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_ The Border Fsult System separates the Triassic Lowlands from the ‘
aress of older rocks to the north. The Triassic Lowlands probably con-
tain more faults than

shown, since faults are difficult to recognize in
this area. . .

The younger sediments of Ehe Coastal Plain cover the Triassic and
older rocks which forw the basement or bedrock of the asouthern part of
the state. These thick sediments conceal any faults that may be pres-~
ent. a ) :
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INTRODUCT 1ON

New Jersey Is not located in an earthquake-prone area. [t has never,
in the recorded history of the state, had a severe earthquake which caused
great damage. The entlre eastern seaboard, with the exception of +the
St. Lawrence Rliver Valley, Is rather stable. The St. Lawrence Rlver Valley
1s moderately active.

In recorded history this region as a whole has experlenced only about
four earthquakes large encugh to have caused extensive damage and destruction.
Two of these were in the St. Lawrence River valiey. All four were felt in
New Jersey, but caused nc maJor damage here. Minor tremors occur from +ime
to time In this region as they do in all parts of the world.

Earthquake-!Tke shocks occasionally occur from non-earthquake sources,
such as the sonic boom of a Jet plane breaking the sound barrier. Others
come from quarry blasts or fleld artillery practice at military bases which
-can often be felt over ten miles away. MIll+ary bases have also been known:
to destroy old ammunition and thus produce sma!!l but sharp shocks. Other
possible non-earthguake sources are mentloned In the description of +the
earthquakes. . -

We have tabulated all the major and minor earthquakes large enough o
be felt In New Jersey, and a few (too weak to be felt) detected by very sen-
sitive seismographs. A verbal description is glven of most earthquakes
tisted. The older descriptions came from varlous sources, such as: old news-
paper accounts, correspondences, etc., as well as some reports from trained
observers. The more recent descriptions came from a larger percentage of
trained observers, and also from recording instruments such as selfsmographs,
in addition to the newspaper accounts and personal communications. The most
recent fisting (added after our first edition) .contains more earthquakes per
vear than previous lists. This Is due to our more carefully malnfalned up-
date file - not a greater occurrence of earthquakes. A larger percentage of
small magnitude shocks and some questlonable events are included.

Before |1sting the earthquakes, we have Included sections of Interest.
First Is a brief general discussion of seismology. Following this is a list-
ing of seismograph stations In and near New Jersey. FlInally, an account of
minor seismic activity related to the Triassic Border Fault and other areas
in the state.
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ELEMENTARY SEISMOLOGY FOR THE LAYMAN

, An earthquake is a shaking of the ground caused by a breaking of rock
within the crust of +the earth. This breakage mey be at the surface or up
to several hundred miles beneath the surface. The polnt of breakage is
called The focus or hypocenter. The polint directly above this on the sur-
face Is called the epicenter. A fracture along which motion has taken
place Is called a fault,

‘ Each earthquake sends out seismlic waves in all directions, some pene-
traiting within the earth. These waves may be detected and recorded by
selsmographs at distant locations, even on other continents. Some selsmo-
graphs have amplifiers that multiply the sensitlivity of the instrument
several thousand times.

A selsmic wave Is composed of several component waves. Seismologlsts
classify these components into surface waves and body waves. The principal
surface wave 1s the "L" wave, which travels on the surface like a wave on
water. Its perlod Is longer and Its amplitude 1s greater than the other.
components. It is responsible for most of the damage caused by earthquakes.

‘ The baslc body waves are the "P" and "S" waves, which penetrate the
interior of the earth, These two waves travel at different veiocities.

The difference In their arrival +imes, recorded at a seismograph station,
can be used to determine the distance to the epicenter. Seismographs at
three different locations are usually needed to flx the exact location of
a quake when local reports are absent.

Body waves travel In all directions from the focus -~ upward, downward,
and 1n all Intermedlate directions. A selsmograph first receives the body
waves that travel directiy from the focus to the Tnstrument. I+ may also
receive an "echo" of this wave by route of a shallower path, bouncing off
the surface of the crust one or more times. Still other paths are created
by refraction of the waves within the various zones of the mantle and core
of +he earth. By studying the extra signals on selsmic records selsmolo-
gists have been able to decipher the extra paths Involved. Thus, very de~
tailed Information has been learned about the intertor and crust of the
earth.

Magnitude and Intensity

The size and severity of an earthquake is genesrally reported on either
of two scientific scales, the Richter or the Modified Mercalll.

The Richter scale of magnitude measures the amplitude of the selsmic
waves. IT Is determined by the amount of motion of the pen of the selsomo-
graphy, with correction made for +the sensitivity of the seismography and the
distance to the focus. Each Richter scale unit corresponds to a ten-fold in-
crease in the amplltude of the seismic wave; l.e., fen times the pen displace~
ment of the selismograph (two units, 100 fold; three, 1,000, etc.). This ten-
fold Increase in ampiitude represents a 3i-fold increase in the energy re-
leased by the earthquake. The scale has negative values for the very small



quakes. The largest earthquakes ever recorded are about 8.8 or 8.9 Richter.
The smallest detectable by a person without a selsmograph s about +2
Richter. : '

The Mercalll scale of intenslty measures the effects caused by a quake
to structures and to the ground surface. |t depends upon reports from per-
sons at the scene or from observations by seisomologists sent to the area.
I+s values are gliven In Roman numerals to dlfferentlate them from Richter
vafues. The scale Is gliven below.

A rule of thumb relationship between +the two scales which holds for
most shallow focus earthquakes s given by the formula:

Richter Magnitude - 1.3 + 0.6 x Maximum Mercalli Intensity

Intensities and, therefore, damage potential tend fo be greater in
areas covered by thick deposits of unconsolidated sediments. Such areas
include glaclal moraines and thick glaclal +11!, river valley deposits,
bog, swamp and meadow areas, and deposits of volcanic ash.

Much of the damage assoclated wlth Callfornia tremors occurs on hifl-
sldes, where mud and gravel quickly succumb to lands!lides. The greatest
damage in the San Francisco quake of 1906 was on the "Barbary Coast" which
- was bullt on fill over harbor muck. This fype of deposit tends +o vibrate
like jello with a greater amplitude than bedrock areas. The effects of
the Anchorage, Alaska, earthquake of 1964 were most severe on marine clay
deposits, which fturned fluld and flowed like liquid, and also on gravel
areas, which shifted and settled.

In New Jersey, the Riverton tremor of December [0, 1968, had a magni-
tude of 2.9, Applying the formula previously described, the Intensity
should have bsen less than 111, - Actually, i+ was V. This apparent high
Intensity In the Riverton area Is because It is undertain by unconsoll-
dated sand, mud and gravel.

