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ABSTRACT

Approximately two thirds of 594 separate unusual noise events
reported along the east coast of Canada and the United States in the
period December 2, 1977, to May 31, 1878, can be attributed to the
operation of supersonic aircraft. Most of the remaining 181 events are
believed to have a natural origin. This conclusion is in accord with
thousands of historical accounts of booms not associated with
thunderstorms and related weather activity. The historical assoclation
of some booms with earthquakes suggests that the booms may result
from disturbances in the earth's crust leading to explosive releases of
gases some of which may be combustible. In many cases, for example
the Ramapo fault earthquake of June 30, 1978, the sounds precede the
earthquake shock by seconds. In other cases, booms are heard for long
periods prior to an earthquake, while other booms show no clear rela-
tion to observed earthguakes.
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FOREWORD

Press reports throughout December 1977 and January 1978 of in-
tense booming noises in New Jersey, the vicinity of Charleston, South
Carolina, and the southwest tip of Nova Scotia, prompled great public
interest in the '‘East Coast Mystery Booms.'' While there are scattered
reports of booms in earlier months, events on December 2, 1977, in
New Jersey and Charleston, triggered many reports during the nexi
two months after which press interest waned. The present investiga-
tion analyzes these reports and similar ohservations made over the past
three centuries,

Concern, even fear, by the public prompted Senator Harrison
Williamson [N.].] to request a White House investigation into the
causes of the hooms. Frank Press, Director of the Office of Science
and Technology Policy, referred the problem to the Defense Depart-
ment, which in turn gave lead responsibility to the Naval Research
Laboratory (NRL). The resulting study by NRL concluded that military
aircraft operating at supersonic speed in unusual weather conditions
which amplified and reflected the aircrafts’ normal sonie carpet boom
over abnormally long distances caosed the booming noises.!

Jeremy Stone of the Federation of American Scientists, examining
the same data employed by NRL suggested that flights of the
British/French Concorde were responsible for all the events from
Nova Scotia to Charleston.? This position was later modified to con-
clude that the booms in Nova Scotia were attributable to Concorde,
and suggest that the Charleston and New Jersey events might have a
similar origin.?

The MRL report examined a host of alternative explanations, in-
cluding: Nuclear explosions, military research and development ac-
tivities. military or civilian use of ordnance and high explosives, ship
disasters, USSR ship operations, geophysical exploration, antipodal
events, missile launches and re-entries, low-altitude satellites, Con-
corde, high-altitude aerosols, meteorites, winter lightning, direct
seismic generation, biogenic and tectonic methane.* The NRL Study
concludes that all alternative man-made explanations can be excluded
except Concorde in Nova Scotia and military aircraft In New Jersey
and Charleston, and that the natural alternatives are highly unlikely.

We have reviewed the data used to support the military aircraft
and Concorde theories and find that these explanations cannot in any
way account for about 30 percent of the 584 separate evenis*® reported
during the period December 1877 through May 1978. We agree with

*An event is defined as a set of observations. The total number of
separate observations is in the thousands,
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NRL that alternative artificial sources can be ruled out and conclude
that the majority of 181 events which are unrelated to alrcraft opera-
tions have a natural origin.

In addition to the numerous explanations noted, the NRL Study
cursorily discusses historical phenomena reported in the Nineteenth
Century. The observations of the previous century closely parallel
those reported today. NRL concludes that the historical sounds were
heard outside, and are not the same as the present sounds which NRL
claims are heard predominantly inside. As will be demonstrated, this
conclusion does not agree with the historical accounts.

The recently observed events lead to questions as to the origin of
the hitherto unexplainable historical sound phenomena, and to the
need for continuing work in understanding sounds generated by
modern man-made s0Urces.

This study reviews in detail historical sound phenomena, current
observations, and known work on low frequency waves and related
man-made sources of unusual sounds. It is intended s a starting point
for further investigations, not an attempt to explain each and every one
of the approximately 600 different groups of observations documented
since December 1877,
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HISTORICAL SOUND PHENOMENA

Unexplainable booms, blasts, explosions, sounds similar to heavy
artillery firing, or wagons on rough roads are not new phenomena.
References of unusual sounds, not thunder, are found as far back as
the Old Testament.

It was the Eighteenth and Nineteenth Century naturalists and ex-
plorers who have left the most systematic records of curious natural
events. Numerous journal entries contain accounts of unexplainable
noises in Europe, North and South America, Australia and the Far
East. Interest in the origin of earthquakes stimulated historical
research and cataloguing of thousands of earthquakes and associated
phenomena, including booming noises, David Milne* and Robert
Mallet® compiled exhaustive lists. Van Humbaolt” and Lewis and Clark!
wrote of unusual natural noises followlng exploratory expeditions. Sir
George Darwin, son of Charles Darwin, a leading theoretical
geophysicist of the Nineteenth Century, requested observers of
various noise phenomena to submit their descriptions to him for com-
pilation and discussion.”* His request has resulted in the most com-
plete accounts of natural noise phenomena available to us today. A
selection of historical accounts of booms and lights is given in Appen-
dix I, Appendix III provides a brief overview of phenomena
associated with earthguakes.

Gold and Soter!? have shown that it is useful to characterize
natural noise phenomena in terms of the seismic setting of the region in
which sounds have been observed. We adopt a slightly modified
classification to discuss the historical reports.

* Noises without earthquakes or other associated natural events oc-
curring in regions that are considered relatively
seismically inactive. In Guanajuato, a Mexican plateau city,
“'subterranean thunder'' has been observed with alternating slow
thunder rumblings and sharp claps noted over a month's period. No
trembling or earth movements were observed and the nolses simply
ceased.!? Dull distant detonations occurring irregularly have been
observed all along the French/Belglan coast without any notice of
seismic or other natural events.!?

* Noises ohserved irregularly over many vears in an ares of occasional
tectonic activity, without any obvious connection between seismici-
ty and noises. ''The first one of these sounds I heard under Gannet
Rock was about fifty vears ago (written 1898) . . . about 2 a.m. [ was
reading when bang went the shock of what seemed to be like a
24-pounder cannon. | went outside to investigate and found a clear,

* Appendix Il reproduces Darwin's article.



dark night, with few clouds and light winds. It was, I think in Oc-
tober.''13 Other accounts of sounds in this same area (coast of New
Brunswick, Nova Scotia) suggests atmospheric, not subterranean,
origing. An intense earthguake of Modified Mercalli scale VIIT* oc-
curred in the Bay of Fundy, October 1868, The sounds were heard
before and after, seemingly unaffected by this quake and other
lesser earthquakes during the last two centuries.

The Moodus sounds in East Haddam, Connecticut, have heen
reported since settlers first arrived, and probably occured even
earlier, as the sounds are part of local Indian folklore. **The famous
and mysterious disturbances . . . ‘Moodus Sounds' are being heard
again [1897). For twenty years, up to 1729, the villagers . . . heard the
noises continuously, 'shaking houses and all therein'. They were
again heard in 1852 and 1665, On the recent occurrence (1897 there
was a sound like a clap of thunder . . . a day later there was g
crashing sound like heavy muffled thunder, and & roar."'¥ The
sounds were again reported in 1940.'5 East Haddam suffered a MM
VI earthquake in 1791 with smaller earthquakes in 1792, 1793, 1794,
and 1805, but there has been only minor seismic activity since then.
Sounds were reported without noticeable ground movement in East
Haddam during the 1925 earthquake.

Noisas which occur at least one hour prior to an earthquake, *'. . |
people throughout Giles County {Virginia) were much disturbed by
subterranean noises. and all day Monday [May 31, 1897) detonations
like distant artillery were heard throughout the country. ‘Earthquake
sounds are reported to have begun 4 weeks earlier, on May 3'. . ."'16
The earthquake, intensity MM VI occurred at 13:58, May 31. In the
case of the East Anatolian earthquake of November 1976, **noises
resembling thunder were heard several times during the week
preceding the quake . . . Hidermentes, directly on the fault trace and
where it cuts the lake, there were reports of noises coming from the
lake (foreshocks, gas release, microfracturing?) during the same
period,'"17

Noises momentarily preceding or accompanying an earthquake. At
the time of the western North Carolina earthquake in May 1957,
“Loud, roaring earth noises were heard in many places.'%® *'In
Falmouth, there was a gradual rumble that ended abrupily like an ex-
plosion’'™ during the earthguake at Lake Ossipee, New Hampshire,
December 1940. ''The shock [earthquake] of the 2ird [October
1839, Comrle, Scotland] was accompanied with a noise in nature and
intensity indescribably terrific.-that of water, wind, thunder,
discharge of cannon, and the blasting of rock, appeared
combined,"*® Telephone callers described to the Mahwah Police,

*See Appendix I for a description of the Modified Mercalli scale.



loud explosive sounds near Mount Ramapo just befora the Mahwah,
Mew jersey earthquake, June 30, 1978.22

Sounds which are heard often enough to have local names general-
ly fall into the first two categories, that is noises not directly associated
with tectonic or seismic activity. Figure 1 shows the locations and
names for the more well-known sounds in the North Atlantic region.

However, mysterious nolses are by no means confined to the
Atlantic, Numerous British naturalists heard and later described their
impressions of the phenomena called the ‘‘Barisal Guns™ around the
Canges Delta and Assam. Additional reports from Australia, the Mid-
dle East and Africa show a global distribution of unexplained sounds.
A large number of the historical noises are associated with bodies of
water. The ''Mist Pouffers," '‘Sounds of Morecombe Bay," ''Gouf-
fres,'' and ‘*Sea Farts'' are heard on or near the ocean; the "'Guns of
Seneca,’” “'Lough Neagh,'" and "'Bosumtwi’' are heard near or over
lakes. But, there are also reports of noises on land associated with
bodies of water--Comrie. Scotland; Australian ‘““Barisal Guns''; and
the Connecticut *‘Moodus Sounds."'

It is not possible to tell from descriptions alone if the nature of the
noises vary from over water or land. Rumblings, explosions, cannon-
shots, ack-ack shells, pistol shots, carriages on rough roads, dull thuds,
are all used to describe what is being heard. The "'Barisel Cuns'' have
the distinction of being ohserved as triple detonations, whereas most
other examples are heard as a single sound without a distinguishing
signature. In most cases, there are reports of the sound being heard
both indoors and outdoors.

Given the richness of reports of sounds heard in the past, the ques-
tion arises as to why the natural sounds are no longer heard. Provided
that at least some fraction of the hundreds of accounts describe real
events, the most logical answer is the noises have not stopped, but
have been incorporated into the background noise of modern society.
The fact that Cornell University students studying late at night still
hear the unexplained booming noises from Lake Cuyuga suggests that
this might he so.22

Factories of the Nineteenth Century were undoubtedly as loud as
any today, but Twentieth Century developments have added a new
dimension to sound--sounds originating from mobile sources. Motor-
ized convevances (motorcycles, cars, trucks, bulldozers, aircralt,
speed boats) have carried sounds far outside more contained Industrial
centers,

With the addition of so many artificial sounds it becomes increas-
ingly difficult to distinguish specific natural noises. For example, a
sonic boom may manifest itself as deep rumbling. a dull thud, a boom,
or be mistaken for actual distant thundering. Expectation of industrial
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FIGURE 1
HISTORICAL NOISE PHENOMENA

life noises causes observers to assume a man-made origin. The in-
teresting part of the winter 1877-19768 events is the reporting locations.
Southwestern Nova Scotia has little industry, and on the land-bridging
islands, prohibits motorized conveyances. Here sounds are more
distinguishable than in New Yaork City. The Isle of Palm, James Island,
and Sullivan's Island, all near Charleston, also have the convenience of
being in areas without major industrial sounds. This i the case in a
number of reporting locations from New Jersey. The noises reported
from central Charleston and Newark must have been intense to have
been noted above urban city backgrounds,

It is unfortunate that there are few centers to which unusual noise
phenomena can be reported. Just before the earthquake along the
Ramapo Fault, June 30, 1978, several telephone calls were made to the
Mahwah, New Jersey, Police Station describing explosions near the
base of Mount Ramapo. Officers are able to take the reports, but do
not have the manpower to investigate, nor does & center exist to
receive and evaluate reports. All too often such reports from uncritical
ohservers are considered unscientific and ignored. Without the con-
siderable press interest in the recent events, it is unlikely that any
study would have been conducted.



CURRENT OBSERVATIONS

BACKGROUND

Three distinct areas have been most affected by the reported
sound phenomena since early December 1977. People of the New
Jersey coastal areas reported sounds of intense explosions beginning
December 2, 1977, and continuing intermittently until January 18, 1878;
although reports of light phemomena continued to January 26.
Charleston, South Carolina residents noted widespread heavy vibra-
tions beginning December 2, 1977, sometimes accompanied by loud
noises. The last reported incident was May 3, 1978, but the most
widespread and intemse Charleston occurrence was February 21.
Reports of both heavy vibrations with accompanying explosions and
rumblings, and booms or blasts without vibrations, began in
Southwestern Nova Scotia around January 1, 1978, and are continuing
as of late August, the greatest number of reports occurring in
February.

Isolated explosions or blasts have been reported during 1978 in
Connecticut and Virginia. A study completed in 1976 by Stewart and
Taylor®® reviewed the dull explosions heard for many years by
residents south of the Cape Fear Arch area of the North Carolina coast,
Descriptions from the North Carolina region closely resemble similar
rerpurzt‘s beginning in early March 1977 along the Charleston coastal
ArEd.

DATA SOURCES

This study, the NRL Investigation, and other reviews of sound
ohservations are based primarily on citizen reports together with
acoustic and seismic recordings provided by Weston Observatory of
Boston College, Lamont-Doherty Laboratory of Columbia University,
and Baptist College of Charleston,

The validity of citizen reports becomes a subjective matter, Are
some observers more credible than others? The NEL investigators
limited their study to events which were both observed by citizens and
recorded on acoustic or selsmic equipment, In 8 number of incidences
acoustic or seismic recordings exist, but citizen observations are lack-
ing; it is impossible to know whether sounds were heard and simply
not reported or not heard.

To investigate unusual occurrences, all available data must at least
be reviewed. Some may be easily explainable, such as the example of a
series of reports at 0200 on December 22, which was an explosion of a
transformer fuse near Tom's River, New Jersey. To suggest, however,
that most anomalous events, (events which do not coincide with the
prevalent theory) can be explained if only lengthy investigations are



pursued® does not leave much room for further study. These
anomalous events may, in fact, be just the exceptions which provide
new scientific insight Into areas previously overlooked. In this study,
the data bases for each of the three major areas of concern are
presented and analyzed using all available accounts,

Charleston and Vicinity

Mrs. Joyce B. Bagwell, and her staff at Baptist College,
Charleston, South Carolina, went back through their notes and log
books, providing MITRE with citizen reports and seismic recordings
since March 1977.* Mrs. Bagwell is Assistant Professor of Chemistry -
Geology and Principal Investigator of the Baptist College seismic net-
work. The data she provided are supplemented with some newspaper
accounts and several events reported by NRL investigators. The set of
observations beginning December 1, 1977, are presented in Appendix
I‘rl

New Jersey

Instrumented observation of the New Jersey events were obtained
from seismic recordings taken by the Weston Observatory and from
acoustic and seismic signals recorded at Lamont-Doherty as provided
to NRL,*® and citizen observation. Most of the citizen observations
were provided to MITRE and NRL by the National Investigative Com-
mittee for Areal Phenomenon (NICAP). This non-profit organization is
one of the few groups in the United States to which ohservers of
unusual areal phenomena [meteorological, sounds, lights, etc.), can
report. MITRE was referred to NICAP at the beginning of the study in
lanuary, by the Public Affairs Office of the National Aerenautics and
Space Administration [NASA),

The data which appeared in Appendix 2 of the NRL report is iden-
tical to the original worksheets provided by Ernie Jahn of NICAF to
MITRE and |. Brown of NRL. These citizen reports, Weston Obser-
vatory seismic recordings, Lamont-Doherty acoustic signals, and some
newspaper accounts, form the basis for the New Jersey data listed in
Appendix V.

*Two types of instrumentation provide mechanical recordings of
sound waves. On a seismic net. recordings in the vertical direction
without associated horizontal movement suggest atmospheric origin as
opposed to earth motion. Acoustic detection is done through an array
of microphones which record low frequency (inzudible) components
of sound waves. Only seismic recordings are available for the
Charleston events. Many of the New Jersey events were recorded
seismically and scoustically. Only citizen reports are available for
Nova Scotia.



Nova Scotia - Shelburne County

The largest collection of observations of the recent evenis comes
from citizen reports gathered by the Energy Awareness Center, an
ecology group in Barrington, Nova Scotla. Mrs. Hattie Perry, head of
the Center, and Mrs. Charlene Stewart, also of the Center, have pro-
vided an invaluable set of citizen observations. The intensity of the
glmost daily barrage of sounds experienced by the citizens in
Shelburne County and surrounding areas, prompted a unified action by
these concerned people with the purpose of bringing the severity of the
problem to the attemtion of the Canadian authorities. A toll-free
telephone line to the Center encouraged immediate reporting response
by people in the area. Lighthouse keepers also provided records which
were added to the events being collected in Barrington, The complete
data record, from the beginning of |anuary through May 1978, is
presented in Appendix VI,

DATA ANALYSIS

Several thousand individual observations of sound and light
phenomena have been reparted during the period from December 1,
1877, to the end of May 1978, in the three regions investigated.
Descriptions of these events range from & soft distant boom to an in-
tense vibration of buildings, houses, and ground. In many instances,
more than one citizen or measured observation is reported for a
specific time and region. To simplify the data analysis, simultanecus
observations occurring in the Nova Scotia, Charleston or New Jersey
areas are grouped together o form one event for the particular area in
which the reports occurred. This grouping reduced the total number of
ohservations to 594 events over the six-month period.

Although initial reaction to the simultaneous events of December
2, 1877, in both New Jersey and Charleston suggested a common cause
or source, continuous review of Incoming data after this date does not
support this conclusion. For analytic purposes, Nova Scotia, New
Jersey, Charleston and other incidents are each treated separately. In-
dependent regional analysis does not preclude the possibility of similar
causes or sources, but as pointed out in the Foreword of this paper, the
purpose is not to propose a single explanation, but to present all known
data together with possible explanations of the natural events.

The data have been divided into three Appendices (IV, V. and VI)
corresponding to each of the regions belng studied. Table [ is represen-
tative of the way in which the data have been tabulated.

In many instances, descriptions accompany reports, such as ''rat-
tling windows, two booms, shook home,'” and so forth. A simple ab-
breviated code has been devised and added following the place of
ohservation for easy reference [definition of the code is attached to the
Appendices),



TABLE]
WEW JERSEY, CHARLESTON, AND NOVA SCOTIA DATA

Code*  Code** Observetion Calculsied** Concorde®® Miitary*
Date  Milltary Cancords (Local Time Flight Flight
{Dayof Adecradt  Flights  Placeaf Time) {Looal) [EST) [EST}

Weak] (Yes/Mo] [C.AN] Observation

*Milrinry sircraft flights sre psavallable for Nowvae Sootls
**Coacorde snly used For Nove Scotla

After the release of the NRL study in March 1978, and a rebuttal
by Stone of the Federation of American Scientists, supersonic aircraft
(military and Concorde) became the focal point of continuing investiga-
tion. Two new independent studies, one by NRL,% and & second by
JASON?E conclusively show that the Concorde cannot be responsible
for audible events in Charleston or New Jersey; therefore, these two
areas are only compared with military operations. A detailed discus-
sion on Concorde is presented later in this book.

The military aircraft flight times used are from the NRL study.2% If
supersonic aircraft are known to be in the Warning Areas where the
event occurred, a ''Yes'' is entered in the column entitled * Military
Aircraft'’ and the times the aireraft are aloft are entered under
“Military Flight."

The Nova Scotia data can only be compared to Concorde flights,
as the actual times Canadian military planes are flying have not been
made available. For Nova Scotla, calculated times when a boom
should be heard are developed from actual arrival and depariures for
Dulles Airport, Virginia, and John F. Kennedy Airport, New
York.™ The details of the caleulations are given in Appendix VI,

Comparisons are made between the time of observations and
calculated times. The Nova Scotia events are placed into one of three
categories under Concorde flight code:

C -represents events within 16 minutes of Concorde;

A -represents associated events within 30 minutes of Concorde.
Associated events may Include training maneuvers by military
aircraft using the Concorde flights as targets;

N -represents all other events.

Table I illustrates the time ranges for each category.



TABLED

TIME RANGES
Calculated

Event-Code Time Range
C[Concorde) 1100 1045-1115
A [Associated) 1100 1030-1045

1115-1130
N [Mon-associated) 1100 before 1030

after 1130

In addition to the time ranges, events are categorized A
[Associated] if the description includes *‘double boom'' as expected
for a supersonic aircraft. However, it is possible that some events have
been placed in the A category which are, in fact, non-associated with
alrcraft. Given the available information, it is not possible to identify
coincidental events.

The Concorde flight for each calculated time is given in the col-
umn entitled *‘Concorde Flight." To distinguish the airport, arrivals,
departures, and airline, all flights are annotated: a = arrival; d =
departure; AF = Air France; BA = British Airways; | ] = Dulles
flights; no brackets represent JFK flights; and finally, an asterisk by a
Dulles flight denotes a scheduled and not a monitored flight, le.,
aAF0000 = JFK Air France arrival; (dBA0DOD) = Dulles British Air-
ways departure; and (aAF0000)* = Dulles scheduled Air France
arrival.

From the information developed in this manner the distribution of
all events is presented in Table III, for December 1. 1977, to May 31,
1978.



TABLEINI

DISTRIBUTION OF TOTAL EVENTS

Total Number
of events
Observed and MNew Jersey Charleston Mova Scotia
Recorded iG] 57 436
C 143
A 100
N 83
Military* 3z 23 .
Non-Military B7 21 -

*After January 14, data on military aircraft are not available, Events
before 0700 or after 2100 are considered non-military; the total number
of military and non-military do not add up to the total number of avents
because of the uncertainty of the nature of the events during the period
0700 to 2100,
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SUPERSONIC AIRCRAFT -
THE CURRENT EXPLANATION

Sonic booms - usually a light cracking sound, but occasionally a
deeper thud or rattling boom, ere familiar to many in this age of super-
sonic aircraft. A sonic boom results from a sound wave generated off
the shock wave made by a plane flying faster than the speed of sound.

A plane flying through the atmosphere displaces the air through
which it iz traveling. creating a conical shock wave called the Mach
cone. The sound waves [sonic boom) are generated perpendicular to
the Mach cone, as illustrated in Figure 2.

Carpet bu:rn
AR N
Sound wav:\ %

FIGURE 2
SOUND WAVES

The carpet boom is the direct downward traveling part of the
sound wave and under normal conditions would be heard at horizontal
distances of about 70-80 kilometers [km) for a Concorde flying at 17.5
km height.

At many points along the flight path these generated sound waves
may reach the ground directly resulting in the so-called carpet boom.
Mormally these waves travel only a few miles so that supersonic air-
craft flown over areas such as the desert or ocean do not disturb
populated areas.

Intensities of the sound waves depend upon the strength of the
shock wave, which in turn depends upon the speed, size and altitude of
the aircraft and the atmospheric conditions. A small fighter jet travel-
ing at 1.5 Mach [M) speed (1.5 times the velocity of sound at the
plane’s altitude) will not create as strong a shock wave and resulting
sonic boom as the larger, heavier Concorde jet, flying at the same
speed. The great air displacement is one reason why many of the
booms experienced in Nova Scotia may indeed be carpet sonic booms
fram the Concorde flying as far as 160 km offshore. A military plane,
on the other hand, would not generate a strong enough shock wave and
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resulting sound wave that could travel the same distance without
dissipating unless unusual atmospheric conditions prevailed. A
maneuvering plane can create a high intensity boom at ground level
through focusing of the sound wave. A focused boom or super boom
forms when energy imparted into the atmosphere along some segment
of the flight path arrives simuoltaneously at the same point on the
ground (See Figure 3). Focused booms can also be generated during ac-
celeration or deceleration,

Sound wave—

FLIGHT PATH

FIGURE 3
FOCUSED BOOM

H.5. Ribner?! points out, in his study on reducing focus booms of
85Ts, that as a turn is executed at constant speed, the Mach cone
becomes unsymmeirically curved inside the turn which causes the
sound waves 1o converge or focus [See Figure 4).

Mach cone

Focus

FIGURE 4*
MACH CONE FOCUSED BOOM

Decelerating on the turn or allowing sufficient turning radius can
prevent this type of focuging. On the other hand, acceleration or im-
proper deceleration can generate focused booms. Ribner discusses the
fact that planes traveling close to the local speed of sound have more
difficulty in controlling a focused boom than planes at speeds near
1.7M.
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R.A. Wood, among others., has noted that inhomogeneities in
the atmosphere can lead to focused booms, “'Sonic boom effects are
also critically dependent upon the atmospheric conditions through
which the shock wave is propagated. These include upper-level wind-
speed, vertical wind shears, temperature lapse rates, and to a lesser ex-
tent humidity and hvdrometers. When these factors combine to deform
the shock wave such thal convergence of the sound rays result, the
energy of the wave iz concentrated or focused into relatively small
areas,''*

The sound waves generated by the shock wave initially have a
broad frequency spectrum containing energy in both the audible and
infrazonic reglons, As the sound wave travels through the atmosphere,
the high frequency portion of the wave attenuates much more rapidly
than the law frequency portion. The attenuation of 1 Hertz (Hz) distur-
hances is less than 0.001 decibel [db)/km. F.H. Grover has examined
the propagation of sound waves generated by the supersonic flight of
Concorde, “*High frequency components of the N-wave are rapidly at-
tenuated with distance so that the range at which the wave is audible as
a boom is of the order of a few tens of kilometers. Very low frequency
components of the acoustic waves are, however, able lo propagate to
much greater distances (300 kilometers on his instruments), because of
the temperature and wind gradients by which the atmosphere is effec-
tively stratified, provide duects through which the larger wave lengths
of infrasonic waves can be propagated with low transmission loss,”'#
Grover also found that under special atmospheric conditions, Con-
corde sonic booms had measurable seismic effects as far as 120 km
distance from the path.

Liszka at the Kiruna Geophysical Institute in Sweden has recorded
infrasonic waves attributable 1o Concorde flights at distances up to
4500 km.*? In his work on long-distance focusing, four large areas are
identified as potential recipients of the low frequency waves generated
by the supersonic alrcraft, These are shown on Figure 5.

In summary, a turning maneuver can cause a focusing of sound
waves, increasing the strength of the resulting boom. In addition,
supersonic atrcraft may focus sound waves due to the curvature of the
Mach cone. Weather conditions may distort the waves causing the in-
tense focused boom from an aircralt to be carried over long distances.

THE NAVAL RESEARCH LABORATORY INVESTIGATION OF
EAST COAST BOOMS

After reviewing numerous possible man-made and natural ex-
planations for the blasts, booms and vibrations reported in New Jersey
and Charleston, NRL concluded that military aircraft flying at super-
sonic speeds in restricted zones coupled with unusual weather condi-
tions caused the winter incidents. 38
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FIGURE 5%
AREAS IDENTIFIED AS POTENTIAL RECIPIENTS OF
LOW FREQUENCY WAVES - CONCORDE
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Supersonic booms are not 8 new phenomenon, having been a fact
of life since the first planes broke the sound barrier, To prevent in-
convenience of populated areas during training flights, most super-
sonic maneuvers are conducted away from the coastline, although by
law the planes need be only 5 km from the coast. In addition, Warning
Areas are designated so that military maneuvers can take place without
jeopardy to civillan aircraft. Figure 6 outlines these Warning Areas and
shows the approximate distances.

Off the South Carolina coast, speeds above Mach 1 are routinely
authorized 42 km from the coastline.’® There are no known reports of
citizen complaints about these flights prior to December 1877. On
December 2, between 0900 and 1200, an F-14 was ﬂylng at Mach 1.6 in
Warning Area 108 off the Delaware/Maryland region®™ but no booms
were reported from these states. As noted by the NRL Investigators,
the actual times planes may be flying over Mach 1 speeds are
unknown, as flights are not always monitored and records are not
kept. The indication of such incidents is from pilots’ acknowledgments
that supersonic flights occur relatively close to land.

MNEL reviewed only events which included both citizen observa-
tions and seismic and/or acoustic signal recordings. As the seismic and
acoustic equipment at Weston and Lamont-Doherty respond only 1o
low frequency signals, it is not possible from instrumented observation
alone to determing whether high frequency or avdible signals were alsa
present. NRL claims that: " All observations are consistent with the
conclusion that the events detected in both New Jersey and Charleston
were infrasonic when they reached land.”"% The NRL report argues
that the great majority of the booms were observed only by citizens in-
side a structure. The implicit hypothesis is that the low frequency com-
ponents of the booms are converted to audible frequencies through
resonant response of the structure.

The WRL study also notes flights at supersonic speeds toward
VORTAC beacons in Charleston and Atlantic City.*" Straight line fly-
ing would generate carpet booms which might explain the low frequen-
cv sound waves recorded at Lamont-Doherty, Weston and Baptist
College.

