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ABSTRACT

A detailed and documented research into the earthquake history of
the regions of Afghanistan has been made. The investigation is concerned
with both non-instrumental intensity reports and recorded instrumental data.
The history is presented by a chronological catalogue of nearly 500 earth-
quake intensity reports spanning the past 2,000 years, and also by chrono-
logical listings of nearly 2,000 recorded earthquake events during the past
70 plus, years, Where possible, correlation between the instrumental and
non~instrumental data is given,

Based on the instrumental history, seismicity maps for the broad
region, defined by 27° to 4LOPN and 58° to 76°E, for the time period 1893 to
1969, have been drawn and are presented, A detailed seismicity analysis of
the northeastern sector of the broad region has been undertaken,and by a
series of depth-restricted seismicity maps, the well-known source of
intermediate~depth Hindu Kush earthquakes is revealed with exceptional
clarity. Also, based on the non-instrumental data, an intensity zone map
has been constructed and is presented,

Appropriate information on the latest concepts of global and
continental tectonics is included for the purpose of acquiring a better
insight into the regional tectonic mechanisms. Maps of the regional fault
systems are presented and 2 number of postulations are submitted in an
attempt to relate the observed regional tectonic patterns.to the global and
continental systems. Some information on the geology and geography of the
country is also presented.

A seismontectonic analysis has been made and the first seismo-
tectonic map for Afghanistan is included with the report.

By the synthesis of all the information presented in the report,
a preliminary seismic risk map for Afghanistan has been drawn. The format
adopted is such that the map will provide the basis for the future estab-
lishment and adoption of earthquake-resistant building codes tailored to

the needs of Afghanistan.
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1. INTRCDUCT TON

[PV T
AN A

. Throughout recorded hlstory there are. 1nnumerable entries
farelatlng men's struggle for ex1stence against his natural enemies of pesti~
lence, famine and earthquakes._ To control and prevent the occurrence of
‘these natural. tragedies has been one of the goals of ‘man ever since he was
able to overcome his superstitious inhibitions. The massive. accumulat ion
~ of knowledge through the 19th.and 20th centuries has provided man.with the
ability to reduce and even eliminate many of these hazards. Certainly, for
the present at least, man's endeavors to eradicate pestllence and famine
have been partially succesSful, but the losses resulting from earthquakes
remain as real today as at the time of the Greek Empire.  The recent ...
‘Peruvian Earthguake of May 31, 1970, in which 50,000 people- lost their .
lives, is a clear manifestation that modern science has yet to come to
grips. w1th the problem of c0ntrolllng and preventlng earthquakes. R '

Cwlng to the 1ncompleteness and 1naccurac1es of hlstorical

" records, it is quite impossible to account for the losses in life and
property which have been inflicted by earthguakes. The data compiled . .
during the 20th century does however provide 2 .small sanllng (in terms of
time) of earthquake effects, According to J.H. Hodgson™, during the second
Guarter of this century, a total of 350, OOO people were kllled and property
demage amounted to 10 billion dollars, = Quoted: on an annual basis these
statistics yield 8 yearly loss of life of 14,000 people and yearly property
damage in the order of 400 million dollars. Although these numbers are
reaSOnably representatlve it is quite possible they are conservative,
Statistics.for the first quarter of the century, :although less complete,
show that in five:major ‘earthquakes alone nearly 500,000 people were-
killed. Durinf ‘the.third quarter of. this century; desplte the 1mpre331ve

., and unequalled advancements in the. sciences, earthquake losses continue
unabated, Within the last ten years the earthquakes in Morocco, Yugo-
slavia, Iran, Turkey and Peru have clalmed nearly 100,000 ‘1lives. ~

_ It 1s the W1shful hope of many selemologists that it Wlll be
poselble, in the future, to predi¢t, control and even prevent the occur-
rence of earthquakes, This aspiration, although it has some .Support in
view of the recent improvements in the understanding of earthquake
mechanisms and earthquake detection instrumentation, is still very pre-
mature,- Through the careful ‘studies of past earthquake activity it is now
possible to make: ¢rude predictions about the reoccurrence of earthquakes in
a given region. The quality of such predlctions however is extremely broad
in time amd has 1ittle practical significance if the prediction is to be
used with the idea of alerting a community to an imminent earthquake
disaster., The more ambiticus approach to reducing earthquake losses, that
is, by controlllng and/or prreventing earthquakes, is.unlikely to be success~
fully achieved within this century, if at all. :As. expressed by the eminent
seismologist C.F, Rlchterz, the goal of . eventually preventing earthquakes
with the present state of 1nformation and technlques “1s about as remote .as
- Alpha Centaurl." : o ‘ - ‘ ., o

- Regardless of the present 1nab111ty of science to deal dlrectly
with the causes of earthquake disasters, effective measures can and are
being adopted to reduce the losses.A These measures involve & camplete
seismic 1nvest1gat10n of a given region utllizing all historical informa-
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tion available and acquiring all instrumental data produced by seismo-
graphic observatories which pertain to the region. When possible such an
investigation should also include 1nformatlon ‘about the geological and
tectonic characteristics of the region. By proper interpretation of such
data, the region can be delineated into zones reflecting various levels of
probable seismic¢ risks. With the seismic.’ zones established it is then
possible to formulate realistic earthquake building codés whlch incorporate
 additional structural requirements tailored to meet the possible dynamical
~ forces which can result. from the expected level of seismic activity. An
optimum earthquake-resistant design is not, however, one which renders a
‘building free from damage during an earthquake, but rather safe from
‘collapse., A damage~proof bullding would entail prohibitive increases in

. construction costs, The primary objective of an earthquake building code

is to prevent building collapses through minimal increases in construction
expenditures and thereby avoid the great losses in life, It is well known
from the past that in most mejor earthquakes the greatest loss of life has
resulted from the collapse of buildings.

. The value of kncwing the selamlc rieks of a given area and
tailoring building construction to meet these risks can be demonstrated by
.- comparing the effects of the Iranian Ehrthquake3 of August 31, 1968 and the
Alaskan Earthquakeh of March 27, 1964. Both earthquakes were shallow ami

. extensive fractures were observed in each case; the Alaskan Earthquake
_however was vastly greater being assigned & magnitude of 8.4 on the
Richter ‘Scale as compared with 7.3 for the ITranian Earthquake., If this
- differénce in magnitude is converted into terms of energy released, ‘the

" Alaskan Earthquake would be rated as nearly 100 times greater than the

- Iranian Barthquake, Cagualty figures, despite similar population densi-

ties, show that the Alaskan Earthquake caused only 9 deaths (115 were

.killed later by & seismic sea wave) whereas the Iranian. Earthquake ‘claimed

a staggerlng toll of 12,000 people. Clearly, the loss of life is unrelated

to the energy released, but the explanaticn to this apparent anomoly is
straightforward., The seismic nature of Alaska was well understood and most
of the buildings had been erected along sound earthquake ‘engineering prin-
ciples, Although extensive property damage occurred, complete building
failures were rare. In contrast, the level of seismi¢ activity in the
affected northeastern regions of Iran was almost . unkncwn ard accordingly
no precautions were. exercised in the building construction. The msjority
_.of the homes were mud-walled structures topped with massive domes made from
- interlocking mud bricks. This. type of indigenous structure is highly sus~
‘ceptible to collapse during an earthquake and this accounted for the large
number of fatalltles. _

The comparison of the Alaskan and Iranian Earthquake disasters is
an eXcellent example of what man, with his present level of technclcgy, can
do to reduce earthquake losses. The Iranian incident is not an isolated
event; there are still many places in the world where the earthquake risks
are hlgh but poorly defined, and accordingly, no regard is given to the
construction of buildings. Many of these uninvestigated seismically active
zones fall within the regions of developing countries and understandably
these countries have, in the past, lacked the needed resources to provide
for the installation of selsmolcgical instrunentation and the training of
qualified personnel., - As these countries begin to emerge with the associated
expansion in population, homes, industry and power ard irrigation projects,
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it is essential that seismic investigations be initiated and earthquake-
resistant building codes, established,-w

Afghaantan is one ef the countries of the world where develop—

f'ment is rapidly taking place but. within a region which is known to be -
‘-seismically active, .To date .the .level of activity has not been systemati-
~.cally investigated. In view of the Iranian disaster which bordered the

regions of Afghanistan, it is clear that investigations into the earthquake
hazards within Afghanistan are essential,

The need for seismic investigations pertaining to Afghanistan
has been apparent for many years, No concentrated effort however was
fortheoming to meet this requirement until the establishment of the Kabul

. University Seismological Observatory. in 1968 through the joint efforts of
. the Royal Government of Afghanistan, the United States Agency for Inter-

national Development and the United States Coast and Geodetic Survey, In
conjunction with the Observatory, the Seismological Center at the Faculty
of Engineering, Kabul University, was created for the purpose of collect-

_ing, analysing and categorizing all earthquake information pertaining to

the country as generated either by the Observatory or received from neigh-
boring countries and internationdl seismological organizations. Through
the existence of the Selsmological Center and the Kabul University Seismo-
logical Observatory the gap in seismological data for the regions of
Afghanistan is bteing closed.

Although the Kabul Observatory has produced a large amount of
seismic data during the first two years of operation, and will continue to
compile further data, seismic. investigations of a region must nevertheless
be based also on past earthquake activity. For seismicity studies, the
broader the period of observations, the more reliable will be the assign-
ment of earthquake. ‘risks, - Aware of this, the Seismological Center, during
the past two years, collected all available recorded data related to
earthquakes and their effects within or near to the regions of Afghanistan.
This earthquake. information was separated into two major categories;
namely, instrumental data as recorded by existing world seismic stations,
and non~lnstrumental data as recorded in local newspapers, books and _
historical papers. The latter type of information, although less precise

. than the instrumental data, is exiremely valuable in assessing the expected

effects of earthquakes for a given region. Also important, is that prior
to the 20th century, seismic instrumentation did not exist and for the
regions of Afghanistan, instrimental-data remained sparse until after 1950,
Consequently, prior to 1950 much of the known earthquake activity must be
based on documented human observations and certainly, prior to 1900 the
earthquake history is almost solely based on non~-sclentific historical
documents., The categorizing of all previous earthquake data 1s an arduous
task but when properly reduced and-interpreted the information provides the
groundwork and direction for all future seismological observations and
investigations, o

This report presents the results obtained from two years of
research into the earthquake history and seismicity of Afghanisten., The
information presented spans the time period from the earliest known earth-
quake activity (50 B,C. to 50 A.D.) up to, but not including the present
year 1970, In part, the report could be considered as a catalogue or atlas
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of earthquakes in Afghanistan, in that extensive tables listing all 1nstru-
mental data and non-instrumental reports, in chronological order, are
included. The report however goes beyond this. Appropriate information
and discussion on global and continental tectonic'pattéfnsijand,also on the
geology amd tectonic aspects of the region are presented. Trom the listings
of earthquake activity, seismicity and intensity maps have been constructed
to show the distribution of earthquakes with respect to location, time and
-depth, and to show the zones of various levels of earthquake effects.

Based on all available information, a preliminary seismic risk analysis is
performed and a map showing the zones of warious seismic risks is presented.

It should be clearly noted that the presemt study, although very
complete, can only be considered as a preliminary analysis with regard to
the regionalization of the country into zones of seismic risks, Continuous
efforts should be made to improve the reliability of the seismic risk map
and this will be possible through the inclusion of new seismological and
geological information as it becomes available amd by more refined zoning
techniques as these are developed. - The primary object of this report is
to take the first step towards defining the seismically active zones in the
country and thereby provide the impetus for future studiss directed towards
achieving the ultimate goal of establishing, realistic, earthquake~resistant
building codes for Afghanistan,

2. ~ AFGHANISTAN, AN FARTHQUAKE COUNTRY

: Analysis of the seismographic records produced by the Kabul
Seismological Observatory over the past two years, has clearly established
that Afghanistan is a region of high seismic-activity. The frequency of
earthquake disturbances ocecurring w1thin, or near to the borders of = .
Afghanistan and detectable by the high-gain World-Wide Standard Seismo~
graphic System operating with a ground magnificetion of 400,000, is in the
order of 5,000 events per year, Of this large number at least 500 would
be classified as significant earthguakes; significant meaning that, the
earthquake would be recorded by other seismic stations located outside of
Afghanistan, Owing to the lack of a sufficient number of high-gain seismic
stations in the region, it is not possible at present to make epicentral
determinations for all significant earthquakes,. In 1969, the National
Earthquake Information Center, operated by the United States Coast and
Geodetic Survey (USC&GS), using data received from contributing seismic

. stations around the world, was able to determine epicenters for nearly 100
of the stronger earthquakes. By comparison of these statistics with other
seismic regions of the world, Afghanistan would be classified as a very
active zone. If the comparison however is restricted to only regions
located 100 km or more within the continental regions, Afghanistan, and in
particular the northeastern section, would be rated zs one of the most
active continental seismic zones in the world. :

The well-known world seismicity studies undertaken by Gutenberg
and Richter’ and published in 1945 geve the first broad circulation to the
fact that Afghsnistan occupies a portion of the broad trans~Aslastic
seismic zone., This extended zone, now known as the Alpide Belt, stretches
from the Azores in the Atlantic, through the northern Mediterranean areas
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of Europe, ‘across Iran and Afghanistan, along the Himalayan Range into
Burma, and down through the Indonesian. Peninsula where it joins the Circum~
‘P301flc Belt, the other major seismlc zone of the world. From the: .
relatively sparse instrumental data which had been collected up to 1949,
Gutenberg and Richter observed the existence of a "remarkably persistent
source" of earthquakes located in Afghanistan under the Hindu Kush Range
at about 36,.50N and 70.5°E and at depths of about 230 kilometers.. Many of
the recorded Hindu Kush earthquakes were classified as large with some
being rated as having destructive proportions, The identification of this
source of deep ezrthquakes well within & continental block was considered
& unique phenomernon which could not be explained: by the simple source
mechanisms accepted for most earthquakes, Even today, despite the collec~
tion of mmch more extemsive and accurate selsmic data, the Hindu Kush
source of earthquakes is not clearly understood. Regardless of the
uncertainty of the focal mechanism, it was elear to Gutenberg and: Richter
that the regions of Afghanlstan were susceptlble to frequent and strong
earthquakes. '

" The.fact that Afghanistan is a region where earthquakes occur

requently need not be based alone on.the information produced by sensi-
tive seismographs. A great many of the earthquakes are sufficiently strong
to allow human observation and many of these reach destructive levels.
During 1969 for exsmple, nearly twenty earthquakes originating in
Afghanistan were felt in the city of Kabul. Of this group, the earthquake
which took place north of Jalalabad on May 15, near the little village of
Murgal, caused considerable damage and claimed the life of one person.
This 1969 .sampling is by no means unusual, and actually, as it will be -
shown in this report, in many previous years the level of earthquake
activity greatly exceeded this level. A search through the local news-
papers of the past forty years reveals numerous reports of human
experiences associated with earthquake disturbances. For any local
observer residing in Afghanistan, the numerous seismic sensations which
are continuwally occurring would scon prov1de the conclusion that the
region is a selsmically active one.

Although recent selsmic activity provides an insight into past
activity and also what might be expected in the future, it is by no means
a reliable guide. Most seismologists believe that earthguakes in a given
region probably ogeur on a periedic basls but the cycle however may be as
short or shorter than one year, or as long or longer than one millenium. -
Clearly then the question to be resolved, if possible, is whether or not
the present level of earthquake activity in Afghanistan, as observed during
the last forty years when local newspapers existed and an adequate number
of world seismic. stations were operative, is representative of earthquake
activity in former years or even centuries? In other words, is the fre~
queney, location and size of earthquakes-as recorded or documented recently,
typical of past activity in the region? Simply stated, has Afghanistan
always been an earthquake country?

The answer to the above questlon should not, be diffieult for a
country with. ‘the antiquity of Afghanistan. Tt is well known that organized
civilizations occupied the regions of Afghanistan as far back as the second
millenium B,C. when the region was part of .ancient Aryana. Through the -
conquests of Alexander the Great in the 4th century B.C. the region became
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part of the Greek Empire and Greek influence prevailed for several cen~
turies, Ister civilizations followed in the order of the Kushans, the
Scissanians; the White Huns and finslly the Moslems with various successive
dynasties. ~Although many of these civilizations attained a high cultural
development, few historical records remain today. - The invasion of the-
Mongols ‘under Ghenghiz Khan in the 13th century left the country in com-
'plete ruin and the cultural centers of Balkh and Herat; along with their
libraries and centers of learning, were completely destroyed. A century:
before the Mongol sweep the Ghorids had plundered and burned the famous
Ghaznavid centers of Ghazni and Bust. ' Consequently, if any records which
relzte to life in Afghanistan are to be found within the country they
would -be of the post-Mongol era, that is, 15th century or 1ater. '

The flrst evidence of earthquake activ1ty to be recorded by an
inhabitant of Afghanistan was the great earthquake of July 5, 1505. The
chronicler in . this case was Emperor Babur, the first of the great Mughal
rulers, who, throughout his 1ifetime had been a preductive writer. In his
Memoirse,‘Babur relates the great earthquake which took place while he was
residing in Kabul. According to his description the epicenter w&s probably
near Paghman as this village was totally destroyed and considerable damage
occurred in Kabul, Babur also observed and described. extensive surface
faulting and numerous aftershocks associated with this disturbance.
Although Babur's account was brief, the facts presented clearly indicate
that this was a major earthguake® compared with modern day standards, Of

- particular importance is that this earthquake is the only known earthqueke
of destructive proportions to have occurred near to the city of Kabul. As
will be seen later in this report the instrumental data for the past 70
years does not include any epicenter near the regions of Paghman, -This is
an excellent example of the need to acquire as.broad a period in time for
selsmological observation as is p0331b1e. S

: thh if not all of the history of Afghanlstan comes from
sources out51de of the country. In many instances the present day regions
at various periods formed only a part of larger empires, the capitals of
which were. not subjected to such complete destruction as Herat, Balkh and
Ghazni. Also, because Afghanistan occupied & seetion of the ancient east-
west caravan trade routes, many of the early events in the country were
transported either by word or written documents, to distant lands, It
seems likely that the latter would be:a reasonable explanation for the
source of earthquake information used by Jelal'ed'din As-Soyuti, an
Egyptian polygrapher, who prepared a catalogue of earthquakes for the
regions of soutiwest Asia covering the broad time period of 628 A,D. to
1500 A,D, This 15th century Arabic manuseript was first discovered in
1842 but was only correctly translated by N.N, Ambraseys7 in 1961,
Although many of the eniries pertain to regions west of Afghanistan the
catalogue does include descriptions of three earthquakes w1th1n the
country.. : . .

_ The first emtry of importance to Afghanietan.in As—Seyﬁti's
catalogue, is an earthquake which took place in the year 203 A.H. in the
Mohammedan Calendar (As-Soyuti listed only the Mohammedan Calersar years:

#.-A footnote inserted by the translaters of Babur's Memoirs indicated that
this was probebly the earthquake felt in Agra, India on the same day.
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for the event) or sometime between July 9, 818 to June 27, 819 A,D. The
area affected was the historic city of Balkh. "Earthquakes shook the city
for 70 days and the mosgue together with one-quarter of the houses were
destroyed." This is the oldest known documented earthquake in Afghanistan.

_ Thirty years later, 848 to 849 A.D., As=-Soyuti lists an earth-
queke in Herat which destroyed many houses. This record of earthquake
damage is extremely unigue, As will be shown later, based on recorded
data, the regions surrounding Herat are quite aseismic and there is no
other record which indicates that HErat was ever affected seriously by an
eart hquake,

The third event occurred in the years of 1052 to 1053 A,D. As~
Soyuti records only that a destructive earthquake hit the town of Urgun;
this town is located in the middle, extreme eastern portion of the country.

Certainly As-Soyuti's listing is incomplete and although his des-
criptlon of the events are terse the information is nevertheless valuable,
Most important is that these listings extend the recorded earthquake data
for the regions of Afghanistan by nearly 700 years. In the few previous
studies related to the seismic history of Afghanistan, Babur's account was
considered to be the first known documented earthgquake., Also important is
that some of the information pertaine to regions where, during recent
times, earthquske activity has not been reported.

Ihasmuch as the Balkh earthquake of 818-819 A.D. is the oldest
documented earthquake it does not represent the oldest known earthquake
activity in Afghanistan, Through collaboration with Dr. P, Bernard of the
Délégation Archéologique Francaise en Afghanistan, evidence has been
uncovered which indicates that the ancient Greco~-Bactrian city, located
near the village of Aikhanum and situated at the confluence point of the
Amu Darys (Oxus) and Kokcha Rivers, sustained earthquake damage., Although
excavations have been conducted for the past six years, the work to uncover
this important chapter in Afghan history has really only begun. Results
from the early campaigns substantiate that the city was designed and built
in Greek style snd that the construetion was superior for that period of
time, To date, sufficient evidence is lacking to identify the ancient name
of the city or what rele it plsyed in the Bactrian Empire, but, through the
finding of a well-preserved inscription the date of the city at its heyday
has been fixed at some time in the 3rd century B,C., that is, shortly after
the passage of Alexander, It appears that the city was sacked and abandoned
in the 2nd century B.C. and, except for temperary settlements of nomadic
tribes, the site remained uninhabited.

The important aspect for the present discussion is the state in
which the ruined and decayed structures at Aikhanum were found., Inspection
of the extensive information gathered by the DAFA indicated that two com-
plexes appeared to have been destroyed by earthquakes., The first was the
Palage which was built in the classic Hellenistic style of stone columns
enclosing a courtyard., The columns, made from stone cylindrical sections,

.were all found in complete havoc; but by careful reconstitution of the
component parts it was found that there secemed to be a preferred orienta-
tion for the direction of the fallen columns., Although this would have
been & necessary condition for an earthquake destruction explanation,
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closer inspections of the columns showed that the bottom cylinder in esch
column had a notch c¢hiseiled into its side and this overpoweringly suggested
that the columns had been pulled down by human hands, probably for the pur-
pose of acquiring the metal brackets which held the stone sectlons of the
bases together; none of these brackets were found.

The ruins of the second structureg called the Temple, cannot
however be explained on the basis of pillage. The Temple was built from
first-class quality mud bricks and was adorned with an owverhanging double
cornice of kilned bricks on three sides. The mud brick walls were decayed
substantially but the cornice fragments were uncovered quite intact, The
amazing observation is that large sections of the cornices were found at
considerable distances from the base of the walls and in each of these
sections the fragments were aligned in a very orderly manner. This condi-

~tion suggests that the cornices were thrown down by some considerable force.
The additional faet that the fragments were all found on the same excava-
tion level eliminates the explanation of prolonged and natural decay. That
the cornice bricks; which would have had great wvalue for the surrounding
nomadic tribes; were found at all rules out the possibility of destruction
by human.meansa The most plausible explanation (the arguments and evidence
supporting this conclusion are fully presented in Sec. 6.4) is that the
structure was destroyed by an earthquake. According to Dr. Bernard, the
destruction of the Temple occurred after the city had been abandoned and
suggests the possible date of 50 B.C. to 50 A.D. DBased on this unique
result it appears that earthquzkes were as much a part of life in
Afghanistan 2,000 years ago as they are today,

The three events listed by As-Soyuti and the apparent earthquake
damage at Aikhanum are the only known testimonies to the occurrence of
earthquakes in Afghanistan prior to Babur's early l6th century account,
With the exception of Babur's second account of a violent earthguake which
he felt in the year 1519 in the Jandol Valley north of Peshawar; no further
seismic evidence is available until the 1%th century and then considerable
informetion is fortheoming. The explanation for the sudden avallability of
seismic information from the complete woid which followsd Babur's chronicles
is ag a result of the encroachment of the British Fast~India Fmpire on the
frontiers of Afghenistan, Although the British appeared in India in the
early 17th century it was not until the 19th century that their influence
spread to the environs of Afghanistan., With this expansion, British
agents, soldiers and travellers bsgan to appear in Afghanistan from 1830
ormwards, Many of these early Englishmen were prolific writers and from the
detailed accounts of their experiences, a great many of which were pub-
lished, significant information regarding earthquake phencmena can be
extracted.

The first record of 1%th century earthguakes by an ogﬁthe°spot
observer appears in the four volume writings of Charles Masson®, a British
correspondent of the BEast-India Company, who travelled extensively through
Balochistan, Afghanistan and the Punjab in the 1830's., During his sojourn
in Kabul in 1832 and 1833, he recorded a slight earthquake on April 17,
1833 followed by a. “very smart one® on April 19. Masson, by going on to
describe that he "had become scmewhat accustomed to these phenomena',
clearly implies that earthquakes were a frequent occurrence in the region
at that time,
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An earlier event, but recorded after the fact; was documented by
G,T, Vigne?, a British traveller who visited Ghazni and Kabul in the summer
and early fall of 1836, On his travels to Afghanistan over the Sulaiman
Range he reported that the village of Derabund (Daraband, 31,7°N, 71,3°E)
at the foot of the mountains was severely injured by an earthquake early
in the spring of 1831. The shaking of the ground was so intense that
camels and horses could not stand. The ground surface in the vieinity of
Darabund was fractured and springs appeared., Although this earthguake was
in the regions of present day Pakistan it would have been felt in the
eastern regions of Afghanistan which are only 40 kilometers away. Wwhile
Vigne resided in Kabul (July to October) he did observe several weak shocks
of an earthquake and stated that, "there are usually about a dozen in the
course of a year."

In 1837 a small British expedition was sent to Kabul under the
leadership of Lieut. Col. Sir Alexander Burnes. While Burnes remained in
Kabul, Capt. John Wood undertook an exploratory mission to the north of
Afghanistan to chart the regions of the upper Qxus River (Amu Darya),
Although the length of stay in Afghanistan was only in the order of eight
months, both, in books which were published later describing their
experiences, presented information about earthguake activity. Burnesl¥
relates the occurrence of three earthquakes felt in Kabul on December 14,

1837 and mentions that many before or after that day had been registered,

In particular, Burnes refers to a severe earthquake which took place in
Kabul six years =arlier but gives no further details; however, as dis~
cussed by Capt. Wood1 in his account, this event must have been the major
earthquake of January 1832 which rendered extensive destruction in the
Badakhshan area. Burnes casually estimated that "shocks happen as fre-
quently as twice or thrice in a month" and summed up his earthquake
experiences in Kabul with the statement that, "Convulsions of nature are
exceedingly ¢ommon in this part of the world."

Woodfs narrativell on his journey to the source of the Oxus pro-
vides an extremely valuable account of earthquake activity in the Badakh-
shan area of the country. Wood resided for several momths in the small
town of Jurm which, as will be shown in this report, lies almost directly
above the most active source of earthquake activity in the country. It is
not surprising then that Wood would have experienced the seismic distur-
bances which he related occurred on January 7 and Jamuary 8, 1838, and
sent the inhabitants fleeing from their houses. As Wood explains, the
entire community had remained in a state of caution ever since the great
earthquake of January 1832 had struck the area,

The most important aspect of Wood's account with respect to the
present subject, is that he identified and roughly dated the occurrence of
the earlier major 1832 earthquake and gave considerable information about
the damage produced. Although Wood arrived six years after the fact, he
points out that many geological effects such as landslides, collapse of
mountains and torn strata were still very much in evidence. Numerous
houses and fortresses still lay in ruins and from a sampling of the
valleys which he visited, it appears that at least 50 percent of the people
who were living in the immediate area of the epicenter were killed.



Wood also stated that the earthquake was felt as far away as
Lahore. It happens, however, that Alexander Burnes, while on a previous
mission in the eariy 1830's, was actually in Lahore at the time of this
earthguake., In his three volume account*< of his travels to Bokhara in
1832, he wrote that near midnight on January 22 he was alarmed by an
earthquake which shook lLahore violently for ten seconds. Iater that year,
while travelling through Afghanistan near Badakhshan, Burnes observed the
vast destruction of the January 1832 earthquake and confirmed that the
time of the Badakhshan disaster was indeed the same time at which the
seismic disturbance was felt in ILahore, Without Wocd's account and the
correlating observations of Burnes, very little would be known of this
great earthquake today, Compared to modern day earthquakes it must be
rated as one of the great earthquakes known to have taken place in the
country.

Ten years after the great 1832 earthquake, Afghanistan was again
severely shaken by another major seismic disturbance which, after its
occurrence on February 19, 1842, the region remained in an unsettled state
for the remainder of that year. The schroniclers for this event were again
residing Englishmen, and in particular, Lady Salel3, who was the wife of
General Sir Robert Sale, gave an excellent account of the emtire calamity.
Actually, lady Sale's description of this earthquake and the extensive
aftershock activity which lasted for six months, is the most detailed
account of any earthguake which has tazken place in Afghanistan up to the
present. lisut. Vincent Eyrelt also documented this earthguake but his
account was less complete,

This earthquake took place during the First Anglo-Afghan War and
shortly after the catastrophic retreat of the British forces from Kabul in
January. Both lady Sale and Capt. Byre, who survived the disastrous
~retreat, were being held in custody in an Afghan fort eight miles north-
east of Tigri (Alingar Valley) when the earthquake otccurred. Both were
eye witnesses to the event, the epicenter of which seems to have been just
to the north of their location as based on the description of the near
total destruction of all forts amd houses in the Alingar Valley. The des=-
truction also extended to the Jalalabad regions where the town of
Jalalabad was in British control under the command of General Sir Robert
Sale, The earthguake rendered great havoc to the defenses of the town and
everyone in the area suffered heavily, Excellent accounts of the disaster
are given by Major-General A, Abbott-’ who was present at the time and by
Rev. G.R, Gleigi®, In particular, the portfolio of sketches showing the
destruction of the walls as prepared by General Sir Robert Sale'!, is ex-
cellent testimony to the force of this earthquake. A recently published
book entitled, "The Fierce Pawns"18 also gives some facts sbout the magni-
tude of the destruction at Jalalabad.

The extensive destruction in the Alingar Valley, the destruction -

in Jalalabad where the town occupied by the British was severely damaged,
the great loss of life and the countless number of aftershocks all indicate
that this was an earthquake of major proportions. Again it should be noted
that without the aecounts of lady Sale, Major-General A. Abbott and the
others mentioned, the extent of this earthquake would not be known today
and the seismic risks would accordingly be underestimated.
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Following the First Anglo~Afghan War there was an obvious absence
of British residents in Afghanistan and hence & void in seismic information
which lasted until 1857 when a British political mission, which included
H.W, Bellew, 2 medical officer, crossed into Afghanistan via the Kurram
Valley (south of Jalalabad). During a short stay in the Kurram area,
Bellewl” recorded a "smart shock of earthquake” on March 27, 1857. Onm

" guestioning the people of the area he remarks that "earthquakes are said

to be of very frequent occurrence here, three or four being generally felt
every year," Of particular interest is that while Bellew was residing in
Kandahar in the summer of 1857 he felt and recorded an earthquake. This
was a rare observation because, as it will be shown in this report,
Kandahar falls within the near aseismic regions of the country. @uite
possibly this was a strong earthquake originating in the Chaman-Quetta
area rather than in the Kandahar region,

For thirty years following Bellew's visit te Afghanistan very
little recorded seismic information* can be found despite the presence of
British forces during the Second Anglo~Afghan War in 1879. During this

- interval howewver the third ma jor earthquake of the 19th century occurred.,

Unfortunately no detailed account of this event is available,

M, de Ballore?l in his book entitled, "Géographie Séismologique", however,
gives some information about the earthquake., The date of the event was
187, and the center of destruction was Jabal-us-Siraj. According to

M, de Ballore the ruins extended to Kandahar but this extent of destruc~
tion is subject to question., Prof, Edward Stenz<2, who resided in Kabul
during the early 1940's, took the opportunity to interrogate scme of the
older inhabitants of the Jabal-us-Siraj arez. He acquired the further
information that the time was approximately in the first half of August
1874 and the towns of Jabal-us-S5iraj, Gulbahar and most regions of the
Kohistan Valley were completely destroyed and many casualties resulted,
Ground cracks were also observed., ©Seismic data for the 20th century
reveals nothing comparable to this 1874 disturbance in the Jabal-us~5iraj
area, This again clearly demonstrates the value of collecting information
on past earthquakes,

During the years of 1889 to 1891 Dr. John Gray, an English doctor,
served as a surgeon to Amir Abdurrahman., In a book<> relating his
experiences, Dr. Gray recorded several earthquakes which he felt while
residing in Kabul and Mazar-i-Sharif., The Kabul earthquakes were parti-
cularly strong and Dr. Gray acknowledged some very anxious moments. An
interesting feature of the narrative is a short discussion on the construec-
tion technique used for Amir Abdurrahman's pavillion in Kabul. Apparently
Amir Abdurrahman was very much aware of the earthquake hazards in Kabul
and as an experiment he had endeavored to make the pavillion earthquake~
proof by bracing it with iron bands. The manner in which the bands were
employed is not mentioned but if they were incorporated to carry the earth-
quake loads as interpreted by the Amir, it is doubtful that they would have
been very effective. In a discussion with Dr. Gray, Amir Abdurrahman
informed him that, "the motion of the earth in an earthquake, at any given
spot. was in a vertical, not a horizontal direction. Were it in a horizon-
tal direction, the very mountains would fall." Regardless of Amir '

#.-3ir Louls Cavagnari<0 during his short but fateful residence in Kabul in
1879 reported a violent earthquake on the evening of July 31, 1879.
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Abdurrahman's understanding of seismic forces; his pavillion wes probably
the first building in the country to be designed for the eventualities of
earthquakes and it further illustrates that earthquakes were prevalent in
the 19th century.