Modified Mercalll Intensity Scale of 1931 (Abridged)
Values in parentheses are equivalent intensities in the Rossi-Forel
Scale, still used in some countries,

| Not felt except by a very few under espectally favorable circum-
stances. (1)

Il Felt only by a few persons at rest, especially on upper floors of
bulldings. Delicately suspended object may swing. (I fo 11)

Itl Felt quite notlceably Indoors, especially on upper floors of building
but many peoplie do not recognize I+ as an esarthquake. Standing motor-
cars may rock slightly. Vibration like passing of truck. Duration
estimated. (1i1)

tV During the day, felt Indoors by many, outdoors by few. At night,
some awakened. Dishes, windows, doors disturbed; walls make creaking
sound. Sensation |ike heavy truck striking building. Standing motor-
cars rocked noticeably. (IV to V)



V Felt by nearly everyone, many awakened. Some dishes, windows, efc.,
broken; a few instances of cracked pliaster; unstable object over-
turned. Disturbances of trees, poles, and other talt objects some-
Times noticed. Pendulum clocks may stop. (V to VI)

Vi Fett by all, many frightened and run outdoors. Some heavy furnlture
moved; a few instances of falilen plaster or damaged chimneys. Damage
sltight. (VI to Vil)

Vil Everybody runs outdoors. Damage negliigible tn buildings of good de~
sign and construction; sltight to moderate in well-built ordinary
structures; conslderable in poorly buiit or badly designed structures;
some chimneys broken. Noticed by persons driving motorcars. (Vili=)

Vill Damage slight in specially designed structures; conslderable in ordl-
nary substantial buiidings, with partial collapse; areat in poorly
buiit structures. Panel walls thrown out of frame structures. Fall
of chimneys, factory stacks, columns, monuments, walls. Heavy furni-
ture overturned. Sand and mud ejected in small amounts. Changes in
well water, Persons driving motorcars disturbed. (VI1i+ to IX)

IX Damage considerable In specially designed structures; wel! designed
frame structures thrown out of plumb; great in substantial buildings,
with partial collapse. Buildings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken. (IX+)

X Some well=built wooden structures destroyed; most masonry and frame
structures desfroyed with foundations; ground badly cracked. Rails
bent. Landslides considerable from riverbanks and steep slopes,
Shifted sand and mud. Water splashed (slopped) over banks, (X)

Xi Few, if any, (masonry) structures remain standing. Bridges destroyed.
Broad fissures In ground. Underground pipelines completely out of
service. Earth siumps and land slips in soft ground. Rails bent
greatly.

XI1 Damage total. Waves seen on ground surfaces. Lines of sight and
tevel distorted. Objects thrown upward into alr.

Prediction and Control of Earthquakes

Although the subject of study for many vears, sclentific prediction of
earthquakes has finally become more +*han wishful thinking. Russian sclen-
tists recently (1969) discovered that a decrease in the ratio of the "P" +o
"S" wave veloclties of micro-earthquakes precedes a larger earthquake. [t
was thought to be a peculiarity of the Sibertan region. A similar relation-
ship was later found to be true elsewhere. To use this relationship micro-
earthquakes must (and quite often do) precede the larger shock. :

Lamont-Doherty Geological Observatory has been studying a series of
shocks in the Bifue Mountain Lake region of the Adirondack Mountains of New
York State. On August |, 1973, it was predicted that an earthquake of mag-
nitude 2.5 would occur "in a couple of days.” Two days later it came, reg-
istering 2.5 on the Richter scale. ' o



The vast area of China has been plagued with major earthquakes through-
out 1ts 3,000 year recorded history. More than 820,000 died in the Shensi
earthquake of January 23, 1556. In the mid-sixttes, during its Cultural
Revolution, the Peoples Republic of China embarked on an all-out program to
develop methods of predicting earthquakes. In early 1975 a major earthquake
at Haicheng (February 4th) was accurately predicted. Although 80 percent of
the homes were destroved, very few lives were lost. Three additional major
earthquakes of about magnitude 7 (Richter) were also successfully predicted
in 1976, and a2 timely Imminent warning issued. On July 28th of that year,
however, a major quake struck and virtually dsstroyed the industrial city of
T'angshan without any "imminent prediction® being issued. An unofficial
Chinese source indicates 655,000 lives were lost, second oniy In llves lost
to the Shensi quake of 1556.

China's approach is multi-faceted, Including every method suggested in
any part of the world. These Include measurements of Radon gas in well
water, rock strain, and observation of strange behavior of animals (which is
often noted before earthauakes). See "Earthquake Research in China" (Bibli-
ography) for more detalls. ‘

Much more work must be done, andlis baing done, before rellable eér+h-
quake prediction becomes a complete reality.

Contro!l of earthquakes Is also entering Its infancy. It was discov-
ered, by accident, that deep well dlsposal of liquids friggered earthquakes
in a previously fnactive fault. This suggests a method of turning earth-
quakes on and off by pumping water in or out of a fault zone. By thus
slowly relleving stresses bulit up In major faults, it is hoped that major
earthquakes could be prevented. '

Effect of Earthauakes on Wells

Well water often becomes muddy during an earthquake. The shock wave
stresses the rock, squeezing and stretching the water-bearing zones in the
rock. This stirs up the mud in the bottom of wells.

This is not unexpected near an earthquake, but what is not widely known
is that distant earthquakes also affect wells. Many New Jersey wells became -
muddy from the shock wave from the Good Friday earthquake at Anchorage,
Alaska (1964). Automatic recording equipment at nine observation wells in
New Jersey recorded a fluctuation in the ground water leve!l up to two feet
at the time of arrival of the shock wave.
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LIST OF SEISMOGRAPH STATIONS 1M AND NEAR NEW JERSEY

Station Name Code County

Stations Operafed by Lamoni-Dcharty Geological

Observatory - These stations send their data

immediately via telemetry hookups to Lamont-
Doherty Observatory

Greenpond GPD Morris

long Valley LVNJ Morris
Ogdensburg 0GD Sussex
Pahaquarry PON Warren
Princeton (Township) PRIN Mercer
‘Tabernacle TANJ Burtington
Manhattan MAN New York
Pallsades PAL Rockland
Tablerock TBR Rockland
Ward Pond Ridge WPR Westchester

Statlons Operated by the Geological
Survey of Delaware

Blackbird State Forest BBD New Castie
Newark NED New Castle
Redden Fire Station GTD Sussex

Stations Operated by the
University of Pennsyivania

Abington PHI - Montgomery
Millersville MLV Lancaster

Individually Operated Statlions

Paterson PNJ Passaic
City College CNY New York
Fordham FOR New York
Glen Cove GCY Nassau

State

Del.
Del.
Det.

Pa.
Pa.

ZZ=Z2=Z

PR

Comment

fn N.J. Zinc mine,
1780 feet deep

Museum of Natural History
Lamont-Doherty Geol.Obs.

(near Philadelphia)

City University of N.Y.
Fordham University

NOTE: The Franklin Institute in Philadelphia no longer operates a selsmograph.



MINOR TREMORS [N BERGEN COUNTY NEAR THE
RAMAPO SECTION OF THE TRIASSIC BORDER FAULT

The "Border Fault" is probably the tongest system of faults in New
Jersey, It Is the western border of the Triasslc Basin and extends from
Stony Point, New York, to Reading, Pennsylvania and beyond. The Ramapo
section of this fault In Bergen County llies just west (1/4 to 1/2 mile)
of U.S. Route 202. '

This fault, formed at feast 200 milllon years ago, has not been active
during the recent geological past. The area immediately to the east of it
has, however, been the site of several very minor tremors. This activity
probably constitutes only minor readjustments In the earth's crust, compa-
rable to the cracking that develops in an old bullding as [t settles.

in addition to the quakes listed below for the Fall of 1943, December
29, 1972, and February 5, 1973, and February 5, 1973, several others of
equal magnitude have been reported In Bergen County and Rockiand County,
N.Y. Water mains serving Immaculate Conception Seminary in Mahwah Township
have broken in numerous places between 1964 and 1970. The seminary grounds
are very close to the fault and are traversed by branches from it. Many
qulte minor quakes have been detected by Lamont-Doherty Geological Observa-
tory's selismographs. Lamont-Doherty Cbservatory selsmologists have sug-
gested +hat building codes provide for construction able to withstand a
shock of Richter magnltude of +5. [+ must be pointed out that the art of
earthquake hazard estimation is not as advanced as we would like i+ to be.
Much work stitl needs to be done before we arrive at a more complete under-
standing of earthquake occurrence In the eastern Unlted States.

