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TRIP A - Saturday

GREATER BOSTON GEOMORPHOLOGY
Robert L. Nichols, Tufts University*

Foster Street Stop. Brighton, Newton Quadrangle, Massachusetts; 0.3 mile north
of Chestnut HiIll Reservoir.

To be seen:

(1) outcrop of Roxbury conglomerate

(2) glacial grooving and striations

(3) dominant orientation of striations and grooves Is N,27° - 35°W

(4) curved striations and striations to N.65°W. caused by local
deflection of i1ce flow by rock obstructions

Discussion:

(1) the N.10°-35°W. striations of the Boston area produced by late
Wisconsin, post-drumlin glaciation
(2) nature of deflection of ice flow by small rock obstruction

Parker Hill Drumlin Stop, Boston, seen from Boylston St. , Brookline Village.

To be seen:

(1) shape and orientation of drumlin (Fig. 1)
(2) drumlin till

(3) oxidation of till

(4) position of bedrock high

Discussion:

(1) significance of depth of oxidation

(2) age of drumlin
(3) effect of later ice having different flow direction on drumlin

shape

Boston Government Center Stop, (the foundation excavation for the new City Hall
If this 1s still open; otherwise some other excavation In the area).

* The co-leader of this field trip, C.A, Kaye, has been prevented, by pressures of
other commitments, from sharing the authorship of this guide.
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Drumlins Eskers

Figure 1. Distribution of drumlins and eskers In the
Boston area (Fig. 5 from LaForge, Laurence,

1932, Area
chusetts: Geological Survey Bull. 839).



To be seen:

(1) stratigraphic sequence (Fig. 2
d. sandy clay and clay
C. clay
b. oxidized gravel
a. very compact clay
(2) folding and faulting
(3) unconformity above Clay c, (above)

Discussion:

(1) age and correlation of deposits (Table 1)
(2) depositional environment

(3) nature of deforming forces
(4) sea-level fluctuations

Snake Island Stop, Winthrop, Massachusetts, Hull Quad. , Massachusetts
(Figs, 3, 4, 5),

The following geological features can be seen.:

(1) boulder pavement
(2) marine cliff

(3) till

(4) off shore peat
(5) Dbeach

(6) marsh

Discussion:

(1) lost islands

(2) simple flying Dbar

(3) sub-aerial and submarine flying bars
(4) winged drumlin

(5) winged flying bar

Shirley Gut Stop, Boston, Massachusetts, Hull Quad., Massachusetts
(Figs. 3, 6, 7).

Discussion:

(1) Point Shirley, Deer Island

(2) Colonial and recent history

(3) closing of Shirley Gut

(4) hydraulic and longshore currents
(5) growth of spits

Nixes Mate Stop, Boston, Massachusetts, Hull Quad,, Massachusetts (Fig, 3),



Borings on, or referred to, this cross section



Deposit Description
Boston basin:
mostly outwash.
Drift IV Uplands: till and
outwash.
Marine clay.
More than 180
ft thick under
Clay 111 lowlands. Pre-
compressed to
deptns of 70 ft.
' The drumlin till.
Drift 111
1
1
1 Probahh marine.
1
1
Clay 11
I
I
Mostly gravelly
Drift Il outwash; some
U associated till.
1
Probably, marine,
Clay | 1
1
Very compact till.
Dnft 1

Remark*

In outwash

generally less
than 4 ft, In
till 1Yy? .

Oxidation of Clav 1|11

Possibly de- 3 ft under
posited when Drift IV, 10
ice front was ft elsewhere.
not far from
Boston.

Oxidation of Drift 111

Maximum 65 It
IN drumlins;

where less,
oxidized zone
piobably
eroded by
Late Wiscon-
1 sin ice.

Very compact
I» drumlins;
Jess compact
as ground
moraine.

None where
recognized.
May have
been eroded.

Probably source
of shells In
Drift 111.

I  May have

|  been deposited
during advance

| of low an ice.

Oxidation of Drift 11

Folded In 65 ft or more
places. In sand and
gravel. Some
pebbles

decomposed.

None noted;
possibly
eroded.

| P.cognized only
m borings.

Recognized vith None noted.
certainty only

In deep borings.

1 Oxidised tone of all unite but Drift IV was subject to erosion by later ice.
2 Altitude* refer to preaent mean sea level.

Table 1.

Pleistocene deposits of Boston,
C.A. ,
tocene stratigraphy of Boston,
Survey Prof.

(Table 1 from Kaye,

U.S. Geol.
P. 73-76).