A final testimony to seismic activity during the 19th century
can be found in the writings of Lieut, O, Olufsen<™ of the Danish Army,
He led two Danish scientifis expeditions into the Pamirs during the years
of 1896 to 1899, In the winter of 1898 to 1899, during the second expedi-
tion, Olufsen records that his lodgings in Khorog (Russian border town on
the Ab-i-Panj River) were "now and again shazken by earthquakes to a most
disagreeable extent." He also testified that "earthquakes are very fre-
quent everywhere in the valleys of the Pamir" and although he gives no
exact dates he mentions that during 1896 to 1899 his expedition experienced
same violent shocks which caused building damage in the regions near to the
most neortherly portions of the Badakhshan province.,

During the first quarter of the present century, although more
recent in time, detailed information about seismic events in the country
is sparse. A.C. Jewett, an American engineer, who tundertook the project
of installing the first hydreelectrie plant in the country and resided for
eight years at Jabal-us-Siraj, from 1911 to 1919, provided some observa=
tions<?, He comments that, "hardly a month goes by without a small zil-
zila {earthquake). Only once has the tremor been severe enough to cause
one to seek safety and this did no damage, bar shaking down a mud wall or
two." Jewett also gave mention to tales of a big earthquake in Kohistan
seventy to eighty years preceding his presence; this could well have been
the 1832 or 1842 earthguake, Surprisingly he does not mention the 1874
earthquake which had destroyed the wery village in which he liwed, Another
interesting comment is his reference to an old legend that the ancient city
of Parwen (Alexandria-Under-the-Caugasus, near or on the present site of
Jabal-us-Siraj) was destroyed by a large earthquake very long ago., Although
Jewett gives no account of a strong =arthquske, he did dogument that seis-
mic activity was a common event in the early portion of the 20th century.

Shertly after Jewettis presence in the country, the well-known
American author lowell Thomas visited Kabul in the summer of 1923, His -
length of stay was only in the order of ong month but during that brief
exposure he witnessed a mumber of sarthquakes. As he writes<®, "We
encountered more than enough earthguakes in Afghanistan to satisfy us for
the rest of our lives." He sums up his account of seismiec activity with
the impression, "It seems that Kabul is in an earthquake belt."

From the evidence presented, the conclusion that the regions of
Afghanistan have always been seismically active, is inescapable. The
apparent earthquake building damage at Aikhanum, the entries in As~Soyuti's
 catalogue and the accounts of Babur, azlthough extremely sparse for the
broad time pericd covered, substantiate the ocecurrence of earthquakes in
the ancient and medieval pericds. The English and American writers of the
19th and early 20th cenmturies all portray the fact that earthquakes were a
conmen and frequent event associated with life in the regions of
Afghanistan. The deseriptions of the major earthquakes of 1505, 1832,
1842 and 187L, convey the evidence that in addition to the continuous
pccurrence of small arl intermediste sheocks, the region has also been
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susceptible to catastrophic selsmic events. The present level of seismic
activity as recorded by the Kabul Seismological Cbservatory ils probably
quite represerntative of many years in the past, but it is by no means an
indication of what could be expected. Major events have taken place and
there is no argument against the prediction that they will happen again.
Afghanistan has been and will continue to be an earthquake country. The
need for detailed seismic investigations is apparent. '

3. SYNQOPSIS OF PREVIOUS EARTHQUAKE STUDIES

The seismic nature of Afghanistan has been noted by many people;
however, up te the beginning of the 20th century all observations per-
taining to the occurrence of earthquakes in the country were documented,
egssentially by chance, and acecordingly these seismic reports were included
only as small sub-topics in:variouys doguments of broad and diversified
subjects., All the information which was presented in the previous section
was of this type, Organized investigations into the subject of the seis-
micity (see Sec, 8 for definition of seismicity) of Afghanistan began to
appear only at the turn of the present century.

The first seientific document to deal with the subject of earth-
quakes in Afghanistan was written by Montessus de Ballore?l and included
within his larger treatise entitled, "Geéographie Séismologique" published
in 1906, M, de Ballore discusses only three earthquakes, the 1832 and
187/, earthguakes briefly, and to a greater extent the 1892 Chaman earth~
quake®, For the more recent Chaman earthquake much more information was
available and a reasonable understanding of the event could be recon-
structed along with its geological implications. Regardless of the
brevity, the inclusion of the 1874 earthquake was important in that the
event became documented in scientifie literature.

The next contribution to the subject came from Raymond Furon; a
Frenchman inveolwved in geological research who spent two years in
Afghanistan from 1922 to 1924. Furon did not attempt to research the
seismic history of the country but he did prepare a list of over forty
earthquakes which he published in 192527, Owing to the sparsity of
instrumental data in 1923 and 1924, Furon's 1ist of felt earthquakes is
of particular importance. In a book entitled, "L*Afghenistan" printed in
192628 Puron discussed the seismicity of the country in general, but pre-
sented no new details.

Despite Furon's lengthy list of felt earthquakes during 1923 and
1924 i1t appears that his list is not complete., During Furon’s time; &
Germen geologist, Fmil Trinkler29, conducted a survey through the center
of Afghanistan. He spent four months in Kabul from December 1923 to March
1924 and observed many earthquakes which seem to be in agreement with
Furon's listings. However, on March 18 as he was leaving Afghanistan he
spent one night in Jalalabad and during the evening he experienced what he
described as the worst earthquake he had felt in Afghanistan. The

#e-f brief discussion of the Chaman earthquake, analysed in terms of
modern seismological concepts, is given by C.F. Richter30,
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Bagh~i-Shah Palace in which he was staying suffered damage and there was a

general excdus of all the inhabitants. This earthquake was felt in
Peshawar and even as far as Delhi. This significant event was not listed
by Furon.

The paper entitled, "Strong Farthquakes in Afghanistan" written
by Prof, Edward Stenz?? in l9h5 is the first article which appears after
Furon's work., Stenz's report was and still is one of the most significant
contributions to the subject. During the fiwve years (1939 to 194l ) which
he resided in Afghanistan, he made considerable effort to collect all
known seismic data, in addition to maintaining his own record of earth-
quakes felt during his period of stay. Stenz's list includes 60 strong
earthquakes covering the time period of 1505 to July of 1944. For each
entry an estimate of the intensity based on the Modified Mercalli Scale is
given but, owing to the lack of seismological data at that time, a number
of epicenters are quoted and often only estimated on a regional basis.
Stengz did have access to some instrumental data but this was minimsl; the
unavailability of instrumental information for most of the strong earth-
quakes which he recorded was a handizap to his work. Despite this, Stens
was able to establish a schematic seismicity map for the country based on
the results of the sixiy earthquakes., Also important is that Stenz was
able to uncover some detsils of former earthquakes which, if they had not
been recorded then, would have been lost forever.

In 1949 Gutenberg and Richter published their extensive cata~
logue of world earthquakes”’, For this monumental work they extracted and
compiled all reliable seismic data available up to that time. A second
edition which appeared in 1954 updated the information to 1952, Of great
importance was that the seismic regions of Afghanistan were clearly

related to the overall global seismic zones, and the level of seismie
activity was put inte the proper perspective as compared to the rest of

the world, The document was also the first publication to give extensive
¢irculation to the instrumentally located epicenters of many known signifi-
cant earthquakes which had occurred within or near to Afghanistan., Although
it is not possible to perform a detailed seismicity analysis based only on
Gutenberg and Richter's data, the major astive zones can be roughly
delineated.

Following his contribution to the "Seismicity of the Earth",
C.F, Richter in 1958 published his now well-known beck, "Elementary
Seismology“BoO In addition to presenting an extensive trestment of the
principles of seismology it also included considerable discussion on
global seismic geography and -past major earthquakes, Although not directed
particularly to Afghanistan the book does contain some information related
to the seismicity of the region,

The extensive seismic data published in 196221 in the "Atlas of
Earthquakes in the U,S.S, R.", presented a vast amount of earthquake
instrumental data covering the time period of 1911 to 1957. Although the

data was compiled for the region of the U,5.5.R., the portion of Afghanistan
north of the 36° latitude was ingluded., The information collected was based

on data produced by the U.3.5.R. seismological network, of which a large
number of the stations were or are located just north of the borders of
Afghanistan. Although the Atlas does not cover the entire region of
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Afghanistan, it nevertheless presents a very detailed analysis of the
northeastern portion of the country and in particular the highly active
zone of deep earthquakes centered around 36.5°N and 70.5°E, The Atlas
also includes considerable data on large earthquakes from 1893 to 1952
which did not appear in the works of Richter and Gutenberg. For the
present seismic investigation, the Atlas is an important source for
instrumental data; a great number of the earthquakes listed can be found
in no other reference,

The first and to date the only detailed secientific investigation
pertaining exclusively to the seismicity of Afghanistan was performed by
AP, SolovyovaB2 in 1966, This treatment is primarily associated with
instrumental data although some discussion is presented on the effects of
past major earthquakes but this is based entirely on Stenz's listing. No
felt data is included for any event past 1943. Solovyova did have access
to some old Russian papers and he did provide some additional information
on the 1832 Badakhshan earthquake, The most significant aspect of this
paper is the seismicity map which was produced using data compiled from
the bulletins of the U,S.S.R. seismic stations during the time period of
1939 to 1962, The map clearly illustrates that the northeastern sector of
the country is highly active and a_detailed plot, similar to that given in
the Atlas of U.S,5.R. Earthquakes3l, is included. This localized seis-
micity analysis is lacking in that differentiation on the basis of depth
has not been included. The conclusions drawn resulting from this study
are quite general in scope, but the object of the paper was only to present
the overall nature of seismic activity in the country and this was accom-
plished,

A somewhat more recent analysis was given by M. Niazi et 3133 in
1968, In this paper, the seismicity of the broad region extending from
Turkey to Pakistan and from the southern portion of Russia to the Indian
Ocean was studied for the time period of 1957 to 1967. The epicentral data
used for the investigation was obtained from the files of the U.S. Coast
and Geodetic Survey. The extent of the region considered precluded a
detailed study of any particular zone, The object of the paper was to
survey a section of the Alpide Belt and identify the most active zones of
the past ten years. The analysis was unique in that the seismicity of the
region was presented in the form of strain energy release per half degree
quadrangles. This approach has the advantage of providing more clarity to
the tectonic nature of the regions than is achieved in a conventional plot
of earthquake epicenters, For detailed seismic studies of a region the
convertional technique used in this report, is preferable, The feature of
the paper as related to the present studies was to demonstrate that the
conecentration of strain energy release in the Hindu Kush exceeded any other
area in the regional investigation. :

Following the format adopted by Stenz, S.M. Hosseini’¥ in 1968
published a list of felt earthquakes in Afghanistan. The list is actually
a continuation of Stenz's data and includes no new information for the
time period investigated by Stenz. Essentially the list extends the work
done by Stenz by 14 years, that is, up to 1958, The information collected
is entirely from Afghan newspaper reports and based on these, estimated
Modified Mercalli intensity ratings are given. Despite the availability
cof instrumental data, no effort was made to correlate and verify the felt
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earthquake information with epicentral.data published by international
seismological societies. Some information on two major earthquakes which
oceurred in 1949 and 1956 is given. Even though new regions were affectéd
by the earthguakes of 1949 to 1958 no consideration was given to updating
Stenz's seismicity mep.

Some information on the seismicity of Afghanistan can also be
found in a recently released (1970) six velume report35 on the Survey of
Iand and Water Hesources for Afghanistan produced by the United Nations.
This extensive set of documents contains a five page discussion, in the
geology section (Vol, II), on the seismic nature of the country, The
analysis gresented is based primarily on the results of Richter and
Gutenberg” and no regard is given to the earthquake astivity of the past
twenty years. Consequently, the postulated limits of the zone wherein
severe earthguakes can take place are exceedingly conservative. In parti-
cular the major earthquake of 1956 which affected the Kahmard-Sayghan
regions north of Bamiyan has been overlocked and accordingly this region
ig shown as lying outside the high, seismic risk zones. A line of argument
is also presented to suggest that possibly all ma jor sarthquakes which
have affected the country had epicenters oulside the regions of Afghanistan,
Careful analysis of the descriptions of the earthquakes of 1505, 1832, 1842
and 1874 clearly contradict this argument. The conclusions suggested,
regarding the seismic risks, are simply based on too little data and
accordingly the seismic activity is seriously underestimated.

This review of the scgiemtific literature elucidates the sparse
information available on the seismicity of Afghanistan, The very limited
number of articles, alone, manifests the scarcity of material, The papers
by Stenz and Solovyova are excellent contributions to the subject but,
either taken alone or together, they do not provide sufficient information
to perform a detailed study of the region. In all cases the greatest
deficiency is that all the investigations have concentrated either on
instrumental data or on non-instrumental data., To date the correlation of
this information has not been attempted and this of c¢ourse is important in
order to make the best possible delineation of the seismic zongs. Alse
important is the correlation of seismic data with the tectonics of the
region as indicated by the known fault systems in the country. For the
regions of Afghanistan such a study has also not been presented teo date,
The existing reports are each, at best, only small parts of the whole
subject; in order to acquire a proper understamding of the region, all
information available must be combined, updated and analysed in totality,
This present report is an attempt to approach the subjest in this manner,

Lo GEQGRAPHICAL AND GEOLOGICAL SETTINGS

It is not the intention of this report to give an extensive and
detailed account of the geographical and geclogical features of Afghanistang
emphasis on these topies would be beyond the scope of the present subject,
On the other hand, it is quite impossible to divorce completely the sub-
jects of earthquakes and seismicity from the geographical and geological
characteristics of any region. The selence of seismclogy draws heavily on
the evidence produced by topographical and geological swrveys and there is
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an increasing need for further interplay between these sciences. The
modern approach to ascertaining the seismic risk zones in a region is to
‘base the analysis both on the distribution and frequency of earthquake
epicenters (seismicity ), and on the regional geological structure, with
particular emphasis on the active fault systems (tectonics). The correla-
tion of seismicity and tectonics is referred to as a seismic-tectonic
analysis. The discussion on the tectonics of the region, however, will be
withheld until Sec¢c. 5 in order to relate the regional patterns with the
global and continental tectonic patterns.

The following discusaiona@‘although brief, will present suffi-
¢cient information so that at least a preliminary correlation between
seismicity amd the geography and geology of the region will be possible.

4.1l Geography

Afghanistan is a completely landlocked country with the closest
point to an oceanic system being the southern border which is 450 km from
the Arabian Sea, The total area of 655,000 km? is bounded by Iran on the
west, Pakistan on the south and east and Russia on the north., A short 80
km section of the borders of the Wakhan panhandle are shared with China.
The position of the country relative to its neighbors and some of the major
physiographical features are illustrated on the map, "The Regions of
Afghanistan" identified as Fig, 1. For increased detail and ease of
refersnce a larger reproduction of this map is included in the pocket on
the inside back cover of this report,

The salient aspect of the topography is certainly the vast
regions which contain high mountains, deep valleys and rushing rivers,
Nearly 4O percent of the land areas are at elevations greater than 2,000
meters and these high mountainous plateau regions occupy most of the cen-
tral, northeastern and eastern parts of the country. Low elevations of
200 to 500 meters are found in the southwest around the deserts of the
Helmsnd and Farah River basins (Sistan region) and in the north around the
Amu Darys or Oxus River basin. In a broad sense the topography could be
described as having the appearance of a lava flow which has its source in
the northeastern corner of the country and from there fans out symmetri-
cally about a line having a southwest direction.

The dominant feature in the country is the Hindu Kush mountain
range which strikes southwest to northeast and demarcates the north of the
country from the south., In the northeast;, this range ties into the Pamir
Knot on the north, and the southeast striking Himalayan and Karakoram
Ranges on the south. In this region elevations of 5,000 ~ 6,000 meters
are common with some peaks topping 7,000 meters. To the southwest, the
Hindu Kush takes on & more westerly strike and actually lines up with the
Paropamisus Range on the western side of the country. These two ranges
taken together form & sinuous arc which 1s convex to the north in the west
and convex to the south in the east. Attached to this cross-country moun-
tain system are numerous spur ranges such as the Band-i-Turkestan, the
Khwaga Muhemmed and the mountains of Nuristan in the east.
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The second major mountain system is the Koh-i-Baba in the cen~
tral highlands which lies south of and runs parallel to the western end of
the Hindu XKush, Some of the mountains in this range have helghts approach-
ing or exceeding 5,000 meters,  The westerly end of the Koh-i~-Baba lines up
with the Safed Koh and Siah Koh Ranges which lie south of the Paropamisus.
Mumerous - other mountain ranges fan out.to the south and west from this
gsystem, The eastern regions of the country are also mountainous but the
relief is less dynesmic with the exception of the Safed Koh Range which lies
south of Jalalabad, . : ‘

The river systems of the country divide primarily into those
which empty into the Uxus River basin in the north and those which empty
into the  Sistan swampy regiens in the southwest. corner of the country. The
Hari Rud and Murghab Rivers which flow primarily to the west within the
country, turn northward and disappear in the deserts of Turkmenistan.
Interestingly, the only water which falls onto Afghanistan and is returned
to the oceans is that which is caught in the catchment areas of the rivers
in the northeast regions; the most important are the Kabul and Kurram water-
sheds which drain inte the Indus River., The major rivers within the country
are the Helmand in the south, the Hari Hud in the west, the Kabul River with
its Panjshir and Kunar tributaries in the east and the Kunduz and Xekeha
Rivers in the north. Certainly the largest and most famous river is the
Amu Darya or Oxus which forms the northern boundary between Russia and
Afghanistan. The upper portion of the Oxus, from the point where the
Kokeha River joims to its sourece in the Wakhan, is known as the Ab-i-Panj.
The length of this river from its source to its termlnus in the 4Aral Sea
is more than 2,000 km.

Throughout the high elevation regions the rivers run through
slender and often precipitous valleys, The population in these regions is
almost totally confined to the green belts of the narrow valley floors.

The valleys of Panjshir, Ghorband, Andarab;: Kahmard and the very large
Xupnar Biver wvalley are of particular importance for the present report
because in each case there are known faults which follow or closely follow
the course of these walleys, The broad valleys of the upper Kabul River on
- which the city of Kabul is built and the large Koh Damon valley north of
Kabul ineclude sections ¢f the large fault which extends south all the way
to and beyond Chaman. The lower Kabul River valley, in the vicinity of
Jalalabad, is also known to have fault systewms traversing its base, The
important aspect of the geography of the ¢ountry with regard to the subject
of seismic risks, is that the population is concentrated within the narrow
valleys and these valleys with their concomitant fault systems have the
potential of producing considerable seismic activity.

Lo.2 Geology

Detailed information on the geological and stratigraphical fea-
tures for all the regicns of Afghanistan does not exist, During the past
ten years considerable progress has been made and certain regions have been
mapped in detail. The very rugged terrain, which in many places is
exceedingly diffiecult to gain access, has been a great handicap. The
Fairchild and Russian aerial surveys conducted in the late 1950's were a

-major step forward and since that time Afghan, Russian, German and UN
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geclogical teams have been gathering considerable data., For geological
information as known up to 1954, reference should be made to the work of
S.4. Popal and S.W, Tromp3 . Some information on the recent investigations
of the German Geological Mission can be found in Ref. 37 and the geological
information as compiled by the UN is given in Vol, II of the Survey of land
and Water Resources for Afghanistan35. A brief but comprehgnsive review of
the geology of the country has beén prepared by A. N&saery3 of the Faculty
of Science at Kabul University, The most recent geological map, published
in 1969, is included in this report as Fig. 2 and the present discussion
will be based prlmarlly on this map.

The most striking feature of the stratigraphy of the country is
the broad belt of Paleozoic and older rocks which occupies the entire
northeastern corner of the country as far south as the Safed Koh Range and
strikes southwest, thinning and disappearing just north of the Khajaki
Reservoir, Throughout this belt large granitic intrusions are found, The
oldest known rocks in this belt are the Crystalline Shists of Proterozoic
Age., A secord belt of similar composition and age, separates in the
central part of the country from the broad SW-NE formation and strikes to
the west. This more narrow belt clearly follows the Hari Rud valleys and
continues west through the Paropamisus mountain range. It can be clearly
seen that this belt demarcates the northern geology of the country from the
southern. To the north are found, primarily, Cretaceous to Paleocene lime-
stones and red sandstones, while to the south are older Jurassic to
Cretaceous limestones and sandstones,

Throughout the mountainous regions which coinecide with the two
belts of Paleozoic and older stratigraphy, extensive fault systems are
evident. Clearly, the predominant strike of the faults follows the direc-
tion of the mountain systems. Some faults however do run traverse to the
general orientation of the physiographical and geological structures. On
the whole the fault system is quite complex particularly in the central and
northeastern regions. A more detailed discussion on the fault systems of

-the area will be reserved for Sec, 5 where the global, continental and
regional tectonics will be presented.

The second salient feature of the stratigraphy appears in the
southeastern portion of the country and concerns the geology of the eastern
Baluchistan-Indus bloek as compared with the central Afghan block; these
are delineated by the Chaman fault line up to just south of Ghazni, and
then by the fault which bifurcates and strikes towards the Safed Koh Range,
The older Jurassic to Cretaceous rock compositions of the eastern edges of
the central block are contrasted to the Paleocene limestones, sandstones
and shales of the eastern block. Another important observation in the
comparison of these two blocks is the presence of granitic bodies on the
west side of the fault and the total absence of any granitic bodies on the
east side. As will be discussed in Sec. 5 this fault may well form a
portion of the edge of the continental Indian-Australian crustal block.

Vast regions of the country are composed of Neogene conglomerates,
sandstones; and siltstones, These are prevalent in the Sistan region of
the country in the southwest and also appear in the northern regions
approaching the Oxus River basin., Ofher significant zones are the Tarnak
River regions and the area between the Safed Koh mountains and Jalalabad.
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Quaternary deposits such as gravels, sands, loess, etc. are
found throughout the country. These predominate in the northern regions
around the Oxus River basin, the western areas and in the south. They are
also prevalent throughout the interior mountain basins with the Kabul
valley and the Koh Damon valley being excellent examples, The thickness
of these deposits can be excessive; for example, in the regions of Kabul
City the alluvial reaches depths in the order of 1,500 meters. These deep

alluvial regions are of particular importance to the study of seismic risks.

It is well known that unconsclidated regions greatly amplify the effects of
seismic disturbances and increase the level of earthquake damage. The deep
alluvium on which Kabul is built is one of the major reasons why sc many
earthquakes are felt in the city.

Although there are no active velcances within or near to the
regions of Afghanistan there is broad and extensive evidence that the _
region was ‘active throughout the Triassic to the early GQuaternary periods
with intense activity38 in the Triassic~Jurassic period and the Oligocene
epoch. The western portion of the country contains many volecanic eruptive
complexes of Oligocene age; these extend into the western regions of Iran,
Quaternary volcanism is found in the regions of the Dasht-i-Nawar, west of
Ghazni, and on the southern borders of the country just north of the Chagi
Hills. The latter is probably the most recent volcanic aectivity in the
region. - ‘

Geological evidence gathered in the Sayghan-Doab region537 has
contributed to identifying the Hindu Kush orogenic process on a temporal
scale, Throughout the Paleozoie era, Afghanistan was largely marine. At
the end of the Triassic, early Alpine, tectonic movements occurred and the
en bloc uplift of the Hindu Kush ridge was started; this was accompanied
with the intense volecanic activity of Tr13551c=-Jurassic as previcusly men~
tioned, This early uplift divided the region into a North-Afghanistan
epicontinental sea and a Central Afghan Sea; these were connected by
channels through the Hindu Kush ridge until Upper Cretaceous. New and
massive uplifting of the Hindu Kush ridge started in Oligocene {(Middle
Alpine) and this was accompanied again with intense voleanism along faults
and fissures. The major uplifting of the Hindu Kush corresponded in time
with the rise of the Himilayas. Significant additional uplifting continued
into Miocene or early Pliocene based on marine deposits, The regions
around Herat were probably uplifted and folded during the Fliocene. Inter-
mittent vertical movements continued into the Pleistocene and subrecent
time which is evident by the terrase formations in the river valleys of the
Hindu Kush region., Faulting in the region is believed38 to be younger than
the Oligocene orogeny and probably during the late Pliocene to early
Pleistocene,

In view of the relatively young age of the mountain systems in
Afghanistan it 1s evident that tectonie processes are still continuing.
The level of seismic activity which has been recorded during the past 70
years substantiates this statement. The nature of the tectonic movements
which are still active is open to question and certainly will not be
resolved in this report; however, the following section will present and
discuss the tectonics of the regions as established by the ground and
aerial survey available to date. This information, when combined with the
seismicity data, will provide a reasocnable understanding of the presently
active tectonic regions in Afghanistan,
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5. TECTONICS — GLOBAL, CONTINENTAL AND REGIONAL

There is unanimous agreement among seismologists and geophysi-
cists that earthquakes are a manifestation of tectonic processes within
the earth's crust and upper mantle. These tectonic processes involve the
accumulation of tremendous forces which are capable of moving continents,
building mountains, creating oceanic trenches and fracturing the crust of
the earth. Reid'séo observations of the San Andreas faulting which
occurred in the 1906 San Francisco earthquake, and his hypothesis that the
energy of an earthquake derives from the accumulation of strain energy
which is released suddenly when the material strength of the earth's crust
or mantle is exceeded, forms the basis for all modern interpretations of
seiamic phenomena., Although very few earthquakes are accompanied with
visible surface fracturing, as in the case of the San Andreas fault; there
is strong evidence to support the existence of sub-terranian or sub~oceanic
fault planes with all earthquakes. The established inseparable relation-
ship between tectonic processes and earthguakes has provided a great
insight inte the mechanism of earthquakes and also into the evoluticn of
the earth's continents and oceans. It should be noted, however, that
although there is unanimous agreement on the tectonic aspect of earth-
quakes, there is no uniform agreement on the origin of the forces which
are promoting the tectonic processes or for that matter the manner in
which the forces are applied, single couple, double couple, etc,

o If the seismic nature of a region is very well understood then
of course the tectonics of the region could be inferred, On the other
hand, if the tectonic patterns of a region are well known then the seismic
characteristics could be ascertained. Unfortunately a complete knowledge
of either the seismicity or the tectonics of a region is quite unattainable,
at least with the present state of research techniques in the earth sciences.
The approach to acquiring the best understanding of a region must be one of
combining the information available on seismicity and tectonics, In parti-
cular the supplementing of seismic observations with tectonic data greatly
broadens the time scale of seismicity investigations. - Reliable seismic
observations have only been made during this century and on & geological
time scale this is nothing more than & tick of the clock. Tectonic obser-
vations are not restricted to recemt or current events. Through the careful
studies ef such things as topography, stratigraphy, bathymetry, gravity
anomolies and magnetic anomolies, tectonic processes, dating from the
Paleozoic or earlier to the recent can be identified., For the present
study the tectonic processes of interest are those which are currently
active and are responsible for the shaping of the earth's surface as known
today.

The tectonics of the regions of Afghanistan are not well under-

. gtood but this situation is changing rapidly. Recent investigations and
theories on the global tectonic mechanisms and regional studies of the
active fault systems have provided a more lucid insight into the geodynamics
of the country than ever befare. The primary object of this seetion of the
report is to summarize the information which is currently available on the
tectonics of the regionj this however will be preceded by a discussion of
the latest concepts of global tectonic patterns with special emphasis on
the tectonics of the Indian-Australian crustal block. Some of the regional
tectonic processes will be inferred from the envisaged global and continen-
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tal mechanisms, Certainly the tectonlc information which will be presented
here is far from complete but it will provide a background for a better
interpretation of the reglqpalzgglsmlc data,

5.1 Global Tectonics

Throughout the current century one of the greatest scientific
controversies has been the origin of the continents, = 4lfred Wegener, who
revived and extended previous interpretations and findings on the shape of
the continents, set the stage for the 20th century controversy with his
published theory of continental drift., Because.of the lack of corroborating
evidence and decisive tests, the theory was V1rtually abandoned until the

mid-19507s, New scientific evidence which became available as the result
of recent arnd improwved research technlques revived the theory and currently
it is gathering ever increasing support. For some of the most 1mportant
contributions to this subject, up to 1965, reference should be made to the

books entltledp "Continental Drlft“B? and "Symp081um on Continental DrirtthO,

Some of the most convincing evidence buttr6331ng the theory of
continental drift has been supplied by selsmologyo During the past ten
years as a result of the great increase in the number of seismic .stations
throughout the werld, improved instrumentation and the use of computers for
epicentral determinations, there has been a tremendous increase in both the
quantity and gquality of earthquake data. As a result, regions of the world
which had been too remote for detecting earthquakes, unless of course the
event was of major proportions, are now being monitored. = This explosion of
seismlc data has provided the msans for delineating the seismic zones of
the world with an agcuracy and completeness whizh could not have been
obtained prior to 1960.. This improved world. seismicity data is supplying
" some of the evidence necessary for devising an improved interpretation of
the global tectonic patterns,

.One of the most recent versions of seismicity maps (see Sec..8
for general definition of selsmi01t§ map) for the earth was published. in
1969 by M, Barazangi and J. Dorman The information for compiling these
maps was obtained from the earthquake hypocentral data files of the USC&GS
“and covered the seven years from 1961 to 1967. Nearly 30,000 epicenters
were plotted., The handling of such a vast amount of data was only possible
with present day technoleogy through the use of computer-plotting machine
facilities. At the time of writing this report however the USCXGS has
published a new 1961-1969 world seismicity map using the same procedure.
The results of Barazangi et al and the USC&GS have been combined in the
preparation of Fig. 3 in this report. In -this type of seismicity plot no
distinetion is made between earthquakes of different magnitudes., The
important features which are being illustrated are the spatial distribution
of epicenters and the distribution as related to the depth of foeii, In
- Fig. 3 the depths have been divided into three zones; namely, shallow
_‘(0=7o k), intermediate (71-300 km) and deep (301m7oo km), .

The most striking features of the world seismicity as shown in
Fig. 3, are the well-defined narrow belts of earthquake activity. As seen,
the greatest distribution of epicenters follows the continental edges of
the Pacific and this is the wellwknown.Gircum Pacific Belt, It is esti-
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mzted that nearly 90 percent of all the earthouskes in the world occur
within this region. The second major belt, the Alpide Belt (described in
Sec. 2), has a more irregular pattern end is not very well delineated. In
particular, the belt appears to have an interruption in the western regions
of Afghanistan. Although only nine years of information are represented,
the discontinuity seems to suggest that the Alpide Belt, as previously
envisaged, is actually composed of two distinet segments with the western
segment being controlled by probably quite a different tectonic pattern
from the eastern segment (see Sec. 5.3). The extreme eastern portion of
the Alpide Belt, through the Indonesian Archipelago does however exhibit
the more typical pattern of narrow epicentral belts, '

Although on a secondary level in terms of activity, the earth-
gquake belts within the oceanic regions are clearly visible and this is one
of the most revealing results demonstrated by the recent superior quality
of epicentral determinations. The Mid-Atlantic Belt is clearly the most
well developed and complete throughout its entire length., The belts in
the Pacific and particularly that of the South Pacific have the poorest
definitions but nevertheless the trends are very evident, The regions of
the Indian Ocean, which have the greatest bearing on the present study,
exhibit nearly the same quality of sharply defined belts as that in the
Atlantic. Although the northern extending belt seems to continue into the
Gulf of Aden there is evidence of a continuation of activity in the direc-
tion approaching the coastal regions of West Pakistan (this observation will
be further developed in Sec, 5.2). The important aspect of all these
oceanic earthquake belts is that they coincide completely in all areas with
the well-mapped oceanic ridges and this phenomenon forms one of the corner~
stones for the modern interpretation of the mechanism of continental drift.