OTHER MINOR QUAKES tN NEW JERSEY

"Mint" quakes are reported from time to time from all parts of the
state. A serfes of mini gquakes in the lake Hopatcong area 1s noted In. the
ltsting below.
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The following Itst of twenty-four earthquakes and the data pertaining
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LISTING OF EARTHOUAKES FELT
OR OCCURRING IN NEW JERSEY

to them was extracted mainly from Report No. 41-1.

LOCAL

Border

N. W. AREA MERCALL |
YEAR _ DATE TIME LOCATION LAT. LONG. SO.MI, INTENSITY
1737 Dec. 18 23:00 Near New York City 40.8  74.0 - VIt
1755 Nov. 18 4:1l East of Cape Ann, Mass. 42.5 70.0 300,000 Vlil‘
1811 Dec. 16 2:00 New Madrid, Missouri 36.6 89.6 2,000,000 @ XI!
1812 Jan. 23 - New Madrid, Missouri 36.6 89.6 2,000,000 X!i.
1812 Feb. 7 - New Madrid, Missour] 36.6 89.6 2,000,000 XII
1860 Oct. 17 6:00 Canada, felt to south .47.5 70.0 700,000 Vi, X
1871 Oct. 9 9:40 Wf!angTon, Delaware 39,7 15.5 - Vi
1872 July 1 5:25 New York, felt fn New Jersey 40.9 73.8 100 ¥
1874 Dec. 10 22:25 Westchester, New York 40.9  73.8 5,000 VI
1877 Sept. 10 9:59 Near Bur[fng?on, New Jersey 40.1 74.9 300 IV,'V '
1879 March 25 19:30 Delaware River 39.2  75.5 600 1V, V
1884 Aug. 10 14:07 Near New York City, N.Y. ~40.6 74,0 70,000 VI
1886 Aug. 3! 21:51 Charleston, So. Carolina 32.9 80.0 2,000,000 X
1895 Sept. | 6:09 Near High Bridge, New Jersey 40.7 74.8 35,000 VI
1910 Apr. 23 - New Jersey Coast - - 2,000  Ht, iV
1921 Jan. 26 18:40 Near Riverton, New Jersey 40 75 I50 ¥V
1925 Feb. 28 21:19 Canada, felt 1o south 47.6  70.5 2,000,000 VIl
1927 Jdune | 7:20 New Jersey Coast 40.3  74.0 3,000 VI
1933 Jan., 24 21:00 Near Trenton, New Jersey 40,2 74,7 600 Vv
1938 Aug. 22 22:36 . Central New Jersey 40.1 74.5 5,000 V¥
1939 Nov. 14 2i:54 Salem County, New Jersey 39.6 75.2 6,000 V
1951 Sept. 3 20:26 MNew York, felt In New Jersey 4i.2 74.1 5,500 V {(+4.4R)
1957 March 23 !4:03 West-central New Jersey 40.8 74.8 - Vi
1961 DPec. 27 12:06 Pennsylvanié—New Jersey 40.2 74.8 iSO v



The following list of twenty-four earthquakes and their data were
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taken from "Earthquakes of Eastern Canada and Adjacent Areas®

*No additional

information avatlable for these shocks.

LOCAL N. W. AREA MERCALL1

YEAR __ DATE TIME VLOCATION LAT. ‘ LONG. SO.MI. ‘ INTENSITY
1663 Feb. 5 17:30 S+. Lawrence River 47.6  70.1 750,000 X
1727 Nov. 10 22:40 Near Newbury, Mass. 42,8 70.8 75,000  I¥X
1783 Nov. 29 22:50 West of New York City 41,0  74.5 - Vi
1804 May I8 - Felt at New York City¥* - - - 111
1841 Jan. 25 a.m. Felt at New York City* - - - tit
1847 Sept. 2 - Felt from Newport, R.1. 40.2  72.0 - y

to Philadelphia, Pa. ¥
1847 Sept.29 -  Near New York City. Fel+ 40.5  74.0 - v

from R.l. to Phila.,Pa.¥
1848 Sept. 9 22:00 Near New York City. Felt - - - V‘V

from R.1, to Phila.,,Pa.*
1861 Mar. 5 12:00 Newark, N.J. (+wo shocks)¥ - - - T
1870 Oct. 20 11:30 Quebec, Canada 47.4 70,5 1,000,000 IX
1893 Mar. 9 12:30 New York City 40.6 74.0 - Vv
1935 Nov. | [:04 Canada 46.8 79.! 1,000,000 VII(+6.Z5R5
1937 Sept.30 17:08 Verona, New Jersey® 0.8  74.3 - Tt
1938 May 16  14:2% Felt In Verona, N.J.* 40.8 74,3 - 14, 1
1938 July 29  2:44 New York City, Westchester 41.0  73.7 - -~

Cty. and Palisades,N.Y.*
1938 Aug. 27 17:36 Felt in Trenton, N.J.* 40,2 74.4 - 1]
1938 Dec. 6 14:38 fFelt at Verona, N.J.* 40.8 74.3 - R
1938 Sept.12 20:22 Felt in Union City, N.J.¥ 40.8 74.0 - 11}
1940 Dec. 20 2:27 New Hampshire 43.8 71.3 f50,000 - V1IH(+5,8R)
1943 July 24 00:18 Off New Jersey Coast* 40.0  72.7 - 1
1944 Sept. 4 23:39 Massena, N.Y. 44,9 74.8 175,000 VIII{+5.9R)
1947 Apr. | 8:25 Pompton Lakes, N.J.* 41,0 74.3 - i |
1953 Aug. 16. 23:22 Bergen Co., New Jersey¥ 40.3  T4£.0 - 19
1954 Mar, 31 16:25 Monmouth Co. Shorel ine* 40.3  74.0 - IV
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The following fifteen earthquakes and thelr data were compiled from-
sources, such as newspaper clippings, publications, and personal
communications, o

LOCAL | N. W. AREA MERCALL!
YEAR DATE TIME LOCATION LAT, LONG., SO.MI. INTENS|TY
1943 Fall evening Mahwah,N.J. & Suffern,N.Y. 41,1 TA 2 5+ v
1962 Mar. 6 - N.d., 6 mi.from Ogdensburg - - - +0. 3R
‘1962 Aug. it - N.Jd., 12 mi.from Ogdensburg - - - +0.0R
1962 Qct. 13 - Near Pompton Platns, N.J. - - - +{.0R
1962 Dec. 20 -  Near Pempton Plains, N.J. - - - +2.0R
1963 Jun. 24 -~ NoJd., 17 mi.from Ogdensburg - - - +0.5R
1968 Dec, 10 4:13 Near Riverton, N.J. 40.1 75.0 - V(+2.9R)
1969 Aug. |4 - lLake Hopatcong, N.J. 41.0  74.6 ¢ +IR
1269 Sept.l4 ~ " i i 41.0 74.6 - +IR
1969 Qct. 6 - w w i 4t.0 74.6 13 iV (+1.25R)
1969 OQct. 10 - T " " 41.0 74,6 - +IR
1969 Nov. 3 -~ oo g 41.0  74.6 - +IR
1972 Dec. 29 1:34 Wyckoff, N.J. 41,0 T74.2 10 Pil
7!973 Feb., 5 - Hohokus, N.dJ. 41,0  74.1 5 1, 1l