In Tucson, Arizona, a very similar occurrence of booms, house
and ground shaking caused general alarm during April 1975, Richard
Weood at the U.5. Weather Service discovered that on days of par-
ticularly mumerous reports. the jet stream's southwesterly® winds
were averaging 150 to 205 miles per hour (130 to 178 knots). On the
days military supersonic flights were being conducted in Sills, Arizona,

*Wind direction is given from point of measurement, a southwesterly
flows from southwest to northeast,
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about 115 km west-southwest of Tucson, the high jet stream winds,
assoclated strong vertical shear and temperature inversion over Sills--
Tucson, may have focused the sonic booms into the Tucson area 115
km from the flight path.*! Again, it is unclear but very probable that
the jet plane maneuvers caused the initial focused booms, which were
then carried through the atmosphere as far as Tucson without attenua-
tion of the high frequency components.

It has been pointed out that weather conditions along the Atlantic
coast on December 1, 1977, included winds on the order of 140 to 180
knots, with strong verlical shear and temperature inversion. During
this period, the winds were again southwesterlies. If the Atlantic coast
events were similar to those in Tucson, then the jet planes would have
to have been 120 km inland over Delaware and southwest New Jersey,
not 80 km out to sea.

William Donn of Lamont-Doherty examined daily January mean
wind speeds and directions for these years to see If indeed unusual
weather conditions existed along the Atlantic coast for 1978; his data
are presented in Figure 7.%2 It is apparent that there is no obvious dif-
ference between the three years. Other tables of maximum jet stream
wind speeds tend to confirm his observatlon. As discussed in the
Wood article, where maximum winds reach 140 knots and over, many
reports from Tucson citizens were received: when winds drop below
87 knots no reports were made of vibrations or sounds. A few calls
were received when wind speeds were between 87 and 140 knots, The
data bage shows four days of coincidental ohservations (citizen and in-
strumented) for New jersey, and ten days of coincidental observations
in South Carolina. Table IV compares days of colncidental events and
maximum recorded wind speeds in the region reporting these events.

There weare several other days of maximum wind speeds over 150
knots in Charleston. On January 26, a 150 knot west-southwesterly was
blowing and on February 11, a 163 knot northwesterly was recorded.
No events were reported for either day. Similarly, in the New York
area, maximum wind speeds over 140 knots are recorded on December
3. 4, and 5, and February 16, 17, 18 and 20. Two reports of sounds on
December 3 were made at very early morning hours when no planes
were aloft, all other days are without reported incidents.

Using ray tracing techniques, NRL determined from seismic and
acoustic signals that the location of the source of certain of the New
Jersey booms was at 39°30° N, 74*10° W, Referring to Figure 5, these
coordinates are only 10 km off the coast of Beach Haven, New Jersey.
The altitude of the source is estimated at 2500 meters.*? At this altitude
and horizontal distance, the direct carpet boom would certainly be
audible along the coast. If planes operated supersonically so close to
shore and at low altitudes. the question arises as to absence of reports
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TABLEIV
COMPARISON OF EVENTS AND WIND CONDITIONS

New Jersey Charleston
Knots Direction Knots Direction
December 2 170 sW 140* W
15 110 MN/iA
20 BS 5W
22 85 aw B0 s5W
January 2 80 N/A
3 160** w
4 B0 N/A an MN/A
5 65 N/A 70 N/A
i 50 N/A
11 70 NwW
12 70 N/A
February 21 170*=* SW

* Mo planes aloft during one simultaneous event
** Mo planes in Warning Areas directly off Charleston, plane in area
NE of Charleston
*** Flights of military aircraft unknown

of damage. A further puzzle is why, in some 15 years of military air-
craft maneuvers, were there not earlier reports of booms? Nine dif-
ferent events hit on December 2, and & total over a six-week period of
32, if all reports (when aireraft were operating in the Warning Areas)
are attributed to supersonic flights,

Charleston data did not allow ray tracing. so actual areas of origin
are unknown. Observers, however, say the sea, and this has been
agreed upon as the direction from which the sounds came. December 2
was used by NRL as the basis for the flight/weather conclusion. Very
strong southwesterlies were indeed blowing, but the interesting point
about the Charleston analysis is that one of three coincidental events
{seismic, signals and citizen) on December 2 occurred when NO planes
were in the Warning Areas, as did the additional citizen observations
on the same day. Of five events on December 2, only two can be ex-
plained by the operating military aircraft.

Three other days are considered to have had particularly intense
events in Charleston; December 22, January 2 and February 21. Winds
on December 22 had a maximum speed of 80 knots; on January 12, a
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maximum of 70 knots: only on February 21 are the speeds again at 180
knots, but it is unknown whether any planes were operating. Two
other days of coincidental events used by NEL to confirm the opera-
tional flight theory are December 20 and January 3. In both cases, the
only Warning Area where any aircraft were flying Is W177 northwest
of Charleston. As seen on Figure &, the nearest southern edge of this
zone is about 50 km from Charleston. Maximum winds on December 20
were only 80 knots, insufficient for wind focusing. On January 3, very
strong winds existed, over 160 knots, but these were westerlies,

[n summary:

All acoustic and seismic signals received by Lamont-Doherty,
Weston and Baptist are considered by NRL to be infrasonic,
without accompanying frequencies in the audible range, although
observers describe sounds like blast, boom, cannon shot, as well
as having felt vibrations.

Ducting conditions would have propagated the infrasonic sounds
with low transmizsion loss without focused booms, but the inten-
sities reported suggest that focusing must have taken place during
audible observations unless supersonic flights were being con-
ducted only 10 km off the coastal areas.

No particularly unusual weather conditions existed during January
1978, as compared to the same month for the previous two vears.

Over half the coincidental events ocourred when wind speeds
were under 80 knots, Richard Wood's cut-off for similar oc-
currences in the Tucson area involving milltary maneuvers and
distance weather focusing.

Several coincidental events occurred when no military aireraft
were in coastal Warning Areas: December 2 and January 3 in
Charleston; January 2 in New Jersey.

A large number of events, acoustic/seismic signals and/or citizen
observations, occurred when no aircraft were flying in the Warn-
ing Areas: 67 (30 acoustic only) of 99 events in New Jersey and 19
(3 seismic onlv] of 41 evenis in Charleston.

The coincidence that many of the observations occur on
weekdays between 0700 and 2200 is not sufficient reason to
assume the causes are man-made. as these hours can be explained
as normal times citizen observers are awake. In fact, of the eleven
observations involving intense vibrations, some with loud baom-
ing sounds, felt in the Charleston region hetween January 25 and
April 23, three of them are reported between 2400 and 0500 hours
and two of the eleven are on Sunday.
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CONCORDE THEORY

In mid-March, Jeremy Stone of the Federation of American Scien-
tists, suggested that the Concorde was responsible for the New Jersey
and Charleston events as well as the Nova Scotia events.3* He revised
his conclusion in May indicating Concorde was responsible for the
Mova Scotia events,*¥ a conclusion reached earlier by NRL. Stone sug-
gested that the New Jersey and Charleston events might be explained
by long distance propagation through the hot upper atmosphere where
{he I]ﬂ:leed of sound reaches values twice the speed of sound at ground
evels.

Garwin,*® stimulated by Stone's speculation, analyzed the prop-
agation of small amplitude, non-dissipating waves into the hot and
tenuous high atrnnspgam. With his approximations, Garwin found that
Concorde-generated shocks would significantly perturb the high at-
mosphere by heating and by causing strong winds. The heating could
explain observation of lights. Further, the shock would propagate
through the high atmosphere at an average velocity slightly less than
the velocity of the aireraft at the point from which the shock was
launched. Thus, the acoustic disturbance could travel through the at-
mosphere at a near velocity well above the velocity of sound at sea
level, The booms refracted by the thermosphere. called hyperbooms
by Garwin, could travel horizontally for hundreds or thousands of
kilometers and through focusing could produce the observed east coast
booms.

Gardner & Rogers?” and MacDonald et al.*® have shown that a
weak shock launched in the lower atmosphere remains weak
throughout its path. Since the shock loses 90 percent of its energy
before reaching 100 km, the shock will neither heat the high at-
mosphere nor cause measurable winds, Furthermore, on reaching the
ground after refraction in the high atmosphere. the sound wave will be
too weak to be observed audibly.

The carpet boom, from a fighter jet. can be heard at 40 to 50 km
from the flight path. A Concorde-generated carpet hoom may reach 80
km from the flight path. Ribner has calculated a cut-off point on the
distance a Concorde focused boom (2 boom from acceleration, turning,
or deceleration) to be very similar to a carpet boom, that is 80 to 80 km
from the points of origin.*® Gardner & Rogers have determined that a
sonic boom traveling in the thermosphere will reach the ground at a
horizontal distance of about 320 km from the point it left the aircraft
but with a very low amplitude.50

In addition, Gardner & Rogers have also found that: ''Sound
received along the flight-track is a minimum, The largest (low frequen-
cy approximate .1 Hz) signals occur 200 to 400 kms from the flight
track.' '™ This is in agreement with the observations of Grover.
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Atmospheric ducting conditions have alsc been considered for
long distance wave propagation. However, the high speed upper at-
mospheric winds prevailing on several days of east coast events are
opposite in direction to the sound wawves, that is, blowing from
southwest toward the northeast, whereas sound waves are generated
in the northeast.

If the sound waves were produced on the approach toward New
lersey as the airplane is decelerating, the Concorde would arrive 13
minutes ahead of the first thermosphere boom. Gardner & Rogers have
found that there are no likely reasons that the boom would proceed the
decelerating aircraft. It Is also the case that a decelerating plane pro-
duces a weaker shockwave than an accelerating plane.

As pointed out in the NRL study, many of the Nova Scotia events
correlate very clearly with passage of Concorde flights."2Detailed
analysis of the more than four hundred events from Nova Scotla show
that 58 percent of the events are within thirty minutes of the calculated
flight time for Concorde. Thirty-five percent of the Concorde related
events result from arriving planes and 65 percent from depariures. It is
not clear why the departures account for the larger fraction, as the
flight path calls for a distance of 180 km off the shore, whereas the ar-
rivals are closer at 80 km. Rates of aircraft acceleration and climb are
possible explanations. The observations are in rough agreement of
weaker shockwave generation by decelerating planes, with more in-
tense shockwave generation by accelerating and climbing planes.
There remain 21 events in Charleston, and 87 events [30 acoustic only)
in New Jersey which cannot be explained by military aircraft, as well
as 93 events in Nova Scotia unrelated to Concorde. There are also 13
observations of unexplained light phenomena in New Jersey, which
brings the total of unexplained events to 194 incidents.
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REGIONAL INVESTIGATION

Rattling homes and unexplained booming noises are not new to
areas along the Atlantic seaboard. As noted In the first section and Ap-
pendix II, such sounds have been commonly heard around the world.
There are also many reports of light phenomena in the sky unrelated to
thunderstorm or lightning, and of flames from the water, such as:
“'Fire-Ship of Bay Chaleur,’”” New Brunswick. investigated by the
famous Canadian Naturalist, W.F. Ganong:* the Summerville, South
Carolina, light;™ an unusual {llumination of the sky seen from Sandy
Hook, New Jersey;% and the strange lights of Gardiner's Bay, New
York.* Certain of the noise and light phenomena currently observed
may be reoccurrences of the same historically noted events,

NRL reviewed some historical data and were convinced of & major
difference between current and past events, namely thal the past
events were observed by persons outside, whereas most of the current
events are observed by persons indoors.5” This is only partially true, as
some historical events are observed inside, and some current accounts
are reported outside. One should also remember that a majority of peo-
ple 100-150 years ago worked outside more often than inside. The NRL
Study also noted that most historical events occurred during calm,
warm days. Agaln, certain current events were indeed reported on
calm, warm days, as some were reported at midnight in winter with
winds blowing. The inference from the investigation by NRL is that all
events were infrasonic--that is, below audible; but reports cite boom-
ing nolses, blasts, explosions or rumbles.

“Evewitnesses [in Charleston] describe a variety of phenomena,
but they agree that there is sound offshore--sometimes shattering loud
blasts, sometimes thunderlike growling noises.”"3® “'A mysterious
shaking sensation, coupled with sounds of explosions In some areas,
frightened thousands of residents in four New Jersey coastal counties
Friday afternoon.''"® The descriptions of blasts and explosions are in-
consistent with the hypothesis that the audible sounds resulied from
the excitation of vibrations in the buildings by infrasonic waves.

COMPARATIVE STATISTICS

Charleston

Fifty-four events occurred in the Charleston, South Caroling,
region hetween Decembar 1, 1877, and Mav 3, 1978, Figure 8 shows
the reporting areas. Three additional events are noted in the NRL
Study as being observed seismically but not heard: these three obser-
vations have not been confirmed by Baptist College. Of the fifty-four
events, thirty-six occurred during the period studied by NRL:
December 2 through January 12. Ten of the thirty-six wera reported by
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citizens and recorded as atmospheric disturbances by the Baptist Col-
lege seismic net.

The NRL report states that all of the coincidental [citizen and
seismic) events occur during military operations.5" However, two of
the ten events were al times when military aircraft were not flying
in Warning Areas W132, 133/34 or 157, Another eleven observed
evenis were noted at times when military operations were not being
conducted. Thersfore, 36 percent of all reported events cannot be
explained by reported supersonic aircraft operations,

After January 12, fifteen more evenis were observed. The most
sevare to date was February 21. Four booms were observed from
Sullivan Island to Summerville, as well as recorded on the Baptist Col-
lege seismic array. It is not known whether military operations were
being conducted on the morning of February 21, Very strong upper
southwest winds were blowing on this day. Other events which oc-
curred after the NRL Investigation, are reported at 0400, 0500, 2100 and
2400. Because military flights are normally conducted after 0800 and
cease by early evening, these events are not considered the result of
military operations. Table V presents a time distribution of all unex-
plainable Charleston events,

Table V illustrates the time of day, day of week correlation noted
in the NRL report. In all but three cases (0710, 0715, 2100) supersonic
gircraft can be excloded; the nineteen events were reported over a
period of 21 weeks; and 50 percent of these observations are before
0800 [B:00 A.M.] or after 2000 [B:00 P.M.). Simple coincidence cannot
be ruled out. A historical parallel is the series of shocks experienced in
Charleston after the August 1886 earthquake. “*For nearly two months
.. . no Friday or Tuesday passed during this period without a shock of
greater force than those which occurred on other days . . . 1"-'I'idai.r in-
deed came to be known throughout the state as earthguake day.''% Six
small earth tremors also occurred in Charleston during the period
December 1977, through May 1878; all on weekdays, but these did not
have, as far as can be determined, a cultural origin.

Mew Jersey

Mopise, lights, vibration, acoustic and seismic signals, and a com-
bination of noise and light phenomena were reported in New Jersey
during December 1977, and January 1978. Figure 9 identifies the
various towns and types of phenomena reported. The NRL Study in-
vestigated the period from December 2, 1977, through january 14,
1978; this study includes ohservations through January 26, 1978. The
summary tables do not include the June 30, 1978, event at Ramapo, in
which an explosion was reported by citizens seconds before they felt
the shock of an earthquake of magnitude 3 on the Richter scale,
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TABLEV

DISTRIBUTION OF UNEXPLAINED CHARLESTON EVENTS

SUN | MON | TUE | WED | THU FRI SAT
0145
ﬂmii
umii
0710%*
n?isii
0800
0830
0856
{0B30) | 0930 |(0930) |(0930)
1100
1125
1130*
1355
1453*
— 1600
4
2400**

* Observed and recorded on the Baptist College seismic net

**Events before or after availability of data on military aircraft
operating in Warning Areas

[ JAcoustic
Bagwell of

nals onl
aptist Co

—Coincidental events
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One hundred and one different events are noted in Appendix IV,
NEL reviewed six events on December 2 and 22, 1977; January 4 and
11, 1978.5% The NRL actual times of two of the six events reported
could not be confirmed, namely, January 4 and 11, although several
events did occur on these days at times not recorded by NRL. The im-
precision of observation times complicated attemptis to correlate
seismic or acoustic signals with citizen reports. If a fifteen minute dif-
ference between a citizen report and instrumental recording is allowed,
then seven events were reporied by citizens and recorded instrumen-
tally. Of the seven, five were during times at which supersonic jels
were flying in the Warning Areas, two at times when supersonic jets
were not in the air. Twenty-five additional observations [twealve
acoustic or seismic reports only), were also made at times military
planes were operating in the Areas. Sixty-seven other events appear to
be unrelated to military operations. These include:

Instrumented Citizen Lights Lightsand Vibrations

Observations Observed Cmly Booms Omnly
27 19 13 5 1
Coincidental Citizen and
Instrumented Observation
2

Table VI shows the time distribution for instrumented observations
and for all other observations. There is a very marked difference be-
tween the two, suggesting different origins. All but twe of the acoustic
seismic-detected events occur during the week between 0752 and 1800,
mostly on Wednesday and Thursday. The other events are distributed
over the week with the majority occurring before 0800 or after 1800,
Citizen reports, a total of forty, do not show a culturally oriented time
distribution. Of the nineteen booming phenomena reported, seven are
between 0000 and 0530; and five occur on Saturday,

Historical booming noises are not known in the New Jersey area,
but light events have been reported. One particular example is called
the Phantom Brakeman. However, documentation is searce, although
at least two non-profit private groups (Vestigia, Inc., and NICAP) have
investigated these observations.

Mova Scotia - Shelburne County

In the late Nineteenth Century a fascinating compilation of reports
on sounds heard along the New Brunswick/Nova Scotia, Bay of Fundy
coastline was published by Samuel Kain and others, including W.F.
Ganong.™ Ganaong had heard the sounds himself, and had given a paper
to the New Brunswick Natural History Society in 1896,% Descriptions
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TABLE VI
DISTRIBUTION OF UNEXPLAINED EVENTS - NEW [ERSEY

ACOUSTIC/SEISMIC OMLY ALLOTHERS
*Mon | Twe | Wed | Tho | Fd Sup | Mon | Tue | Wed | Tha Fr Gat
0O00-
0100
0O30- 0100 0100
o103 01307
onon? n2nok BARE nzoo-
TER]
0237
0t 0345
0530
08002
arpot
o730’
pang- | 07EE-
ob3h | oayy | D809 P
o757 0847-
agy | e=0 oR00-
90E. g0 18 000 %
X ]
oatz | 9024
ﬁi& 1030-
mi:‘ ook 1130
nr |
1141 1153 | 1208 -
1245
1 1300 |
13 1330
1404 | M0
1 1430-
1457 ﬁfl'
i
10| oay
1800 1800
18300
1
Ll R
o 1900
1950 -
2100- | 2100
220012 2200
i
zzzst
2300!
! Lights only
’ lml Boum *No Ansustlc/Selsmic Observed On Sunday
L ons only - Colncidental Observatlon [lasirument and Citizen]
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in these articles Include: *'distant firings of heavy guns.”” “'arattle of a
24-pounder cannon exploded 40 feet from the buildings,'' and “guns
from porpoise fishermen.'' The times and places where the noises
[known as airquakes, sea farts or booms) were heard vary con-
siderably within the articles. They are observed in January, February,
“only in calm, warm weather,'' "‘early spring mornings.”’ ‘‘never at
nighttime, " at 0200, 2100 and 2300 [specific examples), outzide, inside,
and 40 miles from land in a boat. One writer swears they are subterra-
nean, while Ganong says there is nothing subterranean about the ones
he heard.

We find today the same sort of variations in observations that
have been historically noted. The following examples of descriptions,
times and places of current events are from the record logs of the Barr-
ington Energy Awareness Center.59 Reports of booms, not related to
Concorde, have occurred at 0100, 0550, 1145 and 2304, They are
described as similar to: “*a clap of thunder,'" "'a blast of dynamite,""
“'gunshots,’’ and "'a loud bang, without rumble or vibration.'' In one
incident, both the husband and wife heard the noise, although the wile
was on land and the husband was out on the water. Most ohservers do
agree that the noise is more likely coming from the alr, although a
woman ohserver who lived in Laurentians, Quebec, believes the
sounds she is hearing in Northeast Point are exactly like the ground
noises during the Quebec earthguakes. Her first report of noises cor-
related with Concorde, but the second did not. These events have been
continuous since January,

Reading over the hundreds of observations. we are struck by the
fact that most of the incidents which do not correlate to Concorde are
described as bangs or booms without vibrations. This, however, is
really inconclusive, although many observers are becoming increasing-
|y discriminating in their descriptions.

The almost five hundred events [over one thousand observations)
reported to the Energy Awareness Center provides the most complete
observation data base in this study. There is no acoustic or seismic
equipment in the region to record infrasonic signals as has been the
case in Charleston and New Jersey. Figure 10 shows some of the re-
porting villages in Shelburne County.

There is little doubt that sonic carpet booms from the
British/French Concorde are responsible for over 50 percent of the
events being heard and felt in Nova Scotia. The flight path passes near
Nova Scotia while the aircraft is still at supersonic speeds or just
reaching supersonic speed. In this report, interest centers on the 50
percent of the events that are probably not directly due to Concorde.

Information regarding Canadlan military operations near
southwestern Nova Scotia 1z unavailable. Reports by some Concorde

30



FEZLO

‘O
s W LHDIT 318VS 3dvD
£z Lo WMYH 3HL .
-

ﬁ ? -.-—Pn__h._._wt_wzo_
TNAIHLNID wnoguvH

ouY0OVE oyhs <t
E FTNASHLING HNOBEYH
Q S000M
VATV TN HIMOT
- = 3DVSSVd
HNOAHYH NOLOMNIHHYE
uywoony, § M NOLONIHHYE 0 T13MOED
ATTNASYROHL
NOXYS LHOd
H3IAIH 30A1D Al
OVIHILIHM
02INBNd
15¥3 3100IW
1
11
\L
INUNETIHS N

r'e

FIGURE 1087
SOUTHWESTERN NOVA SCOTIA

SHELBURNE COUNTY

31



pilots™ of seeing jets near the flight path suggest that on occasion
Canadian fighter pilots may be using the Concorde as a model for the
Soviet supersonic bomber, the Backfire.

All the Nova Scotia events have been classified as either cor-
related to Concorde [within 15 minutes before or after the S5T has
passed), associated (within 30 minutes before or after the SST has
passed), or non-associated (more than 30 minutes before or after the
55T has passed). All events which include a double boom as part of the
description are also classified as associated. no matter what time they
were observed.

There is an inherent problem in the classification; that is, eventis
considered as associated may, in fact, be completely unrelated 1o air-
craft flights. Because of this, non-associated events may have been
classified as associated. The same is true of double booms; whatever is
causing the Nova Scotia non-Concorde sounds may generate one, two
or many distinguishable booms. Reports of three, four, or more booms
have not been automatically categorized as associated.

Of the 438 events from January through May 1978: 243 (58 per-
cent] correlate to Concorde; 100 (23 percent] are considered
assoclated: and 93 (21 percent] are non-associated. Tables VIl and VIII

TABLE VII
NOVA SCOTIA — NON-ASSOCIATED EVENTS

2201-2400 1

2001-2200 3 1
1801-2000 2 1 1 2z G
1601-1800 i 2 1 4
1401-1600 3 1 1 4 1 4 z
1201-1400 B 1 z 1 2 5
1001-1200 3 i 1 1 7 1
0801-1000 k 1 3 3 1 1
0601-0800 2 2 2
0401-0600 1

0201-0400

0000-0200

1
Sun Mon Tue Wed Thu Fri Sat

Concorde Flights - 4-6 Flights per day average

4 to/from |[FK daily
2 to/from Dulles Mon, Thu, Fri, Sat, Sun
1 to/from Dulles Tue, Wed
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TABLE VIII
DISTRIBUTION OF NON-ASSOCIATED EVENTS

Mumber BY DAY OF THE WEEK
of Events

20

18
16

Number
of Events BY TIME

14
16
14

— ]
oo e oD opa

0000 0201 0401 0601 D801 1001 1201 1401 1601 18012001 2201
0200 0400 O&00 0800 1000 1200 1400 1600 1600 2000 2200 2300
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represent distribution of time, day of the week. and number of non-
associated events observed.,

Attempts to correlate non-assoclated events using hourly ground
wind speeds and surface temperature do not produce an obvious pat-
tern, although when wind speeds are over 40 km per hour, no events
are reported. Simllarly, no events are reported during heavy snow fall.
Most observations occurred when wind speeds were under 24k/h (15
m/h). The weather-boom correlations are listed at the end of Ap-
pendix V1.

Other Areas with Noize Phenomena

Tuesday, December 20, 1877, three loud explosions accompanied
by & ball af fire were reported by residents of New Canaan, Connec-
ticut, at 2343.% There were no military aircraft in the area, nor any ap-
parent man-made explosion in the town or surrounding region. A
canister labeled as Signal [lumination Ground White Star Parachute
was found in the vicinity of the reports, but no conclusion was reached
by the investigators as to its possible connection with the event.

Mew Canaan is near the town of East Haddam, known many vears
ago for the famous "*Moodus Noises."' These sounds are described as
loud booms like artillery, but normally are accompanied by shaking
?lndﬁuttling nf homes. There are no known historical references to light

ashes.

Members of the Natlonal Weather Service, police officers, and
citizens of Tidewater, Virginia, were surprised by a 20-second tremor,
which shook houses and according to one observer, “‘sounded like
someone dropped two tons of bricks from the third floor, "' ™ March 31,
1878, A seismograph of Tidewater Community picked up signals, but
the operator did not know whether it was an earthqueke or not. Of-
ficials at the National Earthquake Center in Colorado are also unsure.
Both sonic booms and two 15-gun salutes from the carrier john F. Ken-
nedy were ruled out as causes. It has remained undetermined exactly
what happened at 1132,

Citizens have reported unusual sounds in parts of Canada, other
than Nova Scatia. The two principal areas are in Ontario: Cornwall,
located southeast of Ottawa along the 5t. Lawrence Straits, and Burl-
ington, located near Hamilton.

The Cornwall “Thumps'' began on December 26, 1977, with the
last documented report January 15, 1978, causing some alarm among
the local residents. The series of thumps ocurring, for example, at
0100, 0300, 0500, 1040, 1205, 2000, 2110, are described as ‘“someone or
something hitting the side of a wall.”"7! Several theories have been pro-
posed, such as a reoccurrence of noises heard before the 1944 earth-
guake. or lce cracking on roof tops, suggested by the investigating
seismology team.” No recordings were picked up on a seismograph in-

a4



stalled in Cornwall for a week, and the ice theory has not been substan-
tiated.

On Sunday, March 5, 1978, at 1822, in Cornwall, a loud boom rat-
tled windows and knocked articles off the shelf. A small earth tremor
Richter Scale 2.3, was picked up by a New York seismology station.™
What is perplexing to Canadian seismologists is that tremors below
Richter Scale 3 are rarely felt above ground, nor do such loud noises
generally accompany such small tremors. A shock was also experi-
enced by residents at 0833 January 9, the same day thumps wers
reported in Cornwall. Earlier reports of a booming noise similar to the
March 5 incldent were made by residents on June 30, 1975. The blasts
seem to most observers to be coming from the ground. Similar obser-
vations have been reported in Burlington.

Reviewling the hundreds of current and historical reports, it is ap-
parent that unusual noise phenomena are heard in many places and by
many peeple. Over the vears, numerous explanations have been sug-
gested. With the advent of S5Ts, reports of booms have become more
numerous in certain places. Familiarity with supersonic booms may
lead to a decrease in citizen interest in reporting events, some of which
may be of natural origin. Numerous other man-made explanations have
been put forward, even extremely strong low-frequency radio waves.
However, an examination of the kind carried out by NRL can be used
to dispose of the man-caused alternative. It is far more likely that
natural causes are responsible for many of the current observations as
they are for many of the historical ones,
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NATURAL CAUSES OF CURRENT AND HISTORICAL
LIGHT AND SOUND PHENOMENA

The diverse nature of the booming phenomena heard along the
Atlantic Coast and in the Canadian provinces of Ontario and Nova
Scotia indicate that several mechanisms may have produced the
booms. Numerous historical accounts, provided by Mineteenth Cen-
tury naturalists, suggest that natural events may cause booms. Despite
the rich literature describing the booms, few hypotheses have been put
forward to explain booms in terms of natural events.

Since certain of the booms have bean noted at or near the time of
the earthquakes, the suggestion has been made that the actual ground
motion assoclated with an earthquake generates an acoustic signal,
The intensity of the sound wave will be proportional to the square of
the magnitude of the ground displacement coupling to the atmosphere.
The initial ground shock (selsmic P wave] almost always has a very
small amplitude, and could not generate the observed booms unless, in
the epicentral region, the disturbance triggered landslides or mass
movement of unconsolidated sediments. Seismic disturbances are
characterized by much lower frequencies than the audible part of the
spectrum so that the generation of sounds heard outside buildings by a
ground disturbance is an unlikely event. Further, booms are known to
have been observed prior to the actual ground shaking, yet the velocity
of sound in the atmosphere is almost always distinctly less than the
velocity of propagation of a disturbance in the underlying rock.