Tt will be noticed that not all epicenters fall within the narrow
zones of intense activity. The west-central and eastern regions of United
States contain a consierable number of epicenters., Also the lower eastern
sector of the African continent displays some activity but most of this is
associated with the Great African Rift Valley, Certainly the most exten-
sive region outside the narrow belts is the triangular zone stretching up
through China, Mongolia and Siberia with its apex near lake Baikal and its
base stretehed along the Himalayan Mountain Range. The edges of this triw
angular regicon are particularly active in comparisen to the central portions.
In addition to these regions, it can be seen that isolated, randomly located
epicenters exist throughout most of the regions of the world. This observa-
tion carries the conclusion that earthquakes can probably occur anywhere in
the world, but in the broad regions outside of the active zones discussed,
the frequency of occurrence is very low and accordingly the seismic risks
are not great,

The secord feature of the world seismicity map is the distribu-
tion patterns of shallow, intermediate and deep earthquakes, The deepest
earthquakes, 300 to 700 km in depth, occur exclusively within or near to
the deep trench areas of the oceans with the one exception of a small
pocket in the Mediterrean Sea between Sicily and Italy. The greatest
density of deep earthquekes appears to the west of the Tonga Trench
followed by the western flanks of the Phillipine, Izu, Japan and Kurile
trenches. The other region of deep earthquakes associated with the Circum
Pacific Belt is within the western regions of South America, parallel to
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the Peru~Chile trench, In the Indian Ocean regions deep esarthquakes are
found on the northern sides of the Java and New Britain trenches and to
the east of the New Hebrides trench. . The association of these deep earth-
quakes with the trenches of the oceans is ancther obserwation which is
used to support the new thecries of continental drift,

&t is clear from Fig. 3 that shallow earthquakes predominate,
According to Richter and Gutenberg59 shallow earthquakes account for
roughly 85 percent of the energy released by all earthquakes; deep earth-
quakes only contribute 2.5 percent in terms of energy. In all the seismic
regions of the world shallow earthquakes are found to ogecur, The mid-ocean
belts are completely composed of only shallow earthquakes. Also, within
most continental regions only shallow earthquakes are recorded but there
are notable exceptions where intermediate earthquakes are prevalent., In
particular, the western coasts of the Central and Socuth Americas display a
great density of intermediate shocks. With the exception of a small zone
of intermediate shocks in the Mediterrean the only other regions in the
world where intermediate-depth earthquakes occur within continental masses
are along the northwestern borders of Burma and the very dense pocket in
the northeastern corners of Afghanistan. The existence of these unigue
intermediate-depth earthquakes establishes Afghanistan as a complex
tectonic zone, .

Intermediate-depth earthquakes are also found in the trench
regions of the oceans but they are not randomly distributed about these
zones, It can be seen in Fig. 3 that the intermediate shocks are always
 located between the deep earthquakes and the shallow earthquake belts, all
which run paralilel to the strike of the trench. This is a characteristie
feature of seismic activity associated with trenches and it is now strongly
believed (H, Benioff39) that this consistent distribution of earthquake
depths indicates that there are fault planes running nearly parallel to the
trenches but dipping at steep angles from the trench opening to deep within
the upper msntle. The deep earthquakes in the interior of South America -
are accordingly an extension of the dipping fault plane originating in the
Peru-Chile trench. This aspect of dipping or plunging fault planes in
trench regions is an important observation which further supports the
recent concepts of continental drift presented next.

. The overall appearance of the world seismicity as presented in
Fig. 3 strongly supports the latest global tectonic interpretations which
envisage that the earth’s ecrust is divided into what is termed crustal
plates. These plates are not fixed in position but are actually moving

about by floating on the upper strata of the mantle called the asthenosphere.

The plates rsact with one another at their common edges and this of course
is an obvious source of earthquakes and accordingly the edges of-the plates
should be identified by belts of seismic activities. On this premise,
inspection of Fig. 3 provides the definition of the crustal plates, Clearly
the largest plate is the Pagific Ocean block outlined by the trench systems
on the west and north, the coasts of America on the northeast and the
Pacific oceanic ridges on the southeast and south. The second largest
plate is defined by the western coasts of the North and South American
continents and the mid-Atlantic ridge. The other major plates are the
African block and the Indian-Australian block which of course is the most
directly related to the present investigations., Smaller plates, such as
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the . block of. the west coast of“South Amerieaand-the Arabjan Pen:nsula
block can be seen. The masslve Eiurasiar and- Amtertica. blocks are con-
sidered in most 1nterpretatlons to be: relatlvely'stable masses 1n comparl-
son to the other plates, ;”%:; R ) :

The concept of gigantlc crustal plates floatlng about on the
mantle is difficult to accept solély by-itself, but the. bypothesis becomes
more tenable in llght ‘of the TFecent evidence. produced by the earth
sciences#ld; this’ information when taken:together. prov1des a, plaus1ble

.mechanism for the global ‘movement “of the:.plates... It ig. now. belleved that

the ridge areas- of the oceans are acbually openings. in. the crust. from
which lavas from w1th1n ‘the mantle:are: outpouring. and thereby creating new
crustal material. “This: creation ¢f crustal surface on. the ridges of “oceans
produces the result ofocean floor spreading-and- the most well understood
example. of this is the separation of the Americas from the. European and
African continents about ‘the mid-Atlantic ridge, . In. addition to the’ great
similarity of the two coast llnes, which=of course was the. orlglnal evie
dence that inspired ‘the’ early theories: of" continental drift, the similarity
of fossils and rock’ structures, -ag-¢ompared; on the: ba31s of eetabllshlng

- the best fit between the two COast llnesg has been establlshedn S

Dlrect ev1dence supporting sea’ floor spreadlng has been recently
obtalned by on-the—spot explorations of-the smid-At Jantic. rldges. These
investigations have incIuded* the measurements:of - abnormally high heat flow
retes, of decreasing thicknesses of sedlmentary depesits and of decreasing
fossil ages, all on the basis of approaching the ridge zones, Possibly,
the most convinecing information howeVer has .come:'from magnetic anomaly
measurements, These anomaliés are” inthe form.of. magnetlc reversals in
the remanent . magnetlsm ‘of'the’ crustal rocksy .- This .remanent. megnetlsm is a
clear indication of ‘the earth's magnetic fleld whleh existed .at the time

when the lava cooled through ‘t4§” Curie point. -.It:is now well kmown that
the earth's field has pericdically “changed: pqlarlty and. by dating continen~

tal rocks showing normal and revérsed magnetism;-a. geomagnetlc time scale
has been established"<. Based-on“this geological pattern of perlodlc mag-
netic reversals, G.O. chkson et ‘al%3 have established that there.are’
elongated and parallel magnetic anomaly patterns w1th remerkable symmetry
about the ridges of the South Atlantic Ocean. By measuring the displace-
ments of the anomalies from the ridges and utilizing the established
magnetic reversal: hlstory, a-maximum spreading velocity. of 2,0. cn/yr was
estimated for the regions 1nvest1gated.; Similar magnetlc anamaly studles
have been performed for both'the Pacific4h and Indian, Oceans®?, and’ in
each case parallel and symmetrical magnetic: anomalles about the rldges
were detected and accordlngly sea Tloor spreadlng establlshed

If ssa floor spreadlng is accepted and the ev1dence for “this is
very strong, . then the obvlous quéstion: is: ‘how .does- the earth's surface’

. adjust to th1s contlnual creatlon of ~gurface area, .If the prlnclple of
conservation. oi surface area 1§ aecdepted: {an expanding earth is dlffiCult

to detect and Justlfy) thenthere. must .berplaces where surface area’ is

idlsappearlng Two poss1b111t1es £or’ thls exist; namely, the trench and
_.mountain systems of the world; - Inthe case: of the: trenches it is. belleved

that the crust is belng ‘thrust déwn through’ the trench 1nto the upper
mantle; the trénch is thus adting ‘as the sink counterpart to the oceanic
ridge sources, The world seismicity presented in Flga 3, showing the
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variation in depth of earthquake focii in the trench gones, supports this
concept. The mountain systems are regions where compressive forces are -
causing wrinkling in the topography and this represents an accumilation of
crustal material and is in effect another type of sink. The Zagros moun-
tains in Iran and the Himalayas fit this concept very well.

These gones of sources and sinks, where crustal area is being
created and destroyed, form the boundaries of the crustal plates, -Along
these zones the plates are interacting, In oceanic ridge zones the plates
are being pulled or pushed (?) apart and this could be thought of as a
tensile interaction although the forces applied to the edges of the plates
are probably compressive, In the trench’ and mountain regions the plates
are being pushed together to produce a:compressional interaction, - In both
these cases the motion of the plates are orthogonal to the boundary. A
third type of boundary alsc exists which is the case where two plates move
parallel to the boundary either in opposing directions or at different
rates in the same direction. The interaction in this case is of the shear-
ing type and these would be represented by the transcurrent or strike-slip
fault systems of the world (along fault boundaries, area is neither created
or destroyed). The most well-known exsmple. of a fault boundary is the San
Andreas fault. Based on the crustal plate model, it follows that tectonic
processes are a manifestation-of the interaction of the boundaries which
involve the accumulation of compressive &nd shearing forces., If this
crustal plate model is accepted then the world selsmlcity data shown in
Fig. 3 is an a priori result. ‘ Do ‘

The ma jor dlfflculty in the plate theory as presently envisaged
is the formulation of a suitable explanation to account for the origin of
the forces motivating the plates,  Although there is no'substantiating
evidence many tectonophysicists39’40 believe there are thermal convection
"cells within the mantle which rise up.under the ridge zones of the oceans

.and descend under the continents; As-the plastic mantle material traverses
from the ridges to the continents; viscous forces are imparted to the over-
laying plates and hence the driving mechanism., The model of convection
cells is clearly one which has been devised to best sult some of the
present day observatlons. ' : :

The actual manner by which the crustal plates move is of course

a very camplex problem, Certainly if a dynamical analysis of the motion
is to be made it cannot be based on planar considerations. The crustal
plates are vast in dimensions and the curvature of the earth cannot be dis-
regarded. Obviously the problem is one of spherical geometry. Hecourse
- to a theorem of Euler provides the statement that the motion of rigid

blocks if constrained to the surface of a sphere must be such that the
motion can be described by simple rotation about:some axis which passes
through the center of the sphere. For example,.if the motion of a crustal
plate was in the .east-west direction, then the axis of rotation would be
identical to the earth's axis of rotation which is defined by a line passing
through the north and south poles and the center of the earth.  For this
special case the motion of any point on the plate would be along lines of
constant geographic latitude. Although all points on the plate have the
same angular velocity the absolute motion is not uniform; points near the
equator would experience the greatest translations and those near the pole
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- the least. -In the general case when the motlon is other than in an east-~
west direction, the problem is.one of determlnlng the approprlate poles of
rotation,. et . L o ;

There is strong ev1dence supportlng the mot1on of the earthI
erustal plates on the basis. of sample rotatlons about appropriate poles.
‘By magnetic anomaly measurements it has, been found that the spreading
rates along the mid-oceanic ridge systems are not uniform, For. examp1e42;h39
along the mid-Atlantic ridge the spreading velocity is maximum around 2595
and deereases from thie point. either .to. the,nqrthmorussuth wThe unequal
spreading rates about. the ridges has produced large fracture zones perpen~
dicular to the axis of the ridges. -Presumably the.variation in spreading
velocity along & ridge is actually achieved in.a.discontinuous manner .
between the blocks of crust separated by successive fracture zones,. The
imperfect variation of spreading velocities has resulted in producing. .
ridge axes which have the appearance of discontinuous segments bounded by
the fracture zones. The major earthquake activity in the ridge areas
occurs along that segment of the fracture. zones which offsets the axis of
the ridge. This type of faulting is ‘known as transforim faulting a8 com-
-pared to strike~slip faulting. : Selsmlc investigations have. thoroughly
establlshed this . resulthla r - e

Ba.sed on measured ocean floor spreading veloc:Ltles and on the
strike dlrections of the fracture zones (these are perpendlcular to the.
ridge axes) the hypothesis of crustal plate movements on the basis of
simple rotation has been tested, The test involves determ1n1ng whether or
not a single pole. of. rotation can be found which suits the’ spreading
velocity data and the strike of .the fracture zones as. known along an entlre
-ridge. This analysis has been ferf rmed for all the rldge areas. of the-.
oceans and the resultsh 524 support the. hypothe31s very well, For
the Atlantic and Pacific plates the best fltting poles of rotation were
found to be nearly ceincidents and. located in the Labrader Sea, . Thus ‘the
axis eof rotation for these plates is only slightly inclined to the earth's
rotational axis and the movements are. very much in east-west directions,
The results for the Indian-Australian plate were not. as favorable primarily
because the spreading of the Indian Ocean is vastly more complex (see Sec.
5.2 for more detailed dlscu351on) than either the Atlantic or the Paclflc
Oceans. Nevertheless, a pole of rotation was calculated (based on the
characteristics of the northwest branch of the ridge) and it was located
- in Libya with its antipode lying in the Pacific Ocean northeast of New
- Zealand., This axis of rotation is very much inclined.to that of the
Atlantic and Pacific plates -and it is such that movement -of the Indian~
Australian plate on the north .side .of the ridge -is primarily irn &:northward
direction. . It should be clearly noted that these rotational axes were
established using magnetic anomaly.dsta from middle Meocene (20 million
years) or later. Also the calculations were. based on the premlse that .the
crustal plates are .completely rigid so that no.warping or d1stort10n within
“the plate surface exists. .From bathymetric studies. the known smoothness of
the ocean floors away from:ridge and trench. boundarles of the ocean blocks
-seems. to Justify this assumptlon of rigidity. .. e e

" The observations, - measureménts and proposed theories which have

occurred durlng the past: five years have produced a revolutlon in the earth
sciences. - The concepts of. crustal plates ‘bounded by ridges, trenches,
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mountains and transcurrent faults, of the formation of crustal area in the
oceanic ridge areas, producing ocean floor spreading, of the elimination
of crustal area in oceanic trenches and mountain systems, of the movement
of the crustal plates from the ridges towards the trenches and the moun~
tain systems on the basis of a simple rotation about an axis through the
earth's cemter, and of the a posteriori existence of thermal convective
cells within the mantle as the overall driving mechanism, are indeed bold
steps toward achieving the ultimate goal of developing an integrated model
for tectonic processes on a global scale. As further evidence is forth-
coming the model will undoubtedly be refined and some of the less .well
understood regions of the world will be brought into the global pattern.
Even if the present model is incorrect .the recent information from seis-
mology, paleontology, geology, geomagnetism and bathymetric measurements
have clearly put to rest many of the older models which still had support
up to the present decade.

5.2 Continental Tectonics -~ Indian-Australian Crustal Plate -

The foregoing discussion on global tectonics has shown that the
tectonic mechanisms within the earth's crust are primarily confined to the
narrow zones associated with the edges of the envisaged crustal plates, It
follows then that the level of seismic activity for a given region will very
much depend on the location of the region with respect to the boundaries of
the plates and also on the type of boundary, that is, a fault system, a
trench system, or a folded mountain system. Inspection of the world seis-
micity, Fig. 3; shows that the regions of Afghanistan are straddling the
upper northwesterly corner of the massive Indian-Australian crustal plate.
This important observation provides a fundamental insight into the tectonic
and seismicity characteristics of the country. If the hypothesis of
shifting crustal plates is a valid one then clearly the tectonics and
gseismicity of the regions of Afghanistan will be very much influenced by
the movement of the Indian-Australian crustal block which in turn is
governed by the nature of ocean floor spreading in the Indian Ocean. The
strong evidence supporting ocean floor spreading will be considered in this
report as sufficient to justify an interpretation and discussion of the
tectonics of the regions based on the movement of the Indian-Australian
plate.

_ The Indian-Australian crustal plate is well defined by the world
geismicity data shown in Fig. 3. The boundaries of the plate are however
also well defined by very definite physiographic features and these are
shown in Fig. 4 which presents a map of that portion of the world encom~
passing the Indian-Australian block and its adjacent regions. As seen, the
extreme easterly boundary of the plate passes through the length of New
Zealand including the Kermadec and Tonga trenches on the nerth and the
Macquarie Rise on the south. Within the New Zealand area th$ boundary is
defined by the Alpine fault which according to H.W. Wellman® s is a dextral
transcurrent® fault., The southerly boundary follows the mid-oceanic ridges
of the Indian Ocean from the Macquarié Rise to the Rodriguez fracture zone.

*-~~A dextral transcurrent (strike~slip) fault is one in which the shearing
forces produce a clockwise couple about the fault line when viewed from
above; a sinistral transcurrent fault produces a counterclockwise couple.
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This section of the ridge shows discontinuities in the fracture zones south
of Australie and in the Amsterdam fracture zone, due south of Ceylon. - From
the Hodriguez fracture zone the western face of the plate follows the short
sect.ion of ridge up to the Vema trench, and the’ Carlsberg ridge north to
-the Owen fracture zone., Although there is a continuation of the ridge
physiography imto the Red Sea the northwestern edge of the plate follows.
the NNE strike of the Owen fracture zone to the point where it disappears
on the continental shelf of the Arabian Sea, From this point north the
boundary ‘of the plate becomes less well defined particularly in the
Baluchistan areas of West Pakistan; this section however will be discussed
separately after the other more well-defined boundaries are presented.

The northern end of the Indian~fAustralian plate contains the
entire continental zone of northern India and it is the total length of
the Himalayan mountain range which establishes the most northerly edge.
From the eastern end of the Himalayas the boundary dips south following
the strike of the Patkai Hills and the Arakan mountains in Burma, After
passing through the Andaman and Nicobar Islands the northern edge becomes
again very well defined by the great Java trench. From here the bourdary
appears to pass through New Guinea (Fig. 3), then through the New Britain
and New Hebrides trenches and closes on the Tonga trench.

The only edge of the Indian-Australian plate which remains to be
defined is the section which must link the northern end of the Owen frac-
ture zone with the western end of the Himalayas. From Fig. 3 it is seen
that this section is defined by a broad belt of earthquake activity which
extends in width from the western edges of the Indus basin to the eastern
regions of Afghsnistan, The question to be considered is, are there any
salient physiographical features in this region which could be defined as
the boundary? <{ertainly the western edge of the Indus basin in the form
of the north-south striking mountain ranges such as the Sulaiman Range
(see Fig, 1) appears as a good possibility. However, in view of the north-
ward movement of the Indian-Australian plate (to be discussed shortly), the
required north-south boundary should be defined by a significant trans-
current fault system having a sinistral sense; that is, it must have the
opposite sense to the dextral NS Alpine fault. Based on this premise, it
seems very logical to select the well-known Chaman fault which strikes NNE
and is sinistral in sense, This major fault has been carefully investi-
gated by H.W. Wellman®’ 48 and he has estimated the total length to be in
the order of 800 km extending from 300 km north of the Arabian Sea to the
Hindu Kush. The arguments supporting the Chaman fault are that (a) it has
the proper sinistral sense; (b) it has the proper strike and actually lines
up with the Owen fracture zone; (¢) it has the appropriate large dimensions;
and, (d) it separates two blocks of entirely different geology (see Sec,
4.2 and Fig, 2). The only argument against the Chaman fault, is that
according to Wellman's investigation, it does not extend to the Arabian
Sea as would be expected., There are however some en-echelon fault systems
to the east of the Chaman fault which run north to south and almost reach
the Sea, It may well be that these secondary faults complete the system.
In eny event, because the arguments for the Chaman fault are strong, it
will be assumed in this report that this fault does form the northwestern
bouridary of the Indian~Australian plate; however; in Sec. 5.3 and Sec, 9
gomé modification to this assumption will be presented.
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The vast dimensions of the Indian-Australian plate along with its
highly complex shape renders any mechanical analysis of its motion, at best,
only an attempt. This plate, unlike the other major plates of the earth's
surface, possesses all four types of boundaries; that is, (1) the ridge
systems of the Indian Ocean, (2) the trench systems of the Java and North
Australian regions, (3) the mountain systems of the Himalayas ard those in
Burma, and (4) the transcurrent fault systems of Afghanistan and New
Zealand. Furthermore, the floor of the Indian Odean within the plate is -
not free of distortion but possesses some major formations, in particular,
the MNinetyeast ridge and the Diamentia trench. Despite all these compli-
cating factors considerable information about the movement of this plate
has been deduced by X. Le Pichon et al%® and a review of their research is
worthwhile,

From magnetic anomaly measurements for five traverses over the
mid~oceanic ridges, extending from the Cwen fracture zone to east of the
Amsterdam fracture zone, le Pichon et al were able to determine the _
spreading rates of the Indian Ocean floor. The ridge points explored are
identifijed as C, D, E; F and G in Fig, 4., The results, averaged over the
last 10 million years, gave spreading rates¥* of 1,5 cm/yr for the Carls-
berg ridge, an average of 2.3 cm/yr for the ridge ssctor between the
Rodriguez and Amsterdam fracture zones and the higher rate of 3.0 cm/yr
for the southeast ridge. Based on the rotational hypothesis for crustal
plates, it would seem that this wvariation in the determined spreading rates
is appropriate. Le Pichon et al put this to test by determining a pole of
rotation based on the known strike of the fracture zones in the Arabian
Sea and Gulf of Aden regions. The pole so determined was located at 26°N
and 21°E with the antipode at 26°S and 159°W. By aceepting the data pro-
duced by A.S. laughton for the Gulf of Aden and Red Sea (the spreading
rates from this paper are shown in Fig. 4 as points 4 and B) which showed
a rotation of the Arabian Peninsula away from the African continent in the
amount of 7° during the last 20 million years, spreading rates were calcu-
lated using the pole positions and compared with the measured rates. The
agreement was surprisingly good for the ridges west of the Amsterdam
fracture zone but the calculated rates were very low for the eastern
ridges. The important conclusion drawn from this result is that although
some error surely exists in the calculated pole positien, the major dis-
crepancy results from the fac¢t that the angular rate of expansion is not
uniform along the Indian Ocean ridges. The southeastern ridge appears to
be spreading at a greater angular rate than the northwestern ridge.,

The difference in observed spreading rates in the Indian Ocean
is not without possible explanation. From Fig. 4 it can be seen that the
northern sink counterparts facing the crustal sources of the ridge are of
two types; in the west are the Himalayas, s folded mountain system; while
in the east i1s the Java trench. Although there is little evidence to
support this hypothesis it would seem thst the unegual spreading rates
possibly are as a result of less resistance offered by a trench system

#=—It, should be noted that these averages are quoted-on the basis of the
spreading rate of one side of the ridge away from the ridge; accordingly
the rate at which the ocean floor is spreading would be twice the magnitude
of these rates. It should also be noted thet the spreading rates presented
in Fig. 4 are relative to the ridge.
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than by a mountain system. The only evidence in favor of this hypothesis
is the very high, in the. order of 5.0 cm/yrkz, spreading rate of the
Pacific plate, In this case only trench systems are 1nvolved as 51nks
for crustal area, .

Although the mismatch in angular spreading rates prohibits, at
present; a simple and integrated description of the mechanics -of the
entire Indian-Australian crustal plate it does not prevent a local inter-
pretation of the tectonics of the northwestern section. For this local
consideration, the important result of Le Pichon et 2l is that ocean.floor
spreading along the Carlsberg ridge was established.  In view of the strike

"of the Carlsberg ridge; this spreading will have the effects of rotating

Africa away from Asia and the more important effect of thrusting the
northwestern section of the Indian-Australian plate into continental Asia,
The seismic zones associated with the Himalayas (schematically illustrated
in Fig. 4) must be a manifestation of this thrusting. In particular the
appearance of the triangular zone of shallow earthquakes with its base
running concurrent with the Himalayas and being symmetrically arranged
about a near-northeast direction imparts the impression that thrusting is
indeed taking place., Although the primary result of this thrusting motion
was to compress and fold the Himalayas and other nearby ranges, it appears
now that owing to gravity considerations, the uplifting has reached the
point where extensive overthrusting in the crust; well into the ‘Asian -
continent (as far as. lake Baikal), is mechanically possible. The con-.
verging zone of the overthrusting in the shape of a triangle seems: very
appropriate from a mechanical viewpoint. .

The average direction of the thrust of the northwestern section
of the plate can be roughly established by either determining the direc-
tion of a perpendicular to the average strike of the Himalayas or by
selecting a line which best bisects the triangular seismic zone, This has
been done with the resulting direction of 309E of north for the former and
35YE of north for the latter. Another method to determine the direction
of thrust is to utilize the rotational hypothesis. In this case by .
sweeping a giant circle through the poles of rotation and through the
Carlsberg ridge the thrust direction can be found by drawing a perpendi-
cular to the circle. The results of this method yielded a direction of
31°E of north and this agrees surprisingly well with the above results.

The question of immediate interest is the local direction of
thrust in the regions of Afghanistan which lie on the northwestern edge
of the plate. For want of a better method it does seem reasonably correct
to ascertain the direction of thrust as being parallel to the strike of
the Owen fracture zone. This fracture zone demarcates the Arabian Penin-
sula plate* from the Indian~Australian plate, The world seismicity date
(Fig. 3) and the research performed by C.W. Stover”? on the seismicity of
the Indian Ocean, indicates that the Owen fracture zone north of the
Carlsberg ridge is seismically active over its length; this may be
indicating that it is actually a fault system north of the ridge rather
than a fracture zone. Regardless of this; the strlke of the fracture

#-.The Arabian Peninsula plate is also moving northeastward by sea “Floor
spreading in the Red Sea. The Zagros mountains in Iran are & compressive
mountain system analogous to the Himalayas. :
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appears to have a direction of 21°F of north which would imply that a
similar thrusting direction would extend into the regions of Afghanistan,
The strike of the Chaman fault, which has the shape of a gentle Z; has
possible thrusting directions which vary from near due north to 35°E of-
north, For the moment 1little significance can be attached to this but it
will be further discussed in Sec. 5.3. - The important fact is that the
direction of 21°E of north correlates very well with results obtained by
AR, Ritsema®C who has performed extensive fault plane solutions for the
earthquakes originating in the Hindu Kush center (36.59N, 70.59E), The
salient conclusion reached in this study was that the principle direction
of thrust for the intermediate-depth earthquakes was approximately 19°E of
north. The agreement is excellent and it gives strong support to the fact
that the earthquake activity in Afghanistan is very much related to the
continental tectonics of the Indian-Australian crustal plate, - S

The existence of the Himalayas as a .compressive gzone created by
the thrusting of the Indian-Australian plate and the opposing force pro-
duced by the Asian continent appears to be well established. The ‘
phenomencn of the occurrence of intermediate-depth earthquakes conflned to
the upper corners of the plate; as shown in Fig. 4, must be related with
this general NNE thrusting but the mechanism requires a more sophisticated
analysis in order to produce a plausible explanation. A number of investi-
gations have been directed to this problem.of deep earthquakes in the Hindu
Kush with the most complete analysis being made by Ritsema’C. Rather than
discussing this interesting phenomena at this point it will be more appro-
priate to reserve further comment until See¢. 8,2 wherein a detailed
seismicity analysis of the Hindu Kush intermediatemdepth earthquake. zone
will be presenteda

Before ending this discussion on recent continental tectonic
patterns it seems appropriate to ineclude a brief review of the envisaged
continental movements in the southern hemisphere from lower Mesozoic times
forward. The following deseription of the paths followed by the continents
is according to the interpretations of le Pichon et alld and Heirtzler
et al42 and is based primarily on magnetic anomaly data,

In lower Mesozoic possibly Permian (200 million years plus) the
breakup of the super continent known as Gondwanaland was started. This
massive continent; straddling the southern peole, ineluded Africa, South
Ameriea, India, Australia and Antartica., The first stage of the breakup
was the separation of the Africa-South America block as & result of
spreading about the southwest branch of the mid-Indian ridge. This
spreading continued umtil lower Cretaceous and probably alse included the
initial separating phase of South Amerieca from Africa. From Cretaceous
orwards it appears that very little or no further spreadlng has occurred
in the southwest ridges of the Indian Ocean.

The second major rhase of spreading inveolved the separation of
India and New Zealand from Gondwana in upper Cretaceous (80 million years)
and also further separation of South America from Africa. During this
period India drifted northward by the effect of sea floor spreading about
what are probably now subsided ridges of the Indian Ocean. The large
fracture zones in the southwest floor of the Indian (cean mark the locus
of the west coast of India during this northward movement. :
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The third major phase of sea floor spreading was initiated
during late Focene (40 million years) and this marked the commencement of
rapid spreading about the northwest and southeast branches of the mid-
Indian ridge. This third phase completed the breakup of Gondwana with the
separation of Australia from Antartica., During this period of rapid |
spreading the Indian continent came in contact with the Asizn continent
and the first large orogenic phase of the Himalayas occurred,  In upper
Oligocene or lower Miocene (30 million years) the spreading.of the north-
west rdige greatly slowed or ceased. This period marks the peak phase in
the Himalayan and Hindu Kush orogeny. (This time scale agrees very well
with the geological evidence presented in Sec. Lk.2.) The slowing or
cessation of spreading probably resulted from a temporary matching of the
resistive forces in the Asian continent to the thrusting forces of the
Indian block, It appears that this near static situation was overcome
during very late Miocene (10~15 million years) when sea floor spreading
about the northwestern ridge again resumed its former speed.: This latest
stage of spreading has continued at nearly constant rate to the present
and it is of course one of the major sources promoting the seismic activity
in the regions of Afghanistan today.

5.3 Regional Tectonics

The analysis of global and continental tectonics has set the
stage for discussing the localized tectonic patterns in Afghanistan., It
seems clear that the movement of the Indian-Australian crustal plate which
is thrusting NNE along the eastern regions of Afghanistan; as demarcated
by the Chaman fault, will be the dominant factor governing tectonic.
processes and promoting seismic activity in the eastern portions of the
country, The rotation of the Arabian Peninsula away from the Red 3ea,
mentioned briefly in Sec. 5.2, will be the dominant factor affeeting the
tectonics of Iran proper and possibly the southwestern portions of .
Afghanistan, The coupling of these two continental movements and their
interaction with the stable Asian mass in the north establishes the frame-
work within which all localized tectonic mechanisms in the regions of
Afghanistan must be set.

The approach to discussing the local tectonic patterns will be
to present first the available information on the visible fault systems
existing in the country. Mapped fault lines which appear on the surface
of the earth along with data about their sense of movement are the keys
which reveal the existence and nature of localized tectonic processes.
Following the presentation of the known fault system in the country, the
overall tectonic patterns of the region will be assessed.
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503.1 Fault Systems

The fault systems which traverse Afghanistan have been identi-
fied through various geological and aerial photographic surveys. In the
regions where extensive amd detailed geological investigations have been
performed35»37, the faults have been mapped in great detaily this type of
mapping of course does not exist for all the regions of the country. The
present discussion however is not concerned with precision mapping of any
one fault but rather only with the general location of a fault, its strike,
its length, the sense of the motion about the fault and if the fault has
been active in recent times., For this purpose two sources of information
are relevant. The first is the recent 1969 geological map of Afghanistan
(Fig. 2) and the secord is the map of active faults prepared by H.W.
Wellman48, The latter was compiled from data quite independent of the
geological information used for the construction of the geological map.
The following discussion is based on the information presented from these
two sources, :

. The fault systems as depicted in the geological map have been
reproduced in Fig, 5 for clarity purposes and for ease of comperison with
the results provided by Wellman. The existence and location of the faults
as shown in Fig. 5, have been established by on~-the-ground geological sur-
veys and aerial photo maps., It is clear from Fig, 5 that the fault systems
exterding through the country form a complex pattern. The predominant
trend is in the SE to NW direction and aligns with the strike of the major
mountain systems. In the central portion of the country, the second major
trend is the marrowly confined Hari Rud system which extends to the western
extremity of the country along a nearly EW strike. DBetween these two
systems, in the central-western portions of the country, lesser fault lines
having directions varying between the two major tremds, are found. In the
north-~central sections a series of nearly EW faults, originating from the
northern flanks of the Hindu Kush, are evident in the Sayghan and Ajar
regions., Further west of these systems the fault patterns become erratic
and sparse, disappearing altogether in the north near the basin areas of
the Oxus River. Known fault patterns are also lacking in the southern .
regions of the country. The deep quaternary deposits in the north and
south of the country of course prohibit the identification of faults if
they should exist in these regions.