1973 Feb. 28 3:21 Mahwah, N.J. fo Baltimore 40.1  75.0 3,000 VI(+3.8R)
) Mdo . - : - -



Update o first edition.
Bufletins |, 2 and 3, Northeastern Seismic Network.

o} -

Various sources,

including

LOCAL N. W. AREA MERCALL!
YEAR __ DATE TIME LOCATION LAT.  LONG.  SO.MI. INTENSITY
1974 Apr. 28 10:19 Wiimington, Del. 39.7  75.7 5 IV{+2-1/2R)
1974 May 17  10:08 Near Dingman's Ferry,Pa.* 41,2 75.0 - (+1/2 R}
1974 June 9 16:45 ST;anfic City to Witdwood, - - 100 v, v
1974 June 17 14:30 Q%janf!c City to Ocean City, - - 50 Y
1974 June 27 }1:33 (Near Dingman's Ferry,Pa.¥* 41.3  74.8 - (+1/2R)
1974 Sept.22  9:00 QTjanfic & Ocean Countles - - - -
1974 Sept.23 - " i v - - - -
1974  Sept.25 - ! " - - - -
1975 Jan, 19 1:30 Mahwah, N.J. atot 7401 - -
1975 Feb. @ - West of Bricktown, N.J. - - - -
1975 Oct. 12 3:30 Princeton, N.J. 10.3 74,7 - -
1975 Nov. 6 Noon  Atlantic City, N.J. - - - -
1975 Nov. @ 22:02 Greenwood Lake, N.J.* 4.2 T4.4 - -
1976 Mar.l| 16:07 Riverdale, N.J. 41.0 744 - iV (+2.5R)
1976 Mar. 12 5:29 Riverdale, N.J. N0 744 - (+1=1/2-2R)
1976 Apr. 13 10:39 Ridgefield, N.J. 40.8 74,0 30 (2.5R)
1976 May 11 2:55 Off Sandy Hook, N.J.¥ an.5  73.8 - -
1976 May |1 8:18 % " i’ "o 40.5 73.8 - -
1976 June 26 14:45 75 mi. off N.J.Coast¥ 39.8 72.5 - -
1976 Dec. 5) 8:00 Morris County, N.J. 40.8 74.8 2 It
1976 Dec. 5; 11:32 o B B 40.8  74.8 2 bt
1976 Dec. 6; 23.52 M n A0.8  74.8 2 (N

t4:14 Wilmington, Del. 39.8 75.7 3 V (+2R)

(T§$§i}Feb. 10
—

*Small magnitude, picked up only by seismographs:

no additlonal data.



Detalled Information on Earthquakes Listed

1663, February 5

In the St. Lawrence River between +he mouth of Riviere LaMelbalie on the
north and the mouth of Riviere Ouelfe on the south. Felt over the entire
eastern part of North America--750,000 square miles. Accompanied by vast
landslides along the St. Maurice, Batiscan and St. Lawrence Rlvers.

Sulte has shown from contemporary accounts that one of these siides prac-
tically levelied a very great waterfall at les Gres on the S$t. Maurice
River. Other damage was confined to cracked chimneys and the like. No
loss of life was reported.

"On the shores of Massachusette Bay houses were shaken so that
pewter was Jarred from the shelves and the tops of several stone
chimneys were broken."”

1727, November 9
fn the mouth of the Merrimac River, near Newbury, Mass. Felt from Maine
to Delaware. This extent (75,000 square miles) suggests that 1+ could
have been falt In southern Quebec; however no Canadlan record of the
shock has been found. In a history of Newbury, Stephen Jacques wrote
the following eye witness account:

"On the twenty~-ninth day of October," (November 9 Gregorian Calendar,)
"between ten and eleven, 1+ belng sabath day nlght, there was a tera-
bel earthquake. The |ike was never known In this land. I+ came
with a dreadful roreing, as If 1+ was thunder, and then a pounce
Iike grate guns two or three times close one after another. |1 shook
down bricks from ye tops of abundance of chimnies, some allmost all
the heads.... All that was about ye houses trembled, beds shook,
some cellar walls fell partly down. BenJamins Plumer's stone without
his dore fell into his ceilar. Stone walis fell In a hundred plasts.
Most peopel gat up In a moment. {1+ came very often all ye night
aftar, and it was heard two or three times some days and nights,
and on the sabath day night on ve twenty-fourth of December fol-
lowing, between ten and eleven, It was very loud, as any time
axcept yve first, and twice that night aftar buft not so loud.

The flrst night it broke out in more than ten places in ye town
In ve clay low land, blowlng up ye sand, sum more, sum less. In
one place near Spring Island It blew out, as was Judged twenty
toads, and when I+ was cast on coals In ye night, i+ burnt Jike
brimstone."

This earthquake was followed by many affershocks.

1737, December i8
Chimheys were thrown down at New York City. Also fett at Boston,
Philadelphia, and New Castle, Delaware,

| 735, November 18 ‘
The earthquake came with a roaring sound like distant thunder, seem-
Ingly from the northwest. The shock resembled a loncg rolling sea




and 1t was necessary to hoid somethina +o prevent being thrown to
“+he ground. Tops of trees swayed through a2 large angle. Houses
were shaken, windows rattled, and beams cracked. This lasted 2
minutes. The shock was felt from Chesapeake Bay to Annapolis River,
Nova Scotia. It was felt on lLake George, and a ship at sea 200
mlles east of Cape Ann was thought to have grounded though the
water depth was considerable. At Boston, Mass., walls and chimneys
were thrown down; waves were reported seen on the surface of the
earth Iike the swelllIng of the sea. Gable ends of brick bulldings
were thrown down, Vanes on bulldings were broken off. Stone fences
ware generally knocked down. A very strong cistern was broken by
the agitation of the 1lquid within 1t. A+ Pembroke and Scituate,
Mass., small chasms were broken open in the earth through which
flne sand reached the surface. In the harbors and along the coast
targe numbers of fish were killed and many vesseis feilt shocks

as 1f they were striking bottom. The tsunami which accompanied
This earthquake withdrew the water from St. Martins Harbor In the
West Inties, leaving vessels aground.

On November 22 at 20:27, there was a quite severe aftershock and
others cccurred on December 19, 22:00.

1783, November 29

West of New York City. Felt from New Hampshire to Pennsylvania,
A foreshock at 9:00 PM and an aftershock at 2:00 PM November 30
were felt at both New York City and Phitadelphia but nowhere eise.

1811, December 16

1812, January 23 and February 7

Three quakes of maximum intensity, Xif (1V fo V In New Jersey).
Numerous others of smaller intensity. Topographic changes over an
area of 30,000 fo 50,000 square miles. The total area shaken was at
least two million square miles - distinctly felt over about one mil-
!Ton square miles. '

Damage = Very small for such great earthquakes because of sparse pop-
ulation.

Description - A little over 02:00 on December [6, the Inhabitants of
the New Madrid region suddenly were awakened by the groanltng, creak-
ing, and cracking of the timbers of thelr houses and cabins, the
sounds of furniture belng thrown down, and the crashing of falling
chimneys. In fear and trembling, they hurriedly groped their way
from their houses to escape the fatling debris. The repeated shocks
during the night kept them from returning to thelir weakened and tot-
tering dwellings until morning.

Dayliaht brought little improvement to thelr situation, for early in
the morning another shock, preceded by a low rumhiing and fully as
severe as the flrst, was experienced. The ground rose and fell as
earth waves, |lke the tong, low swell of the sea, passed across the
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surface, bending the +trees until their branches Interlocked and open-
ing the soll in deep cracks. Landsiides swept down the steeper bluffs
and hitlsides; considerable areas were uplifted; and sti{l targer areas
sank and became covered with water emerging from below through fissures
or crateriets, or accumulating from the obstruction of the surface
dralnage. On the Mississippt, great waves were created which over--
whelmed many boats and washed others hiah upon the shore, the returning
current breaking off thousands of trees and carrying them -into the
rlver. High banks caved and were precipitated Into the river; sandbars
and points of Islands gave way; and whole Islands disappeared.