Gold and Soter™ have suggested that release of combustible gazes
along a break or pre-existing fault in the crust could be responsible for
the booms if the gases ignited or exploded. Gold and Soter argue that
flames or lights seen along the ground trace of the fault in some earth-
quakes are evidence of combustible gases, presumably methane. NRL
examined venting methane as a possible cause for the booms. Their
conclusion suggests that the volume required for ignition and subsa-
quent explosion would be difficult to generate in a single bubble
because of rapid dispersion in the atmosphere and the large quantities
required.”™ Alternatively, the release of high pressure methane or non-
combustible gases could result in & boom or an explosive sound
without any associated flash or explosion.

Large areas of the earth's crust are considered aseismic. Even in
these more stable regions, earthquakes and booms can occur. The
severe 18976 earthquake in Anstolia, Turkey, was in a reglon con-
sidered aseismic, since no earthquakes had been noted for at least
three generations.”™ The populace of Charleston were unfamiliar with
earthquakes prior to the 1886 eveni. The easi coast of the United
Gtates, while tectonically inactive relative to California, does contain
regions considered to be of high selsmic risk [See Figure 11).
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Charleston and Vicinity

On August 28, 1886,* an article entitled the **Summerville Sensa-
tion'' appeared in the Charleston News and Courier, describing an
sarthquake shock felt the previous day in Summerville, about 20 miles
from Charleston. ''Some of the people from Summerville . . . said that
a rumbling sound was first heard in a northwesterly direction from the
town, and that the sound was followed by an explosion resembling that
of a cannon at a distance.''™ The citizens of Charleston greeted this
pronouncement of an earthguake ‘‘ss another one of the alleged
miracles and phenomena of the pineland Munhausen.''™ That was un-
til the following day. August 28, when another tremor hit the Summer-
ville area but was also unmistakably felt in Charleston, On this day,
four shocks were perceived in Summerville itself, at 0410, 1320, 1457,
and 1630, The first was considersd by the observers as the most
severe. Rumbling sounds were heard between 0400 and 0500 In ML
Fleasant, but residents of Sullivan Island [See Figure 8) heard and felt
nothing. Slight shocks were also felt at about 0400 in Augusta and
around 0500 in Wilmington, North Carolina.®® The significance of the
coincidental swarm of earthquakes in Summerville, Charleston,
Augusta and Wilmington was recognized only recently with the renew-
ed study of MM IX-X** earthquake epicenter and surrounding areas.®!

After the major earthguake of Auvgust 31, 1886, continued after-
shocks were felt, but as reported in the Yearbook, there were other
strange phenomena; ‘' Certain peculiar disturbances at Charleston , . |
were frequently observed . . . these disturbances consisted of single
heavy ‘thumps' . . . they produce no perceptible motion of buildings,
nor of suspended or loose objects in buildings, and so far as known,
wera noticed only by ohservers within doors.”" ¥

Although the 1886 earthquakes seemingly surprised the South
Carolinians, a few earthquakes had been previously reported in this
region. Table IX is the known earthguake history of the area beginning
as far back as 1799.%% There has been an increase in selsmic activity
since 1959, Thirteen earthquakes over MM III have been reported for
the Summerville-Charleston reglon since the last of the 1886 series
[November - MM V11 Summerville). Ten of these thirteen have been
recorded since 1859,

Tectonically, the Charleston-Summerville area does not have ob-
vious surface faults. Recent work has defined affected areas cor-
relating direction and damage from historical records. Looking at
seven major North American earthquake centers, all show correlations

*Erroneously printed as August 27 in the 1888 Charleston Yearbook.

“*MM = Modified Mercalll Scale - See Appendix I for definition of
intensity numbers.
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TABLE X%

HISTORICAL EARTHQUAKES
REGION OF CHARLESTON

DATE MM PLACE
APR 1789 v Charleston
JAN 1817 v Charleston
DEC 1857 WV Charleston/Savannah
JAN 1860 v Charleston
JAN-AUG 18868 V< 20 Earthquakes
AUG 1886 IX-X  Charleston-Columbia/ Augusta-Savannah
OCT 1886 VI-VII Charleston
NOV 1886 Vil Summerville
JAN 1803 IV-VI  Tybeelsl., Ga.-Charleston
APR 1907 v Charleston-Augusta
JUN 1912 VI-¥1l Summerville-Charleston
SEP 1914 I¥-V  Summerville-Charleston
DEC 1333 V-V  Summerville
ALG 1959 LY | Summerville/Charleston
MAR 1960 b’} Off Coast of Charleston
JUL 1960 ¥ Vicinity of Charleston
OCT 1867 v Summerville/Charleston
OCT-NOV 1974 IV 3 MM IV Charleston Area
NOV 1974 Vi Charleston/Summerville
APR 1875 v Charleston
JAN 1877 v Summerville

with magnetic anomalles *'presumably caused by extensive mafic and
ultramafic embedded in the crystalline basement.' '™ In Charleston, the
eastern portion of the epicenter is bordered by ‘'‘large, circular
magnetic and grwital.‘lnnal ‘high’ which appear unique’* for the eastern
coastal plain.®
MNew Jersey and Vicinity

The Ramapo Fault, considered by many selsmologists as an old
and inactive fault. has begun to show signs of movement. Twelve
tremors in the last two vears: ** ‘until recently we did not know for
sure where earthquakes occurred in this part of the world, primarily
because there were no instruments. Even six months back we didn't
know exactly where these shocks came from. We are now associating
some of the shocks with known faults. Including Dr. Aggarwal (head
of a team of seismologists at Lamont-Doherty) says the Ramapo."
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The most interesting aspect of the Ramapo is the close correlation
between svents seen and heard during December 1977, and January
1978, and the recent epicenters of localized earthguakes in the same
area. The fault line. eplcenters and phenomena of 1977/78 are shown
in Figure 12. There have been a number of earthquakes in New Jersey,
New York and Delaware. A list of the more important earthquakes is
presented in Table X.

One of the most severe earthguakes to occur in New Jersey was
on June 1, 1927, near Asbury Park, with a magnitude of MM VII. Re-
cent geologic work has shown some magnetic anomalies and a
transcurrent trend extending southwest from the Kelvin Seamounts
and crossing New Jersey aboul midway along the coast. Figure 13
shows this trend with areas reporting booms and lights noted near the
area. As no obvious surface fault exists between Asbury Park and
Tom's River, this trend/fault may help explain the earthquake activity
in this region.

Nova Scotia

In October 1869, a MM VII earthquake occurred in the Bay of
Fundy, causing damage to structures between Fredericton and 5t
John, New Brunswick. A second large earthquake, MM VII. occurred
on March 21, 1904. The epicenter was in southeastern Maine [Calais
and Eastport) but it was felt in Nova Scotia and New Brunswick. Nova
Scotia was not badly affected again until November 1928, when the
MM IX earthquake, centered off Grand Banks. Newfoundland, caused
heavy damage particularly from a resulting tsunami. A list of historical
earthquakes is presented in Table X1

There are several known fault lines in the Bay of Fundy, as shown
in Figure 14, but less is known of the southeastern tip of Nova Scotia.
The areas particularly subjected to current noise phenomena are all on
the opposite side of Nova Scotia, facing the Atlantic and near the area
identified in historical literature ss an area where boatmen heard
sounds when out at sea.

Only one earthquake seems related to sounds. In & report from a
naturalist to W.F. Ganong in December 1885, the author recalled hear-
ing noises 'more the resonance from the falling of a heavy body inte
the water than the firing of a gun"% near Passamagquoddy Bay. A small
earthguake, MM IV-V, occurred in Calais, Maine, close to Passama-
guoddy Bay in March 1896, No additional reporis of sounds from the
Bay are known after this date.

The current sounds are exclusively reported from the tip of Nova
Scotia facing the Atlantic, not the Bay of Fundy. The locations of the
reports vary, although all are along the seaboard and most observers
note the direction as *'from the sea."’
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NEW YORK

HEW JERSEY

1-Sloatsburg, M.Y.
2-Mahwah, N.J.
J-Oakland, N.J,
4-Pomton Lakes, N.J
S-wyckoff, N.J.
E-Pomton Plains, N.J,
T-Wayne, N.J,
B-Rockaway, N.J,
8-Paterson, M.J.
10-Livingston, N.J.
11-Mewark, N.J.

FIGURE 1297
CORRELATION OF THE RAMAFPO FAULT AND
NEW JERSEY EVENTS
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TABLE X%

HISTORICAL EARTHQUAEKES
SOUTHERN NEW YORK, NEW JERSEY, DELAWARE
DATE MM PLACE
OCT 1871 VI Wilmington, Del.
DEC 1874 VI Westchester Co/Nyack/Tarrytown, N.Y.
DEC 1875 Vi+ Baltimore, Md. - Greensboro, N.C,
OCT 1878 Vv Hudson River/Peekskill, N.Y.
AUG 1884 Vi Mear New York City
MAR 1883 v New York City
SEP 1885 Vi W. of Newark, N.J.
MAY 1908 v Seaford, Del.
JUN 1916 v MNew York City
MAY 1926 v MNew Rochelle, N.Y,
JUN 1827 VII  Asbury Park, N.J.
JAN 1933 v Wear Trenton, M.].
NOV 1839 v Salem Co.. N.J.
SEP 1851 Vv Rockland, N.¥. - Dover, N.].
OCT 1952 v Poughkeepsie, N.Y.
MAR 1955 Vi W, Central New Jersey
NOV 1864 v Westchester Co., N.].
NOV 1967 v Waestchester Co., N.].
DEC 18968 v Southern New [ersey
FEB 1973 v W, New Jersey
JUL 1973 w Delaware/New Jersey
APR 1974 v Wilmington, Del.
JUN 1974 VI Wappinger Falls, N.Y.
MAR 1876 w Pomplon Lakes. N.J.
APR 1976 v Ridgefield, N.].
AUG 1876 IV White Plains. N.Y.
NOV 1877 7 small earthquakes near Ramapo Fault
JUM 1978 v Mahwah - Oakland. N.].
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TABLE XI"

HISTORICAL EARTHQUAKES
MAINE COAST, NEW BRUNSWICK, AND NOVA 5COTLA

DATE

1855

OCT 1869
FEB 1874
JAN 1881
DEC 1882

MAR 1898
SEP 1898
MAR 1904

JAN 1910
DEC 1912
JAN 1914
AUG 1918
NOV 1929
APR 1957
SEP 1958
JUL 1966

MM

L
Vi
v
v-v
v

w-v
v-v
Vil

v
V-vi
v
Vil
IX
VI

v

v

PLACE

Monton-Dorchester, N.B.

Bay of Fundy

Bangor-Eastport, Me.
Bath/Brunswick, Me.
Rockland/Bangor/Eastport, Me. -
Halifax, N.5,

Calais, Me.

Belfast, Me.

Calais/Eastport, Me. - St. Stephen. N.B.
= Yarmouth, M.5.

Cumberland Co., Me,

Augusta, Me. - Fredericton, N.B.
Calais, Me. - 51. Stephen, N.B.
Bridgton - Cape Elizabeth, Me,
Grand Banks, Newfoundland

Off Coast Near Portland. Me.
Cape Elizabeth

Jonesport, Me.
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Booms and Earthquakes

The locations of the recent booms not associated with aircraft
operations coincide in a general way with areas of historical earth-
quake activity. Few booms have been reported from areas for which
few historical earthguakes have been reported (See Figure 11). While
the correlation is suggestive, the evidence from historical accounts is
mixed. since hooms have been reported in areas having no seismic ac-
tivity and in areas of much more intense earthquake activity. For ex-
ample, in California reports of booms exist but are relatively infre-
quent. Even {f booms are associated with tectonic disterbances, the
mechanism is not clear. It is highly unlikely that the minor ground
displacements associated with a small earthquake such as the Ramapo
could yield an explosive sound. Gold and Soter proposed that the
release of combustible gases could lead to the observed sounds.
Similarly, the high- pressured release of gases could produce sounds.

The relatively recent discovery of numerous gas seeps in the Gulf
of Mexico where they can be detected by sonar is suggestive that leaks
of gas from below may be a more common phenomena than has been
previously reported.®® Gas seeps over land or over water not being in-
vestigated with sonar could easily go undetected unless special obser-
vations were made with the goal of attempting to detect the earth's
outgassing. Unlike oil seeps, gas leaks into the atmosphere have no
trace unless ignition takes place and flames or an explosion are observ-
ed or if the releass is at sufficiently high pressure to cause a hoom. The
outflowing gas could originate in old organic deposits [conventional
gas) or could have & non-conventional, non-organic origin deep within
the earth, We are currently studying the latter possihility and its im-
plications for estimates of natural gas recoverable resources.
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CONCLUSIONS AND RECOMMENDATIONS

Many of the ‘*East Coast Mystery Booms'' can be attributed to ar-
tificial sounds, mostly supersonic aircraft. There remeins a large
residual, about one-third of all reported events, that cannot be ac-
counted for easily. The number of unexplained events, the locations of
reports of events, the timing of events and abundant historical ac-
counts of similar events all indicate a natural origin. In certain cases,
for example the Ramapo earthquake sequence, the reported booms are
clearly associated with a natural event. While we cannot prove that
there were 181 natural booms on the east coast during a six month
period, we find the evidence strong for a natural origin of many of
therm. With currently available evidence we cannot go much beyond
this conclusion other than to point out thet the identification of the
source of the natural booms could have far-reaching consequences in
such disparate areas as atmospheric physics, earthquake prediction,
and energy resources estimation.

It is not difficult to understand why the booms were labeled as
mysterious or that scant scientific attention has been paid to them, as
the observation of natural phenomena which received much attention
in the Eighteenth and Nineteenth Centuries is no longer fashionable. In
the case of noise phenomena, the heightened artificial noise levels and
the widespread awareness of powerful man-made noise sounds has un-
doubtedly dampened interest in the study of natural noise. The official
pronouncement of the U.S. Government, the NRL report, that the
1977-1978 booms could easily be understood certainly did not en-
courage further interest in the problem by the public, the press, or the
scientific community.

The irony of the present situation is emphasized by the calls for
greater research efforts in the field by such great scientists as George
Darwin eighty years ago. Ganong proposed in 1896 a questionnaire
calling for a variety of observations, including the nature of the
sounds, location of observation, wind direction and velocity, state of
the sea and sky. "It is very desirable, since the sounds occur here, that
they be scientificelly observed and recorded; and it is best to com-
municate the results to this society, through which they will reach
those who can make best use of them."'%!

Kain, in his summary article of 1888, encouraged continuing
research. ''Instead of accepting any hypothetical explanation as
satisfactory, it is best, at the present stage of the investigation, to keep
one's mind free from prejudice in any special direction. It seems quite
possible that the noises proceeding from the ocean may have very dif-
ferent characters and origins . . . . It is highly probable that a careful
collation of observations from many stetions . , . will throw a clear
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light upon the locality whence the noises emanate.’ 9%

The lack of adequate observational facilities to study atmospheric
acoustical phenomena further hindered the analysis of the east coast
booms. In the United States, atmospheric acoustics received con-
siderable attention in the 19505 and 1960s. first because of an interest
in detecting nuclear explosions in the atmosphere and second because
of concern over the effects of flying supersonic transports both
American and Concorde. More recently, atmospheric acoustics have
been largely neglected. At the start of the east coast events there was
only one low-frequency acoustic array in operstion, the Lamont-
Doherty facility.%® At Lamont, Donn operates two tripartite arrays of
capacitor microphones. During March and April, 1978, in order to sup-
plement existing observational facilities. MITRE operated three two-
microphone correlators at Bedford, Massachusetts; Atlantic City, New
Jersey; and McLean, Virginia. The analvsis of the east coast booms
was aided by the existence of several seismic arrays in which at-
mospheric pressure disturbances are recorded along the vertical axis,
However, seismometers cannot approach the performance of modern
acoustic instrumentation.

The work of the Lamont, Kiruna® and Sibizmir® shows that large
numbers of artificial sounds can be detected at large distances. The
number of artificial sounds and their intensity suggest that a number of
properties of the atmosphere such as thermospheric conditions can be
studied using netted acoustic arrays. Such arrays having desirable
directional properties could be used in identifying and describing
natural sound sources.

We recommend the construction and operation of several
multimicrophone {100 or so microphones) to observe both natural and
man-made sounds over a broad frequency band. Such arrays are essen-
tial to the determination of background noise levels and the identifica-
tion of natural and artificial events. The extremely low attenuation
(0,001 db/km at 1 Hz) makes possible the identification of events at
great distances. Depending on the nature of the sounds, the array could
be designed to have highly directional properties.

The ldentification of artificial sounds will require a determination
of the source spectra. Little Is known of the sounds spectra of possible
major artificial sounds such as large-scale explosions, aircraft, and
pile-drivers, nor is much known aboul the excitation of large structures
such as bridges in a way to generate low-frequency noise. Because of
the strong dependence of the attenuation on frequency, sounds ob-
served at substantial distances will have their energy in the infrasonlc
portion of the spectrum.

The systemmatic reporting of unusual noise events by citizens has
proved wvery useful in investigating the east coast booms. The en-
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couragement of reporting of such events together with a means of

analyzing the reports could provide a useful adjunct to instrumented
observations.,

As we have documented, unusual noises have been reported for
centuries. Their origin remains as mysterious as when Darwin called
for further research. The existence of inexpensive capacitor
microphones, the great computer capabilities in data processing and
analysis, the enhanced understanding of sound propagation in the at-

mosphere all indicate that much could now be done to clear up the
centuries-old mystery.
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APPENDIX 1
MODIFIED MERCALLI SCALE DEFINITION

Modified Mercalli Intensity Scale of 1931, abridged from H. Wood

and F. Neumann, Bulletin of the Seismological Soclety of America,
Vaol. 21, No. 4, pages 277-283, December 1831,

SCALE

|
i}

11

v

VI

Vil

vin

IX

Not felt except by a very few under specially favorable
circumstances,

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

Felt quite noticeably indoors, especially on upper floors of
buildings, but many people do not recognize it as an earthquake.
Standing motorcars may rock slightly. Vibrations like passing of
truck. Duration estimated.

During the day, felt indoors by many, outdoors by few. At
night, some awakened. Dishes, windows. doors disturbed;
walls make creaking sound. Sensation like heavy truck striking
buildings. Standing motorcars rock noticeably.

Felt by nearly evervone, many awakened. Some dishes,
windows, etc., broken; a few Instances of cracked plaster;
unstable objects overturned. Disturbances of trees. poles, and
other tall objects sometimes noticed. Pendulum clocks may
stop.

Felt by all, many frightened and run outdoors. Some heavy
furniture moved; a few instances of fallen plaster or demaged
chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in bulldings of
good design and construction; slight to moderate in well-built
ordinary structures; considerable in poorly built or badly
designed structures; some chimneys broken. Noticed by per-
sons driving motorcars.

Damage slight in specially designed structures; considerable in
ordinary substantial buildings, with partial collapse; great in
poorly bullt structures. Panel walls thrown out of frame struc-
tures. Fall of chimneys, factory stacks, columns, monuments,
walls. Heavy furniture overturned. Sand and mud ejected in
small amounts. Changes in well water. Persons driving motor-
cars disturbed.,

Damage considerable In specially designed structures;
well-designed frame structures thrown out of plumb; damage
great in substantial buildings, with partial collapse. Baildings
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XI

XII

shifted off foundations. Ground cracked conspicuously.
Underground pipes broken,

Some well-built wooden structures destroved; most masonry
and frame structures destroyed with their foundations; ground
badly cracked. Rails bent, landslides considerable from river
banks and steep slopes. Shifted sand and mud. Water splashed
[slopped) over banks.

Few, if any [masonry] structures remain standing. Bridges
destroyed. Broad fissures in ground. Underground pipelines
completely out of service. Earth slumps and landslips in soft
ground. Rails bent greatly.

Damage total. Waves seen on ground surfaces. Lines of sight
and level distorted. Objects thrown upward inte air.
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APPENDIX II
ACCOUNTS OF SOUNDS AND LIGHTS

Phenomena associated with earthquakes have been studied for
centurles, Aristotle suggests that winds “‘also produce those noises
underground which are heard before earthquakes. And in some places
subterranean noises are heard unaccompanied by earthquakes . , . /89
In 1571 eleven signs or precursors to earthgquakes were identified in-
cluding: Stillness of the air, unusual conduct of animals, muddiness of
wells, motions and swelling or odors from the sea without wind, ap-
pearance of columns of smoke or of exhalations in the air, and various
sounds in the earth and air.’™ Many of these events have been re-
discovered in recent years in connection with earthquake prediction
studies.

References to unusual phenomena are numerous from the Eigh-
teenth and Nineteenth Centuries, but much less frequent in the Twen-
tieth. On the following pages are many examples of recorded noises,
sounds and related phenomena taken from journals, newspapers, and
books. A bibliography of some major collections is found at the end of
this Appendix.

Some historical sound phenomena are consistently reported by
different ohservers, allowing easy categorization of them. In other
cases, observers have recorded different types of phenomena in the
same region which may preclude easy categorization of the sounds.

The four major noise categories are:

1. Noises without earthguakes or other associated natural events,

occurring in areas seismically inactive;

2. noises observed irregularly over many years in an area of occa-

sional seismic activity but seemingly unrelated to the noise;

4. nﬂ;sas which occur at least one hour prior to an earthquake;

an

4. noises accompanying or momentarily preceding an earthquake.

NOISES WITHOUT EARTHQUAKES OR OTHER
ASBOCIATED NATURAL EVENTS OCCURRING IN
AREAS SEISMICALLY INACTIVE

Darwin, G.H.; Nature, 52-650, October 31, 1885
In the delta of the Ganges, dull sounds, more or less resembling
distant artillery, are often heard. These are called *‘Barisal guns’’;
but I do not know the meaning of the term. The object of this note
is to draw the attention of the readers of Nefure to this mysterious
phenomenon, and to the similar ''mist pouffers’ of the Belgian
coast.
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My attention was for the first time drawn to the subject some days
ago by a letter from M. Van den Broeck, Conservator of the
Museum of Natural History of Belgium. He writes of certain
“curious aerial or subterranean detonations,”” which are pretty
commonly heard, at least, in Belgium and in the north of France,
and which are doubtless a general phenomenon, although little
known, because most people wrongly imagine it to be the sound of
distant artillery.

“The detonations are dull and distant, and are repeated a dozen
times or more at irregular intervals. They are usually heard in the
day-time when the sky is clear, and especially towards evening
after a very hot day. The noise does not at all resemble artillery,
blasting in mines, or the growling of distant thunder.*’
Before any systemmatic observations are undertaken, it will be
useful to form some general idea of the frequency of these sounds
and of their geographical distribution.
Will any of the numerous readers of Nature in various parts of the
world give us an account of their experiences in this matter?
Ponton, Mungo; Earthguakes, Their History, Phenomena and Probah
Causes, T. Nelson & Sons, Edinburgh, 1888, page 215.
It has occasionally happened that loud and long-continued subter-
ranean noises have been heard, without their having been ac-
companied either by earthquake shocks or any other outward in-
dications of internal disturbance. One of the most remarkable ex-
amples of this kind occurred at Guanaxuato in Mexico, and is
described by Humboldt in his Cosmos. This city is situated in a
mountainous district, but far from any active volcano. The sounds
were first heard at midnight. on the 9th of January 1784, and they
continued more than & month. The loudest reports occurred from
the 13th to the 16th of January 1784, when they seemed like slow
rolling thunder, with intervening short thunderclaps. Both before
and after this period the sounds were neither so loud nor so fre-
guent, and after the 16th they gradually died awav. No shocks of
earthquake were felt, nor did any other consequences follow,
What is still more remarkable, in the neighboring mines, which are
1508 feet deep, not the slightest trembling of the ground was
perceived.

Cooper, W.5.; Scientific American, 75:123, August 1, 1886

On the evening of December 28, 16885, I was with & companion in a
sailboat on the Gulf of Mexico about 20 miles 5.E. of Cedar Keys,
Florida. We were becalmed. The next morning the sky was
cloudless. There was a light fog and no breeze. The atmosphere
was bracing but not frosty. We were about ten miles out but in
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shallow water. Shortly after sunrise we heard reports &5 of a gun
or distant cannon, They came at intervals of about five minutes.
We were not certain as to the direction. My companion, who lived
several miles further down the coast, said he had often heard the
reports on still mornings.

Smith, W.5.; Nature, 53:197-198, January 2, 1896

Lough Meagh is a sheet of water covering an area of upwards of
150 square miles. For many vears after my settlement as minister
hera from England, I heard at intervals, when near the lake,
cannon-like sounds. | passively concluded that the reports pro-
ceeded from quarrying operations, or, on fine summer days, from
festive gatherings in Co. Derry, or Co. Tyrone. In time I came to
understand that it was not from the opposite shores, but from the
lake itself that the sounds proceeded. After questioning many of
the local residents, | extended my inquiries to the fisherman, but
they could assign no cause. A strange thing about the matter is that
the people generally knew nothing of the phenomenon, and that it
is shrouded in mystery. I have heard the reports probably twenty
times during the present year, the last being on a Sunday after-
noon a month since, whan [ heard two explosions, but with two
exceptions they have all seemed to come from many miles away,
from different directions at different times. T have as yet spoken to
no one who observed any movement of the waters when explo-
sions took place, nor have | spoken to any one who was close to
the spot at the time. Rather evervone seems to have heard them
only in the distance, which is sirange, as fishermen are on the lake
during many months in the year, at all hours of the day and night.

Robinson, Charles H.; Nature, 53-487, March 26, 1896

In 1810 a party, outfitted by John Jacob Astor, made an overland
trip from the Missouri to the mouth of the Columbia. They tried to
go through the Black Hills, but were obliged to withdraw and flank
them. In these hills thev note as follows: *‘In the most calm and
serene weather, and at all times of the day or night, successive
reports are now and then heard among mountains, resembling the
discharge of several pieces of artillery.'' Similar reports were
heard by Messra. Lewis and Clark in the Rocky Mountains,

On July 4, 1808, we find the following entry in their journal:''Since
our arrival at the Falls we have repeatedly heard a strange noise
coming from the mountains in a direction a little to the north of
west. It is heard at different periods of the day and night,
sometimes when the air is perfectly still and without a cloud, and
consists of one stroke only, or five or six discharges in quick sue-
cession. It is loud, and resembles precisely the sound of a six
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pound piece of ordnance at the distance of three miles.””

. . . The mountains towards which these noises were heard were
the main range of the Rockles, and distant about eighty miles. In
1854, Mr. Doty, of Governor Stevens's party, heard similar
nofses, He was near enough to the mountains to be certain that the
noises came from them. The localitv where Mr. Doty heard them
was where the direction observed by Lewis and Clark would
strike the mountains.

Plenty of White men have been in this country for the last thirty
years, or since 1866. | have made careful inquiry among pioneers,
but cannot learn that the noises have been heard since Mr, Doty's
report.

Personal Communication from Dr. J. Ling, 1978

Students studying late at night recall hearing loud dull booming
sounds from Lake Cavuga. Ithaca. New York. The sounds oc-
curred as single explosions. on windless winter nights. Cornell
scientists have discussed the noises for years, but no specific ex-
planation has been found.

Johnston, M.S.: Geneva Gazette, circa 1940
The “Lake Gun'' . . . is an uncanny, mysterious sound, like the
report of a far-away cannon, softened by coming over the wa-
L.y
There has been a tendency to treat the whole subject in a skeptical
manner. But scientists do not treat it so. They have regarded the
lake gun of Seneca Lake as a perfectly respectable fact. . . . that it
was not a product of imagination . . . Dr. Hamilton L. Smith, for
many vears professor of science in Hobarl College at Geneva . . .
is remembered to have stated his opinion that the sound came
from the explosion of gas collected in the bottom of the lake or in
fissures of the underlying rock. This theory was practically
demonstrated by the experience of a reliable neighbor who was
startled and his canoe nearly overturned by a great bubble which
came to the surface in the middle of the lake and burst with a loud
noise,
The sound is usually heard on hot, sultry days, though one has
heard the ice erack as Dr. Clarke suggests. More often than not
they are heard on afternoons by the lake or on it, when the south
wind was dying down or had ceased to blow, and the surface of
the water had become glassy, or "'oily"’ . . . and the sky has
gradually become overcast with the haze of a gathering
thunderstorm. Again out of the stillness one can hear coming from
the south or southeast the solemn, lazy, deep-toned muffled, unex-
pected, “'Boom!"
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NOTE: Although much of New York has at one time or another
experienced earthguakes, the Finger Lakes district seams to be
free from seismic activity. There exist fault lines in this area
but they are considered inactive.

