and regularly spaced but merge, interlock, and overlap 
in a bewildering network, and completely to disentangle the suc 
cessive stages of the ice margin during the stage of retreat is hardly 
possible.

When the ice was stagnant or nearly so and was melting in place 
it melted off the hills first and occupied the valleys for some time 
afterward. Outwash from the melting ice was deposited along its 
margins against the hill slopes in kame terraces, small deltas, and 
local sand plains. Streams ran along the margin, in some places 
over beds of ice, cut channels across spurs, and deposited material 
in lower spots. Small lakes formed in hollows between the ice and 
the hills, and thin lacustrine beds were deposited on their bottoms 
or about their shores. As the ice melted down and cleared more and 
more of the lower ground such ice-margin features were developed 
repeatedly, at all altitudes from the hilltops down to and below pres 
ent sea level. Deposits were formed in this manner throughout 
eastern New England, under local conditions and in no regular rela 
tion either to the position of the ice front !as a whole or to the sea 
level at the time. Nevertheless they have been interpreted by some 
geologists as marine and as showing that when the ice was melting 
from the Boston area the land stood several hundred feet lower than 
now and was submerged up to the margin of the ice, so that the out- 
wash was deposited in the sea. Some of the local deltas and terraces 
have been correlated by other geologists into southward descending 
series that are interpreted as showing that the land has since been 
tilted in that direction at a slope of several feet to the mile. They 
have reached different conclusions, however, regarding the degree of
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tilting, depending on their individual modes of correlation of the 
former local water levels. It must be said, moreover, that consider 
able pertinent evidence of several sorts seems to be opposed to the 
idea of a general regional tilt.

During the retreat of the ice margin across the Boston area parts 
of the area were occupied by a series of ice-margin lakes of consider 
able size, into which deltas and sand plains were built from the ice 
that formed parts of the shores. The outlines and outlets of some 
of these lakes are fairly well defined, and the levels of many of them 
can be determined, and if the Boston area had not been settled the 
history of its glacial lakes might perhaps have been worked out. As 
it is, so much of the evidence has been obscured or destroyed by the 
:settlement of the area that the task is nearly hopeless, and no attempt 
has been made to do it. Enough evidence remains, 'hewever, to 
warrant a general outline of the course of events.

Just as the ice melted from the hills while it still lay in the valleys, 
so it left the higher country west of Boston before it did the lower 
.ground along the coast and it still occupied what is now Boston Bay 
;after it had disappeared from most of the Boston quadrangle. One 
result was that, during the melting of the ice from the Boston area, 
its margin had for some time a general northwest-southeast trend. 
Its actual outline was usually rather complex, with tongues extending 
southward in the valleys and reentrants extending northward on the 
higher ground, and different parts of it faced in different directions. 
Another result was that for a long time the ice abutted against the 
Blue Hills, south of the eastern part of the Boston quadrangle, and 
its drainage was shut off from flowing eastward to the lower ground 
now in Boston Bay. Series of lakes were formed at different but 
.generally successively lower levels as the ice retreated from those
parts of the valleys of the Charles and Neponset Rivers southwest
 of a line drawn through Hyde Park and Waltham. At first the over 
flow of the lakes was discharged somewhere south of the Blue Hills. 
After the ice had melted from the northern slope of the Blue Hills 
an outlet, now abandoned, was opened up to the east, south of Brush 
Hill. Still later the present course of the Neponset River through 
Hyde Park was freed of ice and the lake was drained. The small 
lakes that still remained in the valley of the Charles above Waltham 
were eventually drained, but the process was more complex, as the 
retreat of the ice margin successively opened up several outlets across 
Newton and Brighton. 

