
Boston Geology 

The Hazard 
From Earthquakes 
in the Boston Area 

The varied underground 
conditions in the area result in 
a range of effects that can be 
expected from a seismic event. 

PATRICKJ. BAROSH 

Northeastern Massachusetts is one of 
the relatively more seismically active 
areas in New England and where the 

greatest earthquake recorded for New England 
occurred in 1755. Boston was damaged by this 
earthquake and an earlier nearby one in 1727. 
The city also suffered, in 1638 and 1669, from 
earthquakes at La Malbaie in Quebec. The 
recurrence of earthquakes of these magnitudes, 
and the possibility of an even larger one, is of 
considerable concern due to the large popula
tion in the region, the larger number of build
ings with poorer foundation conditions than in 
the past, and potential affects on power plants, 
dams and tall structures. 

Several pioneering earthquake studies were 
made in the area. The investigation of the 1755 
earthquake by Winthrop is one of the first 
earthquakes studied in a modern descriptive 
manner without a strong religious bias of God's 

punishment of sinners.1 A masterful study of 
the regional control of earthquakes in the 
region was made by Hobbs in 1907.2The effect 
of the varying ground conditions on the hazard 
from earthguakes was investigated in Boston 
by Crosby.3,4,5 Despite these excellent studies, 
Boston was later placed in an unwarranted 
high hazard category on a national map6 due 
to an error that placed the 1755 earthquake 
within metropolitan Boston. 

. The need to determine the actual hazard for 
nuclear power plant safety in the region 
ushered in a series of evaluations of the seismic 
hazard for specific sites such as at Seabrook, 
New Hampshire? The New England Seis
motectonic Study was formed by the U.S. 
Nuclear Regulatory Commission in 1976 to in
vestigate the cause of seismicity and formulate 
an earthquake zonation map of the northeast 
United States.8'

9 The results of this study, plus 
an analysis of the tectonic stability of the region 
for the purpose of locating storage sites for 
highlevel radioactive waste10 and additional 
studies for the U.S. Army Cor~s of Engineers to 
evaluate dam safety,11,12,1 ,l4 have now 
produced reliable earthquake zonation for the 
region. Unfortunately, some earthquake build
ing codes in the region follow a simplified prob
abilistic study that is used by the Applied Tech
nology Council that is based largely on 
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TABLE 1 
Modified Mercalli Intensity Scale of 1931 (Abridged Version) 

I. Not felt except by very few people under 
especially favorable circumstances. 

II. Felt only by a few persons at rest, especially 
on the upper floors of buildings. Delicately 
suspended objects may swing. 

Ill. Felt quite noticeably indoors, especially on 
the upper floors of buildings, but many people 
do not recognize it as an earthquake. Standing 
cars may rock slightly. There are vibrations like 
that of a passing truck. Duration estimated. 

IV. During the day it is felt indoors by many, out
doors by few. At night some are awakened. 
Dishes, windows and doors are disturbed; walls 
will make cracking sounds. It will create a sensa
tion like a heavy truck striking a building. Stand
ing cars rocked noticeably. 

V. Felt by nearly everyone; many are awakened. 
Some dishes, windows, etc., are broken; a few in
stances of cracked plaster; unstable objects are 
overturned. Trees are disturbed, as well as poles 
and other tall objects. Pendulum clocks may.stop. 

VI. Felt by all; many are frightened and run out
doors. Some heavy furniture is nioved; a few in
stances of fallen plaster or damaged chimneys. 
Damage slight. 

VII. Everybody runs outdoors. Damage is negli
gible in buildings with good design and construc
tion; slight to moderate damage in well-built ordi
nary structures; considerable damage in poorly 
built or badly designed structures; some chim
neys broken. Noticed by persons driving cars. 

assumptions and may not be accurately relied 
on.15 Thus, again local knowledge is not util
ized in producing a national zoning map. More 
detail on the earthquake hazard in Boston and 
the regional movements and cause can be 
found in other studies.9114116117 All earthquake 
intensities are given in the Modified Mercalli 
Scale (see Table 1).18 

Seismicity of Eastern Massachusetts 
New England is a region of moderate 
earthquake hazard that experiences an 
earthquake every couple of days (see Figure 1). 
This rate of activity is, at least, an order of 
magnitude less than that for Southern Califor-
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VIII. Damage is slight in specially designed struc
tures; considerable in ordinary substantial build
ings with partial collapse; great in poorly built 
structures. Panel walls are thrown out of frame 
structures. Chimneys, factory stacks, columns, 
monuments and walls will fall. Heavy furniture is 
overturned. Sand and mud are ejected in small 
amounts. Changes in well water. It will disturb 
persons driving cars. 