NOISES OBSERVED IRREGULARLY OVER MANY YEARS IN AN
AREA OF DCCASIONAL SEISMIC ACTIVITY
Ganong, W.F.; Upon Remarkable Sounds Like Gun Reports Heard
Upon Our Southern Coast, Bulletin of Natural History Society, New
Brunswick. [1887] p. 40
Everybody who has been much upon our Charlotte County coast
must remember that upon the still summer davs when the heat
hovers upon the ocean, what seem to be gun or even cannon
reports are heard at intervals coming from seaward. The residents
always say In answer to one's question: "'Indians shooting por-
poise off Grand Manan.'' This explanation I never belisved; tha
sound of a gun report could not come so far, and besides the noise
is of too deep and booming a character . . . .
The discussion upon the subject by this Society on December 3rd,
1895, has called out further information showing that others
besides myself have noticed these or similar sounds in New
Brunswick . . ..
The latest opinion as to the origin of the sounds appears to favor
an atmospheric origin . . . . It is very desirable since the sounds oc-
cur here, that they should be scientifically ohserved and recorded;
and it will be best to communicate the results to this Society,
through which they will reach those who can make the best use of
them. To secure the best results the following form, altered
somewhat from M. Van den Broeck's circular, should be fol-
lowed,
MName of observer,
Date of observation.
Exact place of ohservation.
Exact time of each observation.
Direction of the sound.
Character of the sound [{ull description with comparisons].
Wind. direction and velocity.
State of the sky.
State of the sea.
Mist conditions.
Barometer [state of the weather a few hours before and after].
Temperature,
Other remarks, including suggestions as to their origin, and
reasons why they cannot be gun reports.
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Kain, Samuel W., et al.; Monthiy Weather Review, 26:152-154,

April 1888
It gives me much pleasure to send you by this mail a copy of Pro-
fessor Ganong's article. 1 am also sending you two short notes
from lighthousa keepers at the mouth of the Bay of Fundy. Mr.
McLaughlin is at the southern end of Grand Manan: Mr, Suthern is
on Brier Island, on the Nova Scotian shore,
1 wrote to these men in order to get some more information about
this phenomenon. [ have also personally questioned masters of
fishing schooners, all of whom are familiar with these sounds, and
among whom they are known by the somewhat vulgar but very
expressive name of “‘sea farts.”’ | am sending vou these papers
because | think these sounds very similar to those discussed in
Europe about two vears ago by Van den Broeck, Darwin, and
others. A reference to them in the Review may elicit more in-
formation than we now have.
Walter B, McLaughlin, of Grand Manan, on remarkable sounds
like gun reports, etc. [read March 1, 1808, before the Natural
History Society of New Brunswick, and now guoted from the 5t.
Crofix Courfer]: | had just caught my first mackerel when 'boom"’
went this heavy sound and away went our fine school of fish. . . .
1 inquired the cause of these sounds so frequently made and the
sailor's answer was: ''We don't know, we hear them, but we can't
explain them."’
The first one of these sounds 1 heard under Gannet Rock was
ahout fifty vears ago, one clear, dark night, about 2 o'clock a.m.,
in my watch. I was reading and was deeply interested, when bang
went the shock of what seemed to be like a 24-pounder cannon. It
brought down the soot from a heavy, boiler iron, extension pipe
on the chimney top into an open fireplace. [, of course, went out-
gide to investigate and found a clear, dark night with few clouds
and light winds. It was, [ think, in October,
My next experience of one of those sharp shocks was in the month
of june, 1856, at South Lubec, West Quoddy Bay. | . . . was having
a game at cards with the doctor about 2 o'clock in the merning,
when bang went one of those subterranean guns, which nearly
upset our lamp. | exclaimed, *'An earthquake!'' but the doctor
said, “*No; it's an alrquake,”’ an explanation I never heard before
nor since till 1 read it in the Bulletin of the Natural History Society.
My third experience of those shocks on solid ground was at Seal
Cove about eight years ago, say at 11 o'clock in the evening, when
the shock was exactly as the former ones, the night being guiet
and dark with very light winds. Again on the 28th of January of
this vear (1887) at 9 o'clock in the evening we got such a shoeck

B0



under this lighthouse that we thought the tops of our chimneys had
gone by the board. On the evening of February 14, at 9 p.m., we
received another shock, but not so violent as that of January.

I have given you my experience of fifty-nine years, and I will now
affirm that | strongly believe these sounds are of subterranean
origin.

E.W. Suthern, from a letter to Mr. Kain, dated April 15, 1808, at

Westport Light, Brier Island, Dighy County, N.5.:

I have noticed these sounds many times when | have been out on
the Bay of Fundy on fine, calm days in the summer, The sounds
heard in this place are like the distant firing of heavy guns. [ have
heard these sounds on all sides of my boat . . . between my boat
and the shore when one-half mile off shore, and again I have heard
them in the same direction, 10 miles off. I have also heard them in
a southwesterly direction, and there is no land within 300 miles
southwest of here.

NOTE: Major earthquake occurred in the Bay of Fundy October 22,
1868, Modified Mercalli Scale {(MM) VIIL, with a smaller one in
December 1882, MM V and a MM V1 in March 1904. The area
was also affected by the Grand Banks of Newfoundland earth-
quake November 18, 1929, MM IX,

Davis, W.M.; Science, December 3, 1897, pages 834-835

A correspondent of the New York Sun states that the *'famous and
mysterious disturbances of the lower Connecticut Valley. the
‘Moodus noises,’ are being heard again after a silence of twelve
years. For twenty years, up to 1728, the villagers thereabouts
heard the noises almost continually ‘shaking the houses and all
there is in them.' '' They were heard again in 1852 and 1885. On
the recent occurrence there was a sound like a clap of thunder,
followed for some two hours by & roar like the echoes of a distant
cataract. A day later there was a crashing sound like heavy
muffled thunder and a roar not unlike the wind in a tempest. The
ground was shaken . . . as though in an earthquake.

NOTE: A zeries of earthquakes occurred in East Haddam, Connec-
ticut, from May 1781 (MM VIII] to August 1805, During the
years 1876 to 1907 no earthquakes of MM IV or greater were
reported in the Stata.

Golde, K.W.; The Fortean, October 1941, page 7

{From the Buffale Evening News of March 2, 1840
The mysterious ‘“Moodus noises'' have returned. At irregular in-
tervals since colonial days, this region (Connecticut) has been
shaken by sharp earth shocks and dull booming sounds have
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echoed throughout the country side. No one has been able to ex-
plain them and even the Indians were mystified.
They thought the place so peculiar, they gave it its name mean-
ing"'the place of strange noises.’” Shortly before midnight the
noises came back. Loud rumblings were heard and houses trem-
bled. Townspeople were awakened. There was no damage. Scien-
tists for years have been endeavoring to explain the cause of the
noises which last were heard eight vearsago ... .
Anonymaous; “‘The Deerfield (N.H.) Phenomenon.'' Scleatific
American, Vol. 2, 1846, page 2
We have frequently heard of singular and unaccountable reports,
as of explosion, in Deerfield, but nothing so definite as the follow-
ing statement by a correspondent of the Portsmouth Journal.
**Mr. Editor,~During the last twelve years, certain curious, not to
say alarming phenomena in the town of Deerfield, N.H., have ex-
cited the fears of the inhabitants, and we think should, ere this,
have atiracted the attention of the scientific. These are reports or
explosions in the ground, apparently of a volcanic or gasecus
nature. When first heard they were attributed to the blasting of
rocks in Manchester . , . it was soon concluded that they had some
other origin. The explosions, if they may be so called, commenced
on & ridge of land running 5.E. and N.W. some five miles in length,
and principally on that portion called the South Road. They have,
however, extended, and are now heard in a northerly direction.
The sounds have become louder, and during the last fall and the
present spring or summer, as many as twenty have been heard in
one night. Many of them jar the houses and ground perceptibly, so
much so, that & child whose balance is not steady, will roll from
one side to the other. They are as loud as a heavy cannon fired
near the house, with no reverberation.
NOTE: The earliest known earthguake in this region near
Pawtuckway, occurred in August 1810 at Exeter, N.H., MM
V1. Two earthguakes MM V-VI took place in Southern N.H.
on November 1884 and May 1891. Only two reported earth-
quakes had epicenters near Deerfield, these were the Man-
chester, N.H. quakes in March 1826, MM VI and October
1966, MM V.
Hawkins, B.C.; “"Seismic Noises in North Carolina and Georgia,”
Monthly Weather Review, September 1887, pages 393-394
Mention has been made in the Monthly Weather Review of certain
sounds heard on Black Mountain, N.C., in 1876, and obviously
caused by the slow falling or sliding and crushing of rocks. But I
am going to describe a phenomenon which seems to be very
gimilar to the famed '“barisal guns,'' and located right in the
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United States. No account of these sounds has ever been pub-
lished, and no scientist has ever taken the slightest interest in
them, or pald any attention to them, so far as the writer knows.
In northern Georgia, in the extreme north of Rabun County. close
to the North Carolina State line and thirty-fifth parallel of latitude,
is Rebun Bald Mountain, forming one of the highest peaks on the
very crest of the Blue Ridge . . . .
MNow. on this mountain are heard mysterious sounds resembling
distant cannon firing, and these sounds have been heard for many
years, probably at least fifty; they have been heard in all kinds of
weather and at various points on the mountain,
Numerous observers have noted the sounds, and tweo rellable
gentlemen once spent a night on the summit. About 10 o'clock
p.m., sounds were heard which were supposed to be cannon firing
in Walhalla, 5.C., in celebration of the presidential election, this
being in November, 1884; but soon the sounds were found to issue
from the ground and from a ridge to the southwest of the moun-
tain. The explosive sounds continued till late in the night. At times
they seemed to proceed from the ground immediately under the
ohservers . . . .Some have heard these sounds so near them in the
woods that the sound was like that of a falling tree. But ordinarily
the sound is like distant firing, as noted above. They are not heard
at all times, people having spent the night on the peak and heard
nothing. The writer can verify all the statements made above.
They are strictly true, and it is with the hope of calling the atten-
tion of sclentific men to the subject that I present this brief ac-
count of the mystery of a mountain.

NOTE: Although no earthquake epicenters have been reported on the

mountain, the area is seismically active.

The News and Courier, Charleston, South Carolina, October 11, 1686,
front page
Excerpts from interviews of residents at Ninety-5ix by reporters
from the Charleston News and Courier.
“These noises have been going on for two years. Sometimes we
waould hear them three or four times & day, and then there would
be none for a week or so. Then they would come again and then
perhaps a month would pass before we would notice them once
more. They resemble the falling of an old tree."’
Mr. Hamilton reported that the rumbling last night [October 8,
1886) was more continuous than he had ever known . . . the sec-
ond seemed as loud as the report of a gun a mile or two away.
Mr, Hill told the journalist "'l heard the sounds night before last
.+« It was like distant thunder or cannonading. It shook my house
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and rattled the windows . . . this was the first time 1 had heard it
since the [Charleston 18868, MM IX] earthquake. '

NOTE: No earthguake epicenters have been recorded in the Ninety-
Six area., From report excerpts, Charleston-Summerville
earthquakes seem to affect the region elthough 150 miles
away. The nearest epicenter was the Union County earth-
guake. January 1913, MM VIL

Rohleder, Herbert P.T.; Geographical Journal, January 1938,

pages 61-62
« « . An old saying among the inhabitants around the lake is
“Bosumtwi has fired or exploded gunpowder” [Bosumtwi ota
atuduru). At irregular intervals once or twice & year, but apparent-
Iy not within recent years, the lake becomes rough for one or two
days, the colour of the water changes to almost black, the surface
is covered with dead and dying fish, and the atmesphere becomes
full of a choking smell of “gunpowder.’’ The phenomenon is ac-
companied by a loud detonation. No rumblings or earth tremors
are noted,
Although these periodic upheavals of the lake bottom might give
rise to minor local explosions, it Is impossible that these small
detonations should be heard far away from the lake as has been
reported frequently.

NOTE: Earth tremors were experlenced in the region by geologists
studying the area, however, the sounds seem to be unrelated
to the movement. Like the Guns of Seneca, escaping gas was
postulated as a possible cause.

Scott, G.B.: Nature, January 2, 1896, page 197

I first heard the Barisal Guns in December 1871, on my way to
Assam from Calcutta through the Sunderbans. The weather was
clear and calm, no sign of any storms. All day the nolses on board
the steamer prevented other sounds from being heard; but when
all was silent at night, and we were moored in one or the other of
the narrow channels, then at intervals, irregularly, would be heard
the dull muffled boom as of distant cannon, Sometimes a single
report, at others two, three or more In succession, never near,
always distant, buil not always equally distant. Sometimes the
reports would resemble cannon from two rather widely separated
oppozing forces, at others from different directions but apparently
always from the southward, that is seaward. We were not very far
from the sea when I first heard them, and on mentioning to an old
lady on board that I heard distant cannon, she first told me of the
mysterious sounds known as the **Barizal Gunz'" . . . .

| specially remember spending a quiet Sunday, in the month of
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May, at Chilmarl. About 10 a.m. in the day, weather clear and
calm, we were walking quietly up and down near the riverbank,
discussing the sounds, when we heard the booming distinctly,
about as loud as heavy cannon would sound on a quiet day about
ten miles off, down the river. Shortly after we heard a heavy
boom very much nearer, still south. Suddenly we heard two quick
successive reports, more like horse-pistol or musket [not rifle)
shots close by. 1 thought they sounded in the air about 150 yards
due west of us over the water. My friend thought they sounded
north of us. We ran to the bank, and asked our boatmen, moored
below, if they heard them, and if so in what direction. They
pointed south!

Schurr, Henry S.; Nature, December 7, 1899, pages 127-128
Shortly after my arrival (as District Superintendent of Police in
Backergunge) I received a letter . . . asking me to try and elucidate
this phenomena of the Barisal Guns.
There are two special occasions to which T would draw attention:
The first in February 1891, when from the southernmost outpost,
Chaltabuni. I followed the reports for some forty miles out to sea;
the second, mentioned in my letter to the Surveyor-General of
Bengal, when, in August 1894, for more than six hours, I followed
the reports without getting any appreciably nearer, and also never
hearing them to the north of me.
[From Report to Geological Surveyor-General Bengal)
These Guns are heard most frequently from February to October,
and seldom in November. December or January. One very
noticeable feature is their absence during fine weather, and they
are only heard just before, during, or immediately after heavy
rain.
These Guns are always heard in triplets, l.e.. three guns are
always heard, one after the other, at regular intervals, and though
several guns may be heard the number is always constant. i.e., the
interval between the first and the second is the same as the inter-
val between the second and the third, and this interval is usually
three seconds, though I have timed it up to ten seconds. The inter-
val, however, between the triplets varies largely, from a few
seconds up to hours and days. Sometimes only one series of
triplets is heard in a day; at others, the triplets follow with great
regularity, and I have counted as many as forty-five of them, one
after the other, without pause.
The report is exactly like the firing of big guns heard from a
distance with this peculiar difference, the report is always double,
i.e., the report has (as it were] anecho . . ..
The report varles little in intensity, and | cannot recollect that
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there was much difference in the sound, whether heard at Barisal
itself or some 70 or B0 miles to the south at the extreme end of the
district. The state of the atmosphere may affect it, but to no ap-
preciable extent.

MOTE: The Barisal Guns seem to occur over a large area. It is difficult
to know if all the accounts reported were from the same
source or whether observations of several phenomena were
included as suggested by H.H. Godwin-Austin in his article
(Nature, January 16, 1896, page 247), Some of the unexplained
sounds in the area were mistaken for earthquake noises, sug-
gesting the region had some earthquake history. However, the
Guns do not seem directly related to seismic activity.

Coffman, J.L. and Von Hake. C.A.; United States Earthquakes, 1972,

U.S. Departments of Interior and Commerce

On February 15, 1972, at 1852 (6:52 p.m.] New York; the press
reported that telephone calls were received from Golden Bridge,
Lake Kitchawan, Truesdale Lake and Waccabuc. Calls also came
from Cross River and from an observor near the Connecticut
border. At a home in North Salem. an observer thought his fur-
nace had exploded.

NOTE: Whatever was reported was seemingly not picked up on
selsmic stations nor does this report say what the telephone
callers heard or felt. However, a comparison with a boiler ex-
plosion suggests a loud noise and some house shaking. These
areas have experienced seismic activity.

Coffman, J.L. and Von Hake, C.A.; United States Earthquakes. 1873,

U.5. Departments of Interior and Commerce

February 3, 1973, Between 1215 and 1300 the press reported that a
disturbance, possibly an earthquake, shook houses and rattled
windows at Block Island, . . . Bristol, Narraganseit Bay,
Jamestown, Newpart, in Rhode Island; and Cape Cod. Dartmouth,
Middlebora, New Bedford, in Massachusetts. A Bristol, R.L
observer said: “'The whole house shook and we ran into the
street.’’ Noises like an explosion or sonic boom were heard in
many areas. The disturbance was not reported at seismograph sta-
tions in the area,

NOTE: A MM V intensity was assigned to this event although not a re-
corded earthquake. Block Island. R.1., was an epicenter for an
earthquake in February 1883 and Narragansett Bay in 1985 and
1967,

NOISES WHICH OCCUR AT LEAST ONE HOUR PRIOR TO AN
EARTHQUAKE
Toksoz, M.N.; “'East Anatolian Earthquake of 24 November 1978,
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Nature, Vol. 270, 1 December 1977, page 423
There were no foreshocks felt along the fault zone before the main
shock on 24 November 1876, In two villages along the western half
of the fault trace, where displacements were highest, noises
resembling thunder were heard several times duering the week
preceding the guake.

Bollinger, G.A., and Hopper, M.G.; *"Virginia's Two Largest Earth-
quakes - December 22, 1875 and May 31, 1897," Bulletin of the
Seismological Society of America, Vol. 81, No. 4, page 1038, August

1871
Earthguake sounds are reported to have begun 4 weeks earlier, on
May 3, 1897, when another earthquake. this one of intensity VI,
was felt in southwest Virginia, { Richmond Dispatch, June 3, 1887).
That shock was centered some 30 km to the south of Pearisburg
near Pulaski, Virginia, and was generally felt in Giles Coun-
tv,where it *"loosened some bricks from old chimneys and was
aceompanied by considerable noise.'' Between May 3 and May
31,many similar noises were heard in Giles County, but no other
shocks strong enough to attract individual attention were felt. The
Richmond Dispatch reports that for a week or more before the
earthquake of Monday, May 31, "'people throughout Giles County
were much disturbed by subterranean noises, and all day Monday
detonations like the explosion of distant artillery were heard
throughout the county." Also, Campbell [1898] states ‘‘the noise
did not stop with the main shock, but tremors and rumblings or
sharp reports’’ are described as ''occurring during the entire night
following the shock'. . . . Earthquake sounds are commonly
reported in connection with Virginia shocks [Bollinger, 1988).

Templeton, E.C.; “*Subterranean Sounds Heard in the West Indies,

Bulletin of the Seismological Society of America, 5:171-173, 1915,
In the Bulletin Semestrial de L'Observatoire Meteorologique
Seminaire-college S5t. Martial, Port-au-Prince, Haiti, January-June
1814, are some interesting notes concerning the rumbling sound,
popularly known as the “gouffre,”” which is heard frequently in
the West Indies. There appears to be a difference of opinion as to
its cause, some claiming that the sound is related to seismic distur-
bances.

Mr. Maxwell Hall, British government meteorologist at Jamaica,

authority for the following:
Al the beginning of January 1007, before the great earthquake of
January 14th of that year, similar noises were heard at Mandeville
and in other parts of the parish of Manchester, and at certain
places in the parish of St. Elizabeth. They were heard several
times at the same places, and were mistaken for noises of distant
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thundering or of the firing of large caliber cannon.

NOTE: A typical description from the Bulletin Semestriel is as
follows: "‘Le gouffre est un phenomene acoustigue assez fre-
quent. Les habitants appellent gouffre un broit sourd,
semblable a un coup de canon tire dans le lointain ou a un
roulement de tonnarre.'’ (page 130] [. . . & dull nolse resembl-
ing a cannon-gshot fired in the distance or rolling thunder, Au].
In the Templeton article guoted above, a similar description is
provided from Mole 5t. Nicolas, Haiti; ““The noise was
repeated seversl times during the night . . . . It sounds like the
rolling of thunder, with loud detonations repeated two or even
three times."" Gouffres have also been considered noises
without direct association of seismic activity.

Mallet, Robert; Report of the British Association, Seplember 1854,

Murray. London 1855.

The following are excerpts from Mallet's catalogue of recorded
sarthquakes from 1600 B,C. to A.D. 1850,

Subterranean noises were heard at 10 PM [{2200) the earthquake
occurred on August 28, 1792 at 0100 in East Haddam, Connec-
ticut]. [page 31)

Dull rumblings were observed three or four times during the
preceding night [referring to an earthgquake at 0520 in La Tour,
France, on April 22, 1808]. (page 76) Noises have been constantly
heard at the place since the 24th but no shocks, except the twa on
this morning, [again referring to La Tour and quakes on April 30,
1808 between 0200 and 0300 and at 1145].[page 78)

NOTE: Between Mayv 11 and May 17 La Tour and the area continued
to have loud explosions and intermittent earthquakes.
(page79-82) but the Vassali-Eaudi's account from which Mallet
took the information ceased on May 17, 1808,

Milne, David; Edinburgh New Philosophical Journal, Vol. 31, 1841

MNovember 5, 1789, Crleff and Comrie [Scotland] at 8 PM. Violent
shock, accompanied by a noise like the discharge of distant ar-
tillery . . . for two months previously. a rumbling noise like that of
distant thunder, had been heard at Lawers House. [page108)
1785, June 19, Comrie - A rumbling noise in bowels of earth. July
14, Comrie, two or three rumbles in evening. July 25. Comrie. A
loud noise and smart shock at 6:30 PM. (Vol. 31, page 111). 1801
September 18. At Comrie a shock this week. Several rumbles dur-
ing preceding part of week. [Vol. 31, page 114)

Mead, Dale F.; "How the Chinese Predict Earthquakes'" - Science
Digest, March 1976, page 57
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The volunteers were alerted to earthquake warning signals that
had been vividly described in the chronicles of past generations
.+ .. Bome accounts said that sound like thunder or cannon fire
could be heard coming from the ground in the days and hours just
before an earthquake . . . . The scientists claimed that the first
documented life-saving evacuation. based on cannon-like rumbl-
ings, was ordered more than & century ago, in 1853,

McKinley. C.; “The Earthquake, 1888'': Yearbook 1888 - City of

Charleston, South Carolina, Walker, Evans & Cogswell Co. 1886, page

404
On the morning of Friday, August 27 [1886], he [Capt. Jervey)
was descending the stairs of his house between four and five
o'clock, when he distinctly felt the shock which was observed by
other persons in the city and in Summerville, at that hour. [There
were four shocks in Summervile on Friday the 27th at 0440,
1320,1457 and 1630). He went out to the etties at the entrance to
the harbor, where he remained until 2 o'clock P.M. He and others
with him heard an “‘incessant rumbling'* all the morning while on
the jetty, the sound being mistaken for thunder below the horizon,
though the remark was made &t the time by Capt. Jervey,that it
was ‘'very peculiar thunder."” No vibration was perceived in the
structure of the jetty. . . .

NOISES ACCOMPANYING OR MOMENTARILY PRECEDING AN
EARTHQUAKE
Moises preceding an earthquake shock are of particular Interest
gsince the sound wave in the atmosphere travels at a much lower veloci-
ty than the ground disturbance. Observations of sounds before shocks
indicate an atmospheric disturbance (gas escape?) prior to the ground
disturbance.
Mallet, Robert; Report of the British Association, 1850, page 43
In most earthquakes pechaps, certainly in many, a sound is heard
before the great shock . . . the great Lishon earthquake ''began
with a noise like the rumbling of carriages, which grew gradually
lowder until it equaled the loudest artillery and then the great
shock occurred.”” [Phil. Trans. Vol. xlvi. xlix. Ivii).
Milne, David; Edinburgh; New Philosophical Journal, Val. 31, 1841,
pages B2-122 and Vol. 32, 1842, pages 106-127
A man traveling on foot, in the mountain south of Relujas gave the
following account. He was first alarmed by a sudden and tremen-
dous noise as of a rushing wind, which came sweeping up the hills
like a roar of water. This was instantly followed by a rumbling
sound or rhombo,--and the ground was then sensibly heaved up
and down under his feet. (Val. 31, page 118)
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that swish or roar like wind and ‘*hard” sounds like loud
rumblings, explosions or cannon fire; swishing may indicate
escaping gases.
The shock of the 23rd [Comrie, Scotland, October 23, 1841] at half
past 10 PM . . . which was attended with great tremor or heaving
of the earth, was accompanied with a noise in nature and intensity
indescribably terrific,-that of water, wind, thunder, discharge of
cannon, and the blasting of rocks, appeared combined.[Vel. 32,
page 122]
Mallet, Rohert; Report of the British Association, 1850, 1852, 1853, and
1854
A few example excerpts from Mallet's catalogues:

1133  August 4; In England; Very Violent; Preceded by a very loud
subterranean noise. (1852, page 25)

1334 Middle of Autumn; Constantinople, Syria and Egypt; Many
and violent shocks; Accompanied in Constantinople by at-
mospheric commotion. (1852, page 39)

1682 May 2 Between 2 gnd 3 AM: throughout the whole of
Savoy.Switzerland, Provence, Alsace. Burgundy and as far
north as Paris; Several Shocks. At Remiremont they reoc-
curred constantly for some weeks: Accompanied by loud
subterranean noises and agitation in the air. Flames came forth
from the sarth in various places, particularly at Remiremont on
the Maosells. (1852, page B4)

1772  February 18: neighborhood of Kola, Lapland, Russla; An
earthguake lasting about 8 minute; Preceded by noise like that
of a carriage upon pavement. (1853, page 172)

1804  October 18: In Tuscany; the most severe of all the shocks felt
this month; accompanied and followed by rhombi or dull aerial
noises. (1854, page 60)

1805 February 11; Vitre (Ille de Vilaine); One shock. several
however were felt at places near; Preceded by an extraor-
dinary noise lasting five or six seconds, and ending in a loud
explosion and the shock. (1854, page 61)

Marvin, C.F.; ""Report Upon Earthquake of October 31, 1895,

Monthly Weather Review, October 1895, page 375
Fred ]. Cross reported from Keystone, South Dakota: The *'shock
was preceded by a rushing or hissing sound for 3 or 4 seconds, like
the wind blowing through bush. It is fallowed by a rumbling
sound, similar to a heavy wagon on hard ground; this lasted for 2
or 3 seconds; then came this heavy jarring shock . . . ."

McKinley, C.; “'The Earthquake, 1886'' Yesrbook 1886 - City of
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Charleston, South Carolina, Walker, Evans & Cogswell Co., 1686

pages J42-441
While engaged in his usual duties, on the second floor of the
News and Courier . . . the writer's attention was vaguely attracted
by & sound which seemed to come from the office below and was
supposed for a moment to be caused by the rapid rolling of a
heavy body, as an iron safe or a heavily laden truck, over the floor
... . For perhaps two or three seconds the occurrences excited no
surprise or comment. Then by swift degrees, or all at once . . . the
sound deepened in volume, the tremor became more decided . . |
and then all was bewilderment and confusion. [page 349-350]
The sound, when first noticed, resembled a squall at sea, and was
thought for a moment to indicate the approach of a tornado.
Immediately afterward the tremor of the building began to be felt
.+« [page 404)
Dr. Parker says, ‘I had just reached a point on Tradd Street . . .
when I heard a roaring sound apparently in the direction of James
Island . . . southwest of where | stood. I made up my mind that a
cvclone was coming, and instinctively turned towards the direc-
tion indicated, confidently expecting to see the alr filled with the
flying debris from James 1sland, Seeing that the sky was perfectly
clear, 1 stood awsiting developments, when | heard another and
louder roar coming from the northwest. I then began to feel the
vibration of the earth . . . ."" [page 408]

Bollinger, G.A. and Hopper, M.G.; The Earthquake History of Virginia

1900-1870, Virginia Polytechnic Institute, 1972, page §7
Referring to an earthquake on November 19, 1968 of MM IV-V an
observer in Chase Citv. Virginia, wrote: ''Sounded as if there had
been an explosion then the house seemed to react as if this had
taken place in the basement.’’ In Glasgow, Virginia,describing the
same earthguake, another observer sald: ''Very much like the
sound of a high speed jet at high altitude or some other booming
gifect. A long, rolling roar causing the entire house to shake . .. ."