At least part of Boston Harbor was then free of ice, and the
 eastward discharge of the Neponset and Charles Rivers had become 
fixed. Much of this part of the record can not now be read, because 
.the area involved is either closely built over or is beneath the harbor.
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The story of the retreat of the ice margin northward from the 
Charles Kiver is similar, except that, as the general slope of that 
part of the area is southward, there was less opportunity for the 
formation of ice-margin lakes, except locally between the higher 
hills. The northwestern part of the area, however, now a part of the 
drainage basin of the Shawsheen Eiver, slopes toward the Merri- 
mack, and there another series of ice-margin lakes was formed. At 
first they discharged southward or southeastward to the Charles and 
Mystic Rivers, but later they were gradually drained as successive 
outlets to the northeast were opened. Probably no other part of 
the region about Boston affords a better chance than this one for the 
working out of the glacial-lake history, as it is rather sparsely settled, 
and the topography has been but little modified by human action.

LATE WISCONSIN TIME

The Wisconsin ice sheet disappeared from Massachusetts long be 
fore the end of the Pleistocene epoch. During the remainder of 
Wisconsin time the geologic conditions in the region must have been 
similar to those of the present day. The Pleistocene epoch merged 
into the Recent epoch without marked changes, and the features of 
late Wisconsin time and those of the Recent epoch are indistinguish 
able except by their geomorphic relations.

At some time during its occupation by the Wisconsin ice sheet 
the region about the Gulf of Maine became depressed and much of 
it was eventually carried below sea level. According to the gen 
erally accepted hypothesis the depression was due to the weight of 
the ice sheet, affected all of eastern North America north of New 
Jersey, and amounted to 600 feet or more in the St. Lawrence Val 
ley, and as has already been stated, some geologists believe that the 
Boston area was submerged several hundred feet when the ice left 
it. The author knows of no established facts that support either 
the above-mentioned hypothesis as a whole or several of its major 
features, except the undisputed fact that some parts of eastern North 
America were below sea level for a time after the disappearance of 
the Wisconsin ice sheet and have since been reelevated. He prefers, 
therefore, in outlining the geologic history of the district in late 
Wisconsin time, to mention only those episodes that are well 
established.

The subsidence about the shores of the Gulf of Maine carried 
the coast of Maine, New Hampshire, and northeastern Massachu 
setts below sea level, and marine sediments were deposited over 
much of the submerged area. In Maine the submergence amounted 
to several hundred feet, but it was progressively less southwestward, 
being a little more than 100 feet about Newburyport and dying out
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at Boston. No evidence has been found that the coast of Massa 
chusetts south of Boston has ever, at any time since the disappear 
ance of the Wisconsin ice sheet, stood lower than at present. The 
southernmost formerly submerged areas are in Lynn and Swamp- 
scott, and the only marine deposits formed at that time in the Boston 
area are in that part of the area. The submergence in Swampscott 
was approximately 20 feet, and the area now occupied by Marble- 
head and eastern Swampscott was then a group of rocky islands like 
those off Salem. A crescentic beach was thrown up by the waves 
back of the present site of Phillips Beach and tied two islands, now 
Phillips Point and Beach Bluff, to the mainland. From Salem 
northeastward considerable marine clay was deposited during the 
submergence, but none has been found in the Boston area except 
in the western part of Lynn and along the Forest River in Salem.

The submergence was rather brief, and the land soon rose again 
to a position somewhat higher than at present. Much of the newly 
formed marine sediment was brought above sea level and exposed 
to dissection, especially about the heads of the tidal inlets. The 
conditions in the area since then have been essentially those of the 
present time.

RECENT EPOCH

The geologic conditions in the Boston area in Recent time have 
been throughout essentially the same as at present, and the natural 
changes that have taken place have been of the same sort as those 
now going on. Some loose material has been washed from the higher 
ground and steeper slopes and spread out on the lower and flatter 
areas, forming flood plains, level meadows, and swampy tracts. 
Changes, probably extensive, have been wrought in the shore line 
by the waves and the currents: on the one hand headlands have 
been cut back and cliffs formed generally along the steeper shores, 
and small islands have been reduced to mere half-tide shoals; on the 
other hand beaches have been built across bays and inlets, forelands 
have been built out in places, and tidal marshes have grown behind 
some of the beaches and along the estuaries.