IX. Damage is considerable in specially designed 
structures; well designed frame structures are 
thrown out of plumb; great damage in substantial 
buildings, with partial collapse. Buildings are 
shifted off foundations. Ground cracks con
spicuously. Underground pipes break. 

X. Some well-built wooden structures are 
destroyed; most masonry and frame structures 
are destroyed; the ground is badly cracked. Rails 
bend. Landslides are considerable from river 
banks and steep slopes. Sand and mud shifts. 
Water splashes (slops) over banks. 

XI. Few, if any, masonry structures remain stand
ing. Bridges are destroyed. Broad fissures 
develop in the ground. Underground pipe lines 
are put completely out of service. Earth slumps 
and land slips in soft ground. Rails bend greatly. 

XII. Damage is total. Waves are seen on ground 
surfaces. Lines of sight and level are distorted. 
Objects are thrown upward into the air. 

From Ref. 18 

nia. These earth1uakes, as shown by the 400 
year-long record, 9 are concentrated in certain 
areas

8 
whereas other areas remain very 

quiet. 120 The general areas of relatively high 
activity now appear well defined. The 
earthquakes whose depths have been deter
mined, generally have depths less than 10 
kilometers and many have a depth of only a few 
kilometers. 

Most of the seismic activity in eastern Mas
sachusetts is concentrated in the Cape Ann seis
mic area in a great arc around Cape Ann that 
extends from the south side of Boston to 
southern Maine (see Figures 2 and 3). The two 
largest recorded earthquakes . in the area oc-
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FIGURE 1. Map showing seismicity of the northeastern United States and adjacent Canada 
from 1534 to 1977. 

curred offshore of the north side of Cape Ann. 
The earthquakes in the area tend to decrease in 
size away from this site towards Boston. 

The two principal historic seismic events are 
the 1755 earthquake of probable epicentral in~ 
tensity VIII and the 1727 event of intensity vn.7 
The earthquake of November 18, 1755 was lo
cated about 80 km (50 mi) offshore of Boston. It 
came 17 days after the Great Lisbon earthquake 
and was felt from Halifax, Nova Scotia, to An
napolis, Maryland (see Figure 4).1 It caused 
damage across eastern Massachusetts and 
thoroughly frightened the inhabitants. In Bos
ton it reached a high intensity VII. In the city 
the tops of up to 1,500 chimneys were 
demolished and others cracked and received 
some sort of damage. Bricks, tiles and slates 
were scattered in the streets, and large quan-

tities of mortar and rubbish spread almost 
everywhere. Several houses suffered large 
cracks and breaches in their foundations. In 
some places, especially on the low, loose 
ground made by filling in around the harbor, 
the streets were almost covered with fallen 
bricks. 

The smaller earthquake of November 9, 1727 
that was similarly located offshore north · of 
Cape Ann caused minor damage along the 
coast near Newbury, Massachusetts, and ad
jacent areas in New Hampshire.7 It greatly 
startled the residents of Boston, but caused little 
damage (intensity VI). 

Cause of Seismicity 
The New England Seismotectonic Study 
showed that the earthquakes are occurring at 
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Note: Boundaries shown are 
very approximate. 
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FIGURE 2. Map showing the areas of relatively higher seismicity in the northeastern United 
States and adjacent Canada. · 

several local areas of subsidence along the At
lantic Coast of the United States. This sub
sidence takes place along basement faults 
whose movements produce earth-
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quakes.9,14,16,17 The New Hampshire embay
ment, centered on the New Hampshire coast 
north of Cape Ann, is one of these subsiding 
areas and its resulting seismicity appears to be 
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FIGURE 3. Epicentral map of Massachusetts 1534 to 1980 (courtesy the Worcester Telegram). 

associated with a major structural intersection 
along a northwest-trending zone of active frac
tures. The peripheral earthquakes may be 
caused by local adjustments on various other 
faults due to the subsidence (see Figure 5).13,14 