Personal Communication from Mahwah Police, Mahwah, New Jersey
Citizens called the Mahwah police station to report explosions
from the base of Mount Ramapo just prior to feeling the earth
tremor. The Bergen Evening Record, Hackensack, New Jersey,
reported one observer as saying, 'l heard a rumbling sound that
sounded like thunder or a big truck passing my house.'' (July Z,
1878, B-4)

LIGHT PHENOMENA
Lights associated with earthquakes have been the object of intensive
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studies particularly in Japan. There have also been numerous descrip-
tions of other types of light phenomena. Included in this Appendix are
a few varied examples from historical accounts.
Ganong, W.F.: “"The Fact Basis of the Fire [or Phantom) Ship of Bay
Chaleur,'" Bulletin of the Natural History Society of New Brunswick,
Barnes & Co., New Brunswick, No, XXIV, Vol. V, Part IV, 1806, pages
419-423
Until a short time ago I regarded the fire-ship as a pure fiction, with
no basis other than the proneness of humanity to see wonders
where they are expected, or where others say thev exist. Butas a
result of two wisits to that country, during which I questioned
many residents on the subject, I have had to change my opinion;
and I now believe there is really some natural phenomenon in that
region which manifests itself in such a way as to be imaginable as
avesselonfire. . ..
The information [ have myself been able to collect from those
who have seen the light is as follows.
Four years ago Captain Turner of Riverside, Albert County, a
clear-headed sea captain, told me, in answer o my mention of the
fire-ship as a freak of the imagination, that he had himself seen it
and hence knew it to exist. Later, on my first visit to Caraguet, 1
was told by a lady in whose word 1 have absolute confidence, that
her attention was attracted one night by a light off Caraquet,
which looked so mueh like a vessel afire that she supposed it to be
one of her husband's schooners, and called him in alarm. only to
find that it was the fire-ship. A prominent resident of Miscou, Mr,
James Harper, told me he has seen it but once, in the winter on the
ice off Clifton. It was seemingly some ten miles away and kept ris-
ing and falling, dving down to a very small scarcely visible flame,
then rising slowly inte & column “‘looking thirty feet high.' It was
not in the form of a ship, but a column, but people told him it was
the fire ship. He was told it preceded a storm, but he took notice
and no storm followed. Mr. Robert Wilson of Miscou, who sails
much on Bay Chaleur tells me he has seen the fire-ship, [or as he
calls, it the "‘burning ship') several times. The time he was
nearest it was about eleven vears ago off Caraquet on a very dark
night. The light appeared ahead, and finally he came near and
passed within 100 vards to windward of it, so0 that he saw it with
perfect clearness. It was somewhat the shape of a halfmoon
resting on the water, flat side down, or like vessel on the water
with a bowsprit but no masts etc., and “all glowing like a hot coal.
" On other occasions he has seen it, at various distances. .
Eumaﬂmen it looked somewhat like a ship. sometimes not, and
sometimes It vanished while he was watching it. Usually it is danc-
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ing or vibrating. Again he has seen it as one tall light which would
settle down and rise again as three, which would again settle, and
80 on. . . . Grouping together all the evidence it seems plain-- first,
that a physical light is frequently seen over the waters of Bay
Chaleur and vicinity; second, that it occurs at all seasons, or at
lzast in winter as well as in summer; third, that It usually precedes
& storm; fourth, that its usual form is roughly hemispherical with
the flat side to the water, and that at times it simply glows without
much change of form, but that at other times it rises into slender
moving columns, giving rise to an appearance capable of inter-
pretation as the flaming rigging of a ship, its vibrating and dancing
movements increasing the Hlusion; fifth, its origin is probably
electrical, and it is very likely a phase of the phenomenon known
to sailors as 5t. Elmo's Fire.

MOTE; Geochemical exploration in the Chaleur Basin has established
high methane contents in the bottom sediments. ™ Ignited com-
bustible gas might provide an explanation for the observed
lights. Alternatively, the lights might be the Northern Lights
though such mis-identification would not be expected from a
naturalist of Ganong's experience.

Anonymous; 'Phantom Lights at Sea''; Scientific American, Vol. 47,
1882, page 56

A Fulton Market fish dealer gives the following explanation of
some of the strange lights, phantom vessels, and other mysterious
appearances that puzzle seamen:

“Two years ago | went Menhaden fishing, and one day as we
were going up the Sound one of the hands said he hoped we were
not going off the Point, meaning Montauk. 1 asked him why. He
seemed kind of offish, but at last let out that he had seen ships sail-
ing about in the dead of night in a dead calm. 1 laughed at him, but
two nights later we came to anchor al Gardiner's Bay, and as it
was a hot night we stretched out on deck. In the middle of the
night I was awakened . . . . 1 looked, and, sure enough, there was a
big schooner about an eighth of a mile away, bearing down on us,
There wasn't a breath of wind in the bay, but on she came at a ten-
knot rate, headed right for us . . . | yelled to the hands and made
ready to jump, when, like a flash, she disappeared. . . . We saw
the same thing about a week afterward. The light passed around
us and went up the bay. . . .l saw an account of something like this
in the Portland papers some time after, and they thought it was
very remarkable . . . ."

Fuller, Curtis; *‘Lights of Summerville,"" Fate, July 1962, pages 16-17
Since we have mentioned fireballs, we feel constrained 1o tell you
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about the strange lights that have intrigued the residents of Sum-
merville, 5.C,, since last December.
The Charlotte, N.C., News reported in mid-March that the lights
were discovered by young persons on a date on Sheep Island Road
-« . The light changes color and shape as it scoots up and down
the road, sometimes high and sometimes low . . . . Another fellow
got so excited when he saw the light he jumped into the car and
locked all the doors -- leaving his wife outside.

MNorcock, CJ.; “An Atmospheric Phenomenon in the North China

Sea,'' Nature, 1893. page 76-77
During a recent wintry cruise in H.M.S5. Caroline in the North
China 5ea, a curious phenomenon was seen which may be of in-
terest to your readers, The ship was on passage between Shanghai
and the western entrance of the famous inland sea of Japan. On
24th February, at 10 p.m. . . . some unusual lights were reported
by the officer of the watch between the ship and Mount Auvckland,
& mountain 6,000 feet high. It was a windy, cold, moonlight night.
My first impression was that they were some fires on shore. . . .\ To
the naked eve they appeared sometimes as a mass: at
others,spread out in an irregular line, and, being globular in form,
they resembled Chinese lanterns festooned between the masts of a
lofty vessel . . ..
On the following night, February 25th . . . curious lights were
again observed on the same bearing . . . it was a clear, still,
moonlight night, and cold . . . , The globes of fire altered in their
formation as on the previous night, now in a massed group, with
an outlying light away to the right, then the isolated one would
disappear, and the others would take the form of a crescent or dia-
mond, or hang festoon-fashion in a curved line. A clear reflection
ar glare could be seen on the horizon beneath the lights. Through a
telescope the globes appeared to be of a reddish colour, and 1o
emit a thin smake.
1 watched them for several hours, and could distinguish no percep-
tible alteration in their bearing or altitude, the changes occurring
only in their relative formation, but each light maintained its aval,
globular form.
They remained in sight from 10 p.m. until daylight {about 5.30
aam. ). ..
On arrival at Kobe [ read in a daily paper that the ''Unknown light
of Japan' had. as was customary at this season of the yesr when
the weather is very cold, stormy, and clear, been observed by
fishermen in the Shimbara Gulf and Japanese waters. The article
went on to say that these lights were referred to in native school-
books, and attributed to electrical phenomena. . . .
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Captain Castle, of H M.5. Leander, informed me that not long
ago, the officers of his ship saw lights in the same locality which
they thought at first were caused by & ship on fire . . . . The unifor-
mity of the bearing renders the theary of there being fires on the
shore most improbable. I am inclined to the belief that they were
something in the nature of 5t. Elmo's Fire.
Gaddis, V.; Invisible Horizons, Chillon Co., Pennsylvania., 1885,
pages 91-92
The Rev. Samuel T. Livermore . . . in his book A History of Block
Island quotes a letter writer in 1811 . . . . “The light actually is
seen, sometimes one half a mile from shore . . . . It beams with
various magnitudes. Sometimes it is small, resembling the light
through a distant window, at other times expanding to the
highness of a ship with all her canvas spread . . . .''TheReverend
Livermore suggested that gas from petroleum deposits beneath the
ocean floor was rising to the surface . . . . In 1934 Edwin C, Hill . .
made a personal investigation . . . he wrote: "Hundreds have
claimed to have seen the apparition and the ‘Palatine Light' is a
well-known phenomenon along the New England Coast. There is
some kind of light--strange, mysterious, inexplicable--which is
geen far out at sea at certain times."’
Anonymous; Nature, August 1, 1872, page 270
A correspondent of the Madras Mail, quoted by the Times of India
says that on the night of June 15 last the plain to the east, north and
northeast of Nandidroog was covered with “'many thousands™ of
lights, which has been observed occasionally in former years. . . .
As many of the lights were from ten to fifteen miles distant from
the reporter's point of view, he conjectures that each flame must
have been five 1o six feet in length. An attempl Is being made to
find out the cause of the curious phenomenon, the most lkely
hypothesis being that the lights are caused by the ignition of some
inflammable gas escaping in jets from the surface of the sarth,
Jones, Daniel; **An Account of Weft-River Mountain,"* Memaoirs of the
American Academy of Arts and Science, Vol. |, pages 312-315, 1784
NOTE: The following account refers to West-River Mountain or
Wantastiquet Mountain. Geologists who have worked on this
guadrant of New Hampshire agree the mountain is not an ac-
tive volcano. This Eighteenth Century study was conducted by
Jones at the request of Rev. Joseph Willard, President of Cam-
bridge, later Harvard University. Excerpts of the original i3
presented here as written including the use of the letter “*F° for
' IS .1 1
On the fourth fide of the Mountain, about eighty rods from the
furnmit, there has been an eruption . . . . The peafants, in the
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neighboorhood of the Mountain, discovered this place and became
puffeffed with the idea of gold . . ..

They have dug down about feventy or elghty feet: and in fome
places, where the rocks permit, twenty feet wide: but they are
now impeded by the rocks . . . . The external parts of the hole is
entirely rock, and in many places much burnt and foftened. There
are fmall holes in various places of the rock where they dig, like
the arch of an oven, and the rock feems to be diffolved by heat; . .
That there have been various explofions in the Mountain, is
beyond & doubt, and in various places, which have occafioned
great quantities of ftone and rock to fall from the Mountain; but |
am inclined to think thefe explofions are not frequent, as formerly,
even fifty years ago: for | am told by ancient people of veracity,
who formerly dwelt at Fort-Dummer [oppofite the Mountain) that
Ih;re were frequently explofions, and fire and fmoke were emit-
led.

The laft explofion that I recollect, happened about five or fix vears
ago, the noife refembling that of an sarthquake, and the
earth trembled confiderably where | was, about four or five miles
from the Mountain; my herd of cattle were greatly terrified
thereby, and run together through fear.

NOTE: Seismic activity in this area has been noted but it is uncertain
whether the above account is directly related to am actual
earthguake.

Deer. ].5.; “Earthquake Light,"" Earthquake Information Bulletin,

May- June 1877, Vol. 8, No. 3, pages 18-21

In his 1942 textbook, Perry Byerly described reports of earthquake
lights at sea . . . . ""At the time of the earthquake off the coast in
MNorthern California in January, 1922, one observer reported a
glow at sea which he at first took to be a ship on fire. At the time
of the earthquake of October, 1926, centering in Monterey Bay, an
observer reported a flash at sea which resembled ‘s transformer
exploding. . . ." "' More recently Yasui has commented on observa-
tions of lights during October 1, 1969 earthquake at Santa Rosa,
California. The lights were seen extensively over the Santa Rosa
ared and described in terms of lightning, electric sparks, Saint
Elmo's Fire, fireballs, or meteors. Some people also heard sounds
like explosions.

Fuller, M.L.; The New Madrid Earthquake, U.5.G.5,, Washington,

D.C. Bulletin 484, 1912, page 46

There issued no burning flames. but flashes such as would result
from an explosion of gas . . . . At Knoxville, Tennessee, at the end
of the first shock '‘two flashes of light, at intervals of about a
minute. vary much like distant lightning'* were observed. Farther
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gast in North Carolina there were reported ''three extraordinary
fires in the air; . . . ."'At Savannah, Georgia. the first shock is said
to have been preceded by a flash of light.
Mallet, Robert; Report to the British Association - 1854, |. Murray,
London, 1855

NOTE: Following are a few sample excerpts from Mallet’s Catalogue

1802

1804

1808

1623

1834

1638

describing lights and flames associated with earthguakes but
not volcanic eruptions.

October 1; Beauvels in France; At the same time [of the shock]
a globe of fire was observed, which moved from E. to W., and
disappeared with a loud explosion, leaving behind the smell of
sulphur, which remained for a long time. (page 48]

August 25; Almerla in Granada [Spain] . . . . At Albugnol five
very violent shocks. . . . At Albugnol the heavens were
obscured by a dark mist, which resolved itself into a cloud,
whence in ten minutes, five terrible flashes of fire (lightning?)
issued, and after each flash a shock took place. [page 57)
February 3; Czakwar, Hungary; Houses situated on a
mountain were observed to be lighted up after the shocks; it
was supposed by the reflection of subterranean fire and some
openings in the earth caused by the earthquake. [page 86)
December 13; Belley near Alm, France; rather severe shocks
which lasted some seconds; preceded by an explosion like that
of large pieces of ordnances. An inhabitant of Biaonies, who
was on top of a hill at the time of the shock, reported that the
heavens appeared to be on fire an instant after the explosion,
elthough he saw no meteor. [page 154)

September 3; Christiania, Norway; . . . several severe shocks
.... At Snaasen no shock was felt but it was observed that the
sky on the western horizon seemed all on fire and constantly lit
up by lightning, although the heavens in other directions were
clear. (page 248]

January 23; Transylvania and parts of Turkey and Russia; . . .
Al Orsova in Hungary the shocks were violent. , . . At Orsova
in Hungary the shocks were accompanied by terrible subterra-
nean billowings and by flames issuing from the earth. [page
274]

March 22; Coblentz along the Moselle; A shock of a second’s
duration; accompanied by very loud noise. The steersman of
one of the steamers declared that he saw a blue flame rise from
a hill in the distance, which remained suspended in the air fora
time, and then sank and disappeared upon the spot it rose
from. [page 303)

w



Anonymous, Nature, May 30, 1872, page 88-80

Immediately following the great shock [April 18, 1872 Inyo,
California] men whose judgment and veracity are beyond guestion
while sitting on the ground near the Eclipse Mines, saw sheets of
flame on the rocky sides of lnyon Mountain, but half a mile dis-
tant. These flames, observed in several places waved to and fro,
apparently clear of the ground, like vast torches. Thev continued
for only & few minutes.

Terada, Torahiko; ''On Luminous Phenomena Accompanying Earth-
quakes,'' Bulletin, Earthquake Research Institute, Tokye. Vol. 8, 1931,

pages 225-255

NOTE: The following excerpts are of phenomena associated with
sarthgquakes from current and historical studies conducted by

Terada and K. Musya.

In the case of the Ansel earthquake of November 1855 different
forms of luminous phenomena were reported: [from Musya]

"'Baefore the time of the shock & sudden luminosity was seen

towards ME, which was so bright that the coloured patterns of
their [party of 19 fisherman] clothes could be well discerned. Soon
afterwards, a horrible roaring sound was heard from underneath
the sea . . . . At the same time 8 mass of flames went flying
through the sky accompanied with sound. "

1824  January 15, earthquake in Tanzawa-yama district;

A

luminosity was seen in Yokosuka at the time of the shocks
.+« Mr. K. Hattori . . . was awaken by the first shock and
hurried out of door, when he happen to observe a pillar of fire
over the roof of the house towards N . . . . Two persons saw

the same phenomenan.

Exemples from Idu Earthguake of 1830 . . . a number of
fisherman who were about to set their boats afloat in the evening
previous to the earthquake observed a spherical luminous body
to W of Mt. Amagl which moved toward NW with considerable
speed. This fire-ball was sean at 4:00 p.m. {1600] of the 25th while
the severe shock occurred at 4:30 a.m. [0430) the next morning.
Three other examples of unusual light phenomena seen before
midnight of the 25th in different places near the epicenter are
given in Musya's paper . . . . 5everal observers compare the
phenomena to the beam of a search light. Fire-balls are also
repeatedly mentioned. It may be noticed that the fire-balls and
also the funnel or trumpet form of luminosity were mostly seen
near the eplcentral district,
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APPENDIX III
ACCOUNTS OF OTHER EARTHQUAKE PRECURSORS

The venting of smoke, fumes, steam., mud, and sand have oc-
curred during major earthquakes with or without sounds. Uneasy
behavior of animals, such as howling dogs and neighing horses, the ap-
pearance of deep-water fish on the surface, and floating dead or
stunned fish, have been observed before and during earthquakes. Fluc-
tuations in water levels in wells accompanied by differences in smell or
taste have been reporied before earthquakes.

Following are some examples of historically reported phenomena
other than lights or noises.

The following excerpts are from Mallet, 1852, 1853 and 1854,

NOTE: The great Lisbon Earthquake of 1755 November 1. Reports of
shocks from lceland to Morocco and Bohemia to the West
Indies.

At Madrid the water in the wells rose several fathoms a little after each

shock. [1852, page 184]

Toulouse, Angouleme, Bordeaux . . . . The waters appeared to baoil,
and change color. {1852, page 165)
British Isles . . . The waters of a pond near Reading appeared to

boil, and were raised over their banks to the extent of 20 inches

.. .. At Cranbrock in Kent the water in some fishponds rose upon one

bank, then retired. and rose on the opposite bank . . . . The fluctuations

lasted about one quarter of an hour and were attended by loud noises,

sand also being thrown up in great quantity from the bottom. (1852,

page 169)

1782  May 23; near the Lake of Brusjo, in Westnorrland, Sweden,
probably an earthquake, a loud noise was heard like thunder,
and the waters of the lake rose in an extraordinary manner. ...

1785 October 15; Terni [ltaly]. At Ple-di-Lugo several small
fumeroles opened from which there came forth smoke
and an odour of sulphur. (1854, page 9)

1787  February 20; Cumana [Venezuela?) Half an hour before the
violent shocks a smell of sulphur was observed. [1854, page
as)

16825 March 2; Algeries toward the Canary Isles; Some hours before
this first shock all the springs and wells dried up.

Fuller, Myron L.; The New Madrid Earthquake, Washington, D.C.,
U.5.G.5. Bulletin 494, page 45

Odors and vapors,--Sulphurous or otherwise obnoxious cdors and
vapors were an attendan! feature of the earthquake at many
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points, as stated by nearly every writer . . . , Hildreth speaks of
the escape of sulphur gas through the cracks tainting the air and
impregnating the water for a distance of 150 miles so it was unfit
to use. Another observer . . . states that although the air was clear
at the time of the shock, within five minutes a vapor with a
disagreeable smell and producing a difficulty of breathing im-
pregnated the atmosphere.
McKinley, C.; "'The Earthquake of 1886,"" Yearbook 1886 - City of
Charleston, South Carolina, Walker, Evans and Cogswell, 1886, pages
J42-441
Immediately after the great shock on Tuesday [August 31, 1886]
night a strong odor, remarkable for the presence of sulphur gas.
permeated the atmosphere, and was perceptible through the night.
[Mt. Pleasant] The same odor was detected in Charleston, but was
there lost in others of a more offensive character. (page 386)
One of the public wells in the village. about twenty feet in depth,
had filled with soft mud that was forced upward with so great an
energy as to throw off the covering of the well and overfllow the
Street . . . . A large basin or sink in the village, which was dry on
Tuesday, was likewlise discovered to be filled with fresh water.
(page 385)
Anonymous; "'Prediction of the Haicheng Earthquake,"' EOS, Trans-
actions of the American Geophysical Union, Vel. 58, 1377, pages
236-272
Water wells at the Dingjiagou Production Brigade, located 10 km
north of the epicenter were reported to have become artisian on
the morning of February 4. The wells are cased to bedrock at
about 12 m and the water raised by pumps . . . . The water was
reported to have turned muddy and oily on February 3, the same
day that the first foreshocks were felt. At 0800 on February 4,
1975, the well was flowing freely at the surface and by noon had
increased . . . . [The 7.3 Richter earthquake occurred at 1936 on
February 4] Certainly there was no artisian flow on February after
the Haicheng earthquake . . . . [page 251)
Liag-ling Province Meteorological Station, ''The Extraordinary
Phenomena in Weather Observed Before the February 1975 Hal-Cheng
Earthquake'' - Translated January 4, 1877, from Acta Geophysica
Sinica, Vol. 20, No. 4, October 1977, page 270-278
During the month before the gquake a gas with an extraordinary
smell appeared In the areas including Tan-tung and Liso-yvang.
This was termed ''earth gas'' by the people in the area . . . . A cer-
tain commune member in Fung-hsing-hsien in fact saw gas bub-
bling out of a ditch. According to an incomplete survey, this
“parth gas'' appeared guite a few times: It was noticed on
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December 24, 1974, January 14, 15, 22, 27, 30, February 3, 1975, in
many areas.

Many areas were covered with a peculiar fog (termed '‘earth gas
fog'' by the people] just prior to the quake. The height of the fog
was only 2 to 3 meters. It was very dense, of white and black col-
or, non-uniform, stratified and also had a peculiar smell. It started
to appear 1 to 2 hours before the guake and it was so dense that
the stars were obscured by it. It dissipated awayv rapidly after the
quake.

The area where this ‘'earth gas fog'" appeared was related to the
fault . . . lines running {n the NWW direction centered at the
epicenter. ...

We suspect that fissures may form during these processes and the
channels allow the heat and the gas to escape from the deep earth.
Mallet, Robert; Report of the British Association, 1854, pages

154-1835
1827 November 16: Fe-di-Bogota to Pasto, Colombia; Violent
detonations followed the shock, ocourring at Intervals of thirty
seconds with wonderful regularity. From some of the clefts
quantities of gas were discharged by which rets and serpents
were found to be asphyxiated . . . .
Anonymous; ''Offshore Burst of Gas Seen as Possible Link to Quake, "’
Santa Barbara News, California, August 17, 1978, page Al
Just four days before the earthquake rocked Santa Barbara Sun-
day, a burst of high pressure gas set off emergency equipment at
an exploratory well in the channel . . . . The U.5.G.5. Scientists
are trying to determine ‘‘whether the earthguake could have
caused the pressure or whether the pressure could have caused the
earthquake . . . . "' Wayland, who is directing the study, . . . said
it's conceivable the increased pressures resulted from changes in
the earth as the quake was developing,

VENTING SAND, MUD, AND WATER

Mallet, Robert; Report of the British Association, 1853, 1854

1757  July 15: 6:15 p.m. (1815); Sully Island and Cornwall [British
Isles] . . . . On the strand at Penzance unusuel marks were
observed in the sand at 10 a.m, Where it was generally smooth
a space of 100 square yards was covered with little elevations
like mole-hills with holes in the top, “as if something had
issued thence,”' and separated by little depressions of equal
diameter. From one of these depressions a jet of water of the
size of a man's wrist issued a phenomenon never observed
before or after. (1853, page 132)

1777  September 30; Macaluba, near Girgenti, 5Sicily; Attendant on
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an eruption of 8 mud volcano. Loud noises, like the roaring of
the sea, were heard to the distance of three miles {1853, page
188)

1808  December 3; Cape Town [South Africa), . . . Muddy water was
thrown up to the height of 6 feet from some small holes which
opened in the sandy soil (1854, page 88)

1835  February 20; Santiago, Chili; Great fissures opened in the
parth, from which gases and muddy and salt water were in
many places thrown out. (1854, page 252)

Penick, James Jr.; The New Madrid Earthquakes of 1811-1812, Univer-

gity of Missouri Press, 18768, page 39

Great amounts of liquid spurted into the air.

“It rushed out in all quarters, bringing with it . . . carbonized
wood, reduced mostly into dust which was ejected to the height of
from ten to fifteen feet, and fell in a black shower, mixed with the
sand which its rapid motion had forced along; at the same time,
the roaring and whistling produced by the impetuosity of the air
escaping from its confinement, seemed to increase the horrible
disorder of the trees which everywhere encountered each other,
being blown up, cracking and splitting, and falling by thousands at
a time. In the meantime, the surface was sinking, and a black li-
quid was rising up to the belly of my horse, who stood motionless,
struck with terror.

These occurrences occupled nearly two minutes; . . . and the
whole surface of the country remained covered with holes,
which . . . resembled so many craters of volcanoes, surrounded
with a ring of carbonized wood and sand, which rose to the height
of about seven feet.”
[From the account of Bringier, ''Notices of the Geology,' pp.
20-21.)
McKinley, C.; 'Earthquake of 1886, Yearbook 1886 - City of
Charleston, South Carolina, Walker, 1886, pages 342-441
[From Charleston News and Courier] *'The first plain indications
of the earthquake beyond the city limits were found at Disher's
Farm, about 3 1/2 miles from the Battery. There the appearances
were that there had been eruptions all over the farm. The marks of
this eruption consisted in extensive cone-shaped mounds of clay
and sand. . . . which bore the resemblance of large ant hills, of
heights varying from & few inches to several feet.'' (page 368)
In addition to the fissures and craterlets . . . there was another
class of openings . . . commonly called '‘geysers’ . . . water, mud
and sand were ejected from them in varying quantities, the sand
and mud remaining when the water subsided. [page 369)

[Evewitness account of ].K. Blackman]
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“Upon reaching my garden . . . I was attracted by the sound of
rushing water . . . on going to the street [ saw one of the old fire-
wells . . . spouting up a solid column of water over two feet In
diamater, to a height of fully ten feet. [McKinley observes that
spouting wells occurred in other parts of Charleston]. When | ex-
amined the well the next day, I found it nearly filled with white
sand; the pavement for several vards around was torn up, and the
sand had been forced up between the bricks." (page 412)

WEATHER

“It has certainly been sometimes remarked that great heat has
preceded an earthquake, but there have been fully as many examples
where very violent earthquakes have occurred at all degrees of at-
mospheric temperature . . . so that heat preceding an earthquake can
by no means be considered as a regularly occurring phenomena.”” [Von
Huff quoted in Mallet, 1850, page 70]

The most convincing example of abnormal temperature variations
and earthquakes is found in an account of the Hai-cheng earthquake
1875,

Liao-ling Province Meteorological Station: "The Extraordinary
Phenomena in Weather Observed before the February 1975, Hai-cheng
Earthquake, ' translated from Acta Geophysica Sinica, Vol, 20, No. 4,
October 1877,
January [21st - 31st, approximately) the axis of the “'extraordinary
area’" moved . . . . The temperature showed a marked rise a few
days before the quake. The average temperature for January 28 to
February 4 was higher than usual by 5% to 6°C. This was especially
so on the day of the quake. . . .
Thizs observed temperature increase could be sudden and rapid.
On February 3, the day before the gquake, the air temperature in
the quake area showed a sudden increase and created an area of
rapid temperature rise centered at Hal-cheng. Between the hours 8
h to 10 h Hai-cheng showed a temperature increase of 12°C while
the distant city of Dairen showed an increase of 2°C. . . . The wind
direction generally was in the NE direction, there was no indica-
tion of a warming trend, Even if the normal temperature rise after
sunrise is taken into account, such a rapid temperature increase is
abnormal. The temperature increase usually occurred at night and
in the early morning . . . bui in the mornings of January 1975 the
lowest temperature readings were recorded at irreglar hours . . . .
Ying-kou-hsien meteorological station observed that the air
temperature rose from -22.6°C to -7.6°C, an Increase of 15°C, dur-
ing the hours 23 h, January 5, 1975, to 7 h, January 6. Even if the
warm front is taken into account the rise of such magnitude oc-
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curring at night is still abnormal. Furthermore, the cities far away
from the epicenter . . . did not record such phenomena.

EXTREME HEAT NOT VOLCANIC

Both Robert Mallet in Report of British Association 1854, page 191
and the fournal of the Frankiin Institute, Vol, 23, 1837, page 308,
recapitulates an unusual experience occurring to the H.M.S. Volage
[ Volant In Mallet) anchored at Callao during the Peruvian earthquake,
March 30, 1838, The two articles agree in all but the ship's name.

Journal of the Franklin Institute, Vol. 23, 1837, page 308

The morning clear and a light breeze from the southward. At
7h.28m.a black thin cloud passed over the ship with very heavy
distant thunder. At the same moment we felt the shock of a severe
earthguake. | should think it continued seventy or eighty seconds.
The ship trembled violently and the only thing I can compare it to
is the ship being placed on trucks and driven with rapidity over
course paved ground. The ship was moored with two chain
cables, and on weighing the anchors a few days after, we found 56
links of the best bower cable much injured, the iron had the ap-
pearance of being melted and nearly one-sixth of the link was
destroyed . . . . The bottom was soft mud, in which the cable was
buried. During the earthquake the water alongside was full of little
bubbles; the breaking of them sounded like red-hot iron put into
watar,

NOTE: Mallet's references agree that one of the anchors and part of
one chain were damaged in a manner suggesting intense heat.
However Mallet adds: "'The chain of the second anchor was
guite uninjured, as were those of all the other ships in the
Bay.' Mallet also describes the “bubbles of gas of a
sulphurous odor and quantities of dead fish'' covering the sur-
face.

This is a curious event. After reading more than 5,000 descriptions
of earthquakes, we are struck by the fact that this is the only ex-
ample of damage, relative to an earthquake, caused by intense
heat in s0 small an area and not obviously connected to volcanic
activity.

ANIMAL BEHAVIOR
Animal behavior has been considered an indication of earthquakes
for centuries. A fascinating distinction of associated causes for dif-
ferent animal reaction was summarized by Robert Mallet in the Report
of the Twentieth Meeting of the British Association in 1850, page 68;
[5ir William] Hamilton says that during shocks, horses and oxen
extend their legs widely to avoid being thrown dewn (an evidence
of the velocity of the shock] and that hogs, oxen, horses and
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mules, as well as geese, appeared to be painfully aware of the ap-
proach of the earthquake of Calabria [1783]; and the neighing of a
horse, the braying of an ass or the cackling of a goose . . . drove
the people out of thelr temporary sheds in expectation of a shock.
All birds appear sensible to its approach, but geese, swine and
dogs more remarkable than other animals . . . Von Hoff [wrote]
‘It has been remarked that at such times domestic animals show a
decided uneasiness, dogs howled mournfully, horses neighed in an
unusual manner and poultry flew restlessly about, These latter
phenomena might easily be produced by mephatic vapours, which
often ascend to the surface of the earth before the breaking forth
of an earthquake. . . .""

