


The uncertainty of 180° in the azimuth arises from the
fact that only the record of the vertical seismograph can
decide whether the first onset was a thrust Ifrom an epicentre
te the north-west or a pull toward an epicentre to the south-
east. The verticsl record indicated a thrust, thus placing
the epicentre north-west of Ottawa. The acceptance of the
vertical indication recuired that we place the epicentre some-
where around Mattawa or North Bay and no such severe earth-
quake was ever known to have cccurred thserc. Disregarding the
indication of the vertical would have placed the epicentre in
the Champlain valley wlere severe earthquakes would net have
been so unexpected.

Press reperts received during Priday uﬂﬂ Saturday morning
confirmed the indicaticn of the vertical selsmogram that the
epicentre lay to the north and west of Ottnwu. The aftershock

at 9.%3 a. m. Saturday, which was felt at peints west o¢f Ottawa,

further established the azimuth.

Location by Means of I'irst Arrival Times; During the afternoon
of Saturday, Science Service, Washington, D. C., in response

]

to our request sent us the first arrival times at iV/ashington,
Harvard, Buffalo, Chicago, and Saint Louis.  These with the
first arrival time as known for Ottawa gave us sizx onsets most
probably correct to within a second. Lster in the day we re-
ceived the seismograms from Shawinigan [Falls and determined the
onset there.

We define the focus as the point within the earth from
which the energy started and the epicentre as the point on the
surface vertically above the foecus. Until recentiy no curves
were available for earthquakes originating at & deep focus.

In January, 1935, a set of curves by George J. Brunner; S«J.,
were made available. fThess were used in the present determin-
ation.

To use such eurves in connscticn with iilbt arrival times
it is necessary to assumc the time at tho centre and the
depth of focus. Ubvicusly, many 3ombinat* ns might be tried

and in fuet they were, hut the intersections failed to define
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a noint. Late Sunday afternoon a point focus was determined
from the first arrival times at the ceven sbaticns mentioned
assuming the time at the epicentre to be 1h 03M 408 gnd the
focal depth to be 200 km. (125 miles). The point defined was
¢ = 46°45% A = 19°15'. This is about six miles WNW of the
town of Timiskaming, OQue. [Mield work could now begin and the
writer left Ottawa for North Bay Sunday night.

The Itinerary of the Field Work:

Nov. 4 - 5 North Bay and environs

Kov. 6 - 13 Timiskaming, Kipawa and enviroas

Nov. 14 - 15 Timiskaming to Ville larie aund return
to Kipawa

Nov. 16 - 18 Lipawa and environs

Nov. 19 - 22 Timiskaming and north

Nev. 2% North Bay

Nov. 24 T. N« O. Ry. near Diver, Ont.

Nov. 25 liorth Bey

Nov. 26 Nerth Bay, Timagami, Cobalt, Haileybury

Nov. 27 New liskeard, Englehart, Swastika,
{irkland Lake

Nov. 28 Norands and Rouyn

Nov. 29-Dec. 2 Parent

Peos 3 Return to Ottawa via lMontreal

Field Methods: In field work the following methods are avail-
able for determining with more or less precisicn the position
of an epicentre.

(1) Plotting of isoseismals
(2 Barthquake sounds
(3< Earth or rock displacements
(4) Shifting or fall of heavy well-placed bodies
Aftershocks
é Telephone cor telegraphic connecticns at the
time of the earthquake
Discclouraticn of bodies of water
Azimuth of swing of freely suspended bodies
Negative evidence
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Isoseismals: Isoseismals (1lines through neints of equal dis-
turbance) are determined icr the entire area over which the
earthquake is felt. An isogeismal map is thus mede for the
disturbed area. There are severael scales of intensity avail-
able -~ the Rossi-I'orel or the licod-lieumann scales are the
ones generally used in this country.

To obtain the data te which the scale is to be applied
gquestionnaires were sent to nearly 400 post offices in Canada.
These were chosen to cover the urea from Manitoba to the Atlantic
coast and from the border of the United States to the Arctic.
Each letter contained several questionnaires in kFrench or in
English with a letter to the postmaster askinz that they be
distributed to these perscns in the cemmunity most likely to
furnish carefully considered observaticns. The data so obtained
are supplemented frcm the field work. .2 great mass of data
cbtained has not yet been werked up but an iscseismal map for
Canada will be constructed. The United Stotes Cecaest end Geo- -
detiec Survey at Washington is preparing o similar map for the
United States area affected «= scid te he as fuar seuth as the
Carolinas. This will be furnished to us when completed so that
the final map may be made with no interruntion at the political
boundary. '