During December |6 and 17, shocks continued at short intervats but with
diminishing intensities. They occurred at longer intervals untl!
January 23 when there was another shock, simifar In intensity and de~
struction +o the first. This was followed by 2 weeks of qulescence,

but on February 7, there were several alarming and destructive shocks,
the last one equaling or surpassing any previous disturbance. For sev-
eral days the earth was In constant tremor. There is a definite record
kept st Loufsville, Ky., that the aftershocks lasted throughout at least
2 years,

The record of earlier earthquakes goes back only to 1776, when a shock
of moderate intensity occurred. There were similar shocks in the
nineties and In the first decade of the following century. These
caused the Indlans to predict a great earthquake, the prediction belng
based on the Indian tradition of an earthquake at an eariler time.

The geological evidence confirms thls, but the date cannot be fixed.

In spite of the qreat intensity of the earthquakes, the loss of life
was insignificant. At New Madrid, only one life was lost throuch
falllng butldings. Of course, the log cabin, which was the most com-
mon type of buitding at that +ime, was pecullarty suited to withstand
earthquake damage. Chlmneys were knocked down, and all the houses
were thrown down or badly damaged at New Madrid. The destruction
from various causes extended over the entire site of the town, which
was consequently abandoned,

Chimneys were knocked down in Cincinnatl, Ohto, S$t. Louls, Mo., an
In many places in Tennessee, Kentucky, and Missouri. :

Several persons were drowned when thrown into +he river by caving
banks, and a number of boatmen were lost when thelr boats sank. Also,
many cances were seen drifting, thelir occupants probably having
drowned.

The most serlously affected area was characterized by ralsed and
sunken lands, fissures, sinks, sand blows, and large landsildes. This
area was 30,000 to 50,000 square mlles in extent, from a polnt west of
Cairo, ltl., to the latitude of Memphis, Tenn., and from Crowleys
Ridge to Chickasaw Bluffs, Tenn., a distance of 50 miles.

The shock of December 16 was felt dis?tncfly in Washington, D.C., and
the peopie were frightened badly. As might be expected, the western



: parts of the South Aflantic States were shaken more severely. than
the eastern parts. The shocks were moderate In the North Atlantic
States, being felt at Boston and Baltimore.

During the New Madrid series, there seem to have been periods of
darkness, probably caused by rising clouds of dust. There is little
doubt that sulphur gas, due to buried veqetation, escaped from many
of the crevices.

According to contemporary accounts, waves with visible depressions be-
fween the swells rolled across the earth and finally broke open leav-
Tng paraltel flssures. These were reported o be from 600 to 700

feet long; one had a length of 5 miles.

Another type of flssure consisted of a long, narrow block that dropped
and left a trench wlth vertical sides. {n some places, the fissures
were very close fogether, around 10 to 15 feet apart. Those near riv-
ers were paralliel to thelr courses. Others were usually northeast-
southwest. Simple flssures ran up to 300 feet in tength; others were
considerably greater. The block flssures averaged 300 to 500 feet,
with others much longer., The depths were from 10 to 20 feet - the
depth to quicksand below.

There is some evidence of vertical faults, one of which is believed
to have caused quite marked falls In the river, that lasted until the
slope had been leveled off. Landstides occurred wherever the river
banks were steep and where there were steep bluffs. In places, sec-
+ions of forests were carried down or overthrown by the slides; meny
were sptit. In other areas, the vibration alone threw down trees.

Several sections were ralsed 15 to 20 feet above the level of the
highest floods. One of these areas, known as Tiptonville Dome, is
I5 mites long by 5 to 8 miles wide. There is another area about {0
miles in dlameter with an uplift of 10 to 15 feet.

targe areas dropped by amounts reaching 15 feet In some cases, though
5 to 8 feet was more common. In eastern Arkansas, lLake St. Francls,
so formed, is 40 miles long by a half mile wide. Over the sunken
country, trees were kitled by water overflowing the lower parts of the
trunks. The cumulative effects of the earthquake destroyed forests
over an area of 150,000 acres. The most typlcal sunken land of the
area Is Reelfoot Lake In Tennessee. This lake Is 8 to 10 miles in
tength and 2 to 3 miles in width. The submergence ranged from 5 *to
perhaps 20 feet, although greater depths were reported.

To this day the reaton still experiences minor fo mederate quakes
from time to time.

1860, October 17

Center apparently near Riviere Ouelle, Canada, which was violently
shaken, walls being damaged and chimneys thrown down. The shock
was felt along the Atlantic coast of New England as far south as
Newark, N.J. '



1870, October 20

Centered near Bale~S$t.Paul, Que., where the greatest damage occurred.
Felt throughout eastern Canada and in the Unlted States westward +to
fowa and southward to Virginla.

"Quebec:-~...Buildings shook and bells rang; several chimneys
were knocked down in Desfosses Street, and two persons nearly
kil led.

"A hasty note to tet you know the disasters that were suddenly
caused, here and In the vicinlty, by the strangest earthquake
in the memory of man., Approximately half an hour before noon

a thunderbolt - this is +he only word | can use for what hap-
pened = an enormous detconation threw everyone in a state of
shock and the earth started not to shake but to bolf in a man-
ner to cause dizziness not only to +he people in houses but
also to the ones in the open air. All the dwellings seemed

to be on a volcano and the earth, forming fissures In five or
six places, was throwing up columns of water fo six, eight and
perhaps fifteen feet In the air carrying with it a quantity of
sand which spread on the ground. Almost every chimney was
thrown down and | believe there were not more than six left in
the whole viliage. Walls of houses were thrown down; here and
there stoves, furniture and other objects were overturned carry-
ing with them utens!ls, china, etc. ... The church suffered very
much; a part of the portico fell down and part of the cellling
and the remaining walls are so cracked that it Is doubtful if
they can be repalired... Some people arrived from various con-
cessions so that we have reports from about twelve miles arocund
and nowhere has a house remalned intact. Everywhere the shock
was as violent as here ..." quoting from a letter by Father
Plamondon of Baie~St~Paul.

1871, October 9

"~ At Witmington, Del!., chimneys toppled and windows broke. Damage
also reported at Newport, New Castle, and Oxford. Rumbling and
explosive sounds heard. Also feit in Middletown, De!., Haddon-
field and Salem, N.J., and Chester and Philadelphia, Pa.

1872, Juty 1]

The shock was felt over a nearly circular area, 10 miles In
diameter with New Rocheile, N.Y., at the center. A} Port
Washington, L.1., long pendulum clocks stopped. A rumbling
noise, then sounds like bursts of thunder, accompanied the
shock. Felt in New Jersey.

1874, December 10
Shock felt in Westehester and Rockland Counties, N.Y., and
Bergen County, N.J. Felt from Peekskili, N.Y., 1o Norwalk,
Conn. Felt most strongly at. Tarrytown and Nyack, N.Y., but no
damage done. The shock fasting 5 to 6 seconds was accompanied
by a noise [Tke a tong rumble ending in an explosion.




1877, September 10

Delaware Valley; felt from Trenton to Philadelphia over an area
20 miles wide with center near Buriington, N.J.