The Cirricelli [possibly are Sand-eels] a little deep water fish, . . .
which usually lies buried in the sand, Hamilton says *‘came up to
the surface with many others. . . ."' This might arise either from
actual heat of the sea-bottom and water close to it, or from its be-
ing fouled by the commotion or by exhalations inte it . . . .

Evernden, ].F. [editor); Abnormal Animal Behavior Prior to Earth-

guakes, Proceedings of EHRP Conference, October 23-24, 1978,

U.5. Department of Commerce, Washington, D.C, 1978
A sobering thought that must be kept in mind is the failure of the
Chinese to evacuate buildings in either Tangshan or Peking in re-
cent earthquakes . . . . This is important in the present context, as
the Chinese have reported many cases of abnormal animal
behavior, have asserted the usefulness of such data in predicting
times of occurrences, and have sald animal behavior was an ele-
ment in prediction of the Hai-cheng earthquake. Did the Chinese
people not report abnormal behavior patterns prior to the
Tangshan earthquake, or were their reports ignored because of no
**‘dependable’’ geophysical signals? [pages 1-2)
There are anecdotal reports by non-scientists from many parts of
the world, including such diverse areas az China, Japan, United
States, ltaly and Guatemala. These reports contain many
similarities in the reported behavior of animals before earth-
quakes, some of these reports having been summarized in the
following list, taken from a document distributed to the populace
by the Chinese government {PRC):
When cattle, sheep or horses refuse to get into the corral,
When rats run oul from their hiding place.

When chickens fly up to the trees and plgs break out from their
pens.

When ducks refuse to go to the water and dogs bark for no ob-
vious reazon,
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When snakes come out from their winter hibernation.
When pigeons are frightened and will not return to their nests.
When rabhits with their ears standing jump up or crash into

things.
When fish jump out of the water as if frightened.
(Logan: page 270)

DEAD OR SURFACING FISH
Mallet, Robert; Report to the British Association 1853 and 1854

1768

1824

1641

December 29; Bytown in Herefordshire [England]: During this
year the sea was turbid off the Shetland Izle and dead fish rose
to the surface, phenomena ascribed by v. Hoff to submarine
volcanic action. (1853, page 164]

lanuary 30; Manilla. Philippine Isle; Terrible shocks; After the
shocks, numbers of dead fish were seen floating on the surface
of the river. (1854, page 157)

September 1, Nijne-Tagilsk [Nizhney-Tagil near Perm,
U.5.5.R.] A fisherman reported that the fish came up to the
surface of the water in a state of great agitation. [1854, page
311)

Coffman, ].L.. and von Hake, C.A.; Earthgquake History of the United
States, Department of Commerce, Washington, D.C. 1973

November 18, 1755; Epicenter - East of Cape Ann, Mass. . . . In
the Harbors and along the coast, large numbers of fish were
killed . . . .

Shaw, E.; ""Can Animals Anticipate Earthquakes?'" Natural History,

November 1977, page 14-20.

Catfish normally are bottom dwellers, but they have been seen to
leap out of the water before earthquakes . . . . Working at the
Asamushi Marine Biological Station, two researchers discovered a
correlation between the response to a mechanical stimulus and the
subsequent occurrence of an earthgquake . . . . The aguariums
were Installed on wooden tables on which the researchers tapped
3 times a day . . . if the catfish did not react to the tapping, no
earthquake tremor would occur, but if they did respond--by
iumpins--a slight tremor would take place, usually 6 to 8 hours
ater, .. .

Another Japanese scientist . . . examined the relationship be-
tween daily fish catch and selsmic activity . . . he reporied a
positive correlation between abundant catches of horse mackerel
and seismic activity.
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APPENDIX IV
CHARLESTON DATA BASE

The Charleston and vicinity events are categorized as occurring
during military operations, or not. Events which occurred when
military flights were known in Warning Areas W132, 133/34, and
W157 have a “Yes'' placed under the column “"M/0." If no flights
were in the Warning Areas, a ""No'' appears. Events before December
2 or after January 12 have a question mark (7], as flight information is
not available. However, if the event occurred before 0700 or after
2000, it is assumed that no military operations were flying. The times
supersonic aircraft were in the Areas is given ln the column entitled
“Military Operation, "'

The tvpe of event is either observed by citizens, or recorded on
the Baptist College siesmic network as a vertical displacement. To
distinguish the recorded earthquakes during this period, the signals
considered not seismic are called acoustic. In many incidents, the
event was both observed and recorded. The places given refer to
ohserved events.

The letters after the ‘‘Place of Events'' are from observer descrip-
tions:

b = boom, blast, bang

r = rumble
cr = connected by rumble (re: 2b cr = 2 booms connected by
rumble)
In = long
rw = rattled windows
rd = rattled doors

rh = rattled {shook) house
rf = rattled furniture
rg = rattled {shook) ground
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CHARLESTON EVENTS = DECEMBER=MAY

TIME MILITARY
CODE EVENT OPERATIONS
BATE i) TYPE AND FLACE EST EST
DEC 1 k- Qegarved, ¥ 1015
Tus ks OQbperved
{lames Island) 1@zl
DEC 2 L1 Observed Q8o 0915=1030
Wed Yau Obsasved b Acscatic® LR
Yau Oewarved afa s
Ho Obperved & Acoustic 1130
Ho Observed 1400
fEc 18 - {Earth cresar—seissic 921%)
a Tes Observed B Acpuscie 0a3T QE0F=-0929
YTen Obsperved & Acoustic 847
Tas Oeserrad & heoustic 0958 tsM=1LI0
Tes Obsarwed 1oLy
Tes Ohserved 1024
= {Earth reemar-dalasie L&L6)
DEC 20 Ho Obaerwed, v Ba55
Tus - (Isle of Falm} L30G=1530
Tan Ohasrved, v L35§
- Mt Pleasant)
- {Earth cresor-sslismic LB&1)
DEE 21 Ha Accuntic 0930
Tad {not comfirmed by Baptist}
DEC I3 Ten Dbserved & Acoustic, v [al: P
Tha tas Dhagrved*, w &35 0800-0530
Ten Thaerved, v 4935
tes Chserveds, v Latax 10
Tan Dhpsrved®, v 101 5=
Ho Dbaarved 1130
Ha Qoserved 2145
*(Mt. Plessant)
DEC 15 Ha Acoustic oaIn
Sun {nst confirmed by Baptipc)
JAN 3 Ha Acountic Q330
Tue (noc confirped by Baprist}

TAcoastic is oely weed o distinguish earth and atmospheric origins. All
sigmals received for Charlestom are from the seismic netwerk.
vertical pecordings on the heliocorder suggest atmosphecic discucbance, the
avents are noted as acoumbic.

80

Whare only



CHABRLEETON EVENTS - DECEMBER-HAY

TIME MILITARY
LODE EVERT GFERATIONS
TATE W TYPE AND PLACE EST EST
Ba Cheasvad L1040
Ho Ohwerved, v 1333
He Obearved & Acgustic, v 1433
(James Island, Mt Pleasant,
¥, Ashlay River)
JAR & Tes Ohaerved oho0 0800=-0913
Wed Tas Obgarved 10&7 o910-1100
JAN 5 Yan Observed aras
Thu Tes Qbaerved 810 B730-0830
(W. hshley, Folly Baach,
Isle of Pals, Mc. Pleasant)
Ter Dhaerved o830 0730-0851
Dhaerved 0937
Tas Obasrvad %43 SAQO=3950
Jhy & Ohserved & Azpustic asar i
Fri Tan Obmerved v ] i
Observed a%30
Yas Observed a9ag a800~-1030
Tes Jbseread 09se
(James Tsland, Folly Beach)
JAK # Hao Observed asog
Hom Ho Jhaarved oa30
(Barleyville}
JaK 14 Ho Observed alas
Tue {Folly Baach)
JaR 12 Wi Obgerved, ow, rd, i, b 1115
The Tes Obasrved & Acoustic,re,rd,b 1410
Tes Chpurved, ow,rd, b 1544

{Charleston, BHeaufort,
Japas Islamd, Inle of Palm,
Fally Besch)

% @ & WIANUARY L[] END OF MILITARY GPERATION INFORMATION - EVENTS BEFORE
AT0D OF AFTER 2000 ABE ASSUMED WOT CAFSED BY MILITARY OPERATIONS® = &

JAR 13 Ohearved a71s
Ted ? Obascvad 0727
(James Island, Hr Flessast,
Sommerville)
Ha Observed 2140

(Sumsarvillal

JAN 15 o Observed o500
Had (Calusbial
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TIME HILITARY
LOeE EVENT CPERATIONS
DATE o TYFE AND FLACE E5T o
B 3 Mo Jhasrvad 25600
Tum (M Plessant]
FEE & L dbsarved agLn
Hen Mz Fleasanc)
{Earth cressc-selsmic a%i0d
FEE T Mo Observed, b Ltk
Tue (Susmsrvillal
1 Gbmerved Lsiag
(Sangarial
- T3
FEB B 1 OCbearved [loud hooms Q
Wed Sullivan Islamd) eTH
1 Ohaerved [vibracicn 1115
saly = Ladson}
FEB i0 1 Cheatwed Q7R
Frf (James Tsland)
FEE 21 £ ] Observed & Acoustic, b,w o759
ae Obgerved & Acoustic, b,w o805
T Qbgarved & Acousgle, b,w ALY
Obsarved & Acoustic 0815
AFR 23 b Qbserved 1120
g (Edisco Island, Fally Beash,
Mt Pleasant)
EDT
HAT 3 Dhaerved oE
& Observed oTosE
Chaerved aria

{Yonges Island)

DON MORGAN'S BEPORTED TIMES & LOCATION

February 11

Sullivan Zslamd

N« Charleston

W. Ashlay
Charleston (d'town)
W. Ashley

Hanshan
Susserville
Nortwood Estates

a7s58
o Je
QB0E
o8I
08L3
0BLS
08le
o817



APPENDIX V
NEW JERSEY DATA BASE

The Mew Jersey events are categorized as occurring during
military operations, or not. Events which occurred when military
flights were known in Warning Areas W107 and W108 have a ''Yes"'
placed under the column ""M/0'". If no flights were in the Warning
Areas, a ""No'' appears, Events before December 2 or after January 12
have a question mark (?), as flight information is not available.
However, if the event occurred before 0700 or after 2000, it is assumed
that no military operations were flying. The times that supersonic air-
craft were in the Warning Areas are given in the column entitled
““Military Operations’’.

The type of event is either observed by citizens or recorded on the
Western Observatory (W), Lamont-Doherty Laboratory (D], or Con-
solidated Edison (Con E) seismic network as a vertical displacement. In
many incidents, the event was both observed and recorded. The places
given refer to observed events.

Events ohserved as lights only have superscript 1 next to the time,
If the event was described as both a boom and light, & superscript 2 is
next to the observed time. Those events observed as only vibrations
have a superscript 3.
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NES T ~FERRUARY
MILITARY
COnE ETHNT TDEE OPERATIONS
DATE Hio PLACE EST w107 & W108
Dec 1 Mo Brigantine oLl
Fri Yes Brigantine 0935 0930=1200
Spring Lake Looo 4
b Horth Beach Lot ga4s-1013
ACOUSTIC {3},W,Can E,LD  1004-1007
Haleden 1310 1004=1200
Tas ACODSTIC, W 1031
Yes Polnt Pleasant 1100
Farzingdale 1100
So Wall Tosp 1500
Tuckerton Lang
Jacksan 1500
Yas Brickrowm L300 1427-1634
Belmar 1500
Brickeesm 1530
Bamnemeon 1530=1600
Yam Leng Branch 1530=1500
Aberdesn 1530-154%
Srping Lake 1530-1545
Tes Toms River 1540
Egg Harbeur City 1540
Howell Tmep 1541
Red Bank 1545
ACOUSTIC (3),LD.W, Con E 1545-15438
ACOUETIC (2} 1550-155%
Tes Hazlet 1500
Monroe Tnsp 1600
Fraahold 14600
0ld Bridge 1400
Deg 3 Ho Elfizabach o100
(13 Ha Tuckertan 0200-0300
Pec 7 1434-1628
Wad Tes Scuth Amboy 1530
Tes Seuth Ashboy 1600
Ko Randolph 1900
Tuzkerzoe HMI
Ba Tuckarcon 1900 1013-2402
L= o ACDUBTIC, W 08a7
iuLﬂ AZCOSTIC, W G430
¥o ACDUSTIC, W 1001
Tes ACOUSTIC, W 07
Dag 17 Bo Panama, K.Y, ([} boces 1430-1530
Saz 20 mine, spart)
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NEW JERSEY EVEWTS - DECEMRFA-FERROARY

MILITARY
CODE EVENT TRME OPERATIONS
DATE o PLACE EST 107 & W10R
Dec 18 Ho Bridgewvater mm—uuﬂl
Sun
¥a Wev Providence 1800-183¢0*
Dez 20 ¥a ACOUSTIC, Com E DBAA
Tus e ACOUSTIC, LD DSz
Tes ACOUSTIC, Com E w27 1003-1207
Teas Farmingdale 1100
Ro Farmingdale 1ges! 2
Ha Eighland 1100=1200
Dec 21 He ¥illas gE00-01307
Wad o Hillsdals 0500= 1000
1300-1330,
1345-1415
1418=-1632
Tes Tuckartos £o lomg Island  1830-1900 1845-2017
Yes Elizabeth (% booms in 1800
20 mins)
ACOUSTIC, LD 1504
Dec 22 ¥a Iuckacn o730}
Thu Ha S¢. Asbury Park 0830
¥a ACCUSTIC (1), W 0924=0523 0355-1200
Yes ACOUSTIC (5}, W, Con B 1000-1034
Yas ACOUETIE (2}, W 1188=-1201
Ha ACOOSTIC (2), W 1alB=-1428
1638- 1644
1 ACOUETIC (&), W 154%-1800
o Asbury Patk 16007
1B45=2047
Tes Elizabath 1900
Dec 33 | 1431=1807
Fri Ho Kewark 1500
Dec 24 Ha Cicizen report o7
Sat Ko Sloateshurg D345
Dec 26 Na Citizen report 03a0
Hen Ha ACOUETIC, W 1151
Yes ACOUSTIC, W 020 L545-2045
Dec 27 Na Patterson [ FR
Tus 1306=1523
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§= JERSEY EVENTS - DECFMRFR-FEERTARY

MILITARY
CODE EVENT TIME SPERATIONS
DATE Mfa PLACE EST wWioT & Wi0B
Ho ACOUSTIC, W 1903
Dec 28 He ACODSTIC, W 0a5s
ad ¥e ACOUSTIC, W 0954
Ko ACOUSTIC, W 1128 1306-1523
Yes ACOUST] EETE. ] 1512 1T15=1745
1815=-1845
¥o ACOUSTIC, W 1959 5
Ha Jersey City 2000-2100
Dec 29 Ha ADDUSTIC (27, W 1546~ 1548
!EII
Dec 30 Ha Stone Harbour 2530
Fri 1018-1221
Jan 2 Ho Livingston 1030-1130
¥om ACOUSTIC, W 1132
Jan 3 ¥o Vilias 1215
Tue ¥o Haptune !2252
Jun & Mo Lengpert ozon!
Hed Bo C (2), W 0804=-0812
Bo ACODSTIC (I}, W 0906=0912
Ko ETIC, W 0936
¥a ACOUSTIC, W 1018
a Villas 1245 1030-1238
ACOUSTIC, W 1300 1300=1330
1400-1430
Yes ACOUSTIC, W 1518 1437-1623
Ho ACOUETIE, W 1710 1427-1623
Jan 5 Ne Toms Biver o152
Thu o ACOUSTIE (3}, W 0752-0808
Ye ACOLSTIC (6}, W L038=1100 1000-1030
Yes ACDUSTIC 1146 1003-1206
Be ACOUSTIC (5}, W 1330-1355
Sz ACDHISTIC (1), W 1515-1548 Thbk=1E38
5. Asbury Parck 1600
Tos ACOUSTIC (2), W 1622=1431
Ha ACOUSTIC, W 1715
Bo ACSUETIC, W 130k
Yes ACODSTIE, W 1018 1833-2054
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ER-FEEROARY

HILITARY
COTE EVENT TIME QPERATIONS
DATZ e PLACE EST W107 & W108
Jan %o Urkaff {511
Pri Ba Wykaff 4910 Q958=-1200
Yoz ACOUSTIC, W 1110
He ADDOETIC, W 1209
B Wayna 1330
Pompton Plains 1330
] Wayne 1400 1428=-0625
Yes Pompton Flalns 1600
Jan 8 Ho Pateerscn u—nlm1
San
dmn § No Balndel gzoot
Mem
Jan 10 ] ACOUSTIC, W 1137 Ioeb-1113
Tue ¥ Kayport 1100-22001
Jan 11 Teas ACOUSTIC, 1D Ilsk 1010-121%
Hed Ha Liviagsten 23p0!
Jan 11 Bo Mountaisn Lakes oTop!
i By ACOUSTIC, LD a%0a
Yes Livingsten 1030-1130 1000=-1030
ACCOUSTIC 1153 [055-1115
Ha Esckavay
Acousie 1457
Jan 16 39 Acoustic Events 1114=1730 JAH 1& LAST
Heon DATA ON
38 Timea Unkoown MILITARY
recorded ac Weston QPERATIONRS
Largest &t Waston 1545
Majer acountiz signals 1il4
racorded at Lamont= 11£0
Doharsy 1108
1211
1111
1117
132
1346
1513
1328
155%
Jag 18 T Toms River R EL
Hesz
Jag 13 W& Long Bramch 1100-24002
jap 16 Ea Toms Riwver/Asbury Park peand
Thu
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APPENDIX VI
NOVA SCOTIA DATA BASE

The Nova Scotia events are categorized as either Concorde (C).
Associated [A), or Non-associated [N).

Times of events within 15 minutes [before or after) of the
calculated Concorde flight time are considered generated by the super-
sonic aircraft and have the letter "C"' under "' Code'".

Events which are within 30 minutes before or after & calculated
Concorde time or which have a description including **double boom"
are categorized as Associated, and have the letter "'A"" under “*Code"'.
These events are assumed caused by supersonic aircraft, but not the
Concorde. Reports by pilots augg:at military operations have been con-
ducted near the Concorde flight path, particularly in January and
February. It should be pointed out that these events are not really ex-
plained, as records from Canadian military are not available, tha
military has not confirmed the pilot observations. Similarly, there is no
basis to suggest that Concorde generated these additional booms as, in
most cases, the carpet booms have been identified.

The final category of events is Non-associated, designated by the
letter “N'* under "'Code’'. These are events which occur over 30
minutes before or after Concorde and which do not include a double
boom as part of the description. Their source is unidentified.

The letters after the ''Place of Events'' are from observer descrip-
tions:

b = boom, blast. bang

r = rumbhle

c¢r = connected by rumble (re: 2b cr = 2 booms connected by
rumble]

n =1lo

rw = rattled windows

rd = rattled doors

th = rattled ;slmuk} house

tf = rattled furniture

rg = rattled [shook] ground

The times of the actual events are in Atlantic Standard Time as is
the calculated time of event. The actual flight arrival/departure times
are Eastern Standard Time.

The actual arrival/departure times for John F. Kennedy Airport
are from the FAA Concorde Monitoring Records for the included
months. The Dulles Airport times are based on scheduled departures
and arrivals unless noted from periodic monitoring by the FAA.

|FK flights are written as aAFO0000, aBAQDOO, dAF0000, and
dBAO00D. The small a is for arrivals, the small d is for departures. AF
denotes Air France, BA denotes British Airways.
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Dulles flights are bracketed (aAF0000), (dAF0000), etc; when an
asterisk (*) is placed by the brackets, It signifies a scheduled, not a
monitored flight time: [aBA0000)* is a scheduled British Airways ar-
rival, (aBAD00D) is a monitored British Alrways areival,

METHOD OF CALCULATING THE TIME OF ARRIVALS
15 BASED ON INFORMATION FROM THE AIRLINES
[FK
arrivals: Tc = Ta-TH + ¥
departures: Te = Td + T + Z

Tc = Time calculated for event at Cape Sable Light

Ta = Time of actual arrival

Td = Time of actual departure

Tt = Flight time from Cape Sable Light to New York = 52 minutes

T! = Flight time from New York to Cape Sable Light = 38 minutes

¥ = Time a sonic carpet boom would reach Cape Sable Light from

the arrival path 48 miles offshore at speed of sound = 4
minutes

Z = Time a sonic carpet boom would reach Cape Sable Light from
the departure path 108 miles offshore at speed of sound = 9
minutes

DULLES

arrivals: Tc = Ta-Tid + Y

departures: Tc = Td + Ttd + Z

as above except
Tfd = Flight time from Cape Sable to Dulles — 66 minutes
Ttd = Flight time to Cape 5able from Dulles — 47 minutes



BOVA BCOTIA = JANUARY

FLIGHT ARR ACTUAL

DATE Cal, B ACTUAL TIME CALCULATED  ARR,/DEP
1978 (8 ]e] BLACE OF EVENT OF EVENT TIME TRE
AST 5T EST
KO EVENT .14 BAFOBIT
Sun A Cape Sable Light 0510
O EVENT 1024 akalolz
c Cape Sable Lighe 1110 1127 dAF1040
4 Ingomar, th 1430 (l1a&l)= (dBALIZLS )
NO EVENT (1753)= (mAFL755)w
" C Cape Sable Lighe 0815 oe0s WAFO833
Moo HO EVENT (1207 {aBAL209)
c Cape Sable Light 1220 1118 dAFL04L
KO EVENT Li1E dBAl2al
MO EVENT (1505 [4AF1313)
- c Cape Sable Light Qs1d D91y BAFCHO
Tue c Cape Sable Light 1043 10£3 aBALO3L
[} Cape Sable Lighe 1229 1114 dAFLDAT
RO EVENWT [ET341 (dBALZ4E)
4 ¥0 EVEST 09a0 ZAFORLE
B Ho EVENT 1044 aBAID3E
= Cape Sable Lighc 1130 1231 dAFIDEL
0 EVENT 1430 dBALI2EY
B0 EVENT [¥LE}] [RAFL7S8)
3 ¥0 EVENT 0504 TAFOBLD
Thu ¥O EVEKT (1208)%  (aBAl2l0)*
Hd EVENT 1226 dAF103%
NO EVENT 1430 dBALZSY
A Cape Sable Light 1&035 (1546E) {&AF1350)
& HO EVEWT as00 aAFDALE
Fri HO EVENT 1113 ABALLOZ
c Caps Sable Tigh: 1238 i3l dAT ID&s
WO EVENT [laal)® (4BAl243)w
WO EVENT (1753)= (BAFLT55)%
e A Ingemar 0845
Eat C Cape Sable Light 0e15 0913 RATOS11
W0 EVENT (12ca)= {aBAl210)%
HO EVENT 1256 daFLled
H Clarks Earbour 1339
HO ETENT 1&20 dBAL1ZAT
RO EVENT (1511 % (dAFL315)=
K Cape Sable Light 1610
.‘.L [ Cape Eable Light oens neaz BAFOA50
. c Cape Sable Light 1053 o5 aBA1041
KO EVENT 1245 HAF1O38
BE EVENT [leal)w {dBALl2&S)™
B IVEXT (1753w (RAF1755)®
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TR W e T Y T

FLIGHT ARR ACTUAL

Bl

e

fF

E&ﬁ: ACTUAL TIME CALCULATED  ARR/DEP
BLACE OF EVENT EVENT IbE
_QLLI‘I_ AST I5T
WO EVENT el WAFOESS
WO EVEWT (1215} (nBA121T}
WO EVENT 1228 AAFLO3A
WO EVENI lals dBAL2AT
WO EVENT {1511} (dBALNLE)*
H Capa Sakle Light a990
B3 EVENT 0911 aAFOsI0
c Cape Sakle Light 1025 1025 aBal0lld
Bi EVENT 1232 dAF1045
KO EVENT [lasi)= {dBAl245)}*
KO EVENT oEp? RAFDBSS
- Cape Sakble Light 1052 1048 ABAIDIE
HO EVENT 1230 AAF1043
Ko EVENT 1423 4BAL1Z3A
HO EVENT (2803} (mAF1B03)
RO EVENT -1 RAFOEAZ
HO EVENT (1208)= {aBALZIO}®
RO EENT i3 SAF 1036
w0 EVENT 1415 dBalZie
WD EVENT {1518} (dAF1322)
Horthasst Rarbour, th oRoQ
g Imgomar 0904 D54 AFDBAZ
Rarrimgton, tf Os0s
[ Capa Sabla Light 190 1034 aBAID1E
- [14at)= [42A31243)%
e (1753)%  (aariTss)e
c Stomey Inland, th os03 el RAFDELS
HD EVENT {1208y {aBaAlZIOY®
BO EVENT 1311 dAFLL24
RO EVENT 1333 daFliad
B0 EVENT [1511)* (dAF1313)®
Ho EVENT 1558 dBAl&11
Cape Sable Light DESS
Barrimgeon, Tw, ©d oRis
c Barringesn Head, rh, of 0900 L) RAFOBLS
Ingomar Q%00
NWortheast Hathour Q%L
Cape Sable Light 1028
Barringean, ™™ loie
c Barringtan 1030 1028 aBALD13
Horcheast Harbour 1930
Ingozar 1030
O EVENT 1228 AAFIDLL
1419 dBAl232

(laslye (dRAIZRET®
(1753} = {mAFL755)

EEE
L
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WOVA SCOTIA = JANUARY

FLIGAT ARR ACTUAL
OATE C,ANH ACTUAL TIME CALCULATED  ARR/DIP
1978 CODE PLACE OF EVERT OF EVENT IIME TIME
AST AST EST
15 C Cape Sable Light o935 QEs% AAFOBLT
Mop BO EVENT 1032 wBA1G20
WO EVENT 112043 (aBA120&)
HO EVENT 12114 dAF1037
RO EVENY lezs dBA123T
8O EVENT {1514} (dAF131E)
17 RO EYENT 0904 RAFOBSZ
Tus BD EVENT 1032 aBALD2Q
4 Cape Sable Light 1230
HO EVENT 1246 dAF1059
WO EVENT [l4el)™ (dBAlZLR) ™
KO EVENT 1501 RBALLLY
B0 EVENT 1521 dBAL33S
18 RO EVENT (11 LAFDBLL
Hed H Lewar Weods Harbewr,r 11a}
RO EVENT 1229 dAF10al
¥O EVENT 1423 dBAL23E
BO EVENT {1810} {AF1812)
13 b ] Cape Sable Lighe 0930
EVENT
s " Herchaast Harhour 0aLs
Ingosas 0945
B0 EVENT loo3 BAFOSE]L
c Cape Sable Light 1033 1047 REALD3E
WO EVEST (1208} (aBALZ10)w
H0 EVENT 1323 dAFL113E
HG EVENT 1&27 dBAL2LD
HO EVENT (1512) {dAF1116)
n JFE CLOBED
Fri B0 EVENT (ladl)w (dBALIZGS )W
H Pert Sawom, rd 834
B0 EVERT (17530 (@AFITSE)*
21 Wy EVENT (1208 ) (aBAEZLO )™
F13 = Capa Sable Light L&gd 1413 aBALLDE
[+ Cape Sable Light L1a3n 1847 AT 1&30
MO EVENT (L5lL1= (dAFIIIS)*
0 EVENT 1nag JEALTOE
12 H Claries Harbour 0825
FO EVENT 01l BAFDELY
€ Capa Sable Light 1920 117 eBA100S
Part Saxon 1244
g S Amibe 251 L1243 dAF1102
.| Porr La Tour, v, v lado
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WOVA BCOTIA = JANUARY

FLIGET ARE ACTUAL

103

DATE CAN ACTUAL TIME CALCULATED  ARR/DEP
1978 DME PLACE OF EVERT SF EVENT TIME TIHE
o AST
Clarks Harbour, T &30
& Barringtom, re Ladn
Porc Zaxam 1433
Clarks Sarbour 1433 1433 dBALLE
i Cape Sahle Lignt 1433
MO EVENT 1asl ) CABALZES b
& Clarks Harbour, T 1730
MO EVENT (17530 {aAFLT3Y)=
m3 EVERT (5 1] AAF1&08
n ] Browns Bank A550
Hom HO EVENT Rl AAFOELS
& Zrowms Bank, Ib 1050 LA =BALT5E
Barringtan, T 113¢
Ingomar 1235 : e
[+ Port Jaxos 1336 1334 AAFL DT
Port La Tour, & 237
Villagedale, = 1380
15 mi- 5 of Cape L&30
H Negra Ialand, rb
40 @i 5. of Cape L&1d
B EVENT 1iazL) [4AFLIZ&)
Forc Saxon (LF2] LSS
e Ingomar 1621 Ls22
ND EVENT {1BO&) (mBAlSCE)
HO EVENT 1513 dBALTZG
26 B Cape Sable Lighe ful-lal] oLk RAFOBSE
Tue c Cape Sabla Lighc 1030 1029 aBAlOLT
A Browms Bask, Ib 1050
Villagedale 1130
L4 Harcheass Poinc 1235 1233 dAF1046
Pare la Tour 1237
N0 EVENT 1435 dBAl248
B0 EVENT [laslye (dBALZAY)®
25 " Ingomar oa13
C Cape Sable Lighe o903 o312 AAFOF00
G Cape Sable Light 1025 1osn aBal0lg
Cape Sabls Light 1225
c Prospect Point 1235 1235 dAF1048
Villagedale 1235