The whole New England coast has manifestly stood higher than 
now at some time since the Wisconsin glaciation and since the deposi 
tion of the marine clay described above and has subsequently been 
depressed so that it is now "drowned." The depth of the submerg 
ence is not definitely known, but the form and relief of the adjacent 
sea bottom lead to the tentative estimate of a submergence of possibly 
400 feet off the coast of southeastern Massachusetts. Until the 
beginning of the twentieth century it was generally believed that 
the subsidence is still going on. At present there is a difference of 
opinion on the matter, some writers maintaining that the move-
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ment ceased a few thousand years ago and that the land has since 
stood still. Nevertheless, the author believes that a slow subsidence 
is still in progress, so slow that its rate has been only approximately 
determined but is of the order of 1 or 2 feet in a century. So 
much convergent evidence of different sorts, some of which can 
not be explained in any other way, agrees in support of this con 
clusion that, with all deference to the eminence of those who have 
taken the contrary view, it is here stated with confidence.

As usual in areas that have become great centers of population, 
the activities of man in the last three centuries have been an important 
factor in modifying topographic conditions in the Boston area. 
Many small hills, not only of glacial materials but of solid rock, have 
been removed, large areas of wet ground have been drained or filled, 
thousands of acres of new land have been made by filling in former 
marshes, tidal flats, and estuarine waters, and the harbors and chan 
nels have been deepened by dredging. Some ponds have been 
drained, but the number of water bodies has been increased by the 
creation of numerous artificial ponds. Former islands have been 
converted into peninsulas by the construction of causeways, small 
streams traversing the cities have been confined to covered conduits, 
and other small changes in topographic conditions have accompanied 
the settlement of the area. These changes are still going on.

NATURAL RESOURCES

MINERAL RESOURCES 

GENERAL NATURE

The mineral resources of the Boston area that are of commercial 
importance are chiefly nonmetallic and consist of stone, gravel, sand, 
and clay, which are extensively used for building material and for 
road construction. They are abundant and are of considerable value. 
Commercial deposits of useful metallic minerals are virtually lack 
ing. Besides the resources of commercial importance there are ex 
tensive deposits of peat, which at present is only a potential resource.

The mineral production of the area is decreasing in amount and 
probably in total value from year to year. Several causes, such as 
the increases in the cost of labor, fuel, and carriage, the increasing 
use of concrete for construction, and competition from outside, have 
contributed to this result. By far the most influential factor, how 
ever, has been the rapid growth of the cities and towns. This results 
in a decrease in mineral production, because the land occupied by 
quarries, gravel pits, and brickyards becomes more valuable for 
building sites and is so used. Furthermore, as the quarries and pits 
become surrounded by densely settled areas their continuance be 
comes a nuisance or even a danger to those living near by and they 
are forced to cease operating.
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In the nineteenth century the clay industry was one of the most 
important in the area, and scores of small brickyards and a number 
of large ones were in operation throughout the Boston lowland in 
areas underlain by clay. By 1900 most of the small pits had been 
closed, but some of the larger ones Avere still in operation. One by 
one these have been shut down, until the manufacture of brick has 
almost ceased. Most of the yards have been dismantled, the pits, 
have been filled in, and the areas once occupied by them have been 
covered with streets and buildings.

The stone industry has passed through a similar decline. For 
merly large quantities of rock for building and, at a later date, for 
road construction, were taken from numerous small quarries in Rox- 
bury, Dorchester, Brookline, Brighton, Newton, Somerville, Med- 
ford, Maiden, and Everett. Some of these quarries are still being 
worked, but most of them have been closed for years, and many have 
entirely disappeared, the ledges having been removed and the areas- 
built over.

From time to time in the quarrying operations small veins of 
metallic sulphides have been found, which have given rise to reports 
of gold, copper, and lead deposits. So far as can be ascertained 
nothing of real value was ever recovered at any of these places. 
There was at one time, however, a small mine among the hills in 
the northern part of Medford from which silver ore was taken in 
paying quantities for a few years.