Depth of oxidation 1

Relative aea
level »

Direction of
K* Sow

Lower than
-3 0 ft.

S.100'35'E

Lower than
-35 ft.

Found to alti-

tude 425 ft
IN Boston.

Contains fairly

deep water
fauna sug-
gesting sea
level above
+ 50 ft.

Lower than
- 20 ft.

Possibly above
+ 50 ft.
S. 60°-80° K.

Possibly about
+ 50 ft.

-45 ft (?)

Unknown. Below — 75 ft.

— 45 ft or
above.

Unknown. (?)

Mass.
1961, Pleis-
Mass.:
P. 424-B,
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Figure 3
Parts of U.S. Dept.
Interior, Geological
Survey, Hull and Lynn
Quads. , Massa-
chusetts.
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MLES

MEAN HIGH WATER

Boston _ U S Coast Survey, i860
B3 Survey by Harbor and Land
BOST y Com , 1098.

Survey by Public Works

DEE H\\ ISLAND Dept of Mass., 1934 .

Fi$' 4a,— Index map of Boston Harbor,
Massachusetts. Area considered 1In text outlined

100 200 300 400 ft

r,J]. 1tb— Map of Shirley Gut 1u 1860, 1898, and 1934

Figure 6. Diagrams showing the
closing of Shirley Gut

PROFILES OF SHIRLEY GUT
Deer Island

+ (0 Agxo*nat* Hogh Water

Point Shirley

+0

10 -

-10-

30 -

-35 -

ft9. L4 — Transverse profiles of Shirley Gut

after Nichols



Breeds

Governors

Figure 7.

Bcachmont

Winthrop

Restoration of initial

Winthrop region,

show present form of shoreline .

map Is a glacial

Winthrop
\ Hesd

Boston Harbor.

drumlins

eroded drumlins

boulder pavements

tied i1slands

tombolos

marine cliffs

lost 1slands

lost drumlins

SPItS

beaches

off-shore fine-
grained marine
deposits

shoals

wave-cut platforms

drumlin shoreline of the
Broken Ilines

InN center of

delta plain on which the village
of Winthrop Is located.

after Johnson



DiIsScuUuss 1on:

(1) story of iIsland
(2) evidence of lost iIslands
historic evidence
shoals
low-tide boulder-pavement islands
boulder pavements
volume of beaches
alignment of beaches
height and orientation of marine cliffs

(3) localities

Shirley Gut Drumlin Stop Winthrop, Massachusetts f Hull Quad,, Massachusetts
(Fig. 3,8).

The following geologic features are present:

() fossil marine cliff

(2) prograded beach

(3) till

(4) eolian sand

(5) Dbeach-buried boulder pavement
(6) wave-cut platform

(7) polygenetic topography

Discussion:

(1) Why the change from a retrograding to a progr

Short Beach Stop Winthrop, Massachusetts, Lynn Quad. , Massachusetts
(Figs. 3,9).

The following features can be seen:

(1) Beachmont drumlin; coalescing drumlins (Winthrop Highlands)
(2) Dboulder pavements
(3) peat, and marsh In back of beach
(4) peat on beach face
elevation
characteristics
significance
(5) retrograding beach

Winthrop Head Drumlin Stop, Winthrop,, Massachusetts, Hull Quad., Massa-
chusetts (Figs. 3, 10

The following features can be seen:



o

380 B0 o
Q s X_.aCD @Cmﬁu.@ £Xoo® QCM@U we 00 @@@w XO@@@

oS xO X 3

Q B-mbz £

Q\

afe



Offahom EUr

Figure 9. Stages .in the normal history of an offshore bar,
due account being taken of the effect of migrating
Inlets. Between stages F and G an inlet has
migrated past the zone of the cross section,
producing conditions similar to those In stage
C or D.
after Johnson
Shore Processes and Shoreline Development,
Wiley and Sons, Inc.