BOVA FCOTIA - JANUARY

DATE ACTUAL TIME CALCULATED  ARRSDEP
1978 FLACE OF EVENT OF EVENT TIMF
AST A5T
c Ingomar, Ik 1433 1431 dBALIAL
& Bacgare, T, th = 1500
N ¥illagedale =1 &O0
HO EVEMT (1753} (aaF1753)#
26 HO EVENT i119 aBAL1CT
Tha B0 EVENT (l208)w (aBAlZlo)e
NQ EVENT L2323 AAFIZLL
W EVENT {1511)» {dAF13L5)™
Ha BEVENT L51a dBEaliat
c Ingomar L5&5 L8547 AAF 1400
i Clarks Harbour, rh oF00
Fri Barringron,Tw 900
Bartheast Rarbour th00
Shag Earbour, rh oeaz
Baar Clacks Hartboar 0962 -
e Staey Talind, rh 9503 . BAFUBLS
Ingomar, rh 0903
Uppar Shag Barbaur a0
Shag Harbour e
Doctor s Cove, ¥ 00
Shag Marbour, T s
Sromey Islamd, T oa0s
Clarks Harbour, © 0508
Centreville (1]
Hest Head, ©d 0505
Clam Fedne 0905
A Barringten 0905
Barrington Passage 0505
Seal Islasmd 0%s
Bear Peinc, h 00T
Villagedaie 0908
Sarrington Wesc, th gs10
Hewellicon, th g%L0
Southside %10
Baccara, rh 0513
A Shag Bazbour, ©f L]
Barriagton, © aszl
A Cape fable Light aiz
Baseazs 1035
Scuthsida, *h 1040
[ Sconey [aland 1050
Comar, £ 1050 1035 aBalo2]
Horthesst Harbour, rd 1045
Clam Paoinc
L Sronay Island 1118
B Bear Clarks Harbeur 1125
Rarringtan lald n dBallas
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HOVA BCOTIA = JAMUARY

FLIGHT ARR ACTUAL

DATE C.A,0 ACTUAL TIME CALCULATED  ARR/DEP
1978 COCE PLACE OF EVENT OF EVENT _InE
AST
A Charlesville 1438
O EVEMT (Iaallw (dBALILE)S
HO EVENT (110 3] fadF1810)
[ - Barringtom, th 181% 817 dAF1&30
L] Upper Shag Harbour 200
8 Cape Sable Light 0500
3 [ Seoudr Tiliod a%as qasa aAFOELE
A Barringeen, I 1000
¥ Baar Poinc 1045
MO EVENT {1153} faBAILEE)
WO EVENT 1218 dAFL1041
L3 Barringten, ™, th 1430
WO EVENT (1513} (4AFLILT)
Fi) Baccaro L]0
Zun Stoney Island 0903
E Barcingten, £h o905 a0z aAFOESE
Wear Clatks Hardour 905
Cape Sable Light 09058
Caps Sable Light, cF 1060
c Steasy Telend 1063 1043 aBALD3L
Doctor's Cove 1045
Szonay Taland 1244
[+ Barringtonm, rh 1240 1238 dAFiO3]
Bacears, Ib 1363
L+ Bortheast Harbour 1430
Docror's Cove 1430 1&£31 dBal 264
KO EVENT {ladldw  (dBALZ4S)®
HO EVENT (1802) {aAF1804]
a0 A BaCoaTs agan
Mon Cencraville, rw oS00
Baccara, TV 0905
Clarks Harbour os0s
c Ingomar 0905
Cape Sable Light oaas 0916 aAFO0E
Waar Clarks Rarbour 07
Staney Island (H T
Baccaro 1115
Cape Sabls Light 1115
" Ingesar, rh 1118
Baar Clarks Harbar, r. L1118

ae b
Shag Harbour

1118
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HOVA SCOTIA = JANUARY

FLIGHT ARE ACTUAL
et ] ACTOAL TIME  CALCULATER  ARR/BEP
1973 EGE  FLACE OF FVRNT OF EVBTT _I%_ _inE

AST T E5T

E. Baccare, ©d 1115
[ St 1137 akF1118
Cencceviile, o 1130
HO EVENT {1153) (aBAl155)
Cape Sable L*I'“ 1343 L2467 AAF1100
g Baccaro, rh 1245
MO EVENT 1&51 dBali0s
P — {1518) (dAFLIZ2}
% B Porc Sawon, T 0900
Hewellton 0306
& Beowms Bank, 2b = 4500
Hewelltom 105
Clacks Harbaur 1095
Baccare 1008
Lowar Clacks Harbour iﬁ:
The Hawk, T
b Barrington, T 1813 1ms aarise
E. RBaccaro, rd 101
Ingemar, rh o1z
Cape Sable Lighe, r 101%
Secney Island, rh,rw 101%
The Hawk, T 1023
Cape Sable Lighe 1015
Lower Clarks Harbour 1026
L4 Barringeen, tw, of ig2g 1o28 aBalOlE
E, Baccata 1528
Clatks Harbaur 1030
Secoey Taland 1030
0 EVENT 1327 4AF1140
& Shalburss, b R
Shelburne, 1b, rg 1433
£ Seaney h]..-nl. ™ 14060 (ladl)= {dBAlIES)™
H Scomey Island 173
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HOWA SCOTIA = FEBRUARY

FLIGAT ARR  ACTUAL

ACTUAL TIME CALCULATED  ARE/DEP
DATE C,A.N OF EVENT TIME
1978 €ODE AS AST EST
F  Basringten I H
Wed
A Barrington 1009
Cape Sable Lighe, 2r 1012
Hortheast Harbour 1015
Clyda River, rh 1015
e Barringten 1015 Bt o
Ingomar; Tw 1015
Sha Lburna 1018
A Clyde River 1030
A Cape Sablae Right 10440
Brass Hill, ch 1050
% Cape Sable Light, th 1052 2OAL AR D
Ingoaar 1132
®  Sconey Taland 1153 XS
Port Saxen ta Ingosar 1517
c ik, v 1558 4BAl331
Hertheast Harbour 15330
Villagedals 1530
e Pect Joli, o9, T 1530 bt Lian
WO EVENWT (1753%  (aaFl753)#
1 Cape $able Light 0BS5S
The © e Hawe paoo el asnuNas
A The Hawk 1013
€ Caps Sable Lighs 1033 1031 aBalol®
A  Cape Sable Lighc 1043
G Clyde River, cof 1200 (1HE)Y  (aBAl210)w
Cape Sable Light 1228
Stooey Island, Tw 1218 .
¢ Barrington 1129 2 4ARLDA
Wear Clacks Harbour I230
A Weet Head, v 1500
Cape Sable Lighe, Ir 1512
Villagedala, = E51&
Ingowar, rw 1ile i M
[ Kiat Bioaara 1518 (L810)®  (dAFLILS)
Baar Paint L1315
Poime Joli, ow 1529
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HOVA 3COTIA - FEBRODARY

FLIGHT ABR  ACTUAL
ACTUAL TIME CALCULATED  ARR/DEF

BATE C,AR OF EVENT TIHE TIHE
1978 CODE AST
E Mewallesa, oW, &4 1530 1515 JBAl1LE
3 B0 EVENT a8%3 AAFOEL]
Tl A The Hawk 1020
Baccare, ©w 1028
Caps Sable Light o0
£ Bty Taland 1030 1o LIRS
The Havk 1030
A Ingomas, 530 aee, &, o 1212
Ingomar 111%
Shag Harbaur 1119
c villagadals 1229 1318 dAFIDL]
Middia E. Pubmico, =h 1230
Barringtom, r=2 mim., Ib 1330
- Sroney Island 11%3
Shag Hacbour Iila
& Doctors Cove, Ik 1615
-} Logosds . 1415 L4186 dEAl2
Cape Sable Light FET R
B0 EVENT Lhasll= (4BALISS )™
RO EVENT CLTaY)= {aAF1784)=
" Villagedale 1553
Azwoods Broak, v 1955
M Horcheasc Foimc igac
Azwoads Eroak 2000
A L Shag Harbaur aTis
Sat B3 EVENT LLETY AFDALS
B] EVENT {1207) LaBAL20§]
t Saftheville, th, 2% 110 L1135 dAFL0&E
o Ingomar 1415
k4 Barrlagton, =f,mv,b 1% AL ERES (HAF1I 1)
. [= Cape Sable Light 0855 =131 AAFELDY
Sum [+ Cape Sablae Light loa? 1032 aBaldrs
] Cape Sable Light 113z
B0 EVENT {F5]] dAFLO51
Ingomar, © 1als
P Clyde Siver, mw 1430 1417 )
RO EVENT (lab1)*  (ABA124E)%
RO EVENT (1753 (8AF1755)
i 5 Ingosar s
Mem Cape Sable Light Lazn
Atwoods Srook 1020
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BOVA SCOTIA = FEBRUARY

FLIGHT AER  ACTUAL
ACTUAL TIME CALCULATED  ARB/DEFP
DATE C, AN OF EVERT TIE TEIME
AET AST

2=

1978 CODE EST
c Barringron, T 1027 1034 aBalgzz
Villagedale 1020
Ztoney Island 1024
Mewellton, ©f Hi ]
HO EVENT {1205} (aBali0T)
WO EVENT (1513} {dAF1317
X Barrington, th,rw L5 JFE AIRPORT CLOSED
Tue c Pore Sawon, rf 1430 [la&1yw (dBAL 262}
a Sgoney Island, ow oLan
Fed uo EVENT 5302 aBAL250
Capa Sable Lighe, 2r, wd 1800
Bear Paiat 1304
Parc Sawon ]l
Slufze Foinc, th l:ﬂ;.
Morris Islaad Lag
€ Barringron Fassage L80T (17304 [aaF1755)>
Middle Esst Pubnico,rv aEaz
Barrington, T 1802
¥illagedale 1802
Marcheast Point 1BQ3
Barringrom, T LB
¢ Port Saom, T 1806 Lt L
Villagedals ::2.‘:
Middle Eastz Pubfics, v 1825 g
E - — 1835 1837 dBAlELD
Clyde Riwver 1823
%3 EVENT ara? AAFDESS
%3 EVENT 1019 aBALOOT
83 EVENT 1038 aAF1026
BG EVENT {12o&)4 [aBALZLOY®
Capa Sable Light 1349
c Ingomar, Ib 1342 13454 dAE1LS?
Rartheastc Harbous 1343
A Bear Poloe, ¥b 1400
Zape Sabla Lighe 1620
Shag Bazbeur, rh 1420
£ Ingoaat, = laip dBAL2IE
Fort Saxon, W 1420
HO EVENT (15803 (dAF1324)
& Isgomar, Gb = 15 sec 1634
apati, th
Bear Point 7ol
Lower Woods Barbeur, =d 1700
C Barriogton 1700 1853 daF1511
Clarks Harbour, £, 2B 1701

Worchesst Paint
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HOVA SCOTIA = FERRUARY

FLIGET ARR  ACTUAL
ACTUAL TIME CALCULATED  ARR/DE?

DATE C,A,N _OF EVERT TIME
1978 _CODE _AST RET IS8T
A Capa Sable Lighe 1710
Haortheast Faint 1955
10 MO EVENT (- L] aAFORLS
Bewellcos 193
e Cape Sable Lighc L04g Lk ] aBAIDZT
A Iogomar, 1n,r like place Liss
ED EVENT 1131 AAF 1044
Bear Poinc Lald
© Ingomar, &-ir 1413 ik e
A Barvingsen, Ik Lal6
RO EVENT {lddl)e  (dBALZAS)™
RO EVENT {I753)*  (WAFI1755)*
11 4 Cape Sable Light 0Bss 085& anFodL2
Sat
& Clarks Harbour, r o305
MO EVERT Loel aBALOI9
NO EWENT (1208)% (aBalllO}=
Capa Sable Lighe,ln, £,2b i1ar
Jardam Bay 12a0
e Villagedale 1340 1235 daF10s2
Barricgton 1iaQ
Iagomar, © L1244
= Cape Sable Light 1524 L515 d5alizg
4 Villagedale L1z CE514)  (&aFl318)
Clarks Hatbour, Ir 1615
12 WO EVENT 0&38 BAFOELS
Sus
A Cape Sable Light L117
HO EVENT lag asallis
Cape Sable Lighe 1114
Ingemar, tg:lb cr 1116
c Suug Exchour 1338 1225 dAF1038
Willagedsle, Iln ¢ 1338
A Ingomar, I, ek, 5§ 1235
M Woods Harhous L&og
Hortheas: Poiss 1500
A Capa Sable Light, Ib,r 1417
NO EVENT (IBA0)™  (dBAFR&S)W
Bear Point, b cr.rf,rh ]
€ l."ria“.:ual 1 1a50 laag dBall0l
A Cape Sable Lighe, Ik, 1592
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BO¥A ECOTIA = FEERUARY

DATE C,AN % TIME
1978 cone 18
L& N EVENT o204
Thu
€ Wood Harbour, = Llow l110e
O EVENT (1208)=
¢ Barriogton, rw l227 1339
Ingomar, 1o r L7
Villagadals, th 1455
¢ logomar, &b,ch,ri,in ¢ 1657 1459
Woods Harbouwr, rh,rf 1557
Bacriogton, rf, =h 1500
HO EVENT [85-F1 B
L7 B0 EVENT 0948
Fri
€  Seathside, cd [g3n 104§
4 Bacearo 1230
Whitehead Islasd, 1a ¢, 2b 1230
A laccaro §23%
Ingosar 1263
Dectors Cove, o, rh L2435
Barrington, ©w E25%
€ Shag Harbour, Ir,ow 1345 t2a7
Rep#wiy, th L245
Villagedale, ¢, rv 1243
Lower Ohio L243
& Barrington, rh 1313
N Stooey Island Lald
Pare Saxoo 1434
Ingomar 1433
4 Thomasville 1a37
Barrimgton 1438
Barringtan 11y
Villagedals laz9
Barrington Passage, th lasn
Barrington, rf, rh 1440
€ Smitherille 1440 LAkl
Lover Okio lhal
Barrimgtan, rf 1443
Shelburne Lass
£  Barrimgton W., rd,Ib 145 [La&7)
Wood Harbour, le, Is Lea s
Port Saxon, 1a ¢ 1451
A Whitebsad Island, 1b Lon
N Baccaro, r 152%
BO EVENT [1783)%

112

FLIGHT ARR  ACTUAL
ACTUAL TIME CALCULATER

ARR/DEP
g2 1. S8

RAFORES

aBallse
[aBALZ1O)*
dAF1 062

d3pl3L2

CaaAFLI25)
WAFDRIE

«Balilis

dAF110d

dBAl234

(dBA1251)

(AF1TS5 )



SCOTIA — FEBRUARY

113

FLICHT ARR  ACTUAL
ACTUAL TIME CALCULATED ARR/DEP
BATE C,A,N OF EVENT TEME TINE
1978 COBE AST EST
1] Smitheaville aass
Sac ' Bear Folnt 0305 fers s
A Bear Foimt o 3
B8O EVENT 1031 aBal0io
Clacks Harbour, la ¢ L0
Wooda Harbour, r 1339
Centreville, lo = 1320
L Baccara, ¢ 1224 1214 daF1937
Bacringran, Ir 1225
'i‘:i.llmrhll, r 122%
Ingomar, ™ 5]
Buccare, T 1218
A Baar Poime, rh 1230
Zhag Harbeour, b 1230
Barrimgtom, =h, mirror
& shactered 1413
Clarks Hgrbour 1428
Wood Harbour, ™ 1420
¥illagedale, rv,rh 1&15
Stomey Island, rh 1425
Clacks Hacbour, Ib, ¢ 1425
Baccare, © 1428
Barrisgton, mv,r.o0 b l=z8
Barrimgton, v 1430
c ! 1&3L dBALYTES
Jardan Falls, 2% FEN ]
Iagomar, c©f (% 1]
Soucheide, T La3g
Cancraville, t 1430
Stoney [sland 1430
Whicehead Island, Ik 1430
Port Saxon, rw i520
Lagonar Lazo . *
£ Edrtraviiie: & 1510 {1311) (daFlLi1sy
Uppar Clyda 1525
Souchaida, v 1840
L] E. Lawrencatownm, b, v, et
th
Ppper Clyde River 1723
'E.'.T Ingemar 1039 10u5 aBA1033
Ko EVENT 1208 BAFLLYE
H Ingesar, th 1334
Villagedals 1430
¢ Iagonar 1438 1623 dBALZIE
Ingoaar 1450
L e 1530 (1841)%  (4BAL24S)*
A Baccara, © 1515



MOVA SCOTIA = FEBRUARY

FLIGHT ARE  ACTUAL
ACTUAL TIME CALCULATED  ARR/DEP

TATE C,A,H OFEVENT  _ The  tne
1578  copE AET AST EST
Baccara 1530
c Crowells 1330 3 dAF1ILY
togomar 1830
WO EVENT (1753 = {aAF1T55) ™
L] Ingomar w52
20 ¥o EVENT 1010 AAFDUSE
Hoo B EVENT 1334 alalg2l
WO EVENT (1224} (aBAl2i8)
A Ingomar, T™v 1240
c Ingomar, ™ 1334 il ] dAFLLI4S
(5 Wewelltom, 3Ir 1350
Crowells 1454
Villagedals 1415
c 1 £, v 1419 1420 dBa123]
Lowar Ghio, Im ¢ la22
Ingomar, v 1523 (I518) (dAF1322)
A Barringron 1537
I; HO EVERT 503 wATCES1
Tus WO EVENT 1050 aBALDIE
Barrington, rf T
£ Baar Fodpz, vd T (1841)% CBAL2E2)
Ho EVENT 1527 daF13&0
c Baar Padne, T mo b 1800 L1548 dBAl40]1
i Barrimgton o202
Wed
HO EVENT 0534 anfigzl
O EVENT 1110 aBAl 108
Barrington, th 1150 1251 dAFLLOs
¥ Barringzon, rw,rh L1348
Port Saxom, th 1630
Villagedale, = 1450
c Ingemar, Ib,th 1543 1453 dBAl 108
Barrimgton, 1b 1455
K3 EVENT {175%)= [RAF1TE5)*
23 Wl EVENT 0&31 aAFDEIS
Thu HO EVENT a7 aBaAldEs
< Ingomar, th 1232 {1113 (aBal223}
c Ingoaar, ch 1215 1231 dAFLO&E
c Ingomar Lalg 1519 dBALTIZ
A& Ingomar, ©h 1430
A Baerington, la r L&45
C Fort Sazen 1315 {1511} (daFidEsd
L] Barrimgton, ln ¢ 2304
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BOWA BCOTIA = FEBRUARY

FLIGHT ARR  ACTUAL
ACTUAL TIME CALCULATED  ARR/DEP

oa OF EVENT T1HF TINE
18 AST E8T
24 Stoney Tsland, rh oLl caod BAFDASL
F
RE EVENT 1% sBALCDY
Horthaast Palag, Ik 1220
Villagedale 1210 110 daFl033
Seuthaide, th 1120
Crowells, T 1315
Bear Point, § explosions 315
NG EVENT TLaE1®  (dBALZRR)w
Barringroa, £, ev,ch 1300
¥illagedale, ¢ 1515
Baar Polne, Ib 1113
Iogomar, mw,rh 1516 sy
Bear Poine, 18,18 1517 Sl dBALI3L
Shag Barbour, It 1320
Crewells, th 15820
B3 EVEHT {1753)% {aAP1TSE)w
MO EVENT %3 aAFO843
Bl EVENT 1033 aBalozl
Forctheast Poisc 1229 (1208)* ({aBAlZl0)w
Villagedale, mv, T 1215
Whitehead Island, 2b,e.lb 1223
el Bk ik 1997 1230 AAF1041
Ingomar, ©w 1230
B0 EVENT 1450 dBAL 303
HO EVENT (LSELY (4AFLNES)=
Barringtom, r,then b 1629
Eraam Hill, t,then b 1620
26 MO EVENT 0850 mAFDBIR
Sun HQ EVENT 19335 aBalozl
¥ Barrisgtem 1130
C  villagedala, ¢ 1220 1223 dAF1035
4 Ingomar, 21=3r 13hé
i Barringcom Passage k]
Ingomar, r 1418
& Whicehesd Taland, 2% 1430 lae fBalzdl
C  Barringtom Fassage Lass (lakl)> (dBAl2ed)>
¥ Barringten Pansage 1350
A Basriagtem, Ib 1620
HO EVENT (L7530 CaAFITSS)™
T Bear Folpz, sw orsg
Haa
Clarks Harbour CASS
The Hawk Dass 052 aAFDBLD
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BOVA §COTIA - FEERUARY

FLIGHT ARE KCTUAL
DATE C,A,N ACTUAL TIME CALCULATED  ABR/DEP
1978 CODE PLACE OF EWENT OF EVENT TINE Ting
Tngomar renn
WD) EVENT LR aBAlOlS
HO EVENT {1E54&) {aBALL34)
c Ingomar, Jb 1222 21y SAFLR3T
Villagedale, r 1als
Ingomar, ¢ 1429
g Barrington Passage, lm, l4z0 413 ABALTYE
E.NT
Barringzan, in pepping 1430
round, b
A MNorchesst Paint 1439
& CGrowell, Ilor 1520 (1513} {dAF131T)
28 HO EVENT 0858 ahFOBLT
Tae 8O EVERT inza aBALO1E
NO EVENT 1132 ARFLOES
Cape Sable Light 1&15
Byar Polmz, of 1417
e Ingonar, 1o r,26 1417 1418 dBAl231
Barrimgton, 3 cr=5 mics. I&l7
¥illagedale 1z r=5 mins. 1429
BD EVENT (ldaldr  (dBAlZed)=
o Ingomar; r 1901
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DATE C,a.N
1978 CODE

1
Fed

it

O 0

HOvA SCOTIA = MARCH

FLIGHT ARR ACTUAL
ACTHAL TIME CALCULATED  ARR/BEF
FLACE OF EVENT OF EVENT TIHE TIME
B3 EVENT 0859 aAFOBST
Villagedals, cf 0%i2
Cape Sable Light o912 0926 AAFOT A%
Isgomar, rf, b,oo t 0923
B0 EVENT 10aL aBAID2F
Caps Sable Light 1122
Ingomar, £,0f 1224 ik Aioie
O EVENT 1537 dBalZa0
H) EVENT (1753 ) [aAF1T755)"
B0 EVENT Q%05 sAFOE%]
W0 EVENT 101& akalong
B3 EVERT {208 yw [aBAl210)"
ND EVENT 1223 dAFLO3E
The Hawk, r L&3g
Barrington Pasauge 1430 1ALs i
The Hawk l=&0 {15100 (dAF13LE)=
B3 EVENT oR0s anFoass
WO EVENT 1035 aBALOZ3
Clyde River i113
NO EVENT 1230 dAF1043
Seal Taland Laln
Pare Saxon 1430 1437 dBAl 250
The Hawk Lakd [laklyr {4BAJILE)®
8O EVEWT (L753)* [wAF1733)=
B3 EVENT 904 SAFDALE
HO EVENT 127 aBALOLS
W3 EVENT (L2208 ) (aBAlZ1Qow
HO EVENT 1310 dAFEL2A
By EVERT 1431 dBallas
WO EVENT CAS1L)w (dBALI1Eh*
WO EVENT a5z adFTIRL0
B3 EVENT 1054 akAlDal
N0 EVENT 1228 daFLO&L
HO EVENT 1438 dEAla2
WO EVENT {1éali®  (dBAl2a4)*
MO EVENT {175))w {aAF1755)
HO EVENT 1037 aBALDIS
By EVENT 1108 adF1A5T
N0 EVENT (licd)*  (aBALZIO)}™
RO EVENT 16l daF1I2T
WO EVENT 1428 dEALIE]
O EVENT SEA L [4BA13L5)*
WO EVENT 0&546 sAFTELSL
B3 EVENT L aBAlDDS
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BOTA SCOTIA - MABCH

FLIGHT ARB ACTUAL

DATE C,A,N ACTUAL TIME CALCULATED  ARR/DEF
1978 CODE FLACE OF EVENT OF EVERT TIME TINE
Stoney Island 1119
1] T, % 1120 i113 dAFI038
A The Hawk, © 1230
A Sconey Island, ¢ 1244
fape Sable Light 1610
Port Sazom, ¢, ©f 11.1:
e Ingomat 14l 141k dsalz
The Hawk, r 1413 H
Whitehead Island, 3=ir L&l
Caps Sable Light Leald
Villagedale 1445
£ e 1445 [leil)w (dBallas)=
Crowalla las0
] B3 EVENT a905 SAETDASY
Wed WO EVENT oW aBalaiz
4 Clam Point; =r 1&g L1345 daFLLS8
NO EVENT 1731 dBAl5hd
WO EVENT CLP83)* (aAFLT%3)w
H Whitehead Island, &=5b 2018
4 MO EVENT 1930 ahFOS1R
Tha B3 EVENT 10335 akaloll
N0 EVENT (L208)%  (aBAlZLIO)®
Iagoads 1245
c Cape Sable Light 1i46 1284 dAF 1039
Norcheaat Foinmz, of 1248
4 LTape Sabla T.-:'.;'h: 1610 l&ls ABAL2Z7
Oakc Park, In T i3s3
€ Pactors Govs, 1n'c 1510 (18110 (dAF13L5)®
A Doctors Cawe 1525
10 BO EVERT ang WAFDBLT
Fri HO EVENT 1048 «Bal013
N Ingemat 1104
A Whicefesad Island 1219
E Capa Sable Lighc 1115 1137 AAFLOA0
H Horcheast Point, ch 133
G Caps Sable Light lally 1423 dBAL23E
A Cape Sable Light 1435
H Cape Sable Lighes 1520
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ROVA SCOTIA - MARCH

TLIGHT ARR ACTUAL
DATE C,A.N ACTUAL TIME CALCULATED  ARR/DEF
SN (O FLACE OF FYBEZ OF BVEWY __TmME _ TIME
NQ EVENT {i753)w LakFL755)=
11 Barringcon pata 0901 RAFOELE
13 HO EVENT 1028 aBALDIA
Willagedale 1215 {1308)= LaNAL 210
Ingesar 1217
Whitehead Island 1130
Barrimgton, rth 12% L daFlaL?
Haod Harhour, of i230
Barringtan Passags, ow £3ia
Whicebhesad Tsland, b er Lyld
Barrimgton, I1=3b In er 1&513=[&15
Barcingron Fassage, Ilnr 1413 1413 SRALTER
Ingomar, 1h ' 1414 2
Villagedale 1415
Barrington 1415
Norcheast Point 1500
Wasd Harbaur 1310
Whitehead Island 1510 1Li] 1384 )
Barrington, v 1521 i - AFLIEZ )=
Ingosar, th 1523
12 N0 EVENT a4 aAFTALL
Bue WO EVENT 1016 aBAl00&
Wood  Harbeour 1225
Good Harbour 1130
Morthesst Falnc 1230 11248 AAFLOAL
fencreville 1134
Baat,42°55"0,65%36.5'W 1&02 1413 dBA1225
W3 EVENT (Ia&1)  (4RAL245)=
O EVENT (17T33)= (aAFL75)w
13 Boag, 41" 35°H 64"30"W pale
Man Cape fZable Lighe %00
BaccaTe, ©h,ib [l ] o0y aAFOE52
Clarks Rarbeur, th a1
Cencrevil le 0900
Boag, of mornieg Loils inle abaloo?
Boat, of morming 1208 (1208)*  (aBAR2l0}*
MO EVENT 1229 dAF1O42
Cape Jable Lighs 1412 1a2l dBAL 2
Capa Sable Lighe 1515 (150L0)*  (dAF1315)=
Cape Sable Lighe 1503
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WOVA. S5COTIA = MARCH

FLIGET ARR ACTUAL
DATE A8 ACTUAL TIME CALCULATED  ARR/DEP
1978 copE FLACE CF EVEWT P IvENT _ TDE TIME
12 N Baar Palme, rh,ne b a7an
Tas C  Boar, 42°47.8'¥,65°30'W 0859 LELT] SATLEST
RO EVENT 1030 aBALDIE
WO EVENT 1228 {daFL0&1 Y
B0 EVENT 1418 dBAl23]
HO EVENT (14410 (dBALISS )™
13 WO EVENT (el 118 ] L
Wed B EVENT HEk ] aBALOLT
MO EVENT 1133 dAF10&5
B0 EVENT L4 dBALZIY
C Boar of lieh 1757 {1F53)%  (QAFE7S5)w
16 WO EVENT el mAFORS&
Thu KO EVENT 1027 aBALOLS
WO EVENT {1208)% (aBALZLOD)}®
B EVENT Laze dAF1833
WO EVENT {1511)w (EAFLILS )=
17 WO EVENT 1050 aBALD3E
Fri W3 EVENT L1116 dBA093%
HO EVENT 112 MAFLLSD
N EVENT 1421 d4BA1Z3S
c Baar Poing =1500 {leal)=  (dBALISS )™
g Cape Fable Light LT30 {1753)% (SAFLTES)*
1a B0 EVENT D853 ahFOESE
Jaz WO EVENT 1025 aEAlOLY
B0 EVENT (1208w (4BALZ10}*
= Cape Sable Light L2138 1236 AAF10s3
Cape Sablae Lighe el m
€ Esowwy Tiland 1430 e i
= Barrington, ow,T L5318 {1515)%  (dBALI1S)w™
BA = arrival time change (=40 minuces)
15 ¥O EVENT 0853 AAFOBA L
Sun. BO EVENT 9917 BBADRIS
BD EVEET 1333 dAF1052
RO EVERT 1416 dBAL22S
C Stoney Island 1500 TR T (dBALZAS )™
3 EVEFT (17524 [aAFR7S5)
0 ¥O EVENT 009 AAFOB4E
Mom W3 EVENT 1821 aBALODS
¥O EVENT (Li0&)* (aBALLLO)®
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HOWA SCOTIA - MARCH