The major and most extensive fault shown is the Chamen fault
which extends from the southern border to the southern flanks of the Hindu
Kugh., To the east of this fault there are almost no fault systems shown
in the southern sectors. To the east and south of Kabul a number of NW
striking fault lines, through the Muristan mountains and the Kunar Valley,
appear. The junction of four fault lines just west of Jalalabad is an
unusual pattern and suggests a complex tectonic process.

Although the information provided by the geological map is -
valuable for the present study it does not provide any information abeut
the nature of the faults; that is, whether they are strike-slip (trans—
current or also wrench), dextral or sinistral faults which involve pri-
marily horizontal displacements or, of the dip-slip type, either normal
or thrust (reverse), which involve primarily vertical displacements, With-
out  this information, interpretation of the tectonic patterns is near
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impossible. For this reason the investigation and results produced. by
™y Wellman which include data on the displacements of some of the faults
provides a very 31gn1f1cant contrlbutlon to the subJect

Wellman 8 1nvest1gation848 were performed durlng 1964 and ‘were
based almost exclusively on the use of air-photo-mosaics to identify the
active transcurrent fault systems:for the regions of Pakistan, Afghanistan
and  Iran. These photos, when magnified and viewed under stereo, provide
il exceptional detail which is not possible by inspecting ordinary aerial.

photos. Although this method of mapping fault lines is only effective for
' identifying faults which have primarily strike~slip components, it is.on
- the other hand the most réliable method for this purpose. Dip-slip
faulting is readily identifiable by vertical displacements. of the topo-
graphy which provide easily recognized reference surfaces but, it is-—
extremely difficult if not impossible to detect and describe strike-slip
faulting by field surveys. To establish horizontal displacements, .- -
geological reference lines are required and these are usually only recog-
5 nizable from aerial photos covering broad regions. The reference lines
o which are sought in order to establish displacement and the sense of dis-
placement are varied and depend on the amount of displacement involved or
in other words on the length of time that the fault has been active. For
- movements of 5 mm to 10 meters; occurring during the last 100 years, man-
' ‘made features such as the offsetting of railways, roads, walls and rows of
trees are acceptable reference lines., Movements of 1 meter to 1 km which
B have taken place during the last 100,000 years, are most- easily identified
i by trailing streams, ridges and terraces. Greater displacements of 2 km
‘to as much as 700 lm, dating from mid-Pleistocene to Jurassic, are estab-
lished by geological matching of rocks and boundaries displaced along the
il opposite sides of the fault. Another identifying feature of strike~-slip
faults is that they are usually quite straight and are gensrally much
longer than dip-slip faults which are primarily arc shaped. Topographical
linear featurses on aerlal photo maps are qulte often active transaurrent
fault lines, , :

With the techniques described above, Wellman identified and
mapped the active transcurrent fault systems for the regions of Afghanistan.
From the small map appearing in Wellman's paper the faults were carefully
replotted and the results are presented in Fig, 6. The fault lines are
™ represented according to size and quality of identification; the heavy
lines correspond to the major active faults, the intermediate lines to
lesser active faults, the light lines to minor active faults or lineations,
and the dashed lines to uncertain faults. The overall appearance of the
fault patterns agree reasonably well with the geological map as shown in
FPig. 55 but there are some very notable differences. A comparative dis~
cussion will be given after the following detailed analysis -of Wéllman 8
data, .

As illustrated in Fig. 6, Wellman jdentified three major fault
lines; these are, the Chaman fault, the Herat fault and the Andarab fault.
These will be discussed separately.




Chaman Fault :

Wellman traced this major fault of 800 km length, from the point
where it first appears just west of Charikar to the point where it dis-
appears in Pakistan about 300 km north of the Arabian Sea. An extension
of the fault, from Chariksr north to just west of Jabal~us-Siraj where it
joins the Herat fault, has been inferred. 1In its NW traverse the fault
passes between Kabul and Paghman and runs just east of Ghazni. As seen
the fault is concave to the west in the north and concave to the east in
the south with an inflection point (32.3°N, 67.5°E) occurring at about the
mid point of the fault; this point coineides with the start of a spur
fault which has special significance and will be discussed shortly,

Wellman observed that north of the inflection point the Chaman fault and
parallel branch faults are upthrown on the western side, which indicates
that there are appreciable dip-slip components associated with the northern
portion of the Chaman fault. In the south around the town of Chaman, from
which the fault derives its name, the converse is true; that is, the
eastern block is upthrown. ~According to Wellman4? this is a common obser-
vation for most major transcurrent faults. These faults always take the
shape of an 5 or Z and the regions on the concave sides of the ends of the
faults are usually upthrown with respect to the blocks on the convex sides.

The sense of displacement for this fault was based primarily on
trailing streams showing well defined S's, The offsets of these streams
(south of the inflection point) varied from 20 meters to 1,000 meters
along the fault with the displacement being such that the east block moved
north relative to the west, This clearly establishes the fault as sinis-~
tral. By a comparison of displaced Tertiary rocks across the fault, -
Wellman has estimated a total displacement of rou%hly 500 km and this
gives an estimated rate of movement of 1.5 cm/yrk o This is an important
result because the rate of spreading of the Carlsberg ridge (Fig, 4) was
found to be 1.5 cm/yr. This agreement greatly strengthens the hypothesis
made in this report that the Chaman fault demarcates the northwestern edge
of the Indian-Australian plate. i

Herat Fault:

The fault has been traced for a total length of 1,100 km and is
the longest in the country. It first appears just east of the Iran
border and strikes nearly due east, passing about 10 km north of the city
of Herat and hence the name, The fault passes through the lengths of the
Hari Rud and Ghorband valleys, joining the Chaman fault at Jabal-us-Siraj
and then turns more northward passing through the Panjshir valley., The
fault has been identified to almost the wvillage of Zebak at the start of
the Wakhan. It may well extend beyond this point for another 400 km
according to Wellman. The fault has the shape of an S, being concave to
the north in the west and concave to the south in the east. The inflection
point occurs at the upper emd of the Panjshir valley at about 35,5°N and
700k, . : .

From trailing stresm data near the inflection point, displace-
ments of 60 to 100 meters in the dextral sense were clearly observed,
Trailing streams were also identified on the section of the fault east of
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Herat and dextral displacement established., Some dip-slip components were
observed in the Panjshir region but the evidence compiled by Wellman
establishes the Herat fault as a major transcurrent dextral fault, It is
estimated that the displacement is at the rate of 1 em/yri '

Andarab Fault:

This fault is shown in Fig. 3 as three distinct segments which
are all nearly colinear and strike EW between the 36° and 35° north lati-
tudes, Although Wellman does not show a comnection with the Herat fault
in the east, the geological map (Fig. 5) does and furthermore maps the
fault as continuous. Wellman named the fault after the town of Talemazar
(unfamiliar to authors) but since the fault clearly originates in and
follows the Andarab valley, it has been renamed in this report as the
Andarab fault., The length of the fault is nearly 300 km and based on
trailing streams, the central portion of the fault shows dextral displace-
ments of 25 m.eters°

Two other but less major faults were identified by Wellman,
along which displacements and sense could be established with reasonable
acouracy., Both have significance as related to the tectonics of the
region and so will be discussed,

Uruzgan Fault:

This fault strikes primarily SW nearly bisecting the region
between the Herat and Chaman faults. Wellman referred to this as the
Darafshen fault (neme unfamilier to authors) but because the fault passes
near to the town of Uruzgan it will be referred to as the Uruggan fault in
this report. The fault runs for a distance of 300 km and again by identi-
fying trailing streams the fault was established as sinistral with dis-
placements of about 150 meters.

Gardez Fault System (Chaman Spur Fault):

In Wellmen's investigation he identified the existence of a spur
fanlt bifurcating from the east side of the Chaman fault and striking
nearly northeast. Although he identified it by trailing streams as being
sinistral, he attached no further significance to it; however, this fault
does have special significance for the present selsmlclty study, It will
be seen in Sec. 9 that the recorded earthquake data when plotted follows
this spur fault and its extension north, rather than the Cheman fault
rroper. From Fig. 6 it is gquite possible to detect the extension of the
spur fault as being composed of a series of segmented faults passing
between Kabul and Jalalabad and all having the same NNE strike,

The last segment of the spur fault system, starting just north
of the Kabul River, is particularly straight and Joins the Herat fault at
36,2°N and 71.2°E. This observation slso has important implication
because the center of intermediate-depth earthguakes is found in this
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region, This result suggests that it is the Chaman Spur fault which acts
as the major demarcation of the northwestern corner of the Indian-
Australian plate from the Chaman fault inflection point north, In support
of this hypothesis it should be noted that Wellman detected very little
evidence of recent sinistral displacement along the Cheman fault north of
Ghazni. Further evidence and discussion related to this hypothesis will -
be presented in Sec, 9,

In this report because the Chaman Spur fault and its extensions
running north, align in such a way that the resulting strike passes very
near to the 01ty of Gardez, the entire system w111 pbe identified and
referred to as the Gardez fault system. :

In Fig., 6 several other significant faults are shown but dis-
placement data is not available. . For this report, these faults have been
given names for ease of discussion. The assigmment of names is based
primarily on the location of the fault with respect to important cities or
towns. In this category, as shown in Fig. 6, are the faults of Jurm,
Urgun, Baghran, Farah and Pashtun Kot. Although not indicated as important
according to the legend, the fault running up the Kunar valley has been
named the Kunar fault in view of its importance as shown .on the geclogical
map and based on the established seismic activity to be presented. Any
ma Jor fault lines lying outside of the country have not been named,

As previously mentioned, the fault systems represented in Figs.
5 and 6 have an overall agreement in appearance but, in detail they do
differ. The fault trends as shown on the geological map are generally
composed of disconnected segments as compared to Wellman's mapping. In
this regard Wellman's survey is superior and understandably so, His pro-
cedure of identification was very broad and this allowed him to establish
overall trends not recognizable in field surveys. Between the two maps
there is excellent agreement on the location of the Chaman fault and its
extent. For the Herat fault the geological result presents a far more
complicated pattern than the single system shown by Wellman. HRegardless
the trends do agree. The most notable difference appears in the north
and eastern portions of the country. . In the Badakhshan region the geologi-~
cal mep shows a complex fault pattern striking NNE whereas Wellman presents
a simpler system with some EW striking faults. In the Kunduz, Mazar-
i-Sharif and Maimana strip, Wellman has located many faults which do not
appear on the geological map., This is also true for the eastern sector of
the country. ZFast of the Chaman fault virtually no faults are shown on
the geological map but on Wellman's map this region is well covered by NE
striking faults and in particular, the Urgun fault. Wellman also shows
the faults in the center of the country as generally continuing further
south than illustrated on the geological map. The geological map however
does show a group of parallel en echelon faults just south of the Andarab
fault which do not appear in Fig. 6.

The differences between the fault systems as presented by the
two maps primarily results from the more thorough and directed study per=~
formed by Wellman. Certainly his method of mapping the faults had never
before been applied and he was able to ascertain many faults which could
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not have been identified by other methods. The fault lines which appear
only on the geological map are probably pure dip-slip faults and these of
course are not detecta.ble with Wellman's technique.

It is not the obJect of this report to ascertaln the correctness
of the fault systems as either determined by the geological surveys or by
Wellman; certainly further field investigations are needed to achieve this.
The first concern of the present report is only to compile all information
available on the fault systems of the region and thereby perform the best
possible seismo-tectonic analysis. For this purpose the approach will be
“to use Wellman's data and augment it with any major fault system shown on
the gological map and not detected by Wellman., This will be presented in
Sec, 9. The second objective is to determine if any overall regional
tectonic pattern can be inferred from the fault line systems. With the
present state of knowledge, that is, where the displacement sense of only
a few fault lines are known, and in view of the complexities of the region,
the development of an acceptable tectonic psttern will require much more
research., Hegardless, sufficient information does exist to allow the
postulation of some preliminary models and this will be discussed in the
following section,

5.3,2 Proposed Tectonic Patterns

The most comprehensive tectonic model groposed for the regions
of Afghanistan was by Wellman in the same paper in which he presented
the fault systems. From the broad survey covering Pakistan, Afghanistan
and Iran, Wellman established that the Dasht-i-Int depression in eastern
Iran, was behaving as a contraction center, towards which all regional
crustal blocks west of the Chaman fault were moving, This was deduced by
observing that the major transcurrent faults (Chaman excepted) had the
appearance of spiralling outwards from the Iut center. By sketching a
series of lines which effectively indicated the directions of maximum
horizontal stress (at 45° to the strike of pure transcurrent faults) a
spiralling pattern was obtained which converged at the Lut center. (30, 50N,
599E), In this demonstration it was seen that dextral faults spiral out-
wards clockwise and sinistral, counterclockwise; it was also observed that
four sectors, centering on the Iut center, could be defined in which all
faults within & sector were of the same sense, In this analysis the NE
and SW sectors were dextral and the NW and SE sectors were sinistral, The
eastern sectors were divided by a line passing just south of the Herat
fault and if Wellman's hypothesis is valid it implies that all transcurrent
faults north of the Herat fault are dextral in sense and all faults south
sinistral (the Chaman, Uruzgan and Andarab faults fit this pattern).

Wellman's postulation about the existence of a contraction center
as the hub of the regional tectonic patterns is an interesting model. The
question which arises of course is, does this model fit into the global
and continerntal tectonic patterns discussed in Secs. 5.1 and 5.27 Although
based primarily on conjecture, the following continental pattern will be
submitted as & possible tectonic mechanism to complement Wellman's regional
model, : :
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From Wellman’s investigation it appears that it may.be possible
to define a sub-continent crustal block, containing the regions of Tran;
Afghanistan and Pakistan and delineated by transcurrent fault lines, The
block being postulated is demarcated by the Chaman and Gardesz sinistral
faults for the western edge, by the Herat dextral fault as the east section
of the northern edge, by the Sharud.sinistral fault running thé strike of
the Alborz mountain'range and around the base of the Caspian Sea, as the
west section of the northern edge; and by the' Zagros dextral fault which
runs soutlwest; parallel, but north of the Zzgros mountain range. The
latter fault forms the southwestern edge of the block.. - Aecording to
Wellman's regional map there are numerous secondary faults which strike
west from the Chaman fault and may serve as suitable extensions. to ccmplete
the boundaries of the block. The block thus envisaged has the shape
approximating a thick irregular-shaped erescent, with the concave face,
north and the convex face south, A4 very similar sub-continental block has
been used by W.d. Mbrganh for the regione of Iran, Afghanlstan and the
extréme’ western section of Fakistan, :

If the crescent shaped bleock desecribed above is realisticg then
the block is essentially acting as a buffer block between the stable Asian
mass on the north and the two northward movements of the Indian-Australian
crustal plate on the southeast, and the Arabian Peninsulz bloek on the
southwest. In such a position it is very clear that this sub-continent
crustal plate will be in a state of compression and in this regard
Wellman's postulatlon of a contraction center fits well

The exact manner by whlch the surrounding contlnental crustal
plates are compressing this, essentially, Iran-Afghan block, is of course
not a simple problem., From the sense of displacement of the transcurrent
fault lines defining the edge of the block it can: be inferred that the com-
pression is one of foreing the tips of the crescent irward towards each
other, To support this point a possible physical mechanism will be proposed.
For this purpose consider the crescent tip situated in Afghanistan and
defined by the junction of the Herat and Gardez faults., To the east of the
Gardez fault, crustal material is moving in roughly a NNE direction in
sympathy with the spreading of the Carlsberg ridge. As this material is
thrust inte the corner formed by the Hindu Kush and Himelayan ranges a
severe compression pocket is created. Because the Himalayan range is
immensely more massive than the Hindu Kush the relief of this compression
pocket will be one of movement parallel to the strike of the Himalayas or
perpendicular to the Hindu Kush strike and hence the mechanism for forcing
the crescent tip westward. It should alsoc be stated that thrusting, per-
perdicular to the Hindu Kush will promote considerable buckling and
uplifting and the transcurrent faults should exhibit considerable dlpmsllp
components., It is interesting to note that in Ritsema's fault plane solu-
tions for earthqguakes in the Hindu Kush50, he found that the direction of
maximum stress for shallow'earthquakes was 1ndeed perpendlcular to the
strike of the Hindu Kush. :

The postulatlon of the ex1stence of an Iran-Afghan crustal block
in the shape of a crescent and being compressed by the surrounding continen-
tal plates is a plausible tectonic model for the information awvailable. The
argument for the tips of the crescent being forced towards one another is
also reasonable and is in keeping with Wellman's contraction-center
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hypothesis and Ritsema's calculations. The fact thet the observed seismic
activity as will be shown is very much confined to the edges of this bloek
and particularly the regions surrounding the tips of the crescent adds
further credence to the model. The lack of notable seismic activity in
the center of the block arcund the Sistan and Dasht-i-Iut regions would
seem to be an expected result., It may well be that the plate has some
rotation and this would complicate the situation considerably. For the
present, in view of the existing data, it is felt that the proposed tec-
tonic mechanisms of an Iran-Afghan crustal block is a reascnable model,

The report to this point has developed in detail, the tectonic
patterns from global to continental to regional and has atternipted to bring
together all information in order to establish the best possible concept
of the regional tectonic processes. Although much remains to be .done in
this area the present tectonic analysis nevertheless is very significant
and will greatly enhance the interpretation of the earthquake and seismicity
data presented in the following sections. .

6, EARTHQUAKE HISTORY ~ NON-INSTRUMENTAL (INTENSITY) DATA

6.1 Imtroductory Remarks

The investigation of the earthquake history of any region must
be based on all available earthquake information, This information can be
classified imto two major categories; namely, instrumental and non-
instrumental, Instrumental data is defined as that information produced
by seismclogicsl instruments, that is, information recorded by seismologi~
cal observatories, This type of data is quantitative in nature and gives
the time, location and size of an earthquake; in seismological terms this
is expressed as the origin time, the hypocenter and the magnitude of an
earthquake. If such information is available for a given seismic event
then the source or the cause of the earth's vibrations is reasonably well
specified., The accumulation of earthquake instrumental information is-
essential to acquiring an understanding of the seismicity and earthqueke
risks of any region. All such instrumental data related to the regions of
Afghanistan, has been compiled for the time periocd of 1893 to 1969 and
this will be presented and discussed in Sec. 7.

The second category, non-instrumental data, is defined as that
information which is concerned with the effects produced by an earthquake;
these are based sclely on human observations. The effects are primarily
- associated with (a) the sensations experienced by humans during an earth-
quake, (b) extent of damage to man-made structures, and {c) geological
phenomena such as surface fracturing, landslides, etc. In seismological
terms this type of information is referred to as intensity data or felt
data. Tt should be noted that because this data derives from human obser-
vations it is only qualitative in nature, and furthermore, the quality or
accuracy of the data is very much related to the observational capabilities
of the individual and in most cases the reporting individuals do not
possess scientific backgrounds. HRegardless, intensity data whether recorded
by trained observers or by laymen; provides valuable information which
greatly augments the understanding of the seismic activity of a region.
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The major importance of intensity data is twofeld. In the first-
place intensity information can be used to identify the occurrence of an
earthquake when instrumental data is not available, Before the existence
of seismologicel observatories, that is; prior to the 20th century; inten~
sity data was the only source of earthquake information. -Actually for the
greater part of the last 70 years, owing to the sparseness of active seis-
mological observatories, intensity data continued to be the only type of
information available for many regions of the world. Even today, when the-
number of operating world observatories has increased to over one thousand,
the occurrence of some earthquekes is still only determined by human obser-
vations. The 1969 earthquake damage in Rustak, illustrated in the frontis-
plece of this report, is an example of the occurrence of a recent earthguake
for which there was no instrumental epicentral determination. When earth-
quake events are established by intensity data the location of the energy
releagse is not precisely known unless the effects are very localized or the

earthquake is shallow and of such proportions that surface faulting occurred,

Usually, documented historical earthquakes were of major proportions so that
the region affected can be closely identified and hence the location of the
earthquake center reasonably well defined.

The second and more important value of intensity data is that it
establishes some understanding of the level of damage which can be expected
to occur in a given region. Certainly such information is invaluable to the
problem of assigning seismic risk zones for a country. Intensity data
becomes particularly valuable when it can be related to known instrumental
data, The correlation of cause and effect when possible provides a very
complete interpretation of a seismic event. If such analyses are possible
for a large number of events within a region it then becomes possible to
establish very realistic seismie risk zones and well-~tailored building
codes can be devised, Unfortunately up to the present, this optimum con-
dition does not exist for any earthquakes which have occurred within
Afghanistan. It will be presented shortly that a significant number of
the recorded earthquakes have been idenmtified by both instrumental and non-
instrumental data but the problem is that the effects are usually based on
several or less observation points. Although this small number of inten~-
sity reports per earthquake has value the ultimate situation is to have
intensity reports from a great number of locations uniformly distributed
about the hypoeenter, During the past two years the Seismological Center
has initiated a project to collect intensity data on & country-wide basis
but considerable time will be required before this produces a significant
amount of data. For the present, the analysis of earthquake effects and
seismic risks must be based, as best as possible, on the available
sgattered observations from past earthguakes.

As discussed, intensity or fell data in its raw form is a collec-
tion of human observations. In order to perform a quantitative analysis of
the effects of an earthquake it is convenient and actually necessary to
reduce the raw data to & more manageable form., For this purpose intensity
scales have been established by which the effects experienced by man are
categorized into well-defined levels ranging from minimal human sensations
to catastrophic proportions. A number of intensity scales based on
experience have been proposed and are in existence throughout the world,
One of the most commonly used scales is the Modified Mercalli Scale devised
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in 1931 and it is this scale which will be adopted in this report.
abridged version, and actually somewhat rewritten by Richter " in 1956 is
included in App., A of this report for reference purposes.

The Modified Mercalli Scale is divided into twelve grades of
intensity and the grades are assigned Roman numerals from I to XII, (The
adoption of Roman numerals has been incorporated to avoid confusion with
the earthquake magnitude scale.) The first grade of intensity corresponds
to effects detected only by seismic instruments. The second level is one
where only people situated in favorable conditions, such as upper floors,
would feel the disturbance. From this level the intensity ratings increase
to the level VI, where the sensations are of frightening propertions and.
poor construction develops cracks., With higher grades the level of damage
increases and at rating IX there is general panic; poor construction is
totally destroyed,; and well~built structures sustain considerable damage.
The maximum intensity rating is reserved for the situation where destruc-
tion is total, that is, all types of structures regardless of the quality
of construction are destroyed.

It should be noted that intensity is very much a function of
ground acceleration but it is known that damage to structures is also a
funetion of the amplitude of the ground motion and the length of time that
the ground vibration continues. Despite the latter point, attempts have
been made to convert the qualitative non-instrumental intensity data into
. quantitative acceleration terms, Several empirical relatjons have been
. proposed and the following equation, aeccording to Richter30, is a reasonable
relation:
=L.1
log a = 3 5
where I is the Modified Mercalli intensity expressed
as a numerieal number,

and a is the ground acceleration.

For I = 1.5 the above eguation gives an acceleration of 1 cm/sec2 which is
about the threshold level of acceleration for human detection. With an
intensity rating of 7.5 the correspomding acceleration is approximately

10 percent of gravity and this is recognized as the level which begins to
produce significant damage in poor quality structures, The intensity-
acceleration eguation is certainly open to question but it does convey
some quantitative feeling for the non-instrumental intensity scales.

The scope of this section of the report is to present all the
known earthquake intensity data that could be found for the regions of
Afghanistan. This history of non-instrumental earthquake data is sum-
marized chronologically and where possible the raw data has been inter-
preted on the basis of the Modified Mercalll Intensity Scale., The assign-
ment of intensity grades is necessary in order to standardize the data and
thereby provide the opportunity for a regionalization of the country on the
basis of intensity zones,
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6.2 Sources of Intensity Data

The most obvious and direct approach to investigating past earth~
quake activity on a non-instrumental level in a given region is to perform
a careful review of all issues of local newspapers. Newspaper files are
usually maintained in the public libraries and these are the primary
sources of information. In the present study the facilities of the Kabul
Public Library were used extensively., Unfortunately, in Afghanistan, the
publication of newspapers has existed for only a relatively short time in
comparison to other countries. ' The first Afghan newspaper, Shams-al--Nahar,
appeared during the reign of Sher Ali-Khan but continued publization for
only three years from 1866 to 1869, Following this no newspapsr was pub-
lished until 1905 when a lithographed paper, Siraj al-Akhbar, was started
but this lasted for less than a year. - In 1911 Siraj al-Akhbar was re-
started using the first printing press in the country and continued publi-
cation until 1918. The next newspaper; during the reign of Amanullah,
called Aman Afghan was printed from 1919 to 1925, In 1928 the Anis news-
paper was started and this was followed in 1929 by the Islah newspapers
both these publications have continued since that time.

For the present investigation it was not possible to locate the
1%th century Shams al-Nahar newspoper. Copies of this newspaper are
extremely rare snd probably exist only in the British Musewm or in India.
The first available newspaper which could be researched was the 1911 to
1918 Siraj al-Akhbar (designated Ref. 51) and several earthquake events
were found., From the available copies of Aman Afghan no articles pertain-
ing to local earthquakes were uncovered. Anis and Islah (designated as
Refs, 52 and 53 respectively), although a number of issues were missing
from the early years of publication; produced the bulk of the intensity
information for this report from 1928 through 1969. In total, nearly 100
years of newspapers were gleaned for earthquake articles.

For the years of 1928 to 1944, the other major source of inten-
sity data was Stenz's work<?, Stenz resided in Afghanistan during 1939 to
1944, and made many personal observations during that time; but he also had
access to earlier manuscript notices about =arthquakes st Kabul. These
were prepared by Dr. W. Iven and the Rev, E, Caspani for the years 1927 to
1932 and 1934 to 1936 respectively. It was not possible to locate these
manuscripts and it has been necessary to accept Stenz's gleaning of these
articles as being complete and accurate,

Following 1944 the only other spurce of intensity data is the
intensity records maintained by the Seismological Center (designated as
Ref. 54). These files were started in June of 1968 but regretably owing
to vardalism, the records which included roughly 25 felt earthquakes, were
lost., Consequently only some of the major important events for which some
of the details could be reconstructed appear in this report.

Prior to 1928 the sources for earthquake informetion become more
varied and less direct with the notable exception of the seientific paper
by M.R. Furon?? (1923 to 1924) and of course the Sira} al~Akhbar newspaper.
For earthqueke events dating from the 16th century to the first quarter of
this century, the major information source was the British Residency Library
in Kabul where an excellent collection of historical books pertazining to
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Afghanistan have been assembled. 4As discussed in Sec. 2, the books written
by the 19th century soldiers, political envoys and travellers, who had
sojourned in Afghanistan at various periods of time, provided many excellent
details of earthquake activity. Most notable of these are the accounts of
lady Salel3, Lieut. Eyreld and others, who personally experienced the great
earthquake of 1842. These personal narratives are exceptionally unique and
singular; for this reason it has been deemed appropriate that some of the
original descriptions of the 1842 earthquake should appear in this report.
Appendix B, entitled, "Important Historical Earthquake Narratives", repro-
duces some of these classical 1842 accounts. In a similar category, but
predating the Eh%lish articles by more than three centuries, the narratives
of Emperor Babur®, who personally observed the catastrophic earthquake of
1505, has also been included in App. B. ‘

Sources for seismic information preceding the 16th century are
indeed rare and before this present research there was no known evidence of
earthquakes in Afghanistan before Babur's time., This investigatiopn, however,
as already presented in Sec, 2, uncovered a scientific translation’ of a
15th century Arabic manuscript written by Jelal-ed-din As-Scyuti in which
he compiled a listing of ancient earthquakes in Southwest Asia., This docu~-
ment extended the earthqueke history of the country to the year of 818 A.D,
The oldest source of earthquake intensity data, however, is the archeologi-
cal excavations of the ancient Greco-Bactrian city at Aikhanum, Through
the evidence supplied by the Delegation Archeologique Francaise en
Afghanistan, earthquake demage dating to the period of 50 B,C. to 50 4.D.
has been identified with reasonable certainty. This has been discussed in
Sec, 2 and will be treated further in Sec. 6.4.

From these various sources for earthquake intensity data an exten-

sive catalogue of earthquake intensity reports has been compiled; this is
presented in the next section,

6.3 Chronological Catalogue of Farthguake Intensity Data

One of the primary objectives of the present research was to
perform as complete an investigation into the seismic nature of Afghanistan
as possible. It was also considered paramount that the information
uncovered should be documented in detail so that related investigations
which follow would have & convenient and complete reference; also, so that
if improved interpretations of the seismic risks are to be undertaken at a
later date such analysis will not have to repeat the tremendous undertaking
of surveying all the raw sources of earthquake information. In keeping
with these objectives a detailed and thoroughly documented table of all
earthquake intensity information has been included with this report, This
non=instrumental earthquake history is compiled in Table C1 of App. C in
the form of a chronological catalogue of earthquake intensity data.

, A complete description of the format of Table Cl is presented
under "Explanatory Remarks" in App., C. OSome important aspects should
however be emphasized. The terse ag¢counts given under "Effect” are
abridged versions of the original accounts; these have been composed by the
authors with the intention of communicating the salient facts accurately,
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but briefly. The estimated Modified Mercalli ratings are based on the
documented effects and are according to the description of the Modified
Mercalli Intensity Scale Bresented in App. A. With the exception of those
entries taken from Stenz?® and Furon<’ the estimated intensity ratings are
based exclusively on the judgment of the authors. - An important feature of
Table C1 is that the related instrumental data has been brought forward
from App. D and ineluded in the right-hand columns, This matching of
intensity data with instrumental data has been done in order to provide a
convenient correlation between cause and effect, It should be noted that
the local times listed in the original intensity reports have been con-
verted into Greerwlch Mean Time (GMT). All times shown in Teble Cl are
Mo

In the many references which have been used to support this
report a common shortecoming is that names of places are presented with no
identification given, If the location of a place is not known, then the
intensity report has no value whatsoever. In order to avoid this situation,
an extensive effort has been made in this report to identify 2all names of
places which are mentioned. This has been accomplished by locating all
major places on the map of the "Regions of Afghanistan" (Fig. 1), ard by
the inclusion of a Gagetteer at the end of App. € which lists and identi-
fies all the minor or less significant places.

One final point with regard to the construction of Table (1
concerns the nature of the raw data. The assigmment of correct dates and
times from the newspaper articles is by no means a straightforward process.
In many cases the events are reported well after the fact ranging from one,
to seven days or even more, Careful analysis was required to determine the
correct dates and times from the often loosely written newspaper articles,
Furthermore it was also necessary to convert the Mohammedan calendar dates
to the Gregorian calendar and this caused considerable trouble owing to an
offiecial change in the number of days of two months in 1958, Every effort
was made to ensure the aceuracy of Table Cl, but there may well be some
errors which have evaded the attention of the authors.

To anyone familiar with the subject and aware of previcus investi-
gation into the felt earthquakes in Afghanistan, it will be clear that the
earthquake events listed in Table Cl greatly extends the known past earth-
quake activity in the country. In total, Table Cl 1lists nearly 500 earth-
quake events, The maximum recorded events prior te this research was 149
as compiled by Hosseint3%4, This latter research, however, only included
events up to 1958 but in comparison, the preéent study for the same period
of time has documented 334 earthquakes which is more than double, In
comparison with Stenz's work<2 ; which to date was the only other investiga~-
tion into the early earthquake history of the country, the present research
has expanded the available information both in time and numbers. The
earliest known event previously was the Paghman earthquake of 1505; however,
if the Aikhanum event is accepted; then known earthquake activity in the
country has been extended by 1500 years. Prior to the 20th century, Stenz
listed only 6 earthquake events in the region whereas Table Cl documents
59 events, It is quite possible that Stenz elected not to list all the
earthquake events recorded by lady Sale in 1842, but even on this basis,
Table C1 presents 25 events, 19 more than Stensz,
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It is guite impossible to draw attention to all the interesting
aspects of the intensity data presented in Table Cl.. In an effort to high-
light some of the overall features, Table C2, which is & summation of Table
Cl, has been included in App. C, This table presents the temporal distri~
bution on a monthly and yearly basis for all the reported felt and damaging
earthquakes in the country. Owing to the sparsity of early data prior to
1922, many of the years have been lumped together. The detailed reports of
Iady Sale in 18,2 and Furon in 1923 and '24 are the reasons for the large
number of events appearing in those years, Certainly 1842 was an active
year but 1923 and 192/ were not unusual. After 192/ there appears to have
been a lull in seismic activity up to 1928 but this probably is more a
result of a lack of awvailable reports. During the years between 1944 and
1947 there is a definite absence of major seismic activity in the region;
this observation is also confirmed by the instrumental data presented in -
App. D. During 1947 to 1952, seismic activity increased somewhat but not
greatly. This was followed by a very guiet period from 1952 through to the
first half of 1956 when the country was jolted by the great Kahmard-Sayghan
event which was obviously the most significant earthquake to occur within
the country during this century, The 80 events documented during the
second half of 1956 is without parallel. The graduval fall off in seismic
activity in the subsequent years of 1957 to 1959 reflects the effects of
1956, Seismic activity again increased during 1962 to the first part of
1966 but the past four years have reflected a very low period in seismic
activity.