1879, March 25

Delaware River below Philadelphia, Pa. Felt from Chester, Pa.,
to Salem, N.J., over a distance of 30 miles. Felt most strongly
on east side of river,

1884, Augqust 10

This strong shock affected an area extending from Portsmouth, N.H.,

to Burlington, V+., southwest to Binghamton, N.Y., Williamsport, Pa.,
southeast to Baftimore, Md., and east to Atiantlic City, N.J. Greatest
damage occurred at Jamalca and Amityvilie, N.Y., where large cracks
appeared in walis. Thirty fowns from Hartford, Conn., fo West
Chester, Pa., reported fallen bricks and cracked plaster.

1886, Auqust 3l

Charteston, 5.C, The earthquake started with a barely perceptibte
tremor, then a sound !Tke a heavy body rolling along; the sound be~
came a roar. There was no break in the increasingly heavy Jar.
Everyone feared instant death. Finally the earth became qulet,

Fhe roar stopped, and the various human sounds, such as crles of
pain and fear, walllng, and excited shouts, became audible.

The first shock was at 2!:5t and the second 8 minutes later., People
immediately began to gather in the large public square in Charleston
to escape injury from falting buildings., The period until morning
was filled with great anxiety, especially as there were exaggerated
rumors of the number killed. Further shocks occurred at about 02
and 04, The utter stillness after esach shock, combined wlith the
fack of apparent cause, was appalling. A severe shock cccurred at
08:30 which aroused great apprehension, as It was now seen that
many of the buildings were either ruined or in dangerous condition.
It was also known that about 60 people had been killed In the

nlght and many injured, and it was feared that there were more cas-
ualties to come. Further shocks ocecurred at 13:00, 17:00, and
about 20:00. By this time practically all people were in the
streets.

In the vicnity of Charleston specla! effects were noted. In one
place suiphur gas was very evident. There was a wave of some height
on the Cooper River. In some places the motion was so great that
people were overcome with nausea.

The great masonry structures were found to be severely damaged,
though Tn some cases new portions were destroyed while the old re~
matned Intact. Buildings of three or more stories had diagonal
cracks in the walls at the middlie stories and vertical cracks near
the top. Well-bullt wooden houses with parts carefulty pinned
together form a complete and elastic whole which tends to return
fo its original shape as soon as the disturbance has passed. How-
ever, some of the best houses were loosened at the joints so that
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they were shaken by passing vehlicles and they were somewhat out of
plumb, Curlously, a family living fn a one-story wooden building
slept through the earthquake without knowing that i+ had occurred.
Chimineys of at least 14,000 houses were destroyed in Charleston..

Part of the damage was due to aftershocks, and on t+he whole I+
was considerable. Fortunately there was no wind, and the fires
which started were extinqulshed without difficulty.

The first shock lasted 35 to 40 seconds and was apparently flrst
vertical and then horizontal. The wave motion was very complex.
Pictures were found with faces to the walis. In the cemeteries
there was no prevalling direction for the fall of monuments, indi-
cating that the shocks came from many directions, as micht be ex-
pected so near the origin. Earth waves simitar to ground swel!
were seen and estimated to be 2 feet high. This may have been the
case In certain places, but in general, It seems likeiy they were
not more than 4 or 5 Inches in helght. Such waves explain much
of the destruction. Bulldings showed both horizontal and vertical
displacements. There were 10 severe and numerous moderate to light
aftershocks up to September 30, and probably countless others re-
cordable onty by Instruments. The serles of heavy aftershocks un-
doubtediy helped ‘o weaken the bulldings previously damaged.

Through the eplcentral area and in some reqions outside of it, the
ground was greatly fissured and In some cases water extruded. The
cracks were rarely more than an inch wide, but near the streams

the movement of the banks toward the stream left wider cracks.

Where large quantitles of water came up there was a round hole of
considerable size with a greater basin at the ground surface. Thesg
were of ali{ slzes from very small up to 20 feet In diameter. Much
sand was brought up, usually from known beds of quicksand. In

some cases the water rose In high Jets carrying sand and mud.

The bending of rails and lateral displiacement of the tracks were
very evident in the eplcentral region though not at Charleston. Af
a number of places the effect on culverts and other structures demon-
strated that there was a strong vertical force In action at the time
of the earthquake. ' .

‘The estimated depth of focus, or depth below the surface at which
+he earthquake actuaily occurred, was 12 mijles.

The area of severe effect was large, and the tremors were actually
felt over an area with a radius of about 800 ml. so that 2,000,000
sg. mi. were affected, Including undersea areas. Within an area of
{00 mites in dlameter, the destructlion would have been severe ex-
cept for the character of the country; settlements were few and far
between and the prevalling type of building primitive, the log cabin
being well designed to resist destruction by earthquakes. Throughout
+hls region 1+ was hard for people to remain onh their feet.

The beit from 50 to 100 miles in radius was strongly shaken. Thls
inciuded fwo cities,. Savannah and Columbia, each about 90 miles



away., At the former, 300 chimneys were damaged and those poorly
constructed were shaken down. Columbia felt the shocks stiil more
strongly. Bulldings swayed, plaster fel!, and the undulatory move=-
ment of the ground made walking difficult.

The effect did not vary exactly with distance from epicenter, as
geological conditions were an important factor. At Auqusta, just
over |00 miles from the epicenter, 100 chimneys fell and a dam fis-
sured and broke. The shocks were as severe at Raleich, 215 miles
away, as at Wilmington, 152 miles away. The shock was fe!t at
Boston, Mijwaukee, Cuba, and as far east as Bermuda, 1,000 miles
away. [+ was felt sharply at New York. There appears to have

been a shadow zone where i1 was liohtiy felt, as compared with
other piaces of similar distance in the Appalachlan region of

West Virginia, Maryland, and Pennsylvania.

Intensity felt in New Jersey was about 11§ or IV.

1893, March 9

Centered In New York City. Animals at the Zoo were disturbed
and bititard playing affected.

1895 September |

Generally felt, extreme points, Virginia to Maine; centered In
Hunterdon Coun+y, N.d., near High Bridge. 1In varlious places In

- this county bulldings rocked; articles fell from shelves. Two
shocks were felt at New Brunswick. Intensity V at Attantic
Highlands. Felt In all parts of the city of Newark. Fairly
sharp at Camden and Burlington. At Philadelphla, windows were
broken and crockery overturned. The shock seems to have been
felt over a considerable distance northeast-southwest but rather
narrow at right angles to Th!s flne. Not reported In Pennsylvania
west of Easton. '

1910, April 23

Atlantic Clity to Cape May, N.J., and Snow Hill, Md. While these
shocks do not appear to have exceeded intenslty IV, they were so
widespread that they are Included, At 21:30 there was a similar
shock near Catonsville, Md.

1921, January 26
Moorestewn and Riverton, N.J., shaken with intensity V. Rumbling
nolse.

1925, February 28

Whi!e the earthguake was felt wldely in the northeastern U.S., and
especfally in Michigan, there was no record of damege or of direct
loss of |ife though there were several! deaths from shock. I+ was

more Instrumental in securing attention +o the earthquake problem

t+han any since 1906.

The earthquake was remarkable for moderate Intensity over a great
area and for great vartations in intensity at the same distance
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from the eplcenter in various directions. It probably affected a
larger number of people than any previous shock in the United
States since it was felt with an intensity IV or more in New
York and Boston.

While a very large area was shaken, the area of important damage
was comparatively small, confined to a narrow belt on elther slde
of the St. Lawrence River. [+ was not easy to determine the epi-
center since the eplcentral region had few Inhabitants and +the
Instrumental records were somewhat conflicting.