FLIGET ARE ACTUAL
DATE C,A,N ACTUAL TIME CALCULATED  ARR/DEP
1978 GCODE PLACE OF EVENT _OF EVENT Tiet TINE
N0 EVENT 1228 dAFLO&L
c Barringcen 1414 1414 dBAL227
HO EVENT (15iL)* (dBal3l5)™
i HQ EVENT 1i3 AAFL1IE
Tue WO EVENT 1338 aBaliie
MO EVENT [lablyw (dBAl2L5)w
MO EVENT L514 daFt a2y
MO EVENT L&a3 dBALLSE
pr] HOo EVENT i 1o 13 aArFHAS2
Ted N0 EVENT o8al aZAOG2S
WO EVERT iile dAFIndl
HO EVENT Lals dBal1129
WO EVENT (1733 {aAFITSA)#
23 3O EVENT 0853 arrQRL]
The c Whizehesd Island s 0824 aBADFL2
WO EVENT (E108)* {aBAlll0Gw
O EVENT 1227 dAF10L0
W3 EVENT 143 ABALZTE
B} EVENT {1511)% (JAF1315)*
i NO EVERT oasL BAFDEZS
n-’[ N Hortheast Foint LL&5=1200
c Bear Painme 1114
Coffimserofc 1110
c b |
Beas Palnt 1134 15 SFIoNL
W3 EVENT [l4L])w (4BALZG S
HO EVENRT (1T33)+ LEAFL 755w
13 WD EVENT 50 ahFOELE
Sat HO EVENT a921 aBADHDG
B3 EVENT (1104)= (aBALLLO}®
Bear Foint, T Ll
. Narringt unIPa.l sage 1410 L e
B3 EVENT (1511w {4BAlILA )~
26 BO EVENT asLs aAFIE1
Sun WO EVENT 09149 FLEGELT]
BJ EVENT 1129 daF103]
o Ingomar, lb 1334
Barringron Padsags 1ala
& Barrington 1510
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BOVA SCOTIA - MARCH

FLIGHT ARR ACTUAL
DATE C.A,N ACTUAL TIME CALCHLATED  ABR/DEP
1978 CIOE PLACE OF EVENT OF EVENT TIME TIME
] Cof [1.'“-‘!-:1.'#:5 1430 [T ARAT 35
Barringtad 1621
c lagomar, b 1528 [lasl)*  (ABAL24S}w
L1 Seomay Dsland 1845
KO EVERT (L7530  [aAFLTIS)™
L] Cape Sable Lighe, 2r 183%
ar HO EVENT (L108)*  faBalllo}e
Mam BD EVENT 123s ®AF1212
B3 EVENT L1353 abAl3al
ND EVENT (Lalide  (4BAllS)=
NO EVENT Ia13 dAF153X
O EVENT 1711 dBAL52L
iR NO EVENT O8sL sAFO839
Tin HOD EVENT 093z aBADSZD
HO EVENT 1225 dAF1038
[ Zarrington Fassage lals 16ls dBAl227
HO EVENT (lédd)>  (SBALI&E)*
9 BO EVENT asaz aAFOA50
Wed NO EVENT oseT aBAORYS
c Bacrara 1243 1362 dAF1053
Cape Sable Light 1510
Bacringres, ¥ l&lo
] Barringzan Fassage, Ib,c lala 1al3 dBA1128
Clyde Biver &0
Ingomar FE
B3 EVENT (17533 [aAFLT55)=
10 KO EVENT 0es3 RAFOSLL
Thu MO EVENT (110g)*  (aBALlLIlD)®
BQ EVENT 1219 aBAL2OT
NO EVENT 1222 AAFI0NS
5 The Hawk, v 1253
HO EVENT [(15110%  (4AFL315)=
B3 EVERT 1547 dBAlL00
31 RO EVENT Q84T aAFI815
Fri HO EVEMT ogls aBa0%n2
c Ingomar 1236 1129 dAF1082
Ingonar 1238
[ Cape Sable Light 1&l% 1al5 dbal 228
B} EVENT (laalde  (dBAL2AS)w
MO EVENT (1753)%  (aaFL755)
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NOVA BCOTLIA = APRIL

ACTUAL
ACTUAL TIME CALCULATED  ARR/DEP
DATE C,AN OF_EVENT TIME TINE
1378 CODE FLACE OF EVENT AST AST
=i ¥O EVENT 0852 RAFOBLY
Eat HD EVENT Lag? PLTTEET
¥J EVEWT (L008 )= (aBaAll10)*
RO EVEKT 1233 dAF104E
e Bear Point = [&04 1434 dBA123T
B3 EVENT LR AL (AAFLI15 )%
3 B EVENT 0t aAFOTIE
Tan ¥O EVENT %18 ABAOSOS
-] Baar Folnz =100 1811 dBAl34
NO EVENT {Laal)e [dBAlZa%)w
¥O EVENT 1508 dAF1321
BO EVENT 1§13 kAL (akF1E55)=
3 B0 EVENT orsz BAFOTED
Hon WO EVENT 0ges aladeas
'y Baar Poine, th 1010
RO EVENT {Llgg)= (aBALLIO)™
] Barrington, b 1200
w Bear Poimc 13040
B3 EVENT 1sl0 ARALD2]
€ Cape Sable Light,Zb,cr 1504 1308 ARELALY
WO EVENT (1511 )« (dAFlALS)=
N Barringren Fassage, Ih 1610
& B EVEWT oTa? BAFDTAS
Tue WO EVENT 0918 abal90s
B0 EVENT 1418 A8kl 3L
NO EVENT (L4s1 )™ (4BalIss)=
WO EVENT 1616 LT TS T
5 N0 EVENT B4 sAPDTIT
Tad BO EVENT Q%28 FL TR
MO EVENT 1414 dBAlII9
B0 EVENT 1458 dAF1309
NO EVENT (1853 )% {aAF183% )=
§ MO EVENT 0831 EAFDALY
Thu B3 EVENT Hib | abADSLS
HO EVENT {1108 1w (azallig)e
¢ Cape Sabla Light 1417 1421 dBAL 23S
NO EVENT (1811w [dAFLILS)=
N0 EVENT oozr dATIZA0
2 3 EVENT arss akFOTLT
Fri W0 EVENT 4948 aBAdSis
HO EVENT {lasi)w (4BAl2450=
WO EVENT lhik 4BA12ST
t Ingamar, Th 1500 1510 dAF1323
ND EVENT (1653} (a&TLES5)=
E Wo EVENT o744 awFoTI
Eat KO EVEXT 0511 s3A0ESY
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HOVA SCOTIA = APRIL

124

ACTUAL
ACTUAL TIME CALCULAIED ARRSDEP
DATE C,A,N aF EVENT TIME TIME
1¥78 CODE FLACE OF EVENT AET
W3J EVENT (1108)* (aBAl110)*
Wo EVENT ezl dBAl23s
N3 EVENT 1304 HAF13LY
i The Hawk 1500-1500
2 w3 EVENT a7ak aAFl7a2
Sun = Lawe Ohls 9925 aglr aBA0S0Y
W) EVENT 1429 dBAl233
HO EVENT [lak])w (dBAlZ&5)™
Cape Sable Light 1300
Bewellton, th 1505 1503 dAFLILE
The Hawk, th 1505
3 EVENT (156331)= CaaFla35)e
P W0 OEVENT 0756 aAFlTas
Mop A Browns Bank DRLS
E Towsr Ohis 081 ol aBa0B59
HO EVENT (1108 = (aBAILIO)™
= Rarrizgten HEN A 1513 ABa1228
NO EVENT 1302 AAFLILS
NO EVENT (1%i1)= [dAF1315)*
11 Lover Ohio, lo r La00 o
Tar L fiewellton, £h £aan wras EAROTN
Clyde HRiver 0913
5 Barringren 0523 {H ] aBAdsls
A Cape Eable Lighe caso
Habron, Yarm. Cao. 1066
B0 EVENT 1&15 dBal138
NO EVENT [1a41)® (ABAIILE) W
WO EVENT 1801 dAFLIL:
12 O EVERT arsl sAPITI9
Wed BO EVEWT bk ] aZAdass
L Fortheast Poime, ¥ 1330
< Crosells 1als lalb dBAlll?
O EVENT 150% daFL118
c Hortheast Harbour 1430
Barriagesn, 10 1652 (1&330w (aaFLE55]=
13 B} EVENT a753 aAFOTAL
T O EVENT 0915 4240501
c Ingomar, ch 1108 (L1108 )™ (aBAlllO)*
& Morthesst Harbour L4158 la30 dBallll
BD EVENT 1512 AAFLI25
NO EVENT {1511 )w [dAF1315%)w



HOVA SCOTIA - AFRIL

ACTUAL
ACTUAL TIME CALCULATED ARE/DEF
DATE C,A,E ar TIME TINE
1978 cpDE PLACE OF EVENT AST
" Habbards, © evening
24 [+ Cape Sable Light 804 (] Lol BAFOTSD
Fri HD EVENT a91% aBADFOT
B EVENT L51& d8AL231
D EVENT Cled bl (dBAL 245 e
2 Norcheast Polat 1500 L1459 dAFLILZ
ND EVENT CLESIw (mAFLEN )=
L3 NQ EVERT [=EE% ) BAFOTIT
Sac HO EVENT 9§13 aBAD90]
KO EVENT (l1108}= (aBALLLD}®
A Wortheast Point 1500
g Caffinsecafe 1413
Cancreville L&20 141s BALIIT
' Norchaas: Point La3n
A Crowells fass
Cape Sable Lighe 1557
Hortheasc Painc 1500
Q Soathside 1%on 1459 daF13i2
Cantraville, 2% 1500
Rewellron 1300
c Hewellton 150% [1311T* (dAFL315 )"
A Caffinmeroéc 1539
Barriageen, ¢ 1530
N Caps Zabla Lighe 1715
16 HE EVENT a5k ARFDILL
113 B EVENT oerl aBADESS
HD EVENT al7 dBal 260
¥ EVENT [lasl)e  [dBAlIGS)w
BE EVENT 1457 aFliln
HO EVENT (1853} (aAF1E55)%
17 B3 EVENT Q753 ahFTAL
Mom [~ Brown's Bank o90d e910 aBADSCE
B3 EVENT (lloa)= (aBAlllD}=
WD EVERT 118 ABAL121]
e Cape Sable Light 1458 1456 AhEL 1A%
WO EVENT (1511)# (daFiifs)=
s BO EVEN] 9759 aAFITET
Tua N EVENT 0835 aBA0e23
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NOVA BCOTIA = APRIL

ACTUAL
ACTUAL TIME CALCULATED ARR [DEF
BATE C,AN oF EVERT TIME TIME
1978 CODE FLACE COF EVENT
& Baylston 1400
B0 EVEKT 1421 dBAl118
ND EVENT {l1aal)* (dBAl 2a 5 )+
HO EVENT 1508 ARFLIYIE
18 B3 EVENT aBas akFT5L
Wed ND EVENT ogzr aBADLS
L] Beylatan, sb Laon
Crowells 1500 133
& Coffindcrale, ln ¢ 1510 At AR
Cape Sable Light La43
c Crowalls 1648 1847 dBA1500
g Cape Sable Light, 18 1708 (1651} (MAFLEFI}*
9 B0 EVERT o820 akFOA08
Thu 3 EVENT Q921 aBAdFLOD
R0 EVERT {1108)* {a2Al110)*
BQ EVENT 1416 dBAl229
RO EVENT L1502 dAF1115
N3 EVENT (13110 [daF1iLa)*
| Baylatan (like gunshotal eveniog
ri A0 EVENT 083k sAFOE2Z
Fri B0 EVEST 0%1& aBAd%l2
HO EVENT 1418 dEALEIL
¢ Cape Sable Light 1455 (AT AL (dBALILE ™
c Hewellton 1504 L507 £AFLII0
MO EVENT L1653 (aAF1655 )™
P B0 EVENT @752 aAFDTED
at KO EVENT (11p4)* [aBAL1LD )™
MD EVENT 1331 aBalled
Baccare, la ¢ 1500
B Cape Sable Lighe, Ir, 1500 La3® daF13l2
od
[~ Clarks Harbour, lo ©o,mv L 20
Barrington, ™ 1305 (L50L)® {dAF1315)™
WO EVENT 180% dBAlL
¥ Barrington L&30
W Harringtom, o, of pras
Barringtom, in T 1710
A Caps Sahle Light, 3k 1710



HOWA SCOTIA = APRIL

RCTIAL
ACTUAL TIME CALCULATED ABR/DEP
DATE C,A N OF EVENT TIME TIME
1578 cofE FLACE OF EVENT Y39 AET
Clarks Harbaur, 3% 714
L] Horthuest Harhour, th 1713
The Hawk, =h 715
i3 B3 EVENT D750 aAF] 738
;I.L'l'l c Liverpeal [o]: Bl [ [ ] Aakadlsl
B3 EVENT < I aBAlY0S
Cape Sable Light, 1% 1410
< Baccara 1413 lals 4BALZIT
Tngozar 1417
WO EVENT [lasliw {SBALZ&Y =
HO EVEST 1309 daF13L3
L] Crowalls, 3b,rd.rw 1550
HD EVERT [L432}= lakFlE35)=
25 HO EVENT 0754 BAFOTAZ
Man B0 EVENT 0914 aBADIDT
< Barriogton 1010 L] abads2l
[+ Caps Gable Lighc 1115 {ll1og)= [aBAllln)=
L Shag Harbour, &b lala laty dBAlil2
A Horehwast Harbdur, 1430=-1500
several booms
Crowells 1837
U Cafflmseroft 1457 =k H
HD EVENT (130 CAAFL LS}
Caffimseroft 1527
Narchasst Harbour, 1530
A d, (twigel
Ingomar, rw 1534
15 B3 EVENT 0s0s AAFOTET
uk B0 EVERT 9Ly aBadaar
K3 EVENT 1412 dBALIZY
RO EVERT (ladlw (dBALZAS )™
¢ Hewallicwm, 1n¢ 1500 1503 dAF1316
Ingomar, =b, ™ 1307
A Barrimgton, lm ¢, T 15140
6 HO EVENT DE0E aAPITSs
Ted A Cape Sable Lighc a%la
B EVENT 091t aBAgFLE
c Clyde River 1435 Lazh dBALZAl
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ROVA SCOTIA = AFRIL

ACTUAL
ACTUAL TIME CALCULATED ARR/DEP
DATE C,A.H OF EVENT TINE TIME
I978 CODE FLACE OF EIVENT E5T
B0 EVENT 1501 dAF121&
HO EVENT [1630)+ {aAFIESY )™
v WO EVENT 0753 eAFOTEL
TR - Cape Sable Light o9z asl2 aBAdTI0
WD EVENT (1108w (aBAllI10)w
B3 EVENT 14213 dBAIZIE
WO EVENT L5058 dAF1318
HQ EVENT CLSLLpw (dAF12]5 )%
18 W3 EVENT ars7 BAFOTAS
¥ri HO EVEST T 091E aBAOHT
Wl EVENT 1420 4BA1233
MO EVENT [ladll= (ZBALI&Y )™
Port Clyde, rh,rg Lioo
o EnEﬁnlzrnEt. ) Lios Fyia i
B0 EVENT {16530 {aAF1833)*
B MO EVENT arsl aAF0739
Sat B0 EVENT 0913 sBADSLD
WO EVENT CL10g)w (aBALL1O )W
=} Barrington, Ar(l eas apare) 1423 le23 dBAl 236
[+ Crowells, 1b £ 1] 1458 daFl3ll
B3 EVENT {1511 ) [dAFL315)w
A Crowells, ir,1b,zd 1604
aclantie Eastarsn
Daylight Daylighc
Time Time
30 B0 EVENT oase wAFOELL
Tun HO EVENT 1033 &BA10T1
By EVENT 1415 dBA1228
HO0 EVENT {148] )% [4BAL245]™
HO EVENT 1502 daF13L3
WO EVENT (1753)= [aAF1T2S]=
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HOVA SCOTIA - MAY

ACTUAL
ACTUAL TIME CALCULATED ARR/DEP
DATE GC.A N OF EVENT TIHE TIME
1978 CODE FLALCE OF EWENT ADT EST
o RO EVENT oes SATOBLD
Ham WO EVERT 10ls aBALOOI
B3 EVENT (1108w (aBALI1D)®
HO EVERT 1417 dBAL 230
B3 EVENT L5072 dAFLEILS
HO EVESRT (15EL)= (dAF13L5)"
3 . Bear Poinc =13 1u}
Tue ¥O EVENT 0gad BAFDEIT
BD EVENT 1401 abilia®
g The Hawk, td,cf,v 14358 [LaLl)w CdBAL2LS }#
G Crowells, 3b,! sec,3b 1a55 1303 AAFL318
HO EVENT bl v 4Rl BLE
3 a Cape Sable Lighe 003 Rk adFa8a ]
Wed A Baccare Light Scacien o910
WO EVENT 1411 aBalaol
: Coffimscroft 1al7 1417 dBal11]
L Barrington, =b 1514
G Barringtoo, Jb,rw 1532 1530 dAF1MT
Y rowsils, b 1535
b | The Hawk, ¢ Lhsl
HO EVENT (17330 [aaF1755)*
& WO EVENT 3833 aAFOBL]
Thu ND EVENT 1olé aBAI00%s
WO EVENT (LI08)w {aBALZID)*
& Caps Sable Light; 2b 1415 1411 FETREED
Bartingess, lr,mw 1619
A Baccara 1500
Barringeon, of 1312 1510 FlIT1
E eafFinscrefe, ther 1512 dREL:
Barringeoa, &b 1313
thag Harbour, Ib 151&
it Nercheasc Harbous, T 1515 (1811} (dAFLIA[S)*
Rewsllion, ¢ 1313
Bazrington Passage 1515
Bacczara 1515
5 WO EVENT GBs% aAFOBIT
Fri RO EVENT iois ABALOOA
H Sortheast Poiat 1100
L4 Capg Sable Lighe 1410 1&22 dBALI3S
D EVENT (la4l)= (dBAL245)*
c Southside 1500 L5l dAFLILS
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BO¥A BCOTIA = HAY

ACTUAL
ACTUAL TIME CALCULATED  ARR/DEF
DATE C.A.N OF EVERT TINE TINE
1978 CobE PLACE OF EVENT iy T bt T EET
] Sgathside 1ad0
HO EVENT (1753)w {aAF1735)~
(] RO EVENT Gaso #AFDAAE
Tar BO EVENT 1030 aBAl01E
MO EVENT [1208])= CaBALZED*
" Bear Polnt 1340
[ Iagonas 1410 lals dBAL13]
& Crowells, b 14}
Southside = 1500
e Port Saxon 1363 1507 daF1320
Ingomar, Ib,th 150%
Crowells, Ib,rd, s 1518 - -
c Saar Boiot, 2b 1550 (isin {4AF1315)
" Ingomar 1350
Souchside, rw,rd = &0
x WO EVENT 087 RATDESS
Fun HO EVENT lo67 abADIE:
MO EVENT lele dBAE23E
HO EVENT {las])w (dBalZaS) =
A The Hawk 1300
WO EVENT 1337 AnFLIS0
M} EVENT (17 83)+ {aAFIT55)w
8 H Hewellton, ©h 0504
Ham B EVENRT 0933 ahFO921
NO EVENT 10da afialdog
H Iagomar, v 1102
B} EVENT CLI08)w {aBAl2lD)®
MO EVENT Lk Fis dBAEIL]
B0 EVENT 1458 AFEGST
WO EVENT (1511)= (AAFLI1E o
RO EVENT 1522 SAFLIaS
9 Bl EVENT 0BLS anFOE33
Tue A The Hawk Loks
B3 EVENT 1031 ARFOBLA
HO EVENT 1188 eBALDEE
RO EVERT (lad] }* CABALZES )™
MO EVENT 1507 ALFLZ0
B3 EVENT 1705 dBAl5LE
g BE EVENT aaLT aAF0&3s
Wed K0 EVENT 1oLl aBA0T5T
BO EVENT la10 dEAl 213
NO EVENT 1541 dAF13l&
B EVENT (LS {aAF1T755)w
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MOVA SCOTIA = MAY

ACTUAL
ACTUAL TIME CALCULATED ARR/DEF
DATE C.AN OF EVERT TIME TINE
1978 CODE FLACE OF EVENT ADT ADT EST
11 O EVERT JBas BAFOB3Z
Thu HQ EVENT 1Lz alAlong
SO EVENT {L2oa}s (aBalZiD)®
KO EVENT (Y| dBal®il
O EVENT 1501 daF1313
) EVEWT (1511)w [AFL315)w
K Ingosaz, v 1555
1. KO EVEWT 0856 akFOBAL
Fri
Shag Harbour, rh;w 1azn
c Bear Foinmt 1020 1026 mBALDOG
Cape Bable Light Loze
Shag Hagpbour lo22
A Wood Harbour 1030
y Cape Sable Light 1050
Intervale, Guys. Ca. 1100
WO EVENT 1422 d2a132%
W3 EVENT (leal}w CABALIA A} *
Capa Sable Light 1518 3
T Caps Sible Lighe 1520 Liis i3
B EVENT (ITaN)* {anF1755)=
i Cape Sable Light 1813
Borthesast Harbour, T 1815
oaly
13 € Cape Sable Light, It 0408 856 akFiELL
fat i} Capa Sable Light, Ib {Eid 1] 1024 akaldll
HO EVENT (1208)= (aBallld)=
B3 EVENT 1439 dBALI32
HO EVENT 1508 dAFEIZE
B3 EVENT [1511)w (dAFL1IEI) =
] Bras# Hill L&28
14 B EVENT Q853 aAFEs]
Ban ¥ EVENT 1029 aBALOOE
WO EVEST Ljedile (ABAIIES )W
4 Cape Sable Light, 3o 1448 L&a7 dBAl 300
A Caps Sable Lighz, Ib 1455
HO EVENT L50% dAFLI11
W3 EVENT (17530 [aAF1TS5]w
13 B Boreheast Point Q605
Hon B0 EVERT 0359 sAFO&LY
HO EVENT 1035 aBALDII
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BOVA SCOTLA - MAY

ACTUAL
ACTUAL TIME CALCULATED  ARR/DEP
DATE C,A.H OF EVENT TIME TINE
1978 CODE PLACE OF EVENT T AT K
MO EVENT (12081  (aBALILO)=
N0 EVENT 1503 dAF13L8
WO EVENT (1501 (AAFIIIS)=
WO EVENT 1654 dazal §o7
1% N0 EVENT 4901 WAFTEY]
e NG EVENT 1920 aBAlO0E
¢ Crowalls, 2% 1632 1419 dBAZL 2
NO EVENT {14410%  (dBARISY)*
N0 EVENT 1527 dAF11L0
B Baar Polne, v =[930
Ll A N3 EVENT 0857 aAFOELS
Wad ¥O EVENT 1013 aBalap]
B0 EVENT 1420 4341233
MO EVENT 1311 dAFL 326
B Chaclesville, th 1615
MO EVEST (L7533 [aAF1TiNe
m € Weac Head agss 0500 WAFDELE
Tha B EVENT (1208} (aBAl2L0)®
WO EVENT 1259 aBalzs?
Baccara LaaG=1800
HO EVENT (15110 (dAFRI1S)w
B EVENT 1530 dAFIIAY
A Charlesville, 1610
K EVENT 1832 dBAlGGS
19 HO EVENT 0869 AAFORIT
¥Fri HO EVENT late «BA1007
WO EVENT 1413 dBA122E
WO EVENT (lakli*  [dBALZ&S )W
N3 EVENT 1505 AAFII1E
HO EVENT (L7580 [aaFETELIw
10 €  Cape Sable Light 0908 0902 BAFORSD
Fac B EVENT Laza aBalal]
WO EVENT (ia08)* {sBALILO)™
RO EVENT 1al5 dBALZ2E
HO EVENT 1458 AAFII11
B3 EVENT [SEIBRLy {aAFE31A0w
11 WO EVENT 0856 AAFORLL
Fun C  Middleton, Ib,rv 1035 1835 akalall
MO EVENT EELY dBAIZA
B3 EVENT (Lasldw (dBALI&S ™
MO EVENT 1505 dAF1I1E
£  Middleron 1750 (178134 (aAFETIL >
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BOVA SCOTIA = MAY

ACTUAL
ACTUAL TIME CALCULATED AREDEF
BATE  C,A,H OF EVENT  _ T  _toe
l1a7@ Dt;.bi PLACE OF EVENT ADT ADT EE
1 HO EVENT a9ll aAF0&39
Ham HO EVEHRT Lias aBALDE2
I Barrimgton 1102
Hewallees 1102
A Brass Hill, I% ilaQ
NO EVENT (1208)* (aBalilnge
B) EVENT 1a10 dBAl233
NO EVERT 1437 daF1310
W3 EVENT [15115%  (@AFL1313}*
23 8 Southside 0815
Tuk W3 EVENT 8521 aAFOBLD
O EVENT Loos SBADGSZ
W3 EVENT 1&13 dBAl2IE
NO EVENT [lasl)= (dBAL 245 )™
[ Wortheast Earbowr, th 150% L308 dAFLIZE
4 HO EVEST o850 SAFOBIE
Wed B3 EVENT 19zl sBAIDLL
NG EVENT faz28 dBALDS]
¢ Iogouar 1x03 1504 SWFLILT
¥ parriogton, th 1840
HO EVENT L1753 (aAFLTS5 )™
13 BO EIVERT {il: L4} ahFOBIT
Thu WO EVENT 1062 aBaldin
HO EVENT (lic8)= (aBalZind=
WO EVENT 1417 dBALIZID
HG EVERT 1459 AAF1312
(130> (EAFLI1I )™
16 HO EVERT OB%E aAFIELL
Fri Wl EVENT 1018 aBA 1008
O EIVENT 1602 aBALIST
WO EVENT 1431 dBAL 24
HO EVENT fleafhs (dBALILE )
¥d EVENT CE7530 (aAFLTS5])"
NO EVERT 1833 dBALGLE
WO EVENT 2145 aAFI23]
RO IVERT (saciy 3/27) [l daFitie
F B3 EVENT DE54 aAFIALY
Bat N0 EVENT 1637 aBAaloss
N3 EVENT (1208w (aBal2lol}=
HO EVENT 1438 dEAL2AL
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NOVA SCOTIA - MAY

ACTUAL
ACTUAL TIME CALCULATED AER/DEF
DATE C.AN oFf EVENT TIME TIME
1978 codE FLACE OF EVENT
B0 EVENT Lads dAF1312
HO EVENT (1311)* (AAFLIL
L) Brass HLLL 1547
MO EVENT (early 5/18) agIa dAF2233
3t B0 EVENT 0848 BAFOE36
Sum HO EVENT Lin% aBALOST
N Middleton, b I1a%
L Bazcazs 1330
NO EVENT 1626 dBALZAT
O EVERT [lakl)w (dBAlZa5)™
N0 EVENT 1505 ARFLI1E
X Braas Hill [possible 1547
duplicate &/17)
W Boctor's Cowve 1700
ND EVENT (1T3a)= (aAF1 733+
19 W3 EVENT oe09 aAFOE37
on ND EVENT 1017 [aBAldLi)*
HQ EVENT (12083 (mBAI210)w
NG EVERT lato 4BA1233
A Cape Sable Light L&55
8O EVENT {15110 (dAFLILS )™
HO EVENT 1321 dAFl 33e
k[ C Ingesat 0850 0851 aaFlad?
Tue
i Capa Sable Light 0943
Hewellzom 1000
¢ Bortheast Harbour, oW 013 1008 aBABDLY
Ingomar, v 1013
[+ Borcheast Harbour, o lans L&38 dBARDSL
B EVENT [lag])we (dBAl243)%
HO EVENT L3ar d4F1320
¥ Baccars 1635
Coffinscroft, mw 1655
=l ] Hewellcoon o830
Wed BD EVENT 017 AAFDS0S
HO EVENT Loaz WBALO3O
B EVENT k420 dBAlLIIZ
HO EVENT L5006 AAFEILT
B EVEWI (17530 {aAF17530%
" Sorthease Painc 2038
H Brass Hill 2055
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