It is interesting to note the monthly distribution of the inten-
sity data in view of the fact that many people in the country firmly believe
that earthquakes are & seasonal occurrence with the spring period being the
earthquake season. Table (2 does not conform with this belief¥*. ZEarthguake
activity appears to increase during the fall, reaching a maximum in the
months of December and January and then falling off continually through the
spring and reaching & minimum in the month of May, If lady Sale's detailed
observations had not been included, the spring months would appear as periods
of below normal activity., In comparison to the world seismicity” which
shows the fall of the year (November) as being the most active, it would
appear that the regional activity in Afghanistan is shifted by two months,
Temporal distribubion studies of this type however are open to question
because of the very short time perioeds involved. The only definite con- |
clusion which can be made at this point is that spring time in Afghanistan,
accondlng to earthquake inten51ty data, is not an unusual seismic season.

Owing to the lack of time it has not been possible to perform a
correlation study between earthquake effects as rated on the Modified
Mercalli Seale and the related instrumental data. From the information
presented in Table Cl such analyses can be readily performed and these will
be pursued at & later date. One aspect which will be discussed briefly is
the improvement in the amount of available instrumental data as 1970 is
approached. Up to the 1960's only large earthquakes which occurred within
the country could be detected and analysed by the existing worid seismic
stations., After 1960 the number of seismic stations increased greatly and
many of the events in Table Cl, where the intensity ratings are less than V,

#~~The temporal distribution ana1y51s given in Seec. 7.4 for the- local
instrumental data does; however, seem to conform.
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show corresponding instrumental data. After June 1968 following the
installation of the Kabul Seismological Observatory nearly all events shown
in Table Cl have related instrumental data; the events which deo not,
actually have been recorded by the (bservatory, but an epicentral analysis
has not yet been made. Owing to the very high magnification at which .the
instruments operate at the Observatory it is very unlikely that any felt.
earthquake can occur within the country and not be recorded instrumentally.

6.4 Discussion of Major or Significant Earthguakes

From the catalogue of intensity data presented in Table Cl the
following earthquake events have been selected for further discussion. The
selection was made on the basis that the event was either of major propor-
tions or of special significarice with regard to the ‘problem of establishing
seilsmic risk ZOnes for the countny.

Event 50 B.C,—50'A.D,-- Alkhanums

The historical setting and significance of the ancient Greco~
Bactrian city, known for the present as Aikhamm, was introduced in Sec. 2.
In that discussion the possibilily of earthquake damage to the Palace was
ruled out but it was argued by eliminating pillage and natural decay, that
the destruction of the nearby structure known es the Temple,; was a result
of earthquake activity., The evidence to support this claim is presented in
Figs. 7, 8 and 9. '

Figure 7 illustrates the general setting of the city, situated on
the east bank of the Darya-i-Panj (Ab~i-Panj, Amu Darya or Oxus River, Fig,
1) and the north bank of the Darya-i-Kokca (Kokecha River, Fig. 1), The
main portion of the city was built on the flat 2 km by 0.5 km plain (4 in
Fig, 7) with further structures on the hill or mound to the southeast (B
and C in Fig, 7). The location of the Temple and the Palace have been
identified on Fig. 7.

The details of the structure in question, the Temple, are pre-
sented in Figs, 8 and 9. Figure 8 illustrates the planform of the Temple
which is very nearly a 19 meter square, measured to the outer faces of the
walls., The building is oriented such that the front wall or entrance side,
faces about 31° south of east. As illustrated,; the walls were very massive
being in the order of 2,75 meters thick and a terrace of 1,5 meter width
having a height of 2 meters, ran around the entire building. The salient
feature related to the present subject is the spatial distribution of the
kilned cornice fragments which were uncovered; the positions of the frag-
ments as shown in Fig. 8, are a careful reproduction of the actual site
conditions. The claim of ear+hquake destruction is based on the location
of these fragments,

From an inspection of Fig. & it is clear that the Temple was
adorned with a double cornice which was affixed teo the front and side walls,
This fact is particularly clear from the double row of bricks which were
found on the side of the right wall. This group is shown in Fig. 9 which
presents two photographs taken along the right wall. Figure 94 is a view
looking towards the rear of the building and Fig., 9B is the view looking
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Event 818-819 - Balkh Farthquake:

This earthquake destroyed a‘'quarter of Balkh aecording to
As—Soyuti7. This event is significant because the 1948 Mazar-i-Sharif
earthquake; to be discussed later, is in the seame region. These two
events taken together indicate that the Mazar~i-Sharif region has hbeen and
continues to be an active seismic region.

Event_848-849 - Herat Earthouake :

This very early event is the only known earthquake damage to the
city of Herat®, It is difficult to state reliably but it would appear that
the earthquake was a result of activity along the Herat fault line which
runs just north of the city (Fig. 6). This is an important result because
as it will be seen in Sec, 9, there has been no recorded seismic activity
along the fault during the past 70 years., The absence of earthquake epi-
centers along the fault, however, may well be a result of lack of szeismic
stations in the area. This single event indicates that the regions of
Herat are susceptible to damaging earthquakes but the frequency of ogcurs
rence is probably low.

Event 1052-1053 - Urgun Earthquake:

According to As-Soyuti79 this earthquake was destructive but no
further information was presented. The significance of this event is that
it probably was associated with activity along the Urgun fault line (Fig.
6). The result is also important because it indicates that this fault has
produced major aetivity and other activity is therefore probable,

Event, 1505 - Paghman Farthquake:

Of all the major past seismic events, the Paghman earthguake is
definitely the most significant result because it occurred near to the city
of Kabul and the surrounding regions, where today, the greatest portion of
the population of the country is concentrated. Clearly, if such an sarth-
quake would occur again the destruction and loss of life would be immense.
Even in Babur's time the toll was excessive despite the relative sparseness
of the population in the 16th century., -

According to Babur's description {App. B) extensive surface
faulting accompanied the event and the strike of the fracture ran along
the base of the Paghman mountain range and extended from Isterghach; which
is a town just north of Istalif, for a distance of six or seven farsangs
(50 to 60 km) to the "plain" which in the translation is footnoted as
meaning Maidan. This seems to be correct because the distance from Ister-
ghach to Maidan is about 60 km., From this observed fault length it is
possible to calculate a surface magnitude for this earthquake. Tocher

#--There is one report which claims that three of the Musalla minarets in
Herat were destroyed by an earthquake in the 20th century. This is pre-
sented and discussed in Sec. 9.
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has established that a reasonsble relationship between fault length L {km)
and surface wave magnitude MS (see Sec, 7,1 for dlscu851on of wagnitude)
is:

Ms—565+09810gL

By taking the fault length as 60 km, the above equation ylelds a magnitude
MS of 7.4 which is a major earthquake by modern standards and similar in
size to the 1968 Iranlan'earthquake3¢ In view of the fact that the effects
of the earthquake were recorded in Agra a distance of 800 ki away it would

seem that this magnitude evaluation is low, Furthermore, Babur s observa-
tions that 33 felt aftershocks oceurred on the same ‘day (thle is consider-
ably greater than the 1968 Iranian earthquake) also suggests a large earth-
quake and probably a magnitude in the order of 8 would be appropriate, if
reasonable this indicates an energy release approachlng the catastrophic
Alasken Earthquake of 1964, : .

If Babur's descrlptlon of the location of the fault is accurate
then according to Fig. 6 it is almost ceértain that the Paghman earthquake
was a result of faulting along the northern section of the Cheman fault.

The large vertical displacements noted by Babur clearly fits the observa-
tions made by Wellman that there are appreciable dip-slip components along
the northern portions of this fault (Sec. 5.3.1), Because of the large

gap in intensity information from 1505 to 1830 there 1s no way of knowing
if the fault has been active during that period of time and thereby estab-
lishing a periodic pattern. During the last 70 years no earthquake has
been recorded from this section of the fault but as will be discussed, it
may be that the 1874 Jabal-us-Siraj earthquake was a result of further
activity along the Chaman fault. If this were the case, it would suggest

a periodic cycle of around 40O years provzded there was no similar event
between 1505 and 1874; owing to the sparseness of the data this is sheer

. conjecture, The important result from this discussion is that the northern
section of the Chaman fault has been active in recent times amd there is no
argument to disclaim the p0551b111ty of future activity, The only conclu~
sion that cen be adopted is that the environs west of Kabul are in a high
seismic risk zone,

Event 1832 - Badakhehan EarthQuake

The Badakhshan earthquake of 1832 appears ‘to be the first docu?
mented earthquake known to have originated from the Hindu Kush source.
According to Wood'sll and Burnes'l? descriptions, the event was one of the
major earthquakes of the Hindu Kush variety. Because the destruction
around the upper Kokcha valley areas was the greatest; the epicenter would
seem to have been there., The loss of life must have been considerable and
probably in the order of thousands.

Because the destruction seems to have been confined to the
Badakhshan region it would seem that the depth of the earthquake must have
been less than the usual 200 km values as determined for recent events,
The widespread effects such as being recorded at Iahore, Bokhara and
severely at Kabul (probable damage) would imply an earthquake of ma;or or
approaching; catastrophic proportions. In view of ‘the recently recorded
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earthoguakes from this region which approached magnitude values of 7 or more
and by a comparison of the damages which cccurred, it follows that the
1832 event could be assigned a magnitude of 8 or more,

Event #1, 1842 - Jalalabad-Tigri Farthquake:

Of all the major earthquskes to have cccurred in Afghanlstan,
the event of 1842 is the most vividly described {(App. B). It is not
exactly clear ss to precisely where the epicenter was located but from the
evidence available some reasonable deductions can be made., According to
the damage reports the maximum intensities were confined to the Alingar
valley and the Jalalabad basin. Significant damage apparently did not
extend to Kabul which would imply that the earthquake was not of deep Hindu
Kush origin. The remaining most likely possibilities are that the earth-
guake was a result of shallow faulting either along the northern section of
the Gardez fault system, north of Tigri, or along the Kunar fault between
Tigri and Jalalabad (Fig, 6). The arguments supporting the Gardez system
are based on the cbservations of lady Sale. " She states that, "When the
earthquake first commenced in the hills in the upper part of the valley,
its progress was clearly defined, coming down the valley, and throwing up
dust like the action of an expleding mine." This statement combined with
the very heavy damage all along the Alingar valley is strong evidence for
the Gardez fault. ‘

The evidence arguing for the Kunar fault is that the damage
appeared to be heaviest in Tigri and Jalalabad regions. One particular
report15 stated that the waters of the Kabul River, near Jalalabad were
twice thrown from their bed during the shock, If this report is accurate
it would, according to the Modified Mercalli Scale {App. A) represent an
intensity of X, This high intensity value would imply that the epicenter
was close to the Kabul River and the Kunar fault fulfills this requirement.
It should be pointed out however that the higher intensities near Tigri and
Jalalabad may be a result of the geological envirorment, It is well known
that deep alluvial plains with high water tables, such as exist at gigri
and Jalalabad; can greatly amplify the amplitudes of seismic waves
Some researchers believe the amplitudes increase linearly with the depth
of the alluvium., This dynamic amplification phenomenon would explain the
higher intensities observed at Tigri and Jalalabad if the activity had
resulted frem the Gardez fault. Although the matter cannot be resolved to
complete satisfaction, Iady Sale's observation would be difficult to
explain if the Kunar fault had been active, Furthermore, if the Kunar
fault was active it is strange that no reports of surface fracturing were
given, The fault runs Just north of Jalalabad.

From the deseription of the experiences it is evident that the
earthquake was of major proportions. During the first 24 hours following
the major event a total of nearly 60 aftershocks were felt and recorded by
lady Sale.  In terms of present day earthquakes this number of aftershocks
is extremely'hlgh and it would suggest that the major shock must have been
a magnitude of 8 or more, If an earthquake of this size had occurred along
the Kunar fault, the result would have been near total destruction in
Jalalabad; but, this was not the case as the follcwlng very unlque evidence
will demonstrate°
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At the time of the earthquake as discussed in Sec: 2; the town
of Jalalabad was occupied by the:British forces under General-Sir Robert
Sale. Prior to the:earthquake,  Sale had adopted a defensive strategy which
involved the restoration of the town's-defenses. The restoration had been
completed before the earthquake but as a result of the shock all which had
been built was torn down in the course of one minute. "A number of the
large bastions were totally destroyed, several large sections of the walls
fell, the parapets along the four walls, nearly 2.2 kms in length, were
nearly all thrown down and two-thirds of the houses within the town were
destroyedl®, By a concerted effort, Sale and his men were able to restore
the defenses of the town and as a- record of this achiévement Sale submitted
a reportl7 to England. This report which was llthographed contained a com—
plete set of accurate sketches indicating the extent of damage to the walls
of the town. Through the courtesy of the British Embassy in Kabul this set
of sketches has been photographed and is reproduced in thls report as FigSa
10, 11, 12 and 13,

The entire length of the town B8 defenses are 1llustrated by a
series of eleven separate pictures spreading over Figs. 10 to 13, The town
walls consisted of four major sections each one nearly facing one of the
four directions., In Figs. 10 to 13, the east wall which contained the
Peshawar Gate is labelled as ABCD; the north wall which cortained the
River Gate, as DEFGHI, the west wall with the Ksbul Gate, as IJKL'and the
south wall with the South Gate, as IMNA. In order to understand the signi-
ficance of the sketches it should be understood that in-Sale's original
report he wanted to communicate three important phases of the defense of
Jalalabad; these were, (a) the state of the defenses before the British
occupatlon, (b) the restoration work, and (c) the extent of destruction
caused by the earthquake, These three phases are illustrated in the
sketches. The light colored portions of the walls represent the condition
‘of the fort as found with the dark ¢olored areas depicting the restored
sections, The earthquake damage however, is illustrated by the portions
of the wall located above the black line which has been sketched around
the fort. Any portion of the wall above the line is to be 1nterpreted as
having been thrown down by the earthquakeo

Based on the pictorlal nomenclature discussed above, the extent
of the earthquake damage can be readily identified in Figs. 10 to 13, The
most notable overall effect is that nearly all the parapets were destroyed
and from this observation it is clear that during the course of the earth-
- gquake the forces imparted were not singularly oriented. Such a result is
usual in large earthgquakes where significant ground motion continues over
an extended period of time., As observed by Major-General Abbottl®, the
duration of the shock was in the order of 1.5 minutes. In view of the size
of the earthquake it is not surprising that the thin, essentially unsup-
ported parapets, would have been thrown down. The result is similar to
the decorative cornlce work whlch was strlpped from the Temple at Alkhanum.

From Figs. 10 to 13 it can be seen that the walls and bastlons
also received considerable damage but this was not unifermly distributed
about the town, '~ Close inspection shows that the north and scith wallsy or
those walls with an BW orientation; sustained the greatest damage, In the
north wall (a length of 550 meters), two bastions (one being the NE corner)
were completely destroyed and three sections of the wall, having & total
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length of 80 meters, fell, . On the south wall only one section of length
20 meters was thrown down but the wall does show several major cracks at
other places. The only other face. sustaining major damage was the north
end of the west-wall which contained the Kabul Gate, Here the bastions
flanking the gate were destroyed and some small sections of the wall north
of the gate were knocked. down,- : . .

The observations made above have considerable Significance.
Clearly the distribution was not total but at the same time it should be
noted that the walls of the town were massive in dimensions being .in the
order of 7 to 9 meters thick and the destruction which did occur could
only have resulted from a major earthquake.. The fact that the north and.
south facing walls sustained the .greatest damage Slgnlfles that the R
strongest seismic pulses were in.the NS direction and this would imply
that the fault plane of the earthquake was primarily NS oriented. This
evidence strongly suggests that it was not the Kunar fault but rather the
NNE striking Gardez fault system from which the seismic energy was released.
In view of all the evidence presented it seems reasonable to conclude that
the Jalalabad-Tigri earthquake was a result of a NS fault plane and the
ma jor Gardez fault i1s a strong possibility, .

Since the 1842 earthquake, the Jalalabad area has experienced
numerous strong earthquakes, but nothing has equalled the 1842 catastrophy.
-The area is clearly one of great seismic activity amd accordingly the ‘
seismic risks are high. .

Event 187h - Jabal-us~81rai Earthquake,

The Jabal~us-Siraj earthquake was the third maJor seismic distur—
bance of the 1%th century and although it was. the most recent in time very
little is known compared to the 1832 and 1842 events. Ballore<l deseribes
the earthquake damage as extending to Kandahar but no corrcborating evi-
dence has been found to support this. Stenz<? was able to uncover the
specific facts that Jabal-us-Siraj, Gulbahar and portions of Kohistan were
completely destroyed and that ground cracks were observed. Although the
.details asre sketchy, the intensity at Jabal-us-Siraj amd Gulbahar would
suggest possible faulting either along the Herat fault or the northern end
of the Chaman fault. It is really difficult to make any further credible
distinction than this, but it does follow that this singular region whic¢h
contains the conjunction of the two me jor continental faults could well be
the most dangerous seismic zone in the country.

Event 1892 - Chemen Earthquake:

- The Chaman earthquake was the first seismic event in the regions
for which some scientific information was recorded3C and the identification
of at least a portion of the Chaman fault was made, Sinistral horizontal
offsetting of 2 to 3 feet was observed at the time. The earthquake rerlered
. great damage to Chaman and although there are no corroborating reports it
seems certain that .Spin Baldak was strongly affected. The activity along
this segment of the fault indicates that similar activity can ccecur at
other points and all regions near to the fault should be considered as
potential centers of seismic activity.
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Evert #9, 1924 -~ Hindu Kush Farthquake:

Little information is known about this event which was recorded
by Furon in 1924. The significance to the present report is that.the
primary source of seismic disturbances affecting Kabul originate from the
deep Hindu Kush center and this particular earthquake is the first major
Hindu Kush event for which felt and. instruméntal data can be correlated.
(Event #8, 192/ which preceded by one is actually the first event.) Furon
estimated an MM of V-VI which. appears to be conservative in view of the

‘large magnitude of 7.3 shown in the instrumental data and by cemparison to

later similar events. It should be'realized however that the determination
of earthquake magnitudes and the estimation of MM ratings. is not an exect
science and the correlation of the two although valuable can produce wide
diserepancies. - R : e e

Event #2, 1931 n'Paéﬁghur Farthguake:

This relatively recent earthquake which took place in the
Panjshir valley and heavily destroyed the town of Pashghur has not been
listed by other researchers., The earthquake was not of major proportions

‘but it was certainly large and was strongly felt in Kabul. The damage was

localized to the regions of Pashghur -and based on location of this town it
seems reasonably certain that the earthquake resulted from shallow faulting
along the Herat fault. The Panjshir valley is of course strongly influenced
by the strong deep Hindu Kush earthquakes but the Pashghur event estab-
lishes that the valley can also expect violewmt activity from shallow
seismic events,

Event #5, 1933 ~ Uruzgan Earthouake:

‘The - Uruzgan earthquake is. an important result because it estab-
lishes that seismic -activity in the country cen exist west of the Chaman
fault and south of Kabul. It seems probable-that this event was associated
with the Uruzgan fault (Fig. 6) or some nearby en enchelon system. The
earthquake , rated at a magnitude of 5.6, was not a large event but if the
energy release was shallow it could have produced major damage (e.go.==the
1960 Agadir, Morocco earthquake was also only 5.6 and killed 12,000 people).
The reports from Uruzgan and nearby Dai Chupan indicated that a number of
buildings were destroyed, mountains collapsed and a series of aftershocks
were felt. The evermt is very relevant to the present study by establishing
that this region of the country is active. -~ - o :

Event #1, 193L - Pashtuﬁ.be Eafthquakeg\‘r' '

This earthquake was of destructive.proportions and levelled most
of the town of Pashtun-Kot,. The fact that.-little or no damage was reported22
at Maimana, less than 10 km away, indicates a very localized effect.
Although no instrumental data exists for this event it would seem reason-
able to consider that this earthguake was a result of faulting along the
Pashtun Kot fault (Fig. 6). Owing to the lack of nearby seismic stations
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in this region very few seismic events are known to originate from this
source but it is clear from this 1934 event that the Pashtun Kot fault and
associated systems are active and appropriate seismic risks should be
ascrlbed to the reglon. -

Event.#B,'l937 - Hindu Kush Earthquake:

This 1937 Hindu Kush earthquake was one of the larger deep focus
events with a magnitude of 7.3 and a depth of 240 km. The epicenter was
the well~known 36.5°N and 70.5°E location, about 250 km away from Kabul.
The unusual result of this earthquake was that damsge was recorded as far
away as Delhi, It is certain that Kabul also sustained some damsge but
nothing was reported. The widespread effects observed with this event are
typical of deep earthquakes, In shallow shocks the high intensity regiens
are very localized and intensity falls off rapidly with distance. Deep
earthquakes of equal energy release will not produce as large an intensity
rating but significant damage can extend for very great distances.

An interesting feature of deep Hindu Kush earthquakes is the
high intensity levels which are often recorded in northern India. The .
explanation for this is not clear but it seems reasonable to speculate that
the phenomenon is related to the Himalayan mountain structure. This
" massive mountain range may be acting as a channel through which seismic
energy transmits with little dissipation and accordingly the seismic dis-
turbances would reach such places as Amritsar and Delhi with very 11ttle
attenuation.

Fvent #l, 1943 ~ Hindu Kush Earthquake:

This earthquake was only somewhat small or in terms of energy
release (magnitude of 7.0) and in effects produced, as compared to the
event of 1937, Not much information was recorded, but Stenz<? observed
that building cracks were credted by the earthqnake in Kabul. - The instru-
nmental data shows that the source of energy was the deep Hindu Kush cernter,

Evert #2, 1948 - Magzar-i-Sharif Earthquake:

The 1948 Magzar-i-Sharif earthquake is the largest earthquaeke to
date which has been registered instrumentally in that region. The deter-
mined hypocenter was only 15 km NE from the city at a depth of 70 km. The
magnituie was put at 6,3 which indicates a significent energy release. The
effects were registered throughout the northern regions with damage
occurring at Magar~i~Sharif and Samangan where either tall or old struc-
tures suffered heavily. The maximum intensity levels for this event were
put at VII but this may be conservative, As already mentioned, this event
could well be similar in source to the ancient earthquake whlch destroyed
much of Balkh 'in 818 to 819.
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Event #2, l9h9 ~ Hindu Kush. Earthquakeo

The March L, 19&9 Hlndu Kush earthquake was one of the most
severe earthquakes of the present century which.originated from the deepa
source center., The magnitude was put at 7.5 .snd .as recorded in Table Cl
the entire northeastern corner of the country suffered- extensively. -The
loss of life was surprisingly low in view of the large number of homes and
other bulldings which were destroyed. Although the extent of damage is not
known fully the information which appears in Table Cl gives:considerable
insight into the higher intensity levels which can be expected as-a result
of the deep Hindu Kush earthquake center. - - . : :

Event #2, 1955 - Gulran E@rthquggg:

The Gulran series of earthquakes which took place during August
of 1955 are among the most unique data uncovered during this century for
the regions of Afghanistan, The earthquakes were not large but they were
sufficient to cause the destruction-of several houses. 0f all the instru-~
mental data which will be presented in Sec, 7 no recorded epicenter has
been found in or even near to this region which is just NW of Herat. In
all previous studies, this region like Herat, was considered aseismic, In
light of this evidence the region must be evalueted as a selsmlcally active
ZONE,. : .

Event %3, 1956 - Kmaard~Savghan Earthquake4-.

Of the many earthquakes whlch heve occurred in the reglons of
Afghanistan since the 1874 Jabal-us-Siraj earthquake, the 1956 Kahmard-
Sayghan disturbance was probably the most destructive, The earthquake
registered a magnitude of 7.4 with the instrumentally determined epicenter
coinciding with the Kehmerd and Sayghan district where the maximum intensi-
ties were observed, . Prior to this event, major earthquake activity as
westerly as this region was unknown., The tectonic mechanism which was res-
ponsible for the energy release is not certain. The epicenter was somewhat
south of the msjor Andarab fault and may well be associated with one of the
lesser fault lines which are identified on the geological fault map (Fig. 5).

The confusion created by this catastrophe prevented-an-assessment
of the total loss of life at the time of the event. As shown in Table Cl,
according to the newspaper articles, only about 30 people were killed. A4s
a result of & recent survey of the area by the Seismological Center, it has
been found that the total number of deaths was somewhere between 300 and
K00 people.-- : : -

oo Exten31ve bulldlng damage was reported thrOughout the reglons
north of the Hindu Kush extending east to nearly the center. of the .country.
Damage south of the Hindu Kush was minimal but intensities appreaching VI
were widespread, A total assessment of property damage has not been made
but it is evidemt from the size of the earthquake and the reglon affected
that a great many people must have been made hemelees, L S
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Although the earthquake occurred nearly 15 years ago some evi-
dence of building destruction in the more remote regions still remains
today. One such structure located to the west of Kahmard beyornd the Darri
Ajar gorge which, according to the local people killed 30 people when it
collapsed, was recently inspected by the Seismological Center. Two pictures
of this building are presemted in Figs. 14 and 15, Figure 14 is-a view of
the building looking south, As seen, the upper portion of the building is.
completely destroyed amd the entire west wall to the ground level has
fallen outwards. Also evident frém this photographare the large shear or
tension cracks which exist in the remaining portion of the north facing
wall, Based on these two observations and the additional fact that the
east wall (not shown in Fig. 14) was intact it follows that the principal
motion of the earthquake was an eastward lurch. As further evidence to
this conclusion Fig. 15 presents a view of an interior east-west wall which
contained several large archways. It ig obvious from this picture that the
arches are tilted to the west, Also evident are that shear cracks which
appear at the top of the arches and in the brickwork within the arch. It
will be noted that these cracks are inclined to the vertical in the same
sense as the crack in the north external wall.

From the above discussion &nd the evidence presented in Figs. 14
and 15 it follows that the regions of Kahmard, as a result of the 1956
earthquake, shifted to the east, This eastward shift implies that the
fault plane of the earthquake had an east-west strike. This deduction is
in keeping with the EW striking fault systems which are shown in Figs. 5
and 6 for this region. The question as to which fault was active can be
partially approached, at least to the extent of elimipating the Andarab
fault., According to Wellman (Fig, 6) the EW Andarab fault is dextral in
sense which requires that the south block moves west relative to the north
block. The structure shown in Fig. 14 lies south of the Andarab fault and
accordingly the principal motion should be to'the west if the Andarab fault
was active; it is known however that the motion was opposite in sense and
the Andarab fault is therefore eliminated. If Wellman's postulations are
correct, that is, that all faults north of the Herat fault are dextral in
sense then it can be further deduced that the earthquake was a result of
faulting along an EW striking fault which runs south of the structure shown
in Fig. 14. .

In addition to structural and biological effects there were a
number of impressive geological developments resulting from the 1956 earth-
quake, In particular, as recorded in Table Cl, at Darri Ajar, a portion
of the mountain fell down and blocked the river. This phenomenon can still
be seen today end Fig. 16 confirms the observation which was made 15 years
ago. The view shown is looking west into the gorge of the Darri Ajar on
the downstream side of the collapsed material. Behind the debris which
dammed the water flow is & small lake. Prior teo the earthquake a motor
road existed in this gorge but this has been eliminated by the collpase of
- the mountain. It should be noted that the building shown in Fig, 14 is
located about 3 km west from the location shown in Fig. 16.

The most important feature of the June 1956 earthquake is that it
upset the tectonic equilibrium of the entire region of Afghanistan and
triggered a chain reaction of seismic events which lasted for nearly four
years, This statement is well illustrated in Table C2 which shows only
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minimal activity up to 1955 and then.the: sudden.gump from 3 .events to 80
events in 1956. The years following “1956 show a ‘gradual tapering of the
events down to 8 shown in,}%31.when seismic normalecy. once.sgain returned to
the region.  This resulfi.is.an ‘excellent . example.of the.periedic .pattern.of
earthquake activity. . -Although-a.regioen, which ds known to be seismically
-active, remains; quiet for-a:periedof time; the :tectonic processes are .
_nevertheless '‘continuing -and-seismic energy I *aooumulating,; A major
release of .this energy at any;pentieular po 5.can Anjtiate a- series of .
- events. that extends outward: both:in-time and.space, .  The-evenis-of 1832_
1842 and: 1874 all probably marked the.beginming ef: 1ntense periods of
seismic activity as did the event of 1956. e, e

Event #3L, 1956 - Jaiji Farthcuake::s- =,

- -This earthquake of September:16;:1956-was one.of the major events
_trlggered by the. Kahmard-Sayghan- dlsturbance,; The instrumental location -of
the epicenter indicates that the earthquake was;associated with the Gardesz
fault system but along & section south:.of the;Kabul River,. No loss of -life
was reported but. there was .significant damage throughout the .Jaji district,
A major aftershock of magnitude 642, compared to.the-6.4 principal event ,
was recorded on September 24 and other 51gn1flc&nt aftershocks followed
extendlng 1nto 1957° oL e - S

Event #17, 1958 - Hlndu Kush Earthguake, ; fgvtff fuslsﬁlf[»_

Thls was agaln a typlcal large earthquake from.the per31stent
deep .center -of ~the:Hindu Kush.which reached dammging-proportions. ‘The
magnitude was rated:at 7.0.: - It appears:that when the energy release from
this source attains-this.level, damage can:be-expected. . This event was.
felt 'up . to-distances of 1,000 km from:the -epicenter., - - T

Event.#7, 19&0 - Hih&ﬁ Kueh?Eerthoﬁakeﬁfﬂ“‘{Fféaﬂh

According to the instrumentally determined magnitude, this Hindu
Kush earthguake was not one of the larger events but-the intensity  levels
in Kabul were high, approachlng VII. The earthquake wag felt in many parts
of India and Russla,:-;u o VR T TP R SR S EER EC LR RS

'Event #6 1962 - Hlndu Khsh Ear'th.quake°

Slmi]ar to, Event #17 Of 1958 this Hindu Kush earthquake regls-
tered a. magnltude .approaching..7iand.: was*nmdely felt partienlarly at ... -
Dushanbe in.Russia. Damage however wastmindmal throughoub the reglons of
Afghanistan,. 0000 o0 o0 et mn drbw fuded a0 R N U

RS RN ety L, -
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Event #3, 1964 ~ Hindu Kush Earthquake'

This earthquake was. similar to the Event #7 of 1960 in that the
magnitude was only in the order of 6 but the shock was: sufficient to pro-
duce cracks in buildings in Kebul and was felt in Pakistan ard parts of -
Russia, This wide variation between magnitude ratings and. observed inten-
sity levels prevents a straightforward development of a magnitude~intensity
relationship for the deep Hindu Kush esrthquakes, The difficulty mey be-
either one of inconsistencies in the ‘data or some physical phenomenon within
the deep parts of the Hindu Kush., 'This can only be resolved by careful
monitoring of future events. T ermoe oo :

Event'#24 1965 - Hindu Kush Farthguake:

This recent Hindu Kush earthquake is particularly significant
because it is the last ma jor event, up to the time of writing this report,
which approached a magnitude rating of 7. 'The effects produced by this
deep event were as usual quite .widespread. 'The damage in Kabul was pri-
marily limited to cracks in buildings but it is evident that if the shock
had been any stronger con31derable destructlon would have occurred.

Owing t,o the seemlngly pers:tst,ent nature of the deep Hindu Kush
source, it seems reasonable to pursue the possibility of establishing a
periodic pattern, at least for the strong variety which produces, say,
intensit ies approaching VII or greater, One difficulty in doing this is
the incompletensss of older data and this prohibits a relisble periodic
analysis over a broad time period which of course is desirable. Although
it is relatively short, the data frem 1937 orwards.does seem to be reliable
and reasonably complete and a preliminary pericdic¢ analysis could be made
for the past 33 years, If this is done it reveals that damaging Hindu Kush
' earthquakes occur at the approximate rate of one every four years. This
analysis however is really too crude to be of any direct value but it does
illustrate that the Hindu Kush center represents a major seismic risk to
the entire northeastern portion of the country.