Scales of intensity are based on such items &8s socunds
heard, tremors Telt, and destruction caused by an carthguake.
They divide these efifects into & scale i ten. The division
is not scientifically accurate and the resulting map is not
of much value for by the time it is made the epicentre is
usually known. Ilicreover, s¢ many factors enter into the an-
alysis, not the least being the psychological c¢ne, that the
isoscismals mcan little. DThe destruction is affected by such
conditions as the nature of the soil, character of the build-
ings, angle of emcrgence of the tremors, etc. w#icld work in
the vieinity of the epicentre is necessary ii the inner iso-
gseismals arc to be of any velue in supperting the epicentre
locaticn. Much of the field work was of this nature, all re-
levant matcrial noticed being included in the notes and photo-
graphs taken. Jor the purposes of this report it may suffice
to say that the ficld cvidence of this character agreed with
the dceduetion recorded in the concluding paragraph.
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Rarthquake Sounds: In the viecinity of the epicentre most

earthquakes are preceded, accompanied, and followed by a roar
or rumble variously described as resembling #a fire in a flue,"
"gn approaching tornado," "4 train crossing a trestle," "a
forest fire,+ etc. This earthquake wes preceded by a most
pronounced and, in the vicinity of the epicentre, terrifying
roar which was to be heard some seconds before the tremors be-
gan. 1t is gemnerelly held that the directiocn from which an
earthquake is approaching can not be determined from earthquake
gsounds. The experience oi the writer in the case of the earth-
guake of 1925 and again in this case lead him to believe that
this indication of direction is of greuter value than is gener-
ally conceded., Certain it is that, with certain exceptions,
some minor, some notable but cecunstituting cnly o small part

of the total of such observations noted, the earthquake sounds
for both the main shock and many of the aftershocks indicated
in a general way the directicn from which ths tremors were
proceeding and that tlhey were in agreement with the adopted
epicentre and focus.

Earth or Rock Displacements: The terrain in the vicinity of

the epicentre is mostly rocky and covered with small timber.
Exceptions occur in the zravel deposits along the shores of
lakes Timiskaming and Kipawa and in a few cther scattered de-
posits. No cracks in bed rock were found at any point.

Cracks in gravel and sand occurred but only in positions where
they had steep relief t¢ one side. Abcut Ifour miles north

of Timiskaming and about twenty-five feet in from the east
shore of the lake is a series of cracks totalling some 200
feet in length. A week after the earthquake it was possible
to insert a stick three feet into one of these. Cracks were
found in the gravel bank about lake Fipawa especially in the
vieinity cof Kipawa. A small island, Roche!'s island, about
half o mile from Kipawa was the most disturbed piece of ground
found but it was surrounded by very deep water and covered

for the most part by very deep gravelly soil as well as being
within less than ten miles of the epicentre. A crack in sand
was reported to have been found near Mattawa but the ground
was covered with sunow before it was possible to get down to
see it and the description given indicated that it is a crack
in water-soaked sand beside a creck. Such cracks might be



found even farther away than is Mattawa from the enicentre.
The effect at Parent, Nue., is ncted in a separate paragraph
belovs.

Rocks were not displaced at any point unless they were on
a s8light slcpe. The majority of such displaceunents, as found
in rock cuts on the roads and railwavs and in some places
about lake Kipawa, were confined to neints within a radius cof
ten to¢ fifteen miles of tle epnicentre determined.

Shifting or Pall of Heavy, Well-placed Bodies:; It is usual

to look for such welleplaced heavy bodies among the newer
monuments in cemeteries. However, no cemeivery was t¢ be found
within thirty miles of the epicentre in which menuments of

any kind had been placed. The evidence of this Lkind to be
found in the town of Timigskaming was carefinlly examined.

Feavy tool boxes cn a level bench in the mochine shop of the
mill shifted roughly north-east. So alsc did a heavy pile of
nestled aluminium trays in a cafeteria. I the case ol the
trays a Turther observation made known the fact thet these fell
at the onset of the first heavy shoek, -the initial P phase.
A man working in & room about 120 feet above ground on a

steel tower about 170 feet high stated that the first he
noticed was a roar and general trembling of the tower which
emerged gradually, so to speak, above the noise usual in this
tower. Then at the iirst sharp shock the tewer lesned over

in a direction approximately north. Afler two shocks of this
nature it swayed violently at right angles tc¢ this direction.
This evidence points teo an epicentre north snd somewhat east
of Timiskaming.

Between Kipawe and Dezois the railway ruus approximately
north-west. At Kipawa the mileage is 435, «t Dozois it is 54.
At mileages 45 - 54 spare rails are mounted on heavy wooden
standards. These have not heen displaced for about two years
and have left rust marks on the trestles tc mark their posi-
tion, while the parts of the rails in contuct with the trestles
have not rusted. It was thus possible to determine whether
they had shifted. It was found that these at mileages 45, 47,
43, and 49 had shifted. These ot 46 were on trestles which
were not level and which leaned in such a way that the reils



were hindered from slipping in a direction conforming to
those at adjacent mileages. The rails at mileages 50 ~ 54
had not shifted at all. These rails are 3% feet long and
weigh 935 pounds. They are well placed except as noted.
Their evidence can not be disputed that the epicentre lay to
the south and west side of the Kipawa-Dozoig track.