BUILDING MATERIALS

The building materials obtained in the area include sand, gravel,, 
clay, and several varieties of building stone. Sand for use in build 
ing operations is dug at many places, the chief sources of supply 
being the outwash plains and the kame moraines. The sand is of 
satisfactory quality, and much of it can be used without screening. 
The supply is practically inexhaustible, and as fast as one pit is 
closed for some reason another is opened somewhere else. In many 
places on the outwash plains no sand need be brought to the spot 
for building a house, as a sufficient supply will be obtained in digging 
the cellar.

What has been said of sand is equally true of gravel, except that 
drumlins, eskers, and till moraines are additional sources of supply. 
The demand for sand and gravel for use in concrete has resulted in 
the opening of several large plants on outwash plains in outlying- 
districts, and possibly the annual production of sand and gravel is 
increasing. No close estimate of the production of such materials 
can be made, because of the number of small pits and quarries that 
are operated intermittently and in response to purely local demand.
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The glacial clays of the area have in the past been extensively used 
in the manufacture of brick, draintile, sewer pipe, flower pots, and 
similar rough pottery. The manufacture of brick has .almost ceased,, 
but the other products are still being manufactured at a plant in 
West Cambridge.

Most of the kinds of rock that occur in the area in considerable 
quantity have been used locally to some extent as building stone, but 
only a few have had any extensive or general use. The Roxbury con 
glomerate, the Quincy granite, and the Cambridge slate have beeix 
used most. Other varieties that have had a considerable local use 
are the Dedham granodiorite, the Medford diabase, some of the- 
quartz diorites, and some of the lighter-colored and more massive 
felsites.

The Roxbury conglomerate has been extensively used in all sorts 
of construction, even as dimension stone, because, in spite of its- 
heterogeneous texture, the pebbles are generally so firmly embedded 
in the matrix that blocks can be trimmed to any desired shape and' 
can even be polished, although the rock is rarely used in polished 
slabs. The color, which is pleasing, especially for exterior trim,, 
ranges from bluish gray to yellow-drab. Because of its massiveness,. 
the readiness with which it can be quarried, and the ease with which 
it can be trimmed without impairing its strength, the conglomerate- 
has been used more than other sorts of rock in the area for such 
structures as retaining walls, bridge abutments, and stone arches. 
In recent years it has also been extensively used, crushed, in making 
concrete rubble.

The Quincy granite is the most valuable building stone in eastern 
Massachusetts. The principal quarries are, however, outside the- 
Boston area, within which the granite takes minor rank in volume 
of production. Like the conglomerate, it is used in all sorts of con 
struction, but it is in particular demand for such buildings as- 
churches, college buildings, and public buildings generally. It is 
also extensively used in monumental work. Its normal color is 
bluish gray or pearl-gray, but it ranges to reddish or brownish gray 
in some areas. The slightly weathered rock known as " sap," which 
is light yellowish brown, is in considerable demand for buildings 
and for exterior trim. The granite quarries easily, as a rule, is 
adapted for architectural carving, and takes a good polish; hence 
it is in some demand for use as ornamental stone.

The Cambridge slate was also formerly used in all kinds of con 
struction. When the large slate quarries were in operation and 
some of the rock in places where the joints were not too closely 
spaced could be quarried in fairly large blocks, a number of build 
ings, especially churches, were constructed of it. Later its use 
became chiefly confined to retaining walls, bridge abutments, house-
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foundations, and the like, and now it is seldom, if ever, used in any 
sort of construction. Although rather dark, its color is not dis 
pleasing in buildings of a style of architecture to which it is adapted.

The Medford diabase was at one time used for all sorts of con 
struction, as well as in monumental work, but it went out of fashion 
long ago, and it is now seldom quarried for any purpose. Its color, 
which is a dark, somber gray, and the small amount available have 
been the main reasons for its going out of use, as in other respects 
it is satisfactory as a building stone.