Bvent #2, 1969 -'Nq;ggl Earthguake:

In comparison to the preceding seismic events, the earthquake
which affected the Nurgal region in the Kunar valley was very small regis-~
tering only 5.6 on the magnitude scale, The earthquake however was shallow
and therefore intensities approaching VII were recorded in the epicentral
region, DBased on the epicentral location, it appears that the earthquake
resulted from movements along the Kunar fault system, The damage was conw-
fined to the immediste areas about the villages of Nurgal and Bila where
the walls and roofs of a number of homes-fell and one person was killed.
The earthquake was felt in Kabul with an intensity sufficient.to awake
people from their sleep.

Shortly after the earthguake the Seismological Center conducted
a3 field study of the damage and Figs. 17 and 18 illustrate some of the
observed effects in the village of Nurgal, Figure 17 is a view looking to
the west from Nurgal with the dJalalsbad road rumning through the center,
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The bastion of thé~-gala in.the cénter -af the -picture is partially des-
troyed and a number-of sections of the mud:.wall aleong:the roadside have . -
-fallen. Figure 18 is a view of the partiaily collapsed house wherein the
- single fatality of-the earthqueke occurred. -It-is quite evident from- thls
p:cture that the’ bullding construction was" acutely inferlor, S

ThlS NUrgal event is very signlflcant in that 1t demonstrates
the potential seismic hazards which do.exist in the country.  The extensive
catalogue of events, Table Cl, thoroughly establishes that the country is
. susceptible to major seismic disturbances.  The Nurgal event however was
small on the seismic energy scale, but sufficient to cause damage because
of inferior building.construction. If the Nurgal area had been subjected
to a somewhat larger earthquake, which is hot unreasonable to:assume, the
entire village would have been destroyed.  Throughout the country there are
many places similar to Murgal where the construction techniques are totally
inadequate for the seismic risks which prevail, ' Without-discussion, Fig.
19, which depicts earthquake damage in eastern Tran® in 1968, has been
included to demonstrate the disastrous effects which: can result when a
major earthquake and inferior bullding methods coincide.

6, 5 Inten51tg,70ne Map - Summatlon of Inten51ty Data o

The exten51ve data preSented in Table C2 and the format Wthh
has been selected, provides an important base from which various future
seismic analyses can proceed. Because ene of the objects: of the present
“report is' to arrive at-a preliminary:seismic risk map for the country, an
~appropriate analysis of the data, beyond the discussion presented in Sec,

6.4, has been undertaken. - This analysis involved the utilization of all
intensity data in terms of the estimated Modified Mercalli Scale ratings,
-in order to construct an intensity zone map for the regions of Afghanistan.
The final product of.this analysis is presented in Fig. 20 and the follow-

ing is a dlscu551on of this result.

The procedure used to construct the 1nten31ty zone map was to
first define suitable ranges of intensity ratings.. The ratings which were
adopted are shown in Fig. 20.. The maximum intensity range selected was )
defined as VIII'<< MM.<< X, This range corresponds to the cases where major
damage was recorded:of the type which would involve, for example, the near
‘total destruction of poor guality masenry. as a minimum.. The second level
VI < MM < VII denotes.the range where moderate to severe:damage of poor
“quality structures occurred.’ - The-third, V< MM < VI, covers the range.

. from severely. felt to levels where poor quality masonry begins to.show -
cracks or some failures. The final two ranges spread over the effects
which range from felt by all to where only marginal long period effects
are noticed.

With the intensity ranges defined, the next step was to proceed
through Table €l and select all earthquake events which had produced
intensity effects within the maximum range. The events falling into this
category were the major earthquakes such as Paghman, Jalalabad-Tigri,
Kahmard-Sayghan, etc. For each event, based on the places of observation,
an appropriate intensity zone was sketched. The size and exact position
of these zones involves a great deal of interpretation and judgment and it
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is by no means an exact science. The only approach available however is
one of exercising the best possible interpretation and judgment on all the
known facts. When -all the maximum intensity zones were sc established the
next step was to apply the same procedure for the second category and there-
by sketch the next range of intensity zones. In doing this second step it
is necessary to return to the maximum intensity zones and sketch broader
second level zones about each. This procedure; where possible, was con-
tinued down through the various intensity zone ratings. The final step in
the construction of the map was to eliminate all internal lines within a
particular zone so what appears in Fig, 20 are only the remaining outermost
lines of each zone of different intensity range, . In effect the final zones
which appear in Fig., 20 are a summation of all the earthquake intensity
data which is given in Table Gl. It should be. noted that in all cases the
two highest intensity zones could be defined reasonably well and in some
cases this was also possible for the third zone, However, in most cases,
for the third level and lower, the associated broad regions at best could
only be inferred based on previocus experience of the variation of intensity
effects with distances3, These inferred zones are identified on the map.

The intensity zone map displays several features. Clearly
illustrated is the large second level intensity =zone which occupies most
of the NE corner of the courtry. The major seismic disturbances which have
promoted this large intensity zone are the effects produced by the deep
Hindu Kush earthguakes. This persistent center of large earthquakes is
the dominant feature on the map and all intensity zones appear to radiate
outwards from this center., The second important feature is the localized
discormected zones of the first and second levels which extend from Quetta
to nearly the northern tip of Afghanistan. The overall trend of this zone
is in a NNE direction and this is an expected result in view of the dis-
cussion on the regional tectonics presented in Sec. 5.3, . The isolated
events of Herat and Pashtun Kot are readily visible on the map. The large
zone on the west side of the map results from the 1968 Iranian earthquake,

It is important to note that the intensity zone map as shown in
Fig. 20 should not be misconstrued as being a facsimile of a seismic risk
map, The zones depicted were established entirely and only on known docu-
mented felt data, As already discussed this information is far from com-
plete, Many large earthquakes could have taken place in the past and were
not documented., These unknown events may well be in regions of the low
intensity zones as shown in Fig, 20. The purpose of the intensity zone map
is to summarige all the information given in Table Cl and present it in
such a form so that it can be easily combined with the tectonic information
given in Sec. 5.3 and the instrumental data presented in the next section.,

.
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7. EARTHQUAKE HISTORY — INSTRUMENTAE%DATA SR

'7.1, Introductory. Remarks -

N _The: instrumental detection and recording of earthquake distur-
bances on & reliable basis was not developed until the 1880's when a
British scientist, John Milne, constructed the first ‘equivalent of a
modern seismograph. Simple instruments, however, capable of detecting
earthquakes had long preceded Milne snd date as early as the 2nd century.
The importance of Milne's achievement , however; was that:for the first
time, ground motion resulting from a nearby earthquake could be recorded
and studied. Shortly following this development, it was discovered in
1889 at Potsdam, Germany, that distant large earthquakes could also be
recorded by the early seismographs, ' This discovery provided great impetus
to the science of instrumental seismology and by the turn- of the century,
through the improvement of the seismograph and the development of theories
for the interpretation of the seismographic records (seismograms), it
became possible to record and identify the occurrence of distant earth-
quakes and to determine the approximate location of the earthquake source,

- During the past 70 years instrumental seismology has continually
progressed both in terms of the development of instruments with higher
sensitivities, and the number of operating seismographic systems around the
world. According to the latest information®? from the National Barthquake
Information Center in Rockville (USC&GS), the number -of active seismo~
graphic systems or selsmic stations throughout the world in 1969 was
approaching a total of 1,100, Although the stations wvary greatly in the
type and. quality of instruments operated and in theé quality of operation,
nevertheless, the accumulated instrumental seismic data during the past ten
years exceeds the total data collected in all the years which preceded.

~ In the Near East South Asian region wherein Afghanistan is
located the number of existing seismic stations; with the exception of |
Russia, remained very low up to the beginning of 1960, During the 1960's
this situation improved considerably as a result 'of the project undertaken
by the U,S. Coast and Geodetic Survey to install a network of 125 standard
seismographic stations throughout. the world., This network known as the
Worldwide Stardard Seismographic System (WWSSS) now involves nearly 60
countries and includes. Iran, Afghanistan, Pakistan and India, As a result
of the appearance of these high-quality .stations in the region during the
1960's, the number of instrumentally recorded earthquakes has greatly
increased and .an improved understanding. of the seismic behavior of the area
is developing.. Co o : : C

Figure 21 has been included in this report to illustrate the
locations of presently active seismic stations near to Afghanistan and
thereby establish an appreciation for the remoteness of some parts of the -
country with regard to the instrumental detection of earthquake activity.
The map depicts the number of stations (the three letter symbols are the
code names of the stationsj e.g., KBL ~ KABUL) within distances of 500,
1,000 and 1,500 kms from the center of ‘the countryj; this has been taken at
34ON and 67°E, Within the 500 km circle only four stations are located
but there is a considerable increase for the 1,000 km circle with 18 being
shown; most of the stations within this latter circle lie in the northern
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sector. A total of 29 stations exist within the 1,500 km circle but the
positioning of the stations as shown in Fig. 21 is not in any way uniform.
This seemingly strange distribution has resulted from the seismic nature
of the region. A comparison of Fig, 21 with the world seismicity map
(Fig. 3), shows that the greatest density of stations corresponds with the
most seismically active sectors, (This will be more clearly demonstrated
by the seismicity maps of the region presented in Sec, 8,) It is evident
from Fig, 21 that the entire western portion of Afghanistan is well removed
from any active station (MESHED is close but operates at a very low magni-
fication) and this may be the explanation for the 1ack of recorded data in
these regions as will be shown. - -

The single station which is located within Afghanistan is operated
by the Seismological Center of Kabul University. The Station, or as
referred to previously in this report as the Observatory, is part of the
WWSSS and has been active since June of 1968, Owing to the low cultural
noise level at the site, which is roughly 10 km west of Kabul, the Cbserva-
tory operates at a short-period nominal magnification-of 400,000 -all year
round which makes it one of the most sensitive stations in the world ard
probably the most sensitive in Asia, In addition to a three-component
WWSSS short period system the Observatory also operates a complementing
WWSSS three-component long period system and a three~component advanced
system. For monitoring local earthquakes, a two-component intermediate
2,800 magnification system was installed in the summer of 1970 and for
strong local earthquakes a standby strong meotion recorder is available,
This complete range of seismic instrumentation is a unique feature as com-
pared to other seismic stations in Asia. A more detailed and technical
description of the Observatory along with an introductory discussion on
the principles of instrumental seismology can be found in Ref. 58,

Through the mutual interchange of instrumental seismic data
between the seismic stations of the world, a systematic accumulation of
earthquake informmation has resulted. A number of international seismo~
logical institutions have been formed for the sole purpose of handling the
raw data produced by contributing world seismic stations and thereby per-
forming reliable hypocentral determination of all the significant earth-
quakes throughout the world. The most notable of these organizations is
the U,3. Coast and Gecdetic National Earthquake Information Center. Through
the use of computers, the USC&GS produces extensive monthly lists which
include all earthquakes which were recorded by a sufficient number of
stations to allow a reliable hypocentral determination to be made, It is
through the availability of such extensive and complete information that
the investigations of the earthquake history of a region in terms of instru-
mental data is possible,

There are many facets of instrumental data but for a general
investigation of the earthquske history of a region the only essentizl data
which is required is a kmowledge of the origin time, the hypocentral loca-
tion and the magnitude of the earthquake. The origin time is the time at
which the earthquake originated and is a calculated result based on the
arrival times of the first earthquake waves as recorded and reported by
selsmic stations. Although arrival times can be monitored to within 0,1
sec., the computed origin times are probably only accurate to + 1.0 sec,
at best. The hypocentral location of an earthquake is also a computed
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result based on arrival times., The hypocenter, also referred tec as the
source or.focus, 1s specified in terms of the epicenter (that point in the
earth's surface directly above the hypocenter) and the depth (the vertical
distance between the epicenter and hypocenter) The. accuracy of the epi-
center and depth determinations depends very much on the .number of stations
recordlng the event and this depends on the density of ‘the stations in the
region of the earthguake and the size of the earthquake. (The larger the
earthquake the greater will be the mumber of stations recording the event
throughout the world,) With present day technigues it is possible, on the
average, to determinel epicenters with a precision of .+ 0.1° and depths to
an accuracy of + 25 km,  Early instrumental data however is. less accurate
with the best accuracy5 being + 1° for the epicenter; + 30 km for the
depth and + 5,0 sec. for the orlgin time.

The instrumental information classified as the magnitude of an
earthquake requires a more elaborate discussion than the terms: described
above if some appreciation for magnitude is to be had. In 1935, C.F.
Richter recognized the need to distinguish between the different size of
earthquakes and he devised a scale based on instrumental measurements
whereby a classification of earthquakes was possible., The scale has won
wide acceptance and is now known as either the Richter Magnitude Scale or
simply the Magnitude Scale.  Although not intended in the original defini-
tion, the scale has since become related to the total energy released by
an earthquake and even more recently it is recognized as possibly corres-
pondlng to the rate of energy release especlally for large earthquakesa

It is not. possible to include in thls report a thorough treat~
ment of the various mathematical definitions for the presently existing
magnitude scales. A&n excellent introduction can be found in Richter's
book30, For the present, it is necessary to present some of the important
aspects. The magnitude of an earthquake is, by definition, primarily a-
function of the logarithm of the measured maximum trace amplitudes as
recorded. by a seismographic gystem, and also of the epicentral distance,
that is, the distance of the epicenter from the seismic station., On this
basis two types of magnitudes have been defined; one is based on the maxi~
mu trace amplitudes resulting from the body wave portion of an earthquske
disturbance and most often on the first arriving compressional wave phases.
This type of magnitude is referred to as the body wave magnitude, MB.

The second magnitude is based on the maximum trace amplitudes of the sur-
face waves having a period in the range of 18 to 20 sec, and accordingly,
this magnitude is called the surface wave magnitude, Mg, To clarify these
definitions it should be mentioned that when an earthguake occurs, a por-
tion of its energy spreads out through the body of the earth in the form
of compressional and shear type waves and these are the body waves., A
portion of the energy also spreads out along the surface of the earth by
the formation of surface waves. The appearance of these two basic types:

of waves, which in part are each a manifestation of the energy released, is
the reason why the two magnltude scales have resulted

Tt has been found from repeated observatlons that for a given
earthquake the body and surface wave magnitudes differ to some extent, This
is demonstrated by the following relation éstablished empirically by
Richter30

M, = 2.5 + 0,63 My
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This equation gives the result that the two magnitudes agree for the value
of 6,75, Above this value My, < Mg and below, Mp> M. For example when
Mp = 8,0, Mg = 8.6 and when Mp = 4.0, Mg = 2.4. There is no agreement on
which type of magnitude is & more consistent indicator of the actuwal size
of an earthquake. Both values are often determined for a large event and
often the two values deviate considerably from Richter's equation,

The largest instrumentally recorded earthguakes to date regis~
tered an Mg = 8.,9; these were the great Japanese earthquake of 1933 and the
Colombia-Ecuador earthquake of 1906. Earthquakes with magnitude of 1 or
less are only recorded by sensitive nearby seismographs., Those of magni-
tude 2 reach the level of human perceptibility if nearby., Damage rarely
occurs in earthquakes of less than magnitude 4.C.

It should be understood that, the magnitude of an earthquake
whether it be a function of the total energy release or of the rate of
energy release, theoretically should not depend on the point of observa-
tion; this is inherent in the mathematical definitions. In this regard
the magnitude scale is quite different from the intensity scale which is
clearly a function of the distance of the observation point from the earth-
quake, Of course the other basic difference is that the magnitude scale is
& gquantitative Instrumental scale by definition; whereas the intensity
scale is qualitative, based on the observations of humans.

Although the magnitude scale is instrumental and rigorously
defined it is nevertheless imperfect., For a given earthouake it has been
found that the various seismic stations recording the event, report wide
variations in determined magnitudes. The explanations for these inconsis-
tencies are varied and are considered to inwolve such things as the loca~
tion of the seismic station with respect to the fault plane of the earth-
quake, local geological conditions, instrumental idiosyncrasies and seismo-
gram interpretation. One approach to resolve these variztions is to devise
some averaging technigue for the data from a group of stations and this
approach is used by the international seismological institutions in pre-
paring their summaries of earthquakes, The method of averaging is still.
cpen to question and no one system has been uniformly adopted. 4As a result,
reported magnitudes from different institutions when compared will show
consistent differences®9560 up to + 0.5 units. Despite all these short-
comings the categorizing of earthquakes on the basis of magnitude ratings
is extremely valuable and adds an important dimension to the study of the
instrumental earthquake history of 2 region and to the assignment of
seismic risks,

The objective of this section of the report is to present the
known earthquake history of the regions of Afghanistan as established by
instrumental data, This history of course is very limited in time owing
to the relatively short peried during which suitable instrumentation was
available; similar to the non-instrumental history, the early phases are
far from complete., In order to complement the intensity data given in
App. €, the instrumental earthquake history, included in this report, will
be presented- in the form of a chronolegical listing, wherein the origin
time, the epicentral location, depth and the magnitude are included.
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7.2 Sources of. Instrumental Data

Slnce the ex1stence of the Kabul Unlver51ty Selsmologlcal Center
in the summer of 1968, a complete record of all instrumentally recorded
earthquakes in the region has been kept., - Each month the Center prepares a
seismological bulletin listing all data monitored by the Cbservatory and
this is distributed to all the neighboring countries and to many of the
international seismological institutions. In return the Center receives
similar data which is used to augment and improve the locally produced data.
Through such an interchange of seismic data a complete history of the earth-
guake activity in the country can and is being maintained. The continuation
of this work will provide a wvaluable source of instrumental dats in the
future, but unfortunately, it cannot extend: into the past beyond the summer
of 1968, Clearly then, to perform an earthquake history investigation,
other pre-existing sources must be used and these are not to be found wlthln
the country.

The major sources for pre-1968 instrumental data are the interna~
tional seismological-centers of the world where extensive catalogues of
earthquakes on 2 worldwide basis are maintained. Prior to 1960 the most
notable of these were the Bureau Central International De Seismologie (BCIS)
in Strasburg, France, and the International Seismological Summary (IS88) in
Edinborough, Scotland, In the 1960's the National Earthguake Information
Center of the USC&GS was created., One of the important urdertakings of
this Center was to establish a computerized hypocentral data file; wherein
all the information collected by the BCIS, ISS and USC&GS and also the -
world seismicity data compiled by Gutenberg and Richter?, were stored. The
computerized file was programmed such that the instrumental data for any
region of the world could be selectéd and printed out upon request. Through
the courtesy of the USC&GS, a printout of the data, related to the regions
of Afghanistan up to 1970, was obtained, and this was the primary source
of 1nstrumenta] data for’ the present earthquake hlstory studyo

The second source_of data for the 1nvest1gation was the Atlas of -
Earthquakes in the U,S,5.R.51. This compendium of earthquake date is pri-
marily related to the U,5.S5,R. but does extend into Afghanistan to the 36°N
latitude. Tt was found that the Atlas contained a number of significant
earthquakes which were not listed in the USC&GS hypocemtral data files.

The disadvantage of the Atlas was that it did not cover the entire region
of the country and was only current to 1957. Regardless the applicable
informztion was extracted and added as part of the earthquake history of
Afghanlstan,

The third source of data was a llst of 31gnif1cant earthquakes in
and around Pakistan during the years of 1905 to 1967 compiled by the Geo-
Physical Centre of Pakistan Meteorological Department in Quetta.  This list
also contained a number of significant events which did not appear else-
where. Unfortunately the list did not include all of Afghanistan but only
the eastern portions. 'As above; the approach was: one of 1nclud1ng the data
if not available from other sourcesa

For the year of 1967 and onwards the USC&GS hypocentral data files
were augmented through the use of the Preliminary Seismological Bulletin of
Pakistan and the earthguake files of the Kabul University Seismological-
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Center. Even though the hypocentral data file is very complete, consider-
ing that it pertains to the entire world, many significant local earth-
quakes which occur in a given region are not included., This is not an
cmission on the part of the USC&GS, but 51mp1y a.result of an 1nsufflclent
number of stations reporting the events,-

Through the careful comparison of all the earthguake data recorded
in the above sources a list of earthguakes pertaining exclusively to the
regions of Afghanistan was compiled. This list, in chronological order,
comprises the instrumental earthquake history of the country.

7.3 Lists of Instrumentally Determined Earthquakes

To perform an earthquake history study of a region as irregular
in shape as the political boundaries of Afghanistan, poses some difficul-~
ties. Certainly some earthqguakes which appear outside the political
boundary could be destructive to regions within the country. To cover this
situation a possible apprecach would be to esgtablish a fixed distance from
the boundary within which all earthgquakes would be included in the earth-
quake history. This of course leads to the difficulty of selecting the
earthquakes from the data sources on the basis of a very irregular set of
limiting coordinates. To avoid this problem it was decided to approach the
study using a well-defined set of coordinates within which the entire
country would be well contained., Based on this criterion, the region
selected extends from 27° to 4O0°N in latitude and from 58° to 76°E in longi-
tude. Although the NW and SE sectors of this enlarged area are well removed
from the political boundaries of Afghanistan, it happens that these regions
are low in seismic activity and hence have little effect on the analysis.

In keeping with the same objectives as discussed in Sec. 6.3 the
lists of all recorded earthquakes within the region defined above, are
included with this report as App. D. The lists have been separated, for
ease of reference, into two tables; namely, Table D1 and Table D2, Table
D1 is a chronological listing of all strong earthquakes, where strong is
defined as earthquakes with a determined magnitude of M= 5,8. The second
and more extensive listing, Table D2, is a chronological listing of all
earthguakes which includes the strong earthguskes appearing in Table D1 and
all other earthquakes of M « 5.8 but sufficient in size to be 013551f1ed as
significant events.,

The details regarding the format of Tables D1 and D2 are presented
in the "Explanatory Remarks" which precedes the tebles in App. D. In addi-
- tion, however, some discussion should be given regarding the procedure by
which the entries in Tables D1 and D2 were made. In order to properly
reduce the vast information which was available from the data sources,
criteria had to be established. In the first place, a common occurring
problem was the listing of an earthquake event in two or more data sources
with small variations in the instrumental data appearing. The criterion
adopted to handle this situation was to record the event from one source,
based on the following priority: (1) USC&GS, (2) USSR Atles, and (3) Pakis-
tan., In the case where the USC&GS source llsted several values for the same
event , the criterion used was to accept the result which best represented
the average of the instrumental data or provided the most complete set of
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datay that is, a magnitude and depth were reported. In-utilizing the
prlorlty list above, it often developed that the second .or third spurces
included additiomal information on depth and magnitude. In.these cases the
additional information was added to the entry with due recognition being
given to the authority.

Another major difficulty encountered in compiling the lists of
31gn1f1cant earthquakes was the very large number of earthquakes listed in
the U.S.S.H. Atlas with a rating of M < ,.25, during the years of 1940 to
1957, All these earthquakes were considered-to be below a significant
level and were not included in:-the lists.. Also, . for the years preceding
1960, all the events listed by the USC&GS for which no magnitude appeared,
were evaluated as being significant by comparing the. events with the:
U.S.S.R. Atlas, The criterion used was that if the event was. listed in the
Atlas and rated as. M <C4.25,1t was considered insignificant. If no matching
entry could be found in' the Atlas and if Moscow with its nearby stations.
was not listed as an authority, it .was felt that this was a significant.
event in that it was documented only by authorities well removed from the
country..

"From 1960 onwards all recorded earthquakes were included in
Table D2. Although some of the events listed are small in magnitude:it
was felt that the number of seismic stations in the region by that time had
increased to a sufficient level so that the instrumental determinations -
were reasonably accurate and would. thereby contrlbute to the understanding
of the selsmlclty of the. reglon,- :

. One final. p01nt related to the data presentatlon in- Tables Dl and
D2 concerns the magnitude wvalues shown., In nearly all cases the listed
magnitude values are body wave magnitudes; however, the data.which has
Gutenberg and Richter as the authority, the listed magnitudes are based on
surface waves, In some earthquakes: where both body and surface wave magni-
tudes were determined, the criterion was to accept the larger value of the
two., Surface wave magnitudes selected .on this basis are identified in
Tables D1 and D2 with an-asterisk as a superscript. The. surface wave magni-
tudes could have been converted to body wave magnitudes by the relation
presented- in Sec, 6.1, but it was felt that, owing to the uncertainties of
the magnitude values in the first place and the questionable accuracy of
the conversion equation, such a manceuver would have little value.
Accordingly, the seismicity analysis presented in the next section will not
dlfferentlate between the two types of magnltudeoa : "

One feature of Tables D1 and D2 -which w111 be polnted out in this
section is the inclusion of the intensity data column. This has been done
in order te provide a' convenient cross reference between Tables D1 and D2,
and Table Cl for future cause and effect correlation studies,

. The extensive listings of the instrumental earthgquake history as
given in Tables D1 and-D2 are the first such listings ever to be compiled
“for the regions of Afghanistan.. The originality of the information in this
form provides the opportunity to perform a number of interesting analyses
from which valuable information related to the region can be determined.
Two such analyses will'be performed in this report. The first will be a
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straightforward analysis regarding the temporal distribution of the events:
this is presented and discussed in the following subsection. The second
analysis known as a seismicity study involves more elaborate treatment of
the data and this forms the subject of Sec. 8.

7.4 Temporal Distribution of Instrumental Data

Owing to the extensiveness of the instrumental data presented in
Tables D1 and D2 it is difficult to draw attention to the highlights without
regrouping the data .into a more manageable format. One such approach is to
summarize the information on a temporal basis, similar to the form used in
Table €2 of App. C. This temporal distribution analysis has been performed
and the results are given in Table D3 of App. D. The information included
in this table is a summary of all the data included in Tables D1 and D2
which is for the region 27°-4L0°N and 58C-76CE, For the all earthquake list,
Table D3 displays the monthly and yearly frequencies; for strong earthquakes
only yearly frequencies are presented.

As a result of the scant Instrumental data available up to 1924
the first entries in Table D3 are grouped on the basis of five year inter-
vals starting with all earthquakes up to 1899. Of interest are the early
earthquakes which are included in the, to 1899, entry. From Table D1 it is
seen that the first recorded earthquake is an event in 1893 and was obtained
from the U,S5.5.R. Atlas. The event is somewhat removed from Afghanistan
being NW of Meshed by 100 km., It is questionable whether or not this is an
instrumentally recorded event but it is possible because seismographs were
in existence at that time. The entire group of earthquakes up to 1904 were
all obtained from the U,S.S,R, Atlas., The first event listed by the USC&GS
files is the Kangra, India earthquake of 1905. As seen in Table D1, the
first recorded earthquake to be located within Afghanistan is the April 13,
1907 deep Hindu Kush event of 7.0 magnitude.

Table D3 shows that a total of nearly 2,000 significant earth--
quakes have been included into the instrumental earthquake history of the
region during the years of 1893 to 1969, Of this total nearly 200 earth-
quakes are grouped in the strong category (M>5,8). It is quite evident
from Table D3 that no seismic stations existed in the region up to 1928.
This conclusion is based on the result that nearly all recorded earthquakes
up te that time were of the strong variety, that is, the earthquakes were
sufficiently large to he recorded by the existing distant European seismic
stations., After 1928 the number of recorded earthquakes increases signifi-
cantly compared to the number of strong earthquakes, This increase probably
resulted from the installation of some Russian seismic stations within or
near to the region. The large number of earthquakes shown for 1935 is
attributed to the destructive Quetta earthquake and its aftershocks.

The very low number of earthquakes shown for the years of 1945
and 1946 agrees very well with the intensity data shown in Table C2 and it
must be concluded that 1945 and 1946 were years of very low seismic activity
in the region. The year of 1949 shows a very large increase in the number
of recorded events ard by reference to Table Cl it is seen that this
corresponds to the-large March 4, 1949 Hindu Kush earthquake, The intense
seismic activity which followed the Kahmard-Sayghan earthquake of 1956 is
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well illustrated: by the large numberwofhetrgngkeartHQuakes:listed for .the
years of 1956 to 1960. The increase in the.number of recorded earthquakes
during the 1960's is primarily a result .of the: 1nstallat10n of -seismic .
stations in the region during that time, .This is partlcularly well demon-
strated by the 172 earthquakes listed for 1969 which was not in any way a.
year of unusual seismic act:Lv:Lty° L _

. The temporal dlstrlbutlon of the recorded earthquakes on a monthly
basis reveals that the most active month in terms of all earthquakes during
the period 1893 to 1969 was September with the minlmwm activity appearing

in February. In.terms of strong earthquakes,- which. is possibly a more
representative measure; September is -again the most active month but
February is replaced by December as the month of minimum activity. These
months of maximuwn and minimum activity .do not agree very well with the
1nten31ty data given in Table C2 which showed January as most active amd
May as minimum, This lack of correlation is not surprising in view of the
incompleteness of the data and the different time periods and regions con-
cerned., The only conclusion possible from this -rather chaotic monthly dis-
tribution is to state that there appears to be no-discernible relationship
between earthquske activity and- the seasons of .the year within the time
period and region anmalysed. ’ :

A further analysis which can be pursued, is to:perform & temporal
dlstrlbution study for the recorded earthquakes .which were determined as
having occurred within the politiecal boundaries of Afghanistan. -Such an-
analysis was performed and the compiled results are shown in-Table Di which
has the same format as Table D3. The salient result shown by this analysis
is that the total number of all earthquakes has been reduced by 50 percent
in comparison to the broad region covered in Table D3. ..In-terms of strong
earthquakes it is seen that of the.199 shown-in Table D3 nearly 60 percent,
of 116, have occurred within Afghanistan, - In_v1ew_of_the,fact_that‘the land
area of Afghanistan accounts for roughly .30 percent of this. broad region, it
follows that the seismic activity within Afghanistan is well above the
average act1v1ty for the broad reg,:Lono , - - o

Another interestlng feature deplcted in Table Dh concerns the
monthly distribution of the events. The statistics for all earthquakes
show that December was the most active month and February the least.
Although the month of February agrees with Table D3,. December represents a
definite shift (from September) in the maximum act1v1ty,_ The more notable
feature however appears in the monthly totals of strong earthquakes. The
total of 18 earthquakes in the month -of March.and 13 in April clearly stand
out compared to the other months, The fact that these were:strong earth-
quakes and therefore probably in the felt category, supports the often~made
claim that the spring season in Afghanistan is one of increased seismic
activity. The time interval for the present temporal analysis is really
too brief to permit any definite conclusion, but it could be stated that
within Afghanistan during the past 60 years, the oecurrence of strong earth-
quekes. have been-more- prevalent during the epring months of  March .and April.

_ As will be conv1n01ngly demonstrated 1n the selsmlclty analysis
-of Sec. 8, the major source of seismic activity in the -country results from
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the zone of deep* earthquakes in the NE regions of the country. (This zone
is depicted in Fig, 35.) Although somewhat out of order, it seemed appro-
priate at this point to include a temporal analysis of the earthquakes
originating from this zone, From Tables D1 and D2, all earthquakes having
epicenters within the deep zone, defined as shown in Fig. 35, were compiled
and a temporal distribution table was constructed; the result appears in
Table D5. The most striking aspect of this anealysis is the 810 total
earthquakes which have occurred within this relatively small zone, " Of the
total number of all earthquakes (1,933) listed for the broad region, L0
percent are therefore confined to this small zone of approximately / degrees
quadrangle area. In terms of the ‘broad region which encompasses 234 degree
‘quadrangles, this zone represents less than 2 percent of the area. These
statistics vividly demonstrate the intense seismic activity which occurs
within this pocket of deep earthquakes. :

Table D5 also demonstrates that the seismic nature of Afghanistan
is predominantly related to the activity in the deep earthquake zone.
Although the deep zone extends outside the Afghan boundaries it is still
evident from Tables D4 and D5 that roughly 75 percent of the strong earth-
quake activity in the country originates from the Hindu Kush zone of deep
earthquakes,

The monthly distribution of strong earthquakes in Table D5 shows
a similar bul less pronounced distribution trend to that given in Table D4.
Based on the.monthly statistics, it seems that the probability of strong
earthquakes occurring in the Hindu Kush becomes greater during the spring
months,

The temporal'analysis of the instrumental earthquake history of
the region, has shown that earthquake activity has been reasonably con-
tinuous through the period for which data was available. There were,
however, some well-defined intervals when the selsmic activity greatly
increased and also some intervals of very low activity. The distribution
of events on a monthly basis gave no definite trerds with the exception of
a notable increase in the number of strong earthquakes occurring within
Afghanistan, and also in the deep earthquake zone of the Hindu Kush, during
the spring months.