14 -
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(1) eroded drumlin

(2) boulder pavement

(3) beach ridge

(4) cliff profile

(5) vyellow and gray till
16) fossiliferous gray till

Subjects for Discussion;

(1) rate of recession, of marine cliff

(2) duration of coastal stability from boulder pavement
(3) restoration of drumlin

(4) distribution of fossiliferous till

(5) distribution of fossiliferous outwash

'6) age and climatic significance of shells

Roughans Point Stop Revere, Massachusetts, Lynn Quad, , Massachusetts
(FigsO 3, 11, 12, 13)0

The following features can be seen:

1) cuspate beach

12) Cherry Island boulder pavement

(3) peat and marsh In back of beach

'4)  distribution of marine cliffs on Beachmont drumlin

(5) peat on beach face

6 peat pebbles, limestone veneeronangular beach fragments
(7) Boston blue clay and Boston Harbor silts off shore

Subjects for Discussion:

1 Cherry Island drumlin
destroyed In 18th century
size
(2) stratigraphic sections
(3) proof of retrograding beach
peat
boulder pavement
real estate
(41 significance of peat and diatoms
(5) evolution of beach

Winthrop Beach S”™p. Winthrop, Massachusetts, Lynn Quad,, Massachusetts
(Figs. 3, 14).
Discussion:

(1) roads perpendicular to beach slope landward
significance

16
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(2) proof of post-glacial low stand of sea level
beach ridges
archaeological evidence
submerged weathering profiles
submerged fresh water peat

drowned forests
submerged sub-aerial valleys cut In Boston Blue

oyster line

marine peat
(3) breakwater (1934)

prograding shoreline

Pre-Glacial Sea Level

Letters A to P mark shot points

For location of aectiona, see plate 14 S#0 Uv~*I-
-50' -

590 1000 1500 feet
- 100 .

Depths to bedrock determined by seismo-
graph by D. J. Linehan, seismologist, and

_ -150'J
E. T.Apfel, geologist. 1944

(Between Lower and Upper Mystic Lakea)

level -
-50'-
-100'-
-150'-

- 200.
SECTION D-J

-250- (East aide of Spy Pond, Arlington)

- 300-

li<_ i M Ground surface N 0
Sea I*Vfl \ rcr
-50- Bedrock surface -50"
-100'- . 100
150" SECTION K-P L—150

(North side of Charles River, Cambridge)

after Chute

Figure 15. The buried bedrock valleys that underlie
the Mystic Lakes and the Charles River.

3



Glacial Sea Level

BYRD STATION TRAVERSE FEBRUARY 1957

2
bt
b
=
-
2
©
>
D
1]
DISTANCE (KILOMETERYS)
e = SEISMIC SOUNDING
Profilefrom Little America | to Byrd Station. Dashed line represents adjusted sea-level
LEG 3 LEG A
) SOUTHWESTWARD FROM SENTINEL MTS WESTWARD TO BYRD STATION
)
Y
L]
n
=3
g
T

DISTANCE (KILOMETERYS)

« - SEISMIC SOUNDING

VERTICAL EXAGGERATION 1O’

Profile along the Sentinel Mountains traverse route. Dashed line represents adjusted sea-level

after Bentley and Ostenso

Figure 16. Glacial and post-glacial sea
levels In Antarctica.



Scale of Miles .
Vit Ye %

By Russell Lenz, Chief Cartographer

Figure 17

Boston: Before and After Land Fill-In Projects

Ralph Waldo Emerson's poem

Kenneth D. Swan, Missoula, Mont.

Q. The following poem Is credited to
Emerson:

The rocky nook and hilltops three
Looked eastward from the farms.

And twice each day the flowing sea.
Took Boston iIn its arms.

There I1s no gquestion as to the references to
the hilltops three, the farms, or the almost com -
plete encirclement of Boston by salt water at
high tide, but where and what was "the rocky
nook?"

A. These ai . the opening lines of Emer-
son's poem "Boston,” which was read in Faneuill

recalls Boston of 1773

Hall Dec. 16,

1873,

on the centennial anni-

versary of the Boston Tea Party. In 1773, the

year of which

the

poet was writing, Boston

was still a pear-shaped peninsula jutting out

iInto the Dbay,

connected to the mainland by

only a narrow strip of land. It seems logical

le* assume that
NnNook” Emerson

the “hilltops three.”

this

peninsula 1I1s the "rocky

mentioned, as one definition
of "nook,” now obsolete, Is "a projecting pilece
of land.” As the city grew In population and
Importance, land was reclaimed from the tidal
overflow of lhe Charles River. This was done
by filling in the Bay area with land taken from

one Now remaining.

_23.-

Beacon Hill i1s the only

courtesy Christian Science Monitor



Figure 18

about 4000 B. P.

about 1858

1863
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MAPS

U.S Dept:.. Interior, Geological Survey, Boston South Quad., Massachusetts
U.S. Dept. Interior, Geological Survey, Hull Quad,, , Massachusetts

U.S. Dept. Interior, Geological Survey, Lynn Quad., Massachusetts

U.S. Dept. Interior, Geological Survey, Newton Quad,, Massachusetts

TRIP A - Saturday
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NORTHEASTERN MASSACHUSETTS GEOMORPHOLQGY- Sunday. Trip A

Robert L. Nichols, Tufts University

Patch Beach Stop, Beverly, Massachusetts, Marblehead North Quad. , Massa-
chusetts (Fig. 1).