In much of the Boston area the Dedham granodiorite is too much 
shattered by jointing and fissility or too variant in color and texture 
to be a satisfactory building stone. It has been quarried to some 
extent to supply local demands for stone for rough construction but 
has been used very little in the superstructures of buildings. The 
same is true of the more massive and uniform varieties of the quartz 
cliorites and some of the lighter-colored felsites.

ROAD MATERIALS

The road materials of the Boston area consist of gravel and stone, 
both being employed directly in the construction of roads and also 
in the concrete and other fabricated materials now so much used 
in pavements and sidewalks. The gravel is obtained from the same 
sources as those used for building material. When cobblestone pave 
ments were in use the glacial drift provided the cobbles, which now 
adays are crushed and used in macadam pavements and in concrete 
rubble. Boulders of most of the sorts of rock in the drift are also 
used for crushing.

The crushed-stone industry is now probably the most extensive 
industry in the Boston area that is based upon the use of natural 
materials found in the area. Nearly all the sorts of rock that are 
found in the area in considerable quantity are crushed, in one locality 
or another, for use in constructing roads and sidewalks, but the most 
extensively used sorts are diabase, melaphyre, conglomerate, and 
felsite. The crushed rock is screened into graded sizes, all of which 
are used in some part of the work, even the smallest being used as 
surfacing for bituminous macadam, for gravel sidewalks, and as a 
filler in granite-block pavements.

The coarsely granular residual material from the weathering of 
the Medford diabase (see pi. 9, B) is used, under the name " Medford 
gravel," for surfacing drives and paths in parks and cemeteries. 
Some of the granites of the area, especially the Quincy granite and 
the Dedham granodiorite, ha.ve been used for paving blocks, curbing, 
and the like, but not to any great extent.
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PEAT

Great quantities of peat underlie the marshes, both fresh and salt, 
and reach a thickness of 15 feet in places. A number of attempts 
have been made to use the peat as fuel, either in dried blocks or in 
briquets, but no commercially successful method has been put into 
operation, and at present there is little encouragement to regard the 
peat deposits as a possibly important source of fuel in the future. 
The peat has been used a little as a fertilizer, and at present the main 
value of the peat lands seems to be for agricultural purposes. When 
properly drained and cultivated the fresh-water marshes become very 
fertile soil, and where the land is not more valuable as building sites 
the}^ are already being extensively converted into truck farms.

WATEE RESOURCES

GROUND WATER

The municipal water supply of most of the cities and towns in 
the Boston area is obtained outside the area, and local ground water 
is used in only a few of the towns as a municipal supply, in some 
manufacturing plants, and on farms. The availability, abundance, 
and quality of the ground water in different parts of the area differ 
with the geologic conditions, the density of settlement, and the di 
version of rain water into sewers. Where the drift is thin and out 
crops are numerous the ground-water supply is generally scant, but 
on the broad plains of the Boston Lowland and in the drift-filled 
valleys the supply is generally plentiful, though not everywhere of 
suitable quality, especially in the densely settled areas.

Ground water obtained from springs and shallow wells is noW 
used for a domestic supply only on farms and in outlying houses, 
but the water of some large springs in outlying districts is bottled 
and sold extensively in the cities. Ground water from shallow or 
deep wells is used as a partial or complete municipal supply in New 
ton, Brookline, Woburn, Dedhani, Needham, and Wellesley and as a 
private supply on some large outlying estates. A number of man 
ufacturing plants in the large cities of the Boston Lowland also draw 
supplies from deep wells, several of which pass through the drift 
and enter the bedrock, generally the Cambridge slate.