The investigation into the fregquency of recorded earthquakes is
really one phase of a seismicity analysis, The second and more important
phase however is the analysis of the earthquake events in terms of spatial
distribution. The results produced by a spatial analysis form an integral
part of the information necessary for establishing seismic risk zones.

%--In the accepted terminology of world seismicity data (Fig, 3) the term
"deep", here, is incorrectly used; the correct terminology should be
"intermediate-depth" and this is used in Fig. 35, However, for this
regional study the terminology of intermediate-depth is awkward and "deep"
will be used cccasidnally to denote those earthquakes which originate below
the crust of the earth,
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8., SEISMICITY ANALYSIS -

The term, selemlclty, has been used extens1ve1y throughout this

- report without a clear definition being given prevlously,‘ In general, if
the seismicity of a region is know, it implies. that the nature of the

- earthquake activity is known and can be expressed in terms of, the Spatlal
distribution of the epicenters throughout the region, the size or magnitude
of the earthquakes; the frequency of occurrence and the depth of the foci.
The seismicity of & region includes non-lnstrumental as well as instrumental
information. The most common method of 1llustrat1ng selsmlolty is by
~plotting all known earthguake epicenters on a map and using a.notation

. whereby the different magnitudes and depths are distinguishable. The fre-
quency of occurrence is conveyed by limiting the map to a certain time
interval, A map conveying this type of information, presented in this
mammer, is known as a seismicity map. Correctly, Fig. 3 in this report is
called a seismicity map with the region being the entire world for the

time period 1961-1969. Figure 20, the intensity zone map, in part is also
a seismicity msp in that the eplcentral regions of the m& jor - -earthquakes
are represented.

. The ,cope of this sectlon of the report is to present a selsmicity
analysis for the regions of Afghanistan utilizing the instrumental data .com-
piled in Tables D1 and D2. As already mentioned, the temporal distribution
analyses given in Tables D3, D4 and D5 can be con51dered partly as a seis~
micity study. The present analysis, however, will be in the form of
presenting and discussing the seismicity maps of the region, constructed in
the manner described above, The analysis will be based entirely on the
instrumental data,

8.1 Regional Seismicity Maps and Discussion

Four regional seismicity maps have been produced for this report
and are included as Figs, 22, 23, 24 and.- 25, Figure 22 .is a seismicity
map based on all strong earthquake data as presented in Table D1 and there-
fore covers the time period of 1893 to 1969. Figures 23 to 25 are seis-
micity maps which were plotted for all earthquakes from Table D2, The time
period of 1893 to 1959 is shown in Fig, 23, from 1960 to 1969 in Fig. 24 and
Fig. 25 is a composite plot of all earthquakes during the time period of

a893 to 1969.

Before dlscu581ng these reglonal selsmlclty maps in partlcular,
several comments should be made regarding the criteria used in construct ing
. the maps, Owing to the difficulty of establishing a suitable nomenclature
which could differentiate simultaneously between depths and magnitude, it
was decided to omit the depth parameter in the regional plots. This is not
a serious shortcoming because the entire region analysed is primarily sub-
jected to shallow earthquakes with the exception of the NE sector. An
additional argument for this choice is that many of the earthguakes listed
in Tables D1 and D2 before. 1959, are without determined depths.

The crlterlon used for the magnitude nomenclature has several

facets. Firstly, suitable ranges of magnitude héd to be selected and this
posed some problems owing to the incompatibility of the data in the U.3,5.R.
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Atlas, which listed many earthgquake magnitudes as a range of values, with
the magnitude values listed in the other sources. Because the ranges -
selected by the U.3.5.R. Atlas were too broad for the present analysis,.
more appropriate ranges were established and the Hussian data was fitted in
as best as possible, The magnitude ranges are shown in Figs. 22 to 25 and
this system was retained throughout the seismicity analysis. As seen; six
ranges are givenj three for the strong earthquekes and three for the
smaller earthquakes of less than 5.8 megnitude. The star symbol corres-
ponds to earthquakes equal to or greater than 7.3 and the Russian magnitudes
listed as 7.5+ are included in this range. The second magnitude range,
6,5 M< 7.3, is deroted by the hexagon and the Russian magnitudes listed
as 6,54+ have been plotted with this symbol, ' The third range, 5.8<<x M< 6,5
is represented by a square ahd the 5.3+ Russian magnitudes fall into this
category. For the smaller earthquakes, the first range of magnitudes,

5.0 <M <5.8, is assigned the large circle symbol. The second range,

Le5 <M <<5,0, is designated by the intermediate circle with the Russian
magnitude valnes of 4.3+ included in this range. ~The final range which
includes all earthquakes of M <T4.5, is represented by the small circles,

Owing to the listing of many earthquakes without determined mag-
nitudes it was necessary to adopt a system whereby these events could be
plotted consistently. ' It was decided that all earthquakes up-to 1959,
without a magnitude, would be assigned a magnitude rating of 4.5 <M <5.0,
and all earthquakes from 1960 onwards would be put in the range of M <4.5.
This difference in magnitude assignments between the 60's and pre-60's was
considered justifiable, based on the increase in the number of seismic
stations during the 1960's., Because there were fewer seismic stations in
the region before 1960 it was felt that for an earthquake to have been
located instrumentally, on the average, it must have been greater than a
4.5 magnitude. After 1960, for an event without magnitude, it seemed
appropriate to place it in the lowest magnitude range in view of the
increased rmber of statlonS.

The first seismicity map to be discussed is F:.g° 22 which per-
tains only to strong earthquakes from 1893 to 1969, Inspection of this map
reveals the intense Hindu Kush pocket of strong earthquakes, as the most
striking feature. This "persistent source" of earthquake activity as
expressed by Gutenberg and Richter5, is well demarcated with the center at
36,5°N and 70.5°E, In Fig, 22 this center has been depicted by a large
star owing to the fact that a total of 51 strong earthquakes were listed
with these coordinates as their epicenter. The insert in Fig. 22 gives a
breakdown of the number of events in the three ranges. The resson that so
many epicenters have this precise set of coordinates is that most of these
earthquakes occurred before 1960 and owing to fewer seismic stations, epi-
centers could not be determined with the present day accuracies of 4 0,1°;
accordingly most epicenters were quoted to the nearest half degree, This
explanation also accounts for the pocket of earthquakes around 36,.0°N and
70.5°E and the other oneuhalf degree intersections in this region.

The second most active regien illustrated in Figo 22 is the
extreme northeastern sector of the map which lies in Russia. The greatest
activity is centered just above the most northerly point of Afghanistan and
reference to Fig, 1 shows that this activity lies just to the east of Garm.
It will also be noticed that the general trend of the epicenters follows
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the course of the Vakhsh River wvalley in Russia.-.The:.faet that these strong
earthquakes are all shallow in depth, makes it clear. that the. regions o
bordering the Vakhsh River are higherisk: seismic zones;. . It is also evident
from Fig, 22 that the Pamir regions are susceptible to strong‘earthquakesa

_ The other notable region, where strong earthquakes occur, is the
Quetta area in Pakistan. The epicénter denoted- by the star SSW of Quetta,
represents the 1935 earthquake which destroyed Quetta... It .will be seen
~that the region of strong earthquake epicenters extends eastward from
Quetta and is very much associated with physiographic features of the Indus
basin. Inspection of Fig. 1 shows that the edge of the plateau reglons
demarcates the limits of earthquake activity.

Within Afghanistan the 1956 Kahmard—Sayghan earthquake is clearly
the most distinguishable feature outside the Hindu Kush pocket,  Also evi-
dent, is the 1948 Magzar-i-Sharif earthquake just to the:ME of the- city.
Besides the large second-class earthguake south.of Kunduz .the only other
region in the country where strong earthquake epicenters appear is the
group of third-class events south of Kabul.: These-events as will be shown
in Sec, 9 are related to the Gardez fault system. The lone third-class
epicenter 1n the center of the country appears to be an 1solated event.

Figure 22 also reveals: strong earthquake act1v1ty in reglons to
the west of Afghanistan. The first~class event. shown at 34°N.is the disas~
trous Dasht-e-Bayaz earthquake of 1968. The pocket of strong earthquakes
in the NW sector of the map relates in part to the 1948 Ashkhabad earthquake
which occurred on the borders of Iran and Russia. ' The only other zone of
strong earthquakes is to the extreme east of the map and the first-class
event shown here is the great Kangra earthquake of 1905,

The . seismicity map of strong éarthquakes has given a clear repre-
sentation of the strong earthquake zones in the region, but it does not
‘convey the extent of the seismically active zones. To do this the strong
earthquake data must be augniented with the smaller. earthquake activity;.

_ this has been done and the results appear in Figs. 23 to 25. These seis-
micity maps have been constructed in order to demonstrate the earthquake
activity up to 1959, the activity during the past decade, and the total
activity during the time period for which instrumental data exists. This
particular split in time has been selected in accordance with the increase
in the number of seismic¢ stations from the pre-60's to. post-60‘s° Cwlng to
the improved quality of the instrumental data during the 1960's it was felt
that a more detailed and reliable seismicity study could be performed by
.placing speclal empha31s on only the past ten years,

: _ Flgure 23 demonstrates very. well the 1mproved interpretatlon
possible, by including more earthquake epicenters into a seismicity map.,
The dense pocket of epicenters south of Faizabad is clearly the most dis-
tinguishable aspect of the regional seismicity. It was not possible to
include and display all epicenters which were located in this zone; the
presentation procedure was to ‘plot  first: the larger -earthquakes and then
proceed progre551vely to the small magnitude ranges. The extent of this
intense seismi¢ zone is approximately confined to the-one degree quadrangle
demarcated by the 36° and 37° latitudes and the 70° and 71° longitudess
there is some spreading however, to the east and north, Interestingly,
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this pocket has the appearance of being detached from the seismic .activity
surrounding it., It will be seen later that part of the reason for this
result is that within the pocket the earthgquakes are of mtermedlate-depth
whereas outside, the earthquakes are primarily shallow.

Another notable observation in Fig, 23 is the high density of
epicenters in the Garm region, around the Vekhsh River. By comparing the
location of these epicenters with the geography shown in Fig. 1 it becomes
quite evident that the Vakhsh valley must coincide with a major tectonic
system. The Pamir region adjacent to the Vakhsh seismic zone also dlsplays
considerable seismic activity throughout 1ts extent. ; .

Within Afghanistan it is seen that up to 1959 the reglon dlrectly
south of Kunduz showed considerable activity; there was also some activity
to the west of Magzar-i-Sharif and one lone fourth-class event SE of Maimana.
The region along the Gardez fault system showed significant activity and
this extended westward well beyond Ghazni. The other-notable region where
activity can be observed is along the Amu Darya and Ab-i-Panj River basins
with some concentratlons occurrlng near Khorog and north of Rusteak..

A comparison between the seismlcity of 1893 to 1959, as shown in
Fig. 23, with the 1960-1969 seismicity presented in Fig. 24, reveals some
interesting features. Most noticeable is the absence of any first-class
events throughout the entire region with the one exception being the 1968
Iran earthquake in the west. In view of the difference in time period,
roughly 70 years to 10, this is not a surprising result, but it does in~
dicate that if the periodic pattern of the first 70 years is maintained, .
the occurrence of scme major dlsturbances is quite probable within the next
ten years, : - =

The second important difference between Figs. 23 and 24 is the

: appearance of the epicentral distribution in the Hindu Kush reglon. Very
definitely, the location and shape of the intense activity zone in the
1960-1969 seismicity map has changed. The locus formed by the epicenters
has moved south away from the 37° latitude and east to ebout the 71,5°
longitude and shows a very definite bulge in the NE direction. This definite
NE trerding was not at all visible in the 1893-1959 seismicity map. Also
different in the 1960-1969 map is the lack of a definite separation between
the very dense grouping of epicenters in the Hindu Kush region and the
surrounding epicenters; this is particularly evident on the west side, south
of Kunduz. One possible explanation for these observed differences. is that
the earthquake activity during the two intervals of time was not. eguivalent,
This explanation, although probably quite correct, accounts for only part of
the difference. The more plausible explanation is that the earthquake data
of the past ten years is considerably more reliable and accordingly the
intense seismic zone can be delineated more accurately; this fact was well
demonstrated by the world seismicity date shown in Fig. 3. :

The belt of activity which strikes to the_NE_is one of the salient
results which was not evident in the 1893~1959 seismicity map. It is. .
interesting to note that this NE belt appears to join the Vakhsh belt of
earthquakes in the extreme NE corner of the region. Enclosed between these
two belts is a well-defined region of relatively minor seismic: activity, the

center of which appears to be the Safed Khir mountains {see Fig, 1), Actually
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the -entire NE -corner-of the broad region has taken on a somewhat different

appearance in the 1960-1969 result but without the additional information

related "to the depths of the ‘events it is not profitable to point out
further features; this will be reserved for Sec, 8, 2 whlch is & detailed
-analysis ‘of the NE reglcn.-

fIn“addition to a general increase in the number of events which

-appear in going from Fig. 23 to Fig. 24, there are two other noteworthy

differences, The first is the seismic activity which is seen around
Jalalabad &and ‘exbends up into the Kunar valleys; this did not. appear in the

18931959 ‘setamicity map. The second is the definite belt of seismic -
-activity which stretches in the SE direction along the foothills of the

Himalayas ‘and this was, at best, only poorly visible in the older seismic

data. The reason for the observed seismic activity in these two regions
-during the 60's is ebviously a result of the appearance of regional seismic

stations. During the 1970's when more high-gquality data becomes avallable,
these -zones -will become even miore clearly’ 1dent1fled .

Ey ‘superimposing the 1960-1969 data ‘on the 1893-1959 map the

. regiondl :seismicity map for the combined time period of 1893 to 1969 was

produced;; ‘this is Fig, 25. In essence, it is a pictorial representation

-of ‘the :instrumental ‘earthquake history of the region. "The entire 1,933
:earthquakes ‘listed .in ‘Table D2 -appear on this map,' ' '

A1l features whlch were presented .in the precedlng dlscu551on are

:clearly amplified and accentuated in this 1893-1969 seismicity map. The

seismicdlly -active ‘regions ‘are very distinguishable from the -aseismic
regions. The broad earthquake belt stretching from well morth of Jalalabad,

past. Ghazni, and down to Quetta, is very evident. 'Also clear is the belt
‘which strikes west from Kunduz, through Mazar-i-Sharif and then SW to near

Maimana, The almost complete aseismic character of the SW block of the |
country ‘is very obvious. Some sparsely distributed seismic activity is
seen dlong the 'south and west extremities of the map bub these do not extend
to the -south -and ‘southwest ‘borders of ‘Afghanistan, - The closest major
activity -on the west is the 1968 Iranian earthquake with its concomita,nt
cluster of aftershocks° :

The major 1mportance of the 1893-1969 seismicity map in the form
presented in Fig, 25 is that it can be combined with both the intensity
data as summarized in Fig. 20 and the tectonic data‘as presented in Fig. 6.
The combination of seismicity, intensity and tectonic data -as will be .

‘presented in Secs., 9 and 10 is the culmination of this report.

8,2 Detailed Seismicity fnalysis of the NE Region

The 'salient aspect of the regional seismicity map of 1893-1969 is

.clearly ‘the northeast region which contains the extremely dense distribu-

tion of ‘epicenters about the Hindu Kush mountain range. Although the limits

of this intensely active seismic zone were well defined in Fig, 25, owing

to the great mmber of epicenters located there, it was impossible to dis-
tinguish ‘any further features. From the tenmporal analysis presented in
Sec, 7.4 and according to Table D5, it was shown that more than 800 epi-
centers were distributed in this small zone. " If an inspection of Table D2
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is made, it would be found that these earthquakes vary anywhere from very
shallow foci to-depths of nearly 300 km., This broad variation in depth of
foei is the most unique feature of this pocket of earthquake epicenters,
and as already presented in Sec. 5.2, and illustrated in Fig. 4, there is
strong evidence to suggest that the deep earthquekes in this group are
directly releted to the movement of the Indian-Australian crustal plate.

In order to acquire a deeper insight into this very special zone
of earthquake activity, a seismicity analysis, giving attention to the
variation in earthquake depths is essentizl. Such an analysis has been
performed and the. presentation and discussion of the results is the scope
of this section., ' ' . ‘ '

A seismicity study of a region where there is.a considerable
variation in depth of focl presents an additional dimension to the investi-
gation and accordingly an additionel degree of complexity. The main problem
is to adopt an appropriate format for displaying the distribution of the
foei so that the prineipal features of the phenomenon are exhibited.
‘Throughout the seismological literature a number of different techniques
have been used and after due consideration, it was decided to present the
variation in depth, by a series of seismicity maps each displaying the epi-
central distributions for a given range of foci depths. The selection of
the depth ranges was open to speculation and a number of different ranges
and groupings were attempted. Partly governing this selection was the
knowledge that the crustal thickness in the regions of the Hindu Kush was
in the order of 70 kms®0, With this as a base and with knowledge that the
deepest earthquakes in the region do not exceed 250 kms (a few isolated
events in Table D2 show depths slightly greater than 250 km) appropriate
depth ranges were established. As an alternate base, a crustal depth of
50 kms was also considered. : : C

Figures 26 through 33 present the results of this detailed seis-
micity amalysis of the NE region defined by the 33° to 40N latitudes and
the 67° to 76°E longitudes. This particular region was selected because it
is only within this area where earthquakes below the crust predominantly
occur; all other regions shown in Fig, 25 contain crustal earthquakes with
the exception of a few below the crust events near Quetta. Before discus-
sing the results it should also be mentioned that this seismicity study
was restricted to the 1960 to 1969 period because of the greater reliability
of this data., Furthermore, all earthquakes appearing in Table D2 without
depth determinations were discarded from the analysis, . '

Figures 26 and 27 present the results of separating the 1960-1969
seismicity data, given in Fig, 24, into two broad depth ranges; namely,
those earthquakes occurring within the crust (0-70 km) which is Fig, 26 and
those earthquakes occurring below the crust (>70 km), Fig. 27, A compari-
son of these two seismicity maps reveals a number of important observations,
The shallow earthquakes of Fig. 26 are distributed somewhat uniformly
throughout the region whereas. the deeper earthquakes in Fig. 27, are very
much confined to the pocket zone south of Faizabad, with effectively, a tail
which strikes to the NE. Throughout Fig. 27, there is a sparse and chaotic
scattering of events about the zone of high~density epicenters; however,
there 1s a visible trend which strikes SE from the pocket and this is along
the foothills of the Himalayas (see Fig, 1). Most evident is the‘near
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absence of any deep events in-the Vakhsh valley and-throughout the
Zaalayskiy Khrebet regions and it follows that the tectonle processes in- -
" these regions are primerily crustal in nature. This conclusion is also
valid for the regions around Jalalabad and Peshawar. In contrast to this
however, there is almost a near absence of shallow events (Flg° 26) within
the intense zone of deep earthquakes (Fig. 27) and it can be concluded that
the tectonic processes in this region are primarily sub—crustal in nature.

Another important observatlon from the comparison of Figs. 26 and
27 is the difference in the size of the earthquekes. In Fig. 26 there is
only one second-class event and two third-class events whereas in Fig. 27
a total of 5 second-class events and 16 third~class events appear. From
this observation it is evident that the stronger earthquakes in the region
- predominantly occur below the crust. This implies that considerably more
energy is being accumulated as a result of sub-crustal tectonlc processes
than those processes affecting the crustal layers,

The absence of shallow earthquakes in the epicentral zone of
deep events, depicted in Fig, 27, is even more clearly demonstrated in
Fig. 28, which is a seismicity map for all earthquakes in the depth range
of 0-50 km. This selsm1c1ty map also conveys more clearly the fact that
the surface events in the NE region separate into two broad zonhes; namely,
the region on the northern side of the Hindu Kush and the regions on the
southern side. This observation is in keeping with the tectonic analysis
given in Secs. 5.2 and 5,3 and this will be discussed further when the
results of these selsm1c1ty maps are summarlzed

Flgures 2% ang 30 present the selsm1c1ty plots of the eplcenters
associated with the earthquakes in the depth ranges of 51-100 km and 71~100
km, respectively. These two perticular depth ranges have been selected in
order to link the deep earthquake seismicity maps which follow with either
of the shallow seismicity maps given by Figs. 26 and 28, "In either of these
meps it can be seen that with the increase in the depth of the earthquakes,
there is an appreciable increase in the number of epicenters which fall in
the zone of deep earthguake epicenters, as defined by Fig. 27. Although
not clearly visible the NE trending of the eplcentral distribution can be
seen; this will however become very evident in the deeper selsm1c1ty plots
which follow.

The final three seismicity maps produced for this detailed seis-
micity analysis appear as Figs. 31, 32 and 33 wherein the depth ranges of
101-150 km, 151-20 km and depths >>200 km are presented respectively. A
comparison of Fig. 31 (101~150 km) with either Fig. 29 or Fig, 30, illus-
trates very definitely the converging effect of the epicentral locations
with increasing depth. ~With the exception of a few small scattered events
along the Hﬁmdlayan range, the entire seismic activity is confined to the
small region in the NE corner of the country and the narrow belt which
extends NE into the Pamir Knot, The greatest density of epicenters coin-
cides with the throat of the WEkhan corridor, situated just south of the
village of Zebak .

Figure 32 (151-200 km) has a somewhat similar appearance to Fig.

31 but there are some notable differences. . Firstly, it can be observed
that the dense region of epicentral distributions for this deeper range of
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earthquakes has spread outward to some extent in comparisen te the distri-
bution shown in Fig. 31. Also evident is the first appearance of a number
of strong earthquakes of the second and third-class variety; these did not
occur in the shallower layer above. The scattered isolated events which
are located in the extreme north of the map do not follow the converging.
pattern which has been observed with increasing depths. The‘explanétion
for this apparent discrepancy is not clear but it is suspected that the
data may be unreliable., If reference is made to Table D2, it will be
observed that these earthquakes were obtained from the preliminary seismo-
logical bulletins of Pakistan and it may be that when the final amalysis -
of these events is publlshed they will be relocated. : -

The most dramatic result of this series of seismicity maps
appears in Fig. 33 which presents the epicentral distribution for all ‘
earthquakes with depths below 200 km. As clearly seen, the highly well~-
defined dense pocket of strong earthquake epicenters is the salient
feature. Obviously, this very corfined grouping of earthquake foei, in
just over a one-half degree quadrangle and at depths of 200 to 250 km, is
the "remarkable persistent source of earthquakes™ which was observed by.
Gutenberg and Richter® in 1949. This source of strong, deep earthquakes,
has never been more clearly highlighted than as shown in Fig. 33. In com-
parison to the seismic characteristics of the other regions in the world,
this source must be rated as one of the most unique seismic phenomenon
known, Although a seismic energy investigation has not been performed in .
this report, it may well be found that when the appropriate caleculations
are made, the average energy release per unit time per unit volume from
this source exceeds any other seismic region in the world.

Some particular observations related to Fig. 33 should be made.
Although the locus generated by the dense distributien of epicenters is
well defined, there are clearly a number of scattered events throughout
the intermediate region. The significance of these scattered epicenters,
if they have been reliably determined, is not clear. It may well be that
the data supporting these events is in error, but this cannot be estab- :
lished at present. As more reliable data is compiled through the 1970's the
validity of these isolated events will be either proven or discredited, If
the events should be wvalid, it would greatly alter the tectonic 1nterpreta»
tions presented in this report _

By way of summarizing and highlighting the results presented in
the series of seismicity maps, from Figs. 26 through 33, a seismic regionali~
zation map based on depth of foci, has been constructed and is included as
Fig, 34, This map is a schematic representation of the epicentral distribu-
tion for the different ranges of earthquake depths. Four depth zones are
shown; namely, 0-70, 71-150, 151-200 and >>200 km. The zones were drawn by
successively overlaying the appropriate selsmicity maps and including within
each zone all significant epicenters; scattered events of magnitude < 4.5
were disregarded. Before discussing Fig. 34 it should be stated that this
type of data presentation suffers from the fact that a great number of
earthquakes in Table D2, displayed depths with values bordering the limits
of two zones, In view of the accuracy of depth determinations (+ 25 km) it
follows that a number of events could in reality fall into a wone other than
shown, and some modification to Fig. 34 would occur. Regardless of this
drawback, the overall features displayed in Fig. 34 should be valid.
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The discussion of Fig. 34 will first be directed to the shallew
earthquake zones. As seen, two detached zones wherein earthguskes of 0-70
depth occur, are shown. These zones occupy the northeastern and south-
eastern sectors of the region; the unshaded area which separates them,
represents the regions where very little or no earthquake epicenters
appeared during 1960-1969. By comparing this unshaded area with the physio~
graphic features illustrated in Fig. 1, it is evident that tlie separation
zone is colncident with the locations. and strikes of the Hindu Kush,
Karakoram and Himalayan mountains, The existence of these two shallow
earthquake zones is a result which agrees wvery well with the continental
and regional tectonic analyses presented in Secs. 5.2 and 5.3. The
southern mone demarcates the northwest corner of the Indian-Australian
crustal plete with the western edge running approximately along the Gardez
fault system. The northern zone on the other side lies within the Asian
continental system. The Hindu Kush and the other mountain ranges are the
interaction or transition zones between these two continental- plateso :

The second phase of discussion pertalnlng to Flgn'3hs concerns
the zones of deep earthquakes or sub-crustal seismic events, Most evident
is the fact that the shallowest layer (71-150 km) has the broadest extent
and almost entirely contains the other two depth zones., The overlap of
the 151-200 km zone on the south side is not considered significant and as
already discussed it may be just a result of the particular limits which
were used in the seismicity analysis. The deep zone { =200 km) howewver,
is well contained within both the shallower zones. The obvious conclusion
from this spatial distribution of the three zones, is that within the Hindu
Kush region, the extent of earthquake act1v1ty contlnually converges with
increasing depths. Although not illustrated in Fig. 34, the previous .
‘geismicity maps also clearly demonstrated the increase in the magnitudes of
the earthquakes with increasing depths and this provides the additional
conclusion that, within the Hindu Kush, the occurrence of strong earthquakes
becomes more probable and prevalent with increasing depthsu '

Tt is interesting and also challenging to postulate on the
possible nature of the tectonic processes which might be promoting the
hypocentral distribution in the sub-crustal regions of the Hindu Kush, as
shown in Fig., 34. Certainly the behavior is not of the trench-type tec-
tonic patterns as observed in the major oceanic trench systems. It will be
recalled from the discussion on global tectonics, and on the world seis-
micity data (Sec. 5.1), that owing to the down thrusting of one crustal
plate beneath the other, & plunging fault plane was observed and the earth-
gquake foci were dlstrlbuted glong this plane in the depth pattern of
shallow, intermediate and deep. Disregarding the crustal earthquakes in
Fig. 34, it is evident that this is not the case below the Himdu Kush. By
approaching and passing through the zone by any direction the pattern is
one of shallow to deep and back to shallow. In essence, what appears in
the Hindu Kush is, in part, a double trench effect, but, in addition, the
entire volume within the limits of the v-shaped or elongated conical
pocket is seismically actlve, '

A yet unpubllshed theory, proposed by R.S, Dietz and J.C. Holden
of the U,S. Environmental Science Services Administration, relates teo the
physical phenomenon which resulted when the Indian sub-continent made con-
tact with the Asian continent (recall discussion in- Sec, 5.2), They

-8]=



postulate that as the Indian continent approached the Asian continent, a
trench was formed between them by the mutual downturning of their edges.:
As a result, crustal material was downthrusted from both sides into the
upper mantle. This situation, if wvalid, contrasts to the case of the ocean
trench systems where an oceanic crustal plate slides under a continental
plate. If the Dietz and Holden postulation is valid it would imply that
the upper mantle phenomenon in the Hindu Kush is one of the very active
remanents which has remained from the original interaction of the Asian and
Indian continents. '

The unsatisfying aspect of the above postulation is the lack of
similar activity along the entire strike of the Himsalayan range. There is
one notable exception of intermediate-depth earthquakes, however, in the
Burma region; thig was schematically illustrated in Fig. 4. In a recent
paper by T. Santo l, a seismicity study of the Burma region was made and it
was established that the Burma zcne was not similar to the Hindu- Kush
phencmencn but had the characteristics of a trench system. Santo also
analysed the Hindu Kush center using 1961-1967 USC&GS hypocentral data and
his observations and conclusions are similar to those presented in this
report. Sante established that the Burma phenomenon is & continuation of
the Java trench tectonic system and accordingly it follows that the crea-
tion of crustal material in the Indian Ocean is being eliminated by under~
thrusting along this NS edge of the Indian-Australian ecrustal plate.

With the Burma phenomenon reasonably well established, it still
leaves a required explanation for the Hindu Kush-Himalayan edge of the
plate. A possible explanation which could be submitted, is that the origi-
nal underthrusting of crustal material along the Himalayan arc, has now
been replaced by overthrusting into the Asian continent and the triangular
seismic zone (see Fig. / and discussion in Sec. 5.2) is a manifestation of
this effect. In the Hindu Kush center, the apparent remanent downthrusting
could well be a result of the interaction of two convection cells within
the mantle; one cell promoting and being associated with the movement of
the NW corner of the Indian-Australisn plate and a similar but somewhat
oppositely faced convection cell under the Asian continent. The inter-
action of these two cells could be producing the trough~like pocket of
seismic activity in the upper mentle below the Hindu Kush. Furthermore,
as a result of these two convection cells the crustal blocks above are
being pushed together with upthrusting about the Hindu Kush resulting. The
north and south crustal flanks of the Hindu Kush which correspond to the
zones of shallow earthquakes, as illustrated in Fig. 3L, are therefore a
crustal manifestation of the material movements in the upper mantle,

The Hindu Kush center of deep earthquakes has attracted the
attention of many seismologists, and many investigations, based solely on
the seismograms written by distant seismic stations, have been performed in
order to ascertain the nature of the focal plane mechanism and the direc-
tion of thrusting associated with this unique center. It is beyond the
scope of this report to review these papers or the technigues applied in
the investigations., For later studies directed at improving the current
understanding of the tectonic processes at work under the Hindu Kush, an
excellent bage can be developed EZ reviewing the work of A.R, Ritsemasoféz,
J.H, Hodgson®3, 4 E., Scheidegger®l4, E,I, Shirokova®5, I, Lehman®®,

R. Chander et al®7, and A, Hedayati et 2198, ' '
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Before ending this discussion on the seismicity.results for the
NE region it is profitable to relate the findings of Ritsema, in his ‘
latest paper20, to the observations and conclusions presented in this seis-
micity study. By averaging many of the fault plane solutions produced in
the references quoted above, Ritsema was ablée to establish some jmportant
overall trends and,; in particular, he cbserved that the maximum stress axis
associated with the deep earthquakes was about 19°E of north (discussed in
Sec. 5.2), whereas for the shallow seismic events, the maximum stress was
directed about perpendicular to the structural trend of the Hindu Kush.
Furthermore, from fault plane solutions, he established- that at shallow
depths the fault plane in general is a true thrust plane striking about
SW-NE and dipping at 45° with primarily strike-slip components. At deep
levels the fault plane strikes ESE-WNW with & probable dip of 25°N, Based
on the differences in direction of thrust and on the differences in the
nature of the fault planes, Ritsemz concluded that the crustal and sub-
crustal tectonic processes in the Hindu Kush region are not directly
coupled., Furthermore, Ritsema's findings are well supported by the results
of the present study as shown in Fig, 34. In Fig. 34 it can be seen that
the zone of shallow earthquakes on the northern flank of the Hindu Kush
cuts through the zones of deep earthquzkes and it is difficult to explain
this result other than by the explanation that the shallow tectonic
processes are not directly associated with the deep tectonic processes.

Ritsems's possible explanation that the deep earthquakes are a
result of a NNE flow in the upper mantle and the shallow earthquakes are
determined mainly by the configuration of the surrounding crustal blocks is
in complete agreement with the comtinemtal and regional tectonic models
which have been developed and proposed in this report.

8,3 Seismicity of the Kabul Begion

Cne of the interesting and also very important results demon-
strated in the 1893-196¢ seismicity map (Fig. 25), was the lack of any
recorded seismic data near to the city of Kabul. The c¢lesest event shown
was a sixth-class event about 30 km east of the city. The c¢closest strong
earthquakes are those associated with the Garder fault system; these are
about 60 km in distance., Furthermore, the entire regions to the south;
west and north are depicted as being devoid of seismic activity. The
closeat activity on the north side is well beyond Jabal-us-Siraj., There-
fore from the seismicity maps alone, it would be concluded that the upper
Kabul valley and the Koh Damon valley represent regions of very low seismic
activity. This conclusion, however, runs counter to the intensity data
which has thoroughly documented the occurrence of the great 1505 and 1874
earthquakes within the region; ‘consequently, the observed low seismicity
characteristics of the region are put into doubt.