Features to be seen:

(1) uplifted marine clay

(2) marine cliff

(3) retrograding baymouth beach

(4) valley cut In clay

(5) magnetiferous and pyritic sands
(6) man-made fill

Discussion:

(1) Colonial trail

(2) city land grab

(3) magnitude of marine erosion since Colonial time
(4) reason for location of valley

Rafe's Chasm Stop, Normans Woe, Magnolia, Massachusetts, Gloucester
Quad., Massachusetts (Fig. 2).

Magnificent examples of marine chasms eroded along trap dikes and
shear planes (you have never seen any as good).

Geologic features to be seen:

(1) dike chasms

(2) shear plane chasms
(3) wave-cut bench

(4) wave-washed surfaces
(5) Dboulder beach

(6) single, compound, and composite dikes, screens
(7) .phenocrysts and inclusions In dikes
(8) Quincy Granite

Discussion:

(1) glacial erosion along dikes
(2) positions of sea level
(3) origin of bedrock cliffs

Topsfield Road Stop, Ipswich, Massachusetts (1.8 miles from Ipswich Post
Office going southwest along Topsfield Rd.).

-20-
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Figure 1. Part of U.S.
Dept. Interior,
Geological Survey,
Marblehead North
Quadrangle, Massa-
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Topsfield Rd.# Ilpswich

Mushroom Rocks
side view
front view
Igneous rock

resistant layers
cement cap of fence post

significance ?
lh feet long
differential erosion

differential weathering
f m

after Goldthwalt
and Kruger

pre-glacial weathering proof-?
post-glaoilal weathering
weathered fragments

unweathered fragments

Figure 3. a. 0Oddly shaped boulders, Topsfield Road, Ipswich,

Massachusetts
b. Pre-glacial weathering.
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Discussion:

(1) significance of oddly shaped boulders
(2) pre-glacial weathering

North End of Plum Island Stop, Newburyport, Massachusetts, Newburyport
East Quad. , Massachusetts (Figs.4, 5, and 6).

Plum Island iIs a barrier beach between 7 and 8 miles long and In

most places between \ and 1 mile wide. It Is composed mainly of beach sands
and gravels, dune sand, and marsh deposits, although on iIts southern end
there are small areas of till, outwash, and marine clay. Salisbury beach,

which 1s north of Plum Island, I1s also a barrier beach about 4] miles long com-
posed of beach sands and gravels, dune sand, and marsh deposits. The Merri-
mack River reaches the ocean between Plum Island and Salisbury beach.

The northern end of Plum Island Is forked. The eastern prong IS
approximately 1 miles long and at its widest point \ mile wide. Between the
eastern and western prongs Is a shallow body of water called the Basin.

A study of maps made In 1942 by the U.S. Army Engineers showed
that the eastern prong had been formed In the last 113 years.

In 1827 the northern end of Plum Island was not forked. Between
1827 and 1851 the eastern side retrograded about half a mile southward. The
western side was modified later to form the western prong. Following this
period of retrograding southward, a spit, attached to the eastern side, pro-
graded northward so that by 1851 it was more than a mile long. Since 1851
this spit, the eastern prong, has greatly iIncreased In size. In 1942 it had
an area of approximately .3 sg. mile.

North Ridge Stop, Ipswich, Massachusetts, Ipswich Quad., Massachusetts.

Dune-Veneered Spit West of Steep Hill Stop, Ipswich, Massachusetts,
Ipswich Quad. , Massachusetts (Fig. 7),

Castle Neck Stop, Ipswich, Massachusetts, Ipsv/Zich Quad., Massachusetts
(Fig. 7).

Geologic features which can be seen are:

(1) dune-veneered drumlin

(2) dune-veneered fossil marine cliff

(3) dune-veneered tombolo and spit

(4) second-story boulder pavement

(5) periglacial ventifacts

(6) cross-bedding, blowouts, eolian depressions, garnetiferous

sand, etc.
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MVJDO

o 7 n.ﬂ@ B <88

oRouo dsouwoy O oo Eom Oy 0 O wsT,
v OSWE ro o o2
cg 2,86 ¢ WWo® LW X % 05 w8



>Z

IrfACK

Figure 6.