Seismic Hazard 
Once the source areas of potentially damaging 
earthquakes have been located, the seismic 
hazard to specific sites from activity at these 
source areas· can then be evaluated. This 
evaluation is achieved by investigating the 
largest earthquake that is recorded at each 
source area, determining the maximum 
credible earthquake that is likely to occur at 
these areas, establish the rate for attenuating 
the effects of earthquakes between these areas 
and the site of concern, and identifying ground 
conditions at the site that may amplify or 
dampen these effects. 21 

The time element, or how frequently such a 
maximum credible event will occur, is not 

taken into account in this approach. It merely 
assumes that the maximum credible 
earthquake may occur "sometime.". It thus 
presents the potential hazard and not the risk. 
Determining risk involves determining the 
reasonable return times, a process that has yet 
to be achieved. The frequency rate is not impor
tant for critical structures such as nuclear 
power plants, dams, hospitals and certain 
storage tanks that need be built to withstand 
the maximum credible earthquake, but it may 
be in non-critical short-term facilities. 

The maximum recorded earthquakes for 
seismic areas in southern New England and La 
Malbaie, Quebec, are shown in Table 2. The 
maximum credible earthquakes for those areas 
that might be a threat to the Boston region are 
shown in Table 3.13 The results indicate the 
maximum expected earthquake for the off
shore Cape Ann area is IX and that in the 
southern part of the area, within the greater 
Boston metropolitan area, the maximum ex-
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FIGURE 5. Map of New England and adjacent areas showing earthquakes for the period 
October 1975 to March 1984, the generalized fault and probable fault zones spatially related to 
earthquakes (solid lines) and the border of the coastal plain deposits (dashed line). 

pected is VII. (see Figure 6). The intensity X 
earthquakes experienced in the La Malbaie area 
are probably near their maximum size. 

A maximum credible earthquake in the 
greater Boston area would produce very local 
moderate damage. One near Cape Ann off the 
Massachusetts coast would produce consider
able damage in parts of Boston and in select 
areas of eastern Massachusetts. One in the Os
sipee area would cause only very minor 
damage and one from La Malbaie would cause 

minor damage with perhaps some moderate 
damage in structures that are very sensitive to 
long period waves (see Table 4). 

Local Foundation Conditions 
The intensity at a site may increase or decrease 
from the average by as much as two intensity 
units for extreme variations in ground condi
tions. 22,23 The different responses to 
earthquakes depend on the type, density and 
thickness of the surface layer, degree of water 
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TABLE 2 
Maximum Epicentral Intensities Recorded for Source Areas Near Boston & La Malbaie 

Epicentral Magnitude 
Area Earthquake Intensity (estimate) 

Cape Ann 
Greater Boston Woburn, October 5, 1817 V-VI MbLg 4.0 

Salem, June 14, 1744 VI MbLg 4.7 
Offshore Cape Ann Cape Ann, November 18, 1755 VIII mb5.8 

Merrimack Valley- Ossipee, December 20 & 24, 1940 VII mb5.4 
White Mountains 

Narragansett Bay Wareham, December 25, 1800 VI 

Moodus East Haddam, May i 6, 1791 VI-VII 

La Malbaie La Malbaie, February 5, 1663 X 

saturation and other factors. 
A wide variety of foundation conditions ex

ists in eastern Massachusetts. The Boston 
metropolitan region. contains areas of filled 
land, marine clay, stratified drift, drumlin till, 
beach deposits, lake deposits, bedrock and 
other types of surficial materiaI.24 If stratified 
drift or ground moraine is assumed to repre
sent the average foundation conditions with 
average intensities, then the variation in inten
sity due to the other material may be ap
proximately as shown in Table 5 which was 
developed from the general observations 
found in some other studies.22

,
23 

The average intensities from a potential 

earthquake would be adjusted according to 
such changes as indicated in Table 5 to ap
proximate the expected local intensities. How
ever, the listing in Table 5 is still too ap
proximate and simplified for an accurate value. 
It does not indicate thickness, degree of com
paction, underlying material, groundwater 
condition and slope - all of which are all im
portant in ascertaining a reasonably accurate 
value. Nor does the listing take into account 
possible liquefaction of sands and clays. Li
quefaction of unconsolidated material due to 
an earthquake load may occur in the area and 
is addressed in the Massachusetts seismic 
code.25 Sand blows, apparently from liquefac-