Without the existence of the Kabul Seismological CUbservatory,
the issue of whether or not the Kabul regions are seismically active could
not be ascertained in this report; however, reference to the instrumentzl
data file which has been produced for the last two years clearly settles
the issue., During the year of 1969 when a low magnification wvertical
channel at the Observatory was in operation, a total of more than 40 signi-
ficant earthquakes were determined as having originated within the Kabul
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region. Many of these everts were small on the magnitude scale but several
reached levels for human detection in Kabul. Unfortunately, owing to
vandalism, the felt data for these events has been lost, Two very signifi-
cant events close to Kabul did occur in November of 1968 and these are
listed with the instrumental data given in Table D2, These epicenters were
not plotted on the seismicity maps because the locations were based on the
data from a single-component seismographic system; such data provides
reliable estimates of distance to be made, but the azimuth cannot be ascer-
tained. Also not appearing in Table D2 are a number of felt earthquakes
which strongly jolted Kabul in the summer of 1970, These were analysed by
the new two-component, low-magnification Wood-Anderson system at the Cbser~
vatory and the epicenters were fixed at just 10 km north of Kabul.

The recent instrumental data produced by the Kabul Cbservatory
ard presented above, substantiates that the Kabul region is not seismically
inactive, as suggested by the seismicity analysis., This statement however
should not be misinterpreted as implying that the seismicity analysis in
this report is in error, The discrepancy is simply explained by the lack
of any seismic station in the region before the existence of the Kabul
Cbservatory, Prior to 1968 the closest station to Kabul (see Fig. 21) was
the Warsak Station in Pakistan, a distance of 200 km to the east.  The next
closest stations were in Hussia, more than 400 km away. Even if Warsak
recorded an event originating from Kabul, the records from a single station
would be insufficient to perform an epicentral determination®*. Tt is quite
possible that many of the felt earthquakes in Kabul, as listed in Table C1
of App. C., originated in the Kabul regions but the lack of correlating
instrumental data prevented identification of the scurce. From the seis-
micity data, however, it can be stated, with reasonable certainty, that
within the past ten years, no strong earthquakes have taken place within
the Kabul regions. :

A detailed analysis of the seismicity of the Kabul region cannot
be performed in this report; the instrumental data compiled during the past
two years simply represents too short an interval of time, Through the .
continued monitoring, however, of these nearby events as recorded by the.
new low-magnification system at the Observatory, valuable regicnal data
will be forthcoming and this will provide the basis for a future study.

The observations and explanations presented above, do not per-
taln just to the Kabul region, but have much broader implications. It
seems certain that if significant seismic events have gone unrecorded in
the Kabul area, there must be many other regions in Afghanistan where
similar situations prevail. For example, the lack of recorded activity
along the major Herat fault which is actually even more remote in terms of
nearby seismic stations, is a strong possibility. Many other fault systems
in the country may well be producing activity which is below the detectable
level of the remote seismic stations of the region. Whether or not the

#-~In the USCEGS computerized programs, a minimum of five reporting stations
is considered necessary to calculate, reliably, the location of an earth=
quake., A single station, however, can make a reasonable epicentral deter-
mination of a nearby event if suitable instrumentation is available. The
low-magnification, two-component Wood-Anderson system at the Kabul Cbserva-~
tory was installed for this precise purpose.
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various fault systems of the region have an appreciesble level of activity
and whether or not the aseismic regions shown in Fig, 25 are really devoid
of seismic activity, can only be resolved by future seismicity studies
based on more complete and reliable data. The Kabul Cbservatory with its
high-magnification systems will contribute greatly teo resolving these
uncertainties.

9. SEISMO-TECTONIC ANALYSIS

The inseparable relationship between tectonic processes and
earthquake phenomena, discussed in Seec, 5, provides the opportunity to
extend the information of one 'based on the information of the other.
Consequently, the optimum approach to acquiring the best understanding of
the seiamic or tectonic nature of a region is through a combination of this
information. Because the seismic nature of a region is well described by
a seismicity map and the tectonic nature by a map of the regional fault
systems, the most straightforward way of coupling the data is by super-
imposing the results of a seismicity map on a fault systems map. A map
which imparts this type of information is referred to as a seismo~tectonic
map and in itself, produces one form of a seismo-tectonic analysis,

For the present study it was deemed essential that a seismo-
tectonic analysis in the form of a map should be presented. An analysis of
this type, in addition to complementing the information presented in the-
tectonics section of this report, would represent in one map a summary of
most of the regional tectonic systems; as presently known for Afghanistan,
and the earthquake history, as known on an instrumental basis, The exis-~
tence of such a seismo-tectonic map would definitely be an excellent
reference and guide for many different aspects in the country's develop-
ment, One application in particular, is thet it would form the basis for
the assignment of seismic risk zones and this is one of the objects of
this report,

By overlaying the 1893-1969 regional seismicity map (Fig. 25) on
the regional fault systems map (Fig. 6), a seismo-tectonic map for the
regions of Afghanistan was constructed. This map is included in the report
as Fig, 35 and because of its importance, a larger reproduction is included
in the pocket attached to the back cover. Before discussing some of the
features, several comments regarding the construction are necessary. In
the first place, the map does not cover as broad a regiom as the 1893-1969
seismicity map., DBecause the fault systems were not lmown for the extremi-
ties of the broad region, and because the purpose of the map is primarily
directed towards the needs of Afghanistan, the smaller zone was chosen,
Secondly, as shown in Fig, 35, the intense pocket of earthquake epicenters
associated with the deep earthquake zone (more correctly referred to as
intermediate zone in Fig. 35) have been removed and: replaced with simply a
boundary denoting the region wherein deep earthquakes occur. This was
accomplished by first eliminating all epicenters in the zone and then, by
proceeding through Table D2, all shallow earthquakes (<70 km) with
coordinates in the zone were determined and plotted. All earthquake epi~
centers which appear in Fig. 35 are shallow events; there may however be
several earthquakes outside the deep zone which are sub-crustal but could
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not be removed with certainty because the depth was not given. The reason
for only considering shallow earthquskes in the seismo-tectonic enslysis

is that the fault lines vhich appear on the surface are wvery unlikely to

be associated with the deep earthquske events. The result shown in Fig, 34
and the findings of Ritsema®Q support this very well. Finally, it should
be mentioned that a number of significant fault lines whlch appeared on the
geoleogical map and were not mapped by Wellmank8 s> were included in Fig. 35;
the additions however were primarily confined tec the Kahmard-Sayghan region.

The infermation presented in Fig, 35 is extensive and many impor-
tant features are depicted, Certainly one of the most interesting develop-
ments, in view of the discussion relating to the movement of the Indizn-
Australian crustal plate, is the seismic activity along-the Chaman fault.
Although the activity is shifted to the east in the GQuetta region, it is
evident that the Chaman fault is active within Afghanistan as far rnorth as
Ghazni, Helsted to this observation is the obvious seismic activity which
is coincident with the Gardez fault system throughout its entire length,
The lack of any significant events to the immediate west of the system,
gives strong support to the statement which was made in Secs. 5.3.1 and
5.3.2 that the Gardez fault system forms part of the transcurrent fault
which demarcates the northwestern edge of the Indian-Australisn crustal
plate. The further observation that the northern end of the Gardez fault
gystem intersects the Herat fault at nearly the precise location of the
=200 km depth, earthquake zone (see Fig, 33 or 34}, is indeed further
evidence to support the statement. If there are convection cells within
the mantle which are dragging the Indian-Australian crustal plate NNE, and
if the material in these cells is downthrusting in the Hindu Kush center,
then the Gardesz fault system along with its observed seismic activity and
its observed intersection with the Herat fault above the point of deep
earthquaskes, is an acceptable physical menifestation of this postulated
driving mechanism. Furthermore, the possible ‘existence of an Iran-Afghan
crustal block which was hypothesized in Sec. 5.3.2, gains more credence in
light of this seismo-tectoenic evidence.

The second neoteable feature, is the lack of any epicenters near to
themajor trans-~country Herat fault throughout most of its length. Along
the northeast section, some epicenters are located near to the fault; but,
it is not clear whether these are related to the Herat fault or some nearby
lesser faults. In view of the significance attached to this fault, sas
presented in the discussion of the regional tectonics (Sec. 5.3), the lack
of associated seismic activity is surprising. The discussion thus centers
on the gquestion of whether or not the instrumental seismic evidence is
realistic, In previous analysis, it has been noted that owing to the
sparsity of regional seismic stations, many sectors in the country could
be producing seismic activity which is not instrumentally detectable. The
discussion of the Kabul region (Sec. 8.3) is an excellent example, and the
fact that the Herat fault is even more removed from the regional seismic
stations (see Fig, 21), the possibility of unrecorded esrthquakes is even
greater, The evidence that Herat City was heavily damaged by an earthquske
in 848 A,D. (Table Cl) provides some testimony that the fault is active,

On the cther hand, it is unlikely that any strong earthquake has originated
from this tectonic system in the last thirty years; this particular estimate
is based on the knowledge that the Pashtun Kot earthquake of 1934 (see

Sec. 6.4), which took place 150 km north, was not instrumentally recorded.
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Of interest and of wvalue to the above issue is the existence of
the very remote Jam minaret®? situated on the Hari Rud at 34.4°N and 64.6°F;
this 60 meter high and 8 meter, in base diameter, minaret is situated
directly on the Herat fault. Although the construction methods were
excellent for the pericd, the fact that the minaret has existed for nearly
700 years would indicate, et least, that no major disturbance along that
portion of the fault has occurred for quite some time., The existence of
the six slender Musalla minarets in Herat City, of 15th century vintage,
can also be cited as evidence supporting small activity along the faultg
however, there is an unsubstantisted. report70 that, of the original complex,
two of the minarets fell in 1931 and one in 1951 as & result of earthquakes,
At the time of writing this report it has not been possible to acquire '
corroborating testimony to support this earthquake damage.

The discussion presented above does not in any way resolve the
question of whether or not the Herat fault is active., It seems certain
that the fault does not possess the same level of activity as the Chaman
fault, but beyond this, the matter remains in doubt. Hopefully, the care-
ful monitoring of seismic events by the Kabul University Seismological
Center will provide the needed information in the near future. Until such
time, the Herat fault and its immediate area must be treated as potential
sources of seismic disturbances.

Some of the other fault lines which show recent seismic activity
near to their strikes, should be mentioned.. From Fig. 35, the major
Kahmard-Sayghan earthguake is very evident lying just south of the Andarab
fault which is in accordance with the discussion presented in Sec. 6.4.
Interestingly, the aftershock sequence following the major earthquake
appears to be more related with the Andarab fault, Because of the uncer-
tainty of the epicentral location when analysed in terms of these small
distances, it is difficult to say with certainty, whether or not a seismic
event and a fault line correspond; however, in the case of the Kahmard-
Sayghan earthquske and in view of the evidence given in Sec, 6.4, it seems
reasonable to conclude that the initial event must have been associated
with either one of the lesser EW faults shown in Fig., 35 or an ummapped
fault. Other sections of the Andarab fault do not show any related seismic
events with the exception of the extreme end of the eastern section.

The Kunar fault running north of Jalalabad and into the Kunar
valley shows a considerable number of related events and it seems cleer
that this system is quite active. The Urgun fault south of Jalalabad,
which runs a NS course, also exhibits some nearby seismic activity; this
observation coupled with the intensity data in Table Cl, testifying to the
occurrence of & destructive earthquake in 1052 A.D,, establishes the fault
and its regions as being an active tectonic system. The region west of the
Chaman fault, extending to and beyord the Uruzgan fault, contains a number
of seismic events and it is evident that this sector of the coumtry, with
its system of NE striking faults, is undergoing tectonic processes. Although
no strong earthquake epicenters appear, it is known (Uruzgan earthquake,
1933, Sec. 6.4) that the level of seismic activity can reach damaging pro-
portion in this region. Further west, in the remote center of the country,
little earthquske activity can be seen with the exception of the lone,
strong event associated with one of the spur faults which bifurcates from
the northeast end of the Baghran fault.
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Correlation between fault lines and earthquake activity is also
evident in the regions north of the Herat fault. In the west, southeast of
Maimanz, three earthquake epicenters can be seen; these appesr to be.
assoclated with minor and as yet unnamed faults. Although no event is
located near to the Pashtun Kot fault, the intensity data relating to the
Pashtun Kot earthquake of 1934 does substantiate that significant tectonic
processes are at work, . ' '

The Magzar-i-Sharif region is particularly revealing in Fig. 35.
Although Wellmanh® was not able to map any fault with certainty in this
region, owing to the thick Quaternary deposits, it seems evident from the
seismo-tectonic map that there is a significant EW striking fault which
passes just to the north of Mazar-i-~Sharif. This fault must have been the
source of the 1948 Mazar-i-Sharif earthquake and probably the ancient 848
A,D, Balkh earthquake, It seems reascnable, based on the strong identifying
evidence, that the segments of the fault, as shown in Figs., 6 and 35, should
in reality be joined, and the resulting continuous fault could appropriately
be referred tc as the Mazar-i-Sharif fault,

Within the extreme northern sectors of the country there appears
to be a strong correlation between earthquake activity and the short EW
striking fault lines which have been mapped. Also of particular interest,.
is the one near NS fault line which passes just to the west of Rustak (see
Fig. 1) and breaks to the west on approaching the Ab-i-Panj River where a
dense cluster of epicenters is located. Activity along this fault could
well have been the cause of the 1969 damage in Rustak illustrated in the
frontispiece,

It is not possible ©to highlight all the features which are demon-
strated by the seismo-tectonic map, The discussion given has been pri-
marily confined to the significant results which either relate directly to
previous observations and discussions,; or to the development of the seismic
risk map in the following section. The analysis has clearly strengthened
a number of the hypotheses made in this report; but; at the same time it
has demonstrated a number of uncertainties, The most serious handicap in
the: construction of the map was the lack of complete and reliable seismic
datd beyond the past ten years; this of course cannot be remedied. Reliable
data in the future, however, will be forthcoming, and if the map is updated
periodically, an improved insight into the tectonic and seismic nature of
the country will result.
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10, SEISMIC RISK REGIONALIZATION -

Throughout this report, much.of the discussion related to the
information presented has been directed toward the assessment of the poten—
tial seismic hazards which prevail throughout the various regions of the
country. The purpose of this final section in the report is to synthesize
all the various types of information which can contribute to the establish-
ment of seiasmic risks and thereby construct a seismic risk regionalization
map, This type of map reveals the various zones in which a certain range
oi earthquake effects are probable or can be expected, and accordingly, it

orms the basis for the establishment of earthquake—reslstant building-
code provisions,

The procedure for performing a seismic risk regionalizétion
analysis is not in any way standardized throughout the world. The reason

" in part for this is the lack of a‘true quantitative understanding of the

effects produced by an earthquake with varying distances from the hypo-
center, and also the great uncertainties about the cccurrence or reoccur-
rence of earthquakes in a region. Owing to the present state of the art,
seismic regionalizations are primarily based on judgment and experience;
the latter unfortunately do not often appear in open literature. Despite
the different approaches to the problem, it is well accepted by all, that
the éssential prerequisite is a compilation of all available related earth-
gueke information. For Afghanistan the prereguisite has been accomplished
in this report. :

In addition to the varied ways of approaching a seismie risk

- analysisy the final product, which is the risk zone map,; has no standard

format, The various zones defined on such a map have been expressed in
terms of such variables as, probable maximum intensity scale levels,

- expected intensity ratings versus average return period, maximum probable

horigzontal accelerations, rate of strain energy release, and etc. Many of
these approaches involve a statistical analysis of the raw datz and the
results in many cases require considerable interpretation in order to be
incorporated into earthquake building codes. A simple format; which has
besn adopted in such countries as the U.S5,4., Canada and India’ts

involves the regionalization of the country into zones which reflect
directly, the type of damage that can be expected¥*., The number of zones
selected to represent the seismic risks varies, but the coverage in all
cases spans the range from major damage to no damage. In this system, each
zone is assigned a weighted factor and these are directly incorporated into
building~code formulas from which the lateral earthquake foreces on struc-
tures can be calculated. Although this presentation is by no means perfect,
the simplicity of the system is a great advantage, and hence it is a reason~
able compromise. '

#-o.Pgkistan has also developed a seismic-risk regionalization map which pre-
sents the probable maximum ground accelerations for the various regions of
the country. It is not known if this map has been published in the open
literature, but a copy is available at the Seismological Center.
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In view of the immediate needs of Afghanistan it was considered
paramount that a preliminary regionalization of the country should be under-
taken and presented in this report. It was also decided that the regionali-
zation should follow the simple format used by the U,S5,A, and other
countries so that the earthquake building code provisions?ls74 already
adopted and established in these countries*, could be easily used as a
guide for the creation of a similar set of codes tailored to the environ-
mental conditions of Afghanistan.  In keeping with this objective, a seis-
mic risk zone map has been constructed and this is included in the report
as Fig. 363 the following discussion centers on the methods used in con~
structing the map amd some of the important related aspects.

As seen from Fig. 36, the country has been divided into four
zones of probable seismic risks. The first zone (0), represents those
regions of the country wherein the possibility of earthquake damage is
remote. The second zone (1), corresponds to regions where minor earthquake
damage could be expected and the third zone (2), represents the case where
moderate damage is probable. The fourth zone (3), demarcates the regions
of the country wherein the seismic hazards are the greatest and ma jor
damage could occur. The numerals identifying the various zones are
according to the seismic risk map of the U,S.A.

The manner in which the four zones were established in Fig. 36,
requires scme explanation. The fundamental criterion used was that the
regionalization should be & synthesis of all data; that is, the intensity
data as given in Table C1l and summarized in the intensity zone map (Fig.
20), the instrumental data as given in Tables D1 and D2 and presented in
the 1893-1969 seismicity map (Fig. 25), and the data on tectonics as given
by the maps of the regional fault systems (Figs. 5 and 6), The coupling
of this extensive and diversified data was accomplished by superimposing -
the intensity zone map (Fig. 20) on the seismo-tectonic map (Fig. 35). In
this way, all information was displayed simultanecusly and by overlaying a
third map of the regicn, the seismic risk zones were drawn according to
the evidence heneath and the judgment of the authors.

The phrase "judgment of the authors" should be further explained.
The judgment exercised was uniformly applied according to preset guldelines
or criteria. Firstly, it was accepted that, any region wherein a major
earthquake had been know to cccur, it must be assumed that such an event
could occur again within the same region and to the same extent. Secondly,
if the major earthguake or any lesser damaging earthguake appeared to be
associated with a mapped fault line, it must be assumed that a similar

event could occur at any point along the same fault line. Thirdly, for any

mapped fault line which did not exhibit. any related seismic data but the
lack of recorded activity may be a result of the absence of local seismic
stations, it must be assumed, for the present, that the fault could
represent a seismic risk,

%.--Iran has established an antiseismic construction code” which was com-
piled in 1966, The code was written based on a future regionslization map
of three seismic risk zones, The map was to be compiled at a later date
and at the time of writing this report it is not known whether or not such
a map exists,
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With the above criteria presented, a discussion of the seismic
risk zone map is now possible. The most important aspect is the probable
major damage zone. As seen, this occupies the greater part of the north-
east sector. The northern part of this zone was drawn according to the
1832 earthquake and the fact that the region lies directly above the
intense zone of intermediate-depth earthquakes, The western bulge of this
zone , Jjust south of Kunduz, is in sympathy with the second-class
(6.5-< M <<7.3) earthquake epicenter which was located in this region. The
very prominent westerly extension of the zone reflects the 1956 Kahmarde
Sayghan earthquake and the Andarab fault system. This extension reaches
nearly to the 66°E longitude which represents the most westerly point of
the Andarab fault (Fig. 35), and is in accordance with the second criterion
stated above.

The second criterion was also applied in drawing the long narrow
belt which stretches from north of Kabul to the southeastern corner of the

‘country. This belt straddles the Chaman fault and owing to the great 1505
' Paghman earthquake and the 1892 Chaman earthquake, it follows that all

regions near to the fault are susceptible to probable major damage. The
width of the zone shown was, in general, set at approximately 10 km to
either side of the fault; this distance was based in part on the observed
intensity-epicentral distance relationship observed in the 1968 Iranian
earthquakel and on the fact that the epicenter need not coincide with the
mapped fault line. The difference in the width of the zone results from
the influence of known earthquake damsge zones.

The branch which bifurcates from the Chaman fault belt, just

sputh of Ghazni, and strikes NNE to the west of Jalalabad, represents the

possible risks associated with the Gardez fault system. This zone is some-
what wider owing to distribution of epicenters and the discontinuous nature
of the faults which compose this system, From this branch the high-risk’
zone was drawn to the south of Jalalabad ard thereby also includes the
Kunar valley. The great 1842 earthquake which heavily damaged Jalalabad
and the known seismic act1v1ty along the Kunar fault, promoted this con-
figuration. .

The zone of moderate damage probable, in most cases, encloses the
high-risk zone and this in part results from the intensity-epicentral
distance effect; but, in many regions the limits are according to known
intensity, instrumental or tectonic data. Most notable in this category
are the regions around Mazar-i-Sharif and south of Mazimana. The known
damaging earthquakes which affected Mazar~i-Sharif in 1948 and Pashtun Kot
in 1934 have dictated the western extremities of this zone. The bulge to
the southwest of Maimana is according tc the extent of the mapped Paghtun

Kot fault. Also highly prominent in this level of zoning, is the narrow
- belt which exterds to the western boundary of the country and includes

Herat. This belt straddles the Herat fault and has been drawn according
to the third criterion listed under "judgment of the authors". The branch
which bifurcates from the Herat fault zone to the NW, results from the
1955 Gulran series of earthquakes and the NW'strlklng fault lines which
are mapped in this region (Fig. 35).
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As seen, the moderste damage zone occupies & large part of the
north~central region of the country and this results from the widespread
effects associated with the strong, deep Hindu Kush earthquakes. If the
activity along the riorthern section of the Chaman fault could be disre-
garded, Kabul would be included 'in this zone, The broad region of this
zone, which extends southward, west of the Chaman fault,, results from the
known earthquake activity and numerous fault lines in this region ‘and in
partlcular the 1933 Uruzgan earthquake. The bulge in this zone which takes
in Kandshar is based on intensity data (Bvent #3, 1933, Table C1) and the
extension of mapped fault lines into the region. Actually the 1nclu51on
of Kandahar into this moderate damage zone may be somewhat of an overesti-
mation of the existing seismic risks., =

The zone representing probable minor damage is primarily drawn
according to the intensity-epicentral distance effects for earthquake
activity within the country; two exceptions however exist. . The broad zone
on the western border has resulted from the known earthquake.activiﬁyFin
Iran at those particular latitudes; the 1968 Iranian earthouake is the
primary example. The zone in the center of the country, in the configura~
tion of a split tongue, follows the northeastern ends of the Farah and
Baghran faults; this has been drawn based on the third eriterion but
because of the lack of any instrumental or intensity data whatsocever
throughout the entire-southwestern corner; the zones were truncated short
of the entire lengths of the faults.

The seismic risk zone map as presented in Fig, 36 is the first
such map to be compiled for Afghanistan. Although the map has been estab-
lished by using all the information collected in this report, it must
nevertheless be considered as a prellmlnary model., The zones were drawn
according to the present state of knowledge and as pointed out,.there is
definitely a lack of high-quality seismic data for many of the regions in
the country. As improved data becomes available during the 1970%s, it will
be possible to reevaluate many of the zones and in particular, those which
were drawn on the basis of insufficient information (eog., the zone
related to the Herat fault). The appearance of new geological information,
especially the identification of additional fault 1ines, should also be
incorporated into later versions of the seismie risk map.

Future modifications to the risk zone map in the form of improved
and refined interpretations of the data, are also possible., Certainly,
investigations into the intensity-epicentral distance relations for the
'shallow and deep earthquakes occurring in Afghanistan should be pursued.

The format of Tables Cl, D1 and D2, which jointly display the intensity
data and the 1nstrumental data, has . been adopted for this prec1se purpose.
Of particular importance to such an investigation will be the future collec~
tion of intensity data from the country-wide network of 125 earthquake
reporting centers which was estazblished by the Seismological Center in

1969. A starting point for the analysis and interpretation of such data
can be found in the work done by K. Ergin’’ wherein empirical intensity~
epicentral distance relations were established. If similar realistic
relations can be devised for Afghanistan, an improved version of the

seismic risk map can be produced.
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Refinements to the seismic risk zone map can also be done on the
basis of performing more specific regionaligzation studies, that is,
localized seismic risk evaluations. The map as presented in Fig. 36 is an
overall assessment of the country and it is evident that within the various
zones, localized geology such as nearby active faults and deep alluvium,
and such other things as high water tables and soil bearing pressures,
could produce at a given site, a greater seismic risk than assigned by the
broad zone. OSome excellent work, related to seismic risk analysis on a
small scale, has been performed by A. Cornell76; reference to this werk
would provide a base for similar studies related to particularly critical
locations in Afghanistan.

One final aspect related to the seismic risk zZone map concerns
the format. In establishing the zones, no consideration was given to time;
that is, if a large event occurred in a given region, the region was
assigned the appropriate seismic risk based on the known intensity data
regardless of how often an event of this size might occur. For example,
on the evidence of the great Paghman earthquake of 1505, Kabul was placed
in the high~risk seismic zone. If an earthquake of this size has not
reoccurred since that time, then as a conservative estimate it might be
agssumed that such a level of intensity has a return period of 500 years.
From an economic point of view, it could well be argued that such a long
period risk does not justify the resulting increases in construction costs
to accommodate this maximum level of intensity; accordingly, a smaller
maximum intensity might be selected for the design criterion. OSuch an
approach is reasonable if the maximum intensity versus average return
period is known to within an acceptable probability 1imit; however, the
_incompleteness of the seismic data for the regions of Afghanistan makes
the statistical approach difficult to apply with any certainty. For the
present, it is believed that the format used in exhibiting the seismic
risk zones, as given in Fig. 36, complies with the state of the art and
the current needs of Afghanistan.

11. CONCLUSIONS

An extensive and documented research into the earthquake history
of Afghanistan has been accomplished. The history has been presented by a
chronological catalogue of non-instrumental intensity reports, and by a
chronological listing of recorded instrumental data.

Known earthquake activity in Afghanistan has been greatly expanded
both in time and extent, Identification of earthquake damage to the Greco-
Bactrian city near Aikhanum, in the north of the country, has extended the
earthquake history by 1,500 years. The inclusion of the documented earth-
quake destruction to the cities of Balkh and Herat and the town of Urgun,-
has provided written testimony to the occurrence of earthquakes in the
country, 700 years earlier than recognized in previous studies. A con-
sierable amount of new evidence related to earthquake phenomenon in the
19th century, has been uncovered; namely, the exact dating of the 1832
Badakhshan earthquake; pictorial evidence of the level of destruction in
Jalalabad in the 1842 earthquake, and the inclusion of meny additional 1%th
century earthquakes which were not listed in previous studies., New evidence
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of damaging earthquakes in the 20th century has also been found; this
includes the 1931 Pashghur earthquake in the Panjshir valley, the 1948
Mazar-i-Sharif earthquake and the 1955 Gulran earthqueke northwest of
Herat. In total, nearly 500 earthquekes of non~instrumental origin have
been compiled. -

The first list of instrumentally recorded earthquakes for the
regions of Afghanistan has been assembled and published. The list includes
nearly 2,000 earthquakes of which 199 have been categorized in a strong
earthquake list. Temporal analysis of the instrumental data for the past
60 years has revealed a tendency for strong earthquakes to ogcur during
the spring months within the country.

A comprehensive review of the latest global tectonic concepts
has been presented. It has been postulated, based on the evidence of ocean
floor spreading about the Indian Ocean ridge and the world seismicity data,
that Afghanistan is straddling the northwestern corner of-a continental-
oceanic crustal plate which has been termed the Indian-Australian crustal
plate in this report. The north-northeastward movement of this plate, as a
result of spreading about the Carlsberg ridge in the Indian Ocean,is con-
sidered as being the primary source of tectonic processes and seismic
activity in the eastern sectors of Afghanistan, The Chaman fault and, as
‘named in this report, the Gardez fault system, have been identified as
possibly demarcating the northwestern edge of the Indian-Australian crustal
plate.

Information on the tectonics of the region has been compiled and
the mapped fault systems as known for the regions of Afghanistan have been
presented and discussed. The existence of an Iran-Afghan crustal block,
which acts as a buffer block, compressed between the Asian continental mass
on the north, the northward movements of the Indian~Australian crustal
plate on the southeast and the Arsbian Peninsula block on the southwest,
has been postulated. '

The first series of selamicity maps for the broad region between
27° and 40PN and 58° and 76°E,for the time period of 1893 to 1969, have
been produced. It hes been demonstrated that the northeastern sector of
Afghanistan is a region of intense seismic act1v1ty whereas the southwestern
corner appears to be totally aseismic.

A detailed seismicity analysis for the time period of 1960 to
1969 has been presented for the northeastern portion of the country. The
well~known source of intermediate-depth Hindu Kush earthquakes has been
revealed with exceptional clarity by means-of a series of depth-restricted
seismicity maps. It has been observed that with increasing depths; the
epicentral spatial distributions converge and the number of strong earth-
quakes increase, It has been concluded that the upper mantle tectonic
processes in the Hindu Kush region are not similar in pattern to the oceanic
trench systems, The unique Hindu Kush phenomenon may be an active remsnent
of the original interaction-of the Indian and Asian continents which, as
postulated, produced a mutual downthrusting of crustsl material. The evi-
dence produced by the seismicity meps is in accordance with Ritsema's
deductions that the crustsal tectonic processes 'in the Hindu Kush regions
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are not coupled with the upper mantle tectonic processes; also, the evidence
demcnshiratas that the Hindu Kush mountain range appears to be an interaction
zone between a portion of the Asian crustal block and the northwestern corner
of the {ndian-Australian crustal block,

4 seismo~tectonic map for Afghanistan has been produced. Strong
sorcelations behween earthquake activity and the regional fault systems were
ocbhserved. From the activity along the Gardez fault system and its inter-
pecticn point with the Herat fault in the zone of intermediate-depth earth-
quakes, the postulation that the Gardez fault system forms part of the
Indian-Australian crustal plate edge, was strengthened. The lack of
seismic activity along the major Herat fault was observed and it was con~
cluded that the lack of activity, if such exists, could be explained by
the remoteness of regional seismic stations.

The first seismic risk szone map for Afghsnistan has been con-
struct.ed by a synthesis of all earthquake related data. The map in its
prezsent. form should be considered as a "preliminary" model until further
information in the form of high-quality seismic data can be compiled. It
is hoped that the preliminary map will provide the base for the development
of later improved versions,and also provide the basis for the establishment
and adoption of earthquake-resistant building codes for Afghanistan.

This report has attempted to bring together; under one cover,
all information related to the seismic and tectonic nature of the regions
of Afghanistan. In view of the present development in the country, the
fact that the region straddles one of the more active seismic zones in the
world and the fact that the regional seismic activity was not well under-
anood9 tha need for a detailed seismic investigation was evident. The
primary purpose of this report, therefore, was to fulfill this need and
thereby comtribute to the development of the country,

In unfolding the seismic history of Afghanistan, the report has
raised many unanswered questions and has presented a number of postulated
medels to explain observed physical phenomena., In going beyond its primary
Qhﬁaﬁ°‘?eg +the report has endeavored to provide a stimulus for continued

gearch, If, as & result of this study, future investigations follow to
reselve the unanswered questions and to prove or disprove the postulations,
the raport will have served ancther useful purpese.
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APPENDIX A

MODIFIED MERCALLI INTENSITY SCALE .~ . =~

It should be noted that the following intensity scale is an

abridged and rewritten version of the original 1931 Modified Mercalli Scale
and was introduced by C.F. Richter30 in 1956.

I,
II.

III,

Vi.

VII.

VIII.

Not felt. Marginal and long~period effects of large earthquakes.
Felt by persons at rest; on upper floofs, or favorably placed.

Felt indoors., Hanging objects swing, Vibration like passing of
light trucks. Duration estimated. May not be recognized as an
earthquake, ' '

Hanging objects swing., Vibration like passing of heavy trucks; or
sensation of ‘a jolt like a heavy ball strlking the walls, Standing
motor cars rock, Windows, dishes, doors rattle, Glasses clink,
Crockery clashes, In the upper range of IV wooden walls and frame
creak, ‘ '

Felt