SURFACE WATER

Some municipalities! in the Boston area obtain their water from 
lakes and ponds within the area. Lynn, in particular, draws its 
water supply from a chain of ponds in the Lynn Woods in the north 
western part of the city and from other ponds farther northwest, out- 
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side the Boston area. Before the establishment of the metropolitan 
water board, whose system furnishes water, brought from outside the 
area, to most of the cities and towns, a number of lakes and ponds 
were used as local sources of supply. Several of these are still used 
as distributing reservoirs, for the metropolitan system, and Fresh 
Pond, in Cambridge, formerly the source of the Cambridge water 
supply, is similarly used as the distributing reservoir for the Cam 
bridge water system, which is separate from the metropolitan system. 
Others, like Jamaica Pond and the Mystic Lakes, are not now used 
as reservoirs but have become essential features of the park system 
of the area.

The larger estuaries are still commercial waters, lined with 
wharves and utilized by coasting vessels carrying coal, lumber, ice, 
and such commodities, but the fresh-water portions of the rivers are 
now used only by pleasure craft, chiefly canoes. The larger bodies 
of surface water in the district, other than the distributing reser 
voirs, will in the future be valuable mainly for their scenic beauty 
and their use in recreation, as parts of the park system.

WATER POWER

Considerable water power is developed on the Charles River at 
Newton Upper Falls and in Waltham and Watertown and on Mother 
Brook and the Neponset River in Hyde Park and at Lower Mills. 
On the whole, water power is not, at least at present, an especially 
important or valuable resource of the area, and its use is decreasing. 
It is capable of considerably greater development as a resource, but, 
partly on account of climatic conditions and partly because the pres 
ent tendency is strongly toward the development of the streams and 
their banks as parts of the park system and toward the removal of 
manufacturing plants to other sites, there is no immediate prospect 
of a considerable increase in developed water power.

SOILS, FORESTS, AND SCENERY

As the Boston area is so largely urban and suburban, and as agri 
culture is a minor industry in it, the soils, which on the whole are 
not particularly fertile, do not constitute an especially important 
natural resource. Parts of the uplands however, are well adapted 
for grazing, and the areas of fresh-water peat, when properly drained 
and cultivated, make good truck ground, hence considerable tracts 
in the outlying parts of the area are occupied by dairy farms and 
truck farms, and the soils of such tracts are of value as a resource.

A surprisingly large part of the area is covered with woods or 
brush, in view of the fact that it is a metropolitan district and con-, 
tains so large a population. A considerable supply of firewood is 
obtained from the wooded lands, but practically no land in the area
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is otherwise valuable as timber land. Much of the brush-covered 
area is worthless for almost any purpose except as possible future 
building sites, and most of it, on account of the fire hazard, is at 
present not only not a resource but is a positive detriment to the 
surrounding territory. The chief future use of the wooded areas 
as natural resources, like that of the surface water bodies, will arise 
from their potential scenic and recreational values as parts of the 
general park system.

Scenery has not ordinarily been regarded, at least in the neigh 
borhood of large cities, as an important or valuable natural resource. 
Many large cities, however, of which Boston is one, are fortunate in 
having much attractive scenery in their immediate neighborhood, 
and the appreciation of this resource and the disposition to preserve 
and utilize it for the public good are increasing, In the Boston area
there is an abundance of natural scenery of great beauty and variety 
(see pi. 15), much of which has been preserved in its natural state 
in the parks and other public reservations. It thus becomes doubly 
valuable as a resource, first for its own sake and next because in 
laying out the parks, much of the desired scenery is already avail 
able and does not have to be created artificially at great expense.
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APPENDIX

It was originally intended that the results of the study of the 
Boston area would be published as one of the folios of the Geologic 
Atlas of the United States, and the material was prepared and sub 
mitted in a form suited to that style of publication. It was later 
decided to publish the report as a bulletin, and the material has been 
utilized in that manner without expansion, although it is recognized 
that the condensed style, with omission of all minor details, and the 
small-scale maps, both necessitated by the folio form of publication, 
leave much to be desired that should be found in a bulletin on so 
complicated and so important an area.