PLUM ISLAND “"SALISBURY BEACH
SHORE LINE CHANGES

AT MEAN HIGH TIDE

/827 US ARMY EHG/MEERS
/Q5/ n N ot

/9/S » T *%» N
/940 R.L.NICHOLS

(by Robert L. Nichols)

(yaee. Dept, of Public *orke- 0. S. Dept, of the
N Interior; Cooperative Ceologic Project,

VYV Bulletin 7, 1941.1

plum ISLAND

Map showing successive positions of
the northern end of Plum Island, and the

southern end of Salisbury Beach from
1827 to 1940.
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North Ridge Stop, Ipswich, Massachusetts, Ipswich Quad., Massachusetts.

Spits, beaches and sand dunes

JjNorth Ridge

Land areas consistin
rock veneered with |,

Plover Hill deposits.

Great NechSw

North Ridge
drumlin
till
elevated marine clay-
weathered till below clay

multiple glacilation?
clay pebbles on beach
wave-out platform

on till

on clay
marine cliff
elevated marine cliff?
elevated wave-cut platform?7
elevated boulder pavement?
patches of loess In road cuts

few feet thick
weathered loess

clay-till contact

Figure 7. A map showing North Ridge, Castle Neck, and the
dune-veneered spit west of Steep Hill, Ipswich,

Massachusetts.
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Dune-Veneered Spit West of Steep Hill
Ipswich Quad. , Massachusetts.
Ipswich, Mass. Quae.
U. S* G« S*

(west of Steep HIill)

Ipswich River

Steep HIill

plane table survey by

Robert L. Nichols, 1970

_ myS*
SpIt Prmmmm e _
dune veneered spit

dune sand

beach gravel
water

marsh

till

drumlin

Inactive marine cliff

boulder pavement

wave-cut platform

blow out8

parabolic dunes

dune veneered till

dune veneered drumlin

dune buried soil on drumlin

beach veneered boulder pavement
ripple marks

eolian cross bedding

sand slides

grass rings

sand domes

beach ridges

dune migration

dune buried trees

ripple mark migration

yardangs

garnetiferous sand

boundary of drumlin and beach
boundary of drumlin and dunes
boundary of dunes and beach

garnet history

bedrock— ™ till beach dunes

Figure 9.
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land

ocean

wave cut platform
beach deposits
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retrograding beach
fulcrum |

fulcrum 11

fulcrum 111
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INITIAL ISLAND STAGE OF THE CASTLE NECK AREA FOURTH STAGE IN THE DEVELOPMENT OF THE CASTLE NECK AREA

C.ND CND

PRESENT FORM OF THE CASTLE NECK AREA
SECOND STAGE IN THE DEVELOPMENT OF THE CASTLE NECK AREA

STAGE n

(Mu*. Dept, of Public *ork*- 0. S. Dept, of the
Interiorj Cooperative Geologic Project,
Bulletin 7, 1M1.)

Ceetle leok

Ceatle leok
Castle Neck drumlin
Castle Hill
Steep Hill
Little Neck
Plover Hill
Great Neck
North Ridge

C.N.D.

THIRD STAGE IN THE DEVELOPMENT OF THE CASTLt NECK AREA

Figure 10. Diagram showing 5 stages In the evolution of
Castle Neck and neighboring beaches.
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Subsidence Rates
Between Upslope
Points on Glacial-
Bedrock Buried Surface

. Parker
ft./century R]ver

Cross-section of Plum

Stackyard
Road Parker
River
Computed
1900 year
Boundary

Stackyard

Road

38'/c

Parker River

PLUM ISLAND R

- Subsidence Rate. ft./cent

Subsidence Rates

Between Upslope
Points on Fresh-
Salt Water Boundary

L ft./century

* *

Island marsh correlated with radirocarbon dated peat.

1. Indicates subsidence rates calculated on fresh marsh peat between upslope
points. [1l. Shows marsh development rates calculated from position of dated

peat to the surface. I1l1l. Portrays subsidence rates between the upslope fresh
salt water boundary.

after

Mcintire and Morgan

Figure 11.

Cross-section of Plum Island marsh
correlated with radiocarbon dated peat.
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(7) grain size of beach and eolian sand (Plum Island, Castle

Neck, etc.)
MAPS

(1) U.S. Dept. Interior, Geological Survey, Gloucester Quad. , Massachusetts
(2) U.S. Dept. Interior, Geological Survey, Marblehead North Quad., Mass.
(3) U.S. Dept. Interior, Geological Survey, Ipswich Quad., Mass.

(4) U.S. Dept. Interior, Geological Survey, Newburyport East Quad., Mass.
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