Aftershocks: At Timiskaming and Kipawa the earthquake re~

curred at intervals 211 night succeeding the heavy shock at

one a. m. Aftershocks were occurring on an average of once

a day up until the time the writer left on Ilov. 22. A sharp
one occurred on Nov. 25. It is likely that these will continue
at greater intervals for some weeks. After each sharp shock
telegrams were sent from Timiskaming to the telegraph operators
at stations thirty tc¢ forty miles distant asking if =z shock

had been felt. In general, the aftershocks were confined to
the vicinity of Timiskaming and Kipawa though some were felt

as far away as Widdifield a few miles north of North Bay. The
evidence of the aftershocks is in agreement with the locaticn -~
adopted.

A continued attempt was made to determine the time elaps~
ing between an aftershock felt at Timiskuming and reccrded at
Ottawa. The procedure adopted was to note at Timiskeming the
time as felt on a watch of good rate. The time was wired to
" Ottawa and arrangements mude to get the time beats from the
Observatory to check the error of the wateh. 1In spite of
saveral attempts of this kind no successiul determinction was
ocbtained = none of the shocks investigated having been regis-
tered ot Ottaww.

Telephone or Telegraphic Connections at the Time of the Earth-
qQuake:

Useful data of this kind were impossible due to the
services availables, The only cases found were o continuous
connection frem North Bay to Sudbury to Chaplesu. It was felt
and remarked by the operator at North Bay before it was felt
at Sudburyv smd by Sudbury before it waus felt at Chapleau. This
is in agreement with the epicentre determined but does not
contribute to the precisicn of the location.



Discolouration of Bodies of Water: Lake Timiskeming was noct

discoloured by the earthquake. lake Kirawa gradually showed
muddy water at the outlet and a tour of the lake showed some
parts near clay or gravel banks noticeably whitened but other
parts of the lake guite clear. T-lake near Kipawa is known

as being deep and clear. From most reliable sources it was
learned that this lake has always been ciear. Its banks are
rocky. It was not under observetion the day of the earthquake
but the next day it was found to be the cclour of café au lait
and it was thus discoloured up to the date when las$ seen by
the writer. The epicentre is believed to be at the north-west
corner of this lake. Other bodies of water examined were dis-
tinctly not affected, being remarkably clear.

Azimuth of Bwing of Freely Suspended Bodies: At Timiskaming

the first shocks of the earthquake clcsed the relays which

cut off the generators and the town was in darknsss. No swings
were observed. At Kipawa they have their own lighting systam
which was not affected but no swings were observed. The only
evidence of this kind was that of a lantern hanging on a nail
in a cabin about 14 miles north of Timiskaming. This was saild
to have been swinging violently in an east-west direction.

This does not directly agree with or contradict the lccation
adopted. Until the azimuth can be checked, it means nothing
and a single observaticn of this kind is of little vaive.
Eowever, the writer learned by experiment that the lantern as
suspended was apnarently equally free to swing in any direction.

Negative Evidence: The best cases of negative evidence observed

were at Ville Marie and at North Bay. At these places cemet-
eries were found with large well-placed stones. These were

not shifted in any case. They are respectively about forty
miles north and thirty~five miles south-west of the epicentre
as located. At Parent, Que., there were many rock cuts and

in some of them the rocks were on the point of moving and could
be moved by hand yet they did not move with the earthquake,

in spite of the fact that over 200 fect of the right of way
slid into a small lake.

The Parent Slide: Thc officials of the Canadian National



Railways obtained photographs of this slide before it was
repaired and sent them to us with a report. The writer
visited the place on Nov. 350 and Dec. 1, at which time snow
had not yet cevered the ground. It is quite evident Lfrom the
negative evidence ofiered by the rock cuts, from the nature
of the terrain at this point, and frem the foet that it lies
more than 200 miles frcm the enicentre thut this slide must
have been on the point oif slipping into the small lake beside
the fill. MWortunately, no accident occurrecd and & trestle
was built to resume traific by Tuesday moruning, Novenber 5.
It may be saild that this slide was caused by the esarthquake
but thet it was c¢n the point of going anyway. 1t was fortun-~
ate that it went out due to the tremors and not due to a
passing train.

Further Studies Contemplated: Requests have been sent to all

the seismograph staticns of the world asking for tlhie loan of
their records of this earthouake. Some of them have been re-
ceived. The carthquake was well registered, for example, as
far away as Central Zuropc. There has not vet been time to
hear from morc remote statlons. Presumably the tremors were
noted on seismogrophs to the very antipodcs. The great mass
of information which is accumulating will requirc months to
study. The scicntific value of this carthquake is unusually
great, It is belicved that the epicentre is already located
within, at most, thrcc or ieur miles. Hurther study will not
shift the adopted position by more than this amount.

Conclusion: Thc epicentre is tentatively locatecd at ¢ =

46°47" N., A = 79°04' %. This lies about four miles north
and a little east of Timiskaming, Que. The focus is believed
to be approximately 200 km. (125 miles) below the epicentre.
The epicentrel time was about 1R 030 408 though this will
be subject to corrccticn on further study. The epicentral
time adopted may require to be changecd by as much as fifteen
seconds plus or miunus.

Dominion QObservatory, Erncst A. Hodgson,
Devartment of the Interior, Seismologist.

Ottawa, December 14, 193%5.