TABLE 3 
Maximum Credible Earthquake for Source Areas Posing the Greatest Hazard to Boston 

Epicentral Magnitude Distance 
Area Intensity (mb) (for event & range) 

Cape Ann 
Greater Boston VII 5.1 0 
Offshore Cape Ann IX 6.6 80 km (50 mi) 

(48-112 km; 30-70 mi) 

Merrimack Valley- VIII 5.8 176 km (110 mi) 
White Mountains (128-184 km; 80-11 5 mi) 

La Malbaie X 7.3 600 km (375 mi) 
(536-632 km; 335-395 mi) 
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zone with an experienced intensity of VIII. Probably 
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From Ref. 12 

FIGURE 6. Map of the northeastern United States and adjacent Canada showing the maximum 
expected epicentral intensity. 
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TABLE 4 
General Intensities at Boston from 

Maximum Credible Earthquakes from 
Sources Areas Posing the Greatest Hazard 

Intensity at Boston 
for Average 

Source Area Foundation Conditions 

Cape Ann 
Greater Boston VI & VII 
Offshore Cape Ann VII 

Merrimack Valley- v 
White Mountains 

La Malbaie VI 

tion, were reported for both the 1727 and 1755 
Cape Ann earthquakes. In one case, the sand 
came up through a clay layer that was reported 
to be at least 6.5 m (25 ft) thick. 

The ar.eas around Boston Harbor that ex
perienced the more severe damage in the 1755 
earthquake were built on fill. The enormous 
amount of filling since 1755 greatly increases 
the extent of the areas that are more susceptible 
to earthquake damage. 

A map showing the relative stability of 
ground in earthquakes was P,repared for Bos
ton in the 1920s (see Figure 7).5 A new, but very 
similar, version was recently prepared for the 
Massachusetts Civil Defence Agency26 (see Fig
ure 8) in which basic subsurface geologic 
groups developed by the Applied Technology 
Council were followed (see Table 6 and Figure 
9) .15 These groups show a slightly more narrow. 

. range and an overall greater increase in inten
sity than shown in Table 5. This increase is 
mainly due to their having the bedrock set at 
zero increase in. intensity value, rather than at a 
minus value; in other words, their values are to 
be added to those values derived from being on 
relatively better ground rather than as adjust
ments from the average ground. Because an 
attenuation rate based on average ground was 
given for the project, the intensity values are too 
high. However, the maximum credible 
earthquake given for this project by the Mas
sachusetts Civil Defense Agency is too low and 
thus balances the higher values. 

7 4 CIVIL ENGINEERING PRACTICE SPRING 1989 

TABLE 5 
Estimates of Change from Average 

Intensity Due to Different Foundation 
Materials in the Boston Area 

Change in 
Foundation Type Intensity (MM) 

Made Land (A), Salt Marsh + 1.0 to +2 .0 
Deposits (C) 

Marine Clay +0.5 to+ 1 .5 
Beach Deposits (B), Lake +0.5 to + 1 .0 

Deposits, Eskers (D) 
Stratified Drift (E), End Oto +0.5 

Moraine (G) 
Ground Moraine (H), Drumlin 0 

Till (F) 
Bedrock, Rocky Terrain (I) 0 to -1 .0 

Note: Letter symbols keyed to Figure 8 in "Geology of the Boston Basin 
& Vicinity," on page 46. 

Local Intensity Estimates 

A maximum credible earthquake off the Mas
sachusetts coast in the vicinity of the 1755 Cape 
Ann event might produce the following inten
sities for eastern Massachusetts as modified by 
local conditions. Most of Cape Ann, which has 
bedrock at or close to the surface, would ex
perience intensity VII effects. However, some 
areas of stratified drift would experience inten
sity VIII effects and local fill might fail. The 
areas west and south of Cape Ann also may 
have intensities of VII over average ground 
conditions. Around Boston, where the highest 
concentration of filled land is located, intensity 
VIII effects would be widespread (see Figures 
7 and 8). There is even the possibility that inten
sity IX effects wo.uld be experienced on very 
poor ground. The areas of higher intensity in
clude the Back Bay of Boston, much of 
Cambridge, South Boston, Winthrop and parts 
of Everett and Lynn and Logan Airport. 
Damage in these areas would be considerable 
in ordinary buildings and great in poorly built 
structures. Tsunamis should pose no problems. 
Further south and to the west of Boston, includ
ing parts of Milton, Newton, Belmont and Lex
ington, in tensity VII effects would 
predominate as they would on Cape Cod. Local 
areas south of Boston, particularly where in ten-



-i 
-l-- - --- --- . 

Legend 

~ ~ Most Stable: Bedrock Irntt8 at or near the surface. 

-

Very Stable: "Bewider 
cla. y," "glacial till" or 
"hardpan" at or near 
the surface. 

~~~ Somewhat Stable: Not 
I , more than 1 0 ft of silt, 

1 1 
! 1 j ! equiv. of clay or sand 

above bedrock. Struc
tures stable with rigid 
foundations. 

Iii Very Unstable: Ten ft 
to 30 ft of silt or fill. 
Reinforced concrete 
foundations on piles re
quired. 

Most Unstable: More 
than 30 ft of silt or 
equiv. Reinforced con
crete foundations on 
deep piles required for 
stability. 
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during an earthquake. 
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FIGURE 8.Map of the metropolitan Boston area showing numbered areas where the overbur
den may result in a site intensity of +2. The number (and letter if present) indicates generalized 
subsurface geologic conditions as shown on the figure. Such areas have the potential to 
experience ground shaking corresponding to Modified Mercalli intensity VIII for an 
earthquake magnitude 4.25 mb from a source off Cape Ann. · 

TABLE 6 
Estimates of Unit Increase in Intensity 
Due to Different Foundation Materials 

Foundation Type 
Changes in 
Intensity (MM) 

Geologic conditions where combined thick- +2 
ness of non-engineered fills, organic soils, 
soft silts or clays, & loose granular soils ex-
ceeds a 30 to 50 ft (9.1 to 15.2 m) range in 
thickness. 

Organic soils less than 30 ft (9.1 m) in thick- + 1 
ness overlying glacial till or bedrock. 

Material at all sites not included in other + 1 
groups of this list. 

Bedrock, glacial till (exclusive of ablation 0 
till) & deposits of other dense or stiff soils 
less than a 30 to 50 ft (9.1 to 15.2 m) range 
in thickness & overlying bedrock. 

From Ref. 26 

76 CIVIL ENGINEERING PRACTICE SPRING 1989 

sity VII was recorded in 1755, should expect 
intensity VIII. Intensity VIII effects would also 
occur very locally to the west of Boston and 
locally on the very thick outwash deposits 
forming Cape Cod. 

Ground Motion 
The actual ground motion arising from a max
imum credible earthquake affecting the Boston 
area can be estimated by applying desired 
ground motion-intensity relations to the ex
pected intensities. Relations for acceleration, 
velocity and duration can be used as a guide in 
designing construction to withstand a potential 
earthquake. Such relations have been formu
lated for the central United States.27 Krinitzsky 
and Chang reviewed such strong motion data 
and produced a series of curves using some 
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FIGURE 9. Diagram showing the overburden 
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data from New England relating ground mo
tion parameters to intensity for both near and 
far earthquakes at soft and hard sites.28

,
29 

Summary 
Eastern Massachusetts is a region of moderate 
earthquake hazard. The nearly 400-year histori
cal record lists damaging earthquakes in the 
region in 1638 and 1663 from earthquakes in La 
Malbaie, Quebec, and in 1727 and 1755 from 
events north of Cape Ann. These same source 
areas continue to be seismically active. 

Potential earthquakes in the Cape Ann area 
pose the greatest threat to Boston and eastern 
Massachusetts. A maximum credible event 
there of intensity IX would cause a general 

intensity VII effect in the Boston region with 
intensity level VIII, and possibly level IX, ef
fects over the extensive areas of filled ground. 
Large earthquakes at La Malbaie may cause 
average intensities of VI in Boston and from V 
to VII in eastern Massachusetts. Long period 
motions from future La Malbaie events might 
possibly cause damage to tall buildings and 
other structures that are susceptible to such 
motions. Potential earthquakes in central New 
Hampshire may only produce minor damage 
in eastern Massachusetts. 
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