The effects at Quebec are instructive as they were confined to
places where the depth of soll was considerable. The upper part
of the wall of the Canadian Pacific Rallway station was damaged.

At a large hotel not far away on rock, it was scarcely known that
an earthquake occurred. This indicates the care that must be +aken
In judging the position of the eplcenter from effects on buildings.
Terrain, character of bulldings, and geological forma*ions are all
determining factors In these effects.

In the vicinlty of the eplcenter there were few towns, and few
butldings of considerable size except for occaslonal churches., A+t
Pointe-au-Pic two old bulfldings with thick stone walls were badly
damaged. At St. Urbain a church was badly damaged but otherwise
only a few chimneys wers thrown down, these being on buliidings

which were new, strong, and on a rock foundation. At Riviere Quelle
a 53 year old church in good repalr, but bullt on alluvial solt,

had the bells In its tower dislodged and the organ pipes twisted.
Several houses were damaged here but only 20 miles away, bulidings
on rocky ground were unharmed.

Vertical motion could be expected near the eplcenter but there
were few opportunities for direct observation. At Riviere Ouelle
a stone weighing 200 pounds was thrown ciear of Its foundation
though there were dowel pins 2 feot apart and extending 2 Inches
above the foundation. A chimney collapsed through vertical thrust
from below.

The ground was deeply frozen. Cracks appeared on the south shore
in the form of grids. There was a crack near Rlvlere Ouelte 4
inches wide and more than 2 feet deep after 1t had been partly
fitled. No cracks In rocks were reported. In places of deep al-
luvium the frozen part seemed o have siid on the unfrozen part,
leaving cracks through which water and wet sand reached the sur-
face.

The only way: to determine whether change of elevation occurred was
by lines of precise levels. A former ltine In the genera! reglon
was rerun with definite indication in some places of changes of
about 3 inches. Because of the lack of rallways no prevlious [ines
had been run in the eplcentral reglon.

One hundred aftershocks were noted In a week at Chicoutimi, and
shocks continued for several months. The strongest were felt on



April 10 at Murray Bay and Aprll 25 at Chicoutiml. A preliminary
~ shock occurred on September 30, 1924.

Infensity experlenced In New Jersey was about IV or less.

1927, June 1
Three shocks were felt along the New Jersey coast from Sandy Hook
Yo Toms River., Highest intensities were observed at Asbury Park
to tong Branch, where several chimneys fell, plaster cracked, and
artlicies were thrown from shelves.

1932, January 24
A sharply felt shock near Trenton, N.J. Pictures thrown from watl
and people repeorted thrown out of bed at Lakehurst.

1935, November 1

About 4 miles north and a |ittle to the east of Timiskaming Statlon,
Que., The shock was felt over an area of more than 500,000 square
‘miles. The limit of perceptibility to the north Is not defined

. because of lack of human habitation. it extends, howesver, from
Fort Willtam, Ont., In the west to the Bay of Fundy In the east and
southward into Kentucky and Virginia. The shock was felt at scat-
tered polnts outside this area.

Hodgson made an extenslve study of the epicentral region for a
month after the shock. He reports that the greatest damage oc-
curred In TimIskaming, Que. Here, about 80 percent of the chimneys
were damaged even though they were nearly all Iined with tile and
capped with cement. The tops of the chimneys "mushroomed™ and

had to be rebullt but did not actually fall at the +Iime of the
shock. Some cracks developed in soiid brick walls though much
brick-veneer construction escaped damage. Forty miles from the
eplcenter, at Mattawa and North Bay, many chimneys were thrown
down. ‘

Cracks appeared in the gravel and sand at the edges of Islands and
borders of lakes. One beslde take Timlskaming was more than 200
feet long and a stick could be thrust into 1T to a depth of 3
-feet, The deep and ciear water of T-Lake, close to the eplcenter,
was muddied to the colour of “"cafe au lalt" by the shock. Other
lakes In the area were not affected. Displacement of heavy bod-
les was common in and near Timiskaming.

This shock furnished a weli-documented fnstance of triggering of
a landslide by an earthquake. At Parent, Que., 190 miles from
the epicenter, more than 100 feet of the Canadian National Rall-
.ways right of way stid Into a small lake. That the siide was
~imminent and the earthquake acted as a trigger was deduced from
the fact that delicately balanced rocks In rock cuts near the
silde were not disturbed.

As is usual when shocks are of the size of this one, many after-
shocks were felt In the eplicentral area. They were very frequent
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during the rest of November 1 and continued for some months after
the main shock.

1938, August 22
in western corner of Monmouth County. S!ight damage at Gloucester
City and Hightstown, N.J.; and Ardmore, Pa. Felt through central
New Jersey, southeast Pa., and northern Delaware. Four smaller
shocks occurred on the 23rd and one on the 27+h.

1939, November 14
Satem County, N.J. About 6,000 square miles affected. Little or
no damage.

1240, December 20
Centered near Osslipee Lake, N.H. This shock was followed by a
dozen aftershocks iarge enough 1o be located from Instrumental
data. The first was of equal magnitude. Three others had magni-
fude 3 o 4. The remaining eight to which magnitudes have not
been assighed but which were presumably smaller, occurred at the
foliowing times: December 24, - 13:00, 14:32, 18:12; January 2 -
3:42; January 4 ~ 11:10; Januvary 18 - 23:25; January 23 ~ 0:14;
February 12 - 22:23. One observer In the vicinity of the epl-
center, reported that 129 aftershocks had occurred by the end of
January. The two largest shocks reached Intensity VIl at
Tamworth and Wonalancet, both In New Hampshire. They were fel+
from Pennsylvania and New Jersey eastward through Maine and In
southern Canada.

1943, Fall
This account was given recently from memory by a residenf tong

after the event, 1n response to publicity of quakes In local news-
papers:

Doors and dishes rattied, hanging lamps swung, furniture
shifted, Earth shook perceptibly underfoot after group
ran outslde In night clothes.

This shock also felt in Suffern, N.Y., about 2-{/2 mites to the
north.

1944, September 5
About 3 miles north of Massena, N.Y., close to the internatlonal
Boundary. The origin time and co-ordinates, together with their
- respective uncertaintles, are those calculated by Milne who used
data from 23 seismograph stations.

The area over which this earthquake was perceptible extends from
James Bay south to Virginia and from New Brunswick west to lake
Michlgan. However, the area in which the shock was feit with an
intensity as great as V or Vi is relatively small. The area of
greatest intensity extends farther fengthwise along the St.
Lawrence River than perpendicular to it. The reglon where the
Intensities were of the order of VI extends from Montreal to the



Thousand lIslands but at Ottawa, which is 20 miles closer to the
eplcenter than efther, the intensity was oniy V. The same pat-
tern Is evident south of the river. The maximum Intensity of
Vilt occurred In the vicinity of Cornwell, Ont., and Massena,
N.Y. The total damage was estimated at $2,000,000.

Prior to the earthquake neither selsmoaraph records nor reports
from residents gave any indication of Increasing selsmic activ-
ity in the area. Three small events recorded only at Ottawa
during the year may or may not have originated near Massena.
The main shock was foilowe& by many aftershocks.

1951, September 3

Many people were alarmed and bulldings creaked at Greenwood

take and Tomkins Cove, N.Y. Felt from Windsor, Conn., southwest
to Pompton Lakes and Dover, N.J., and from north shore of Long
Island Sound to Walden and Middletown, N.Y.

1957, March 23

West-central New Jersey. Slight damage in the Lebanon-Hamdon-
long Valley areas, consisting of cracked chimneys, broken
windows and dishes, cracked walls and plaster, and broken wel!
curb. Many people were frightensad.