Furthermore, the field work was finished in 1925 and the material 
was submitted for publication early in 1926, hence the report does
not embody the results of more recent investigations, some of which' 
have an important bearing on the interpretation of the geology of the 
district. Excavations now in progress (December, 1931) are bring 
ing to light facts that may result in a new interpretation of the struc 
ture of a part of the Boston Basin. Boston geology is never at a 
standstill and will never be final as long as excavations are being 
made.

For the reasons just stated, it has been thought desirable to make a 
brief supplementary statement, embodying the most significant new 
data and pointing out the changes that may be involved. No change 
has been made in the maps and sections, which are to be viewed as 
representing the state of knowledge in 1925 and the most reasonable 
interpretations that could then be made.

The most outstanding addition to geologic knowledge in the past 
six years was the discovery, by Messrs. Rhodes, Graves, and Chase, 
students in the Massachusetts Institute of Technology, of Upper 
Cambrian fossils in the quartzite and slate at Green Lodge, several 
miles south of the Boston area. The locality is outside the Bos 
ton Basin, and the discovery has no immediate bearing on the prob 
lems of the basin, but it is of importance as showing that Upper 
Cambrian strata must originally have been rather widely distributed 
over southeastern Massachusetts. (See pp. 19, 67.) It is also im 
portant as showing that the strata at Green Lodge are not of Car 
boniferous age and hence do not form part of a hypothetical connec 
tion between the Boston and Norfolk Basins, as has been sometimes 
suggested. Full details of this discovery are given in a paper by the 
discoverers.1

Test borings for foundation exploration made in West Everett 
encountered quartzite when they reached the bedrock, which was

Rhodes, E. J., and Graves, W. H., jr., A new Cambrian locality in Massachusetts: 
Am. Jour. Sci., 5th ser., vol. 22, pp. 3G4.-372, 1931.
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undoubtedly the Tufts quartzite member of the Cambridge slate. 
This discovery serves to confirm the existence of the syncline of 
quartzite mentioned on page 44, and apparently, surprising as it 
may seem, it indicates that the quartzite is actually the highest rock, 
stratigraphically, in the Boston group and that it is not overlain by 
anything but Pleistocene deposits.

Many excavations made during the construction of streets and 
houses in the area between West Newton and Waban have encoun 
tered bedrock, and it seems probable that the great mass of melaphyre 
on West Newton Hill'extends farther south and west than is shown 
on the areal-geology map. More data are needed in that area, but 
there are already indications that the structure there may be rather 
different from that represented on the map. The same thing is 
true of the area in the western corner of Brookline and the south 
eastern part of Newton, where new facts are coming to light 
frequently.

Excavations in other smaller areas in the basin are throwing 
new light on the structural problems and have thrown doubt on 
some of the interpretations in the foregoing report. It now seems 
rather certain that the Hyde Park cross fault extends from Hazel- 
wood almost directly northward close to the line of the railroad 
at least as far as Forest Hills, beyond which it has not yet been 
traced. It is also clear that the boundary between the slate and 
 conglomerate in the area between Forest Hills and Roslindale does 
not swing in a great reversed curve, as mapped, but is offset to the 
north about half a mile on the west side of the Hyde Park fault, 
so as to pass under the northern slope of Peters Hill. The map 
has not been altered in these areas, because more information is 
needed before definite changes can be made. Similarly, in other
parts of the basin, new light from recent excavations indicates that 
changes in interpretation may eventually have to be made, but the 
data are as yet insufficient for doing so. This is true, for example, 
of the great fault shown on the maps in this report as extending 
from Savin Hill westward through Jamaica Plain to the Charles 
River south of Upper Falls. This fault has been mapped on 
very slender evidence, and the author is by no means sure of its 
existence.

So far as the Pleistocene geology is concerned, there has been 
nothing of importance added to the knowledge of it since 1925, 
and there is no reason to alter the statements in the text. On 
the other hand, considerable new evidence has been found bearing 
on the problem of present-day coastal subsidence, and it all points 
in the same direction and serves to support the conclusion confidently 
stated in the foregoing text.

This supplementary statement is written December 18, 1931.
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