1961, December 27

Pennsylvania-New Jersey border. At Bristol and In northeastern
part and suburbs of Philadelphia, buildings cracked and dishes
rattied. Police and newspaper offices were swamped with calls
from alarmed citlizens. Felt by many of Levittown and Langhorne,
Pa., and Bordentown and Trenton, New Jersey.

1962~1963, March 6, 1962 to June 24, 1963

Five minor earthquakes in northern New Jersey, as well as several
other minor quakes from more distant locations were detected by
Lamont-Doherty Geological Observatory selsmographs in a speclal
study by Brvyan lsacks and Jack Oliver.

The principal instrument was an extremely sensitive (magnifica-
+ion of 8 miilion) selsmograph located in a deep mine at
Ogdensburg, N.J. This instrument could detect quarry blasts in
New England and was, therefore, used only at night when such
blasts and other noises were rare.

Two other less sensitive seismographs (one at Ogdensburg and one
at Sterling Forest, M.Y.) were also used In this study.

No local reports from the areas affected were given in the report;
therefore, Mercalll Intensities canno+ be glven.

The shocks of March 6, August 1| and June 24 were detected only by
+he one instrument. Therefore, only the distance to the epicenter
and not the exact location could be determined. (see sec?ion on
elemen?ary selsmology abovel.
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1968, December 10
Epicenter near Delaware Rlver, 15 miles southwest of Newbold Island.

Felt In sma!l area of northeastern Pennsylvanla; southern New Jersey
and Delaware, but caused no damage.

1969, Auqust 14 to November 3
Five shocks felt in the Lake Hopatcong area. Reports were received
by Lamont-Doherty Geologlcal Observatory seismologists in response
to questlionnaires published In local newspapers.

The quake of October 6 was the most wldely felt. One of +he 8l
positive responses to the guestionnalre for +thls quake reported
cracking in plaster walls; all others reported less severe effects.

The other four quakes were milder and less widely felt. Intensity
data are not avallable for these four.

According to resldents of the region, no shocks have been felt In
the 30 years preceding this sequence.

A total of 42 éarthuakes was recorded by the sefsmoaraph at
Ogdensburg, N.J., from August 13 to November 9, 1969.

1972, December 29
Waldwick, Wyckoff and parts of Midiand Park, N.J., experienced
a very local shock. Waldwick pollce headquarters was force-
fully shaken and a rumble (Iike a sonic boom) was heard. The
Waldwick polilce received 57 telephone calls about the shock. -

Although about I11 on the Mercalll scale, Lamont-Doherty Ob-
servatory's sefsmographs In Rockland County (10 and 17 miles
away) reported no major tremors. {Thls shock s probably asso-
sociated with the Ramapo Fault, sees text.) .

Note: Mr. Del Vecchio reports that his high gain seismograph
In Paterson (only 6 or 7 miles away) showed ".... not
the slightest trace of activity...." for this presumed
quake or for the one of February 5, 1973. Notino that
his equipment was definltely operating properly, he sug-
gested that these events might have been man-made,
perhaps sonfc booms.

1973, February 5 ‘
Very local tremors at 8:55 P.M,, 10:00 P.M., and {1:15 P.M. Flve

calls to Hohokus police reporting shocks. Possibly an aftershock
from tremor of December 29.
(See Note above.)

- 1973, February 28

Mahwah, N.J., to Balt+imore, Md. Rlchter magnitude 3.8, tasting
six seconds. The fault motion was "dip slip" (vertical) on a
nearly vertical plane striking N 28 E with the southeast side
moving down relative to the northwest. Focal depth from 3 to 5
mifes. Intensity felt in New Jersey reached |V (Mercalll).
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Trenton area police departments recelved over 50 telephone calls
from residents reporting shaking dishes, ratiling, and tables
and chatrs jigaling. One homeowner in Lawrence Township reported
that her well water became muddy.

Two residents from Rinawood and one from Mahwah, N.J., reported
vibrating furniture and plictures on walls dlisturbed. This earth~
quake was more severely felt In Philadelphlta where resldents re-
ported being dumped out of bed.

1974, Aprll 28

At least fifty (50) phone calls to police and radio stations and
fifty-six (56) detalied "felt reports" to the Detlaware Geologlcal
Survey. Reported as a loud explostve sound with a sharp vibratlon.
Felt about two to three seconds. Doors, windows and smai! obJects
rattled, pictures shifted.

|974 June 9 and June 17

Windows rattied, bulldings shook, explosive type noise. Windows
broken In Wildwood on June 9th. Five or six indlvidual tremors
felt In Northfield on the 9th. Seven shocks reported on the [7+h.

The cause of these shocks 1s unknown. They were not picked up by
seismographs of Lamont Observatory. Specutations ranging from
sonlc booms to meteorite showers have been offered, but largely
discounted. Offshore oll explorations using exploslive charges s
strongly suspected but not confirmed.

1974, Septembar 22, 23 and 25

Widely reported to police, not confirmed by selsmographs. Fort
Dix was conducting artillery practice on +he 22nd and the 25th but
not the 23rd.

Shocks of unknown orlgin simllar to these and those of June 9th

and 17+h have been reported off the coast of North Caroilna. These
have been dubbed the name "Seneca Guns.' These were plcked up by

a number of seismographs. The time delays between the reception of
the shocks at successlve selsmograph stations indicates that thelir
velocity equals the velocity of sound In air, not rock. The Seneca
Guns are therefore not earthquakes. Perhaps the South Jersey coast
shocks are the same.

1975, January 19

Shook houses 1n Mahwah. The water level .in & swamp dropped four to
six inches, returning to normal in a week. At least one well In
Mahwah turned brown.

1975, February 9

Rumbling, explosion-1ike wes+ of Bricktown toward Fort Dix.

1975, chober 12

Shook windows for a few seconds. Shook bed of person not yet asleep,
others not awakened.
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1975, November 6 o _
Numerous reports fo radlo station. Not picked up by selsmoaraphs.

1976, March |1

Numerous calis to police statlons at Kinnelen, Riverdale and
Bloomingdale with a "flurry of inquiries.® Lamont Observatory in-
stalled two portable selsmographs the next day to monitor possible
aftershocks.

1976, March 12

~Although only stightly smailer in magnitude than the previous day's
shock no reports were received by the police. This may be due to
-the early hour of the morning.

1976, Aprif 13

Like explosion or sonic boom. Like truck hitting side of buflding.
Felt in at least a dozen Bergen and Hudson County communities,
"Knocked dishes off table, plctures off wall and vase off TV set.
Rattled windows. Felt over a much targer area than the shock of
. March Il+h even though about the same. magnitude.

1976, December 5 and 6 _
- Three very sharp shocks felt In a very limited area. Rumbling or
‘explosion-!tke shocks heard Indoors. Watér main ruptured, presum-
ably weakened by the first shock. Plcked up by several selsmographs
of Lamont Observatory. Magnitude fn doubt but rather small. Smaller
shocks have been felt from time to time in this area. Two smaller
shocks were felt January 6 and March 8, 1977.

Due to the (Imited area and magnltude, a shallow focus Is Indicated.
The source may simply be mine collapse within one of the many aban-
doned fron mines in the area.

I977 , February 10 _
Small earthquake centered near Wilmington, Delaware. ™"Most observers
felt a small, sharp jolt accompanled by an explosive nofse."

About thirty similar shocks have been recorded in the WiimIngton
area since I97I, including the most wlde!y felt one of February 28,
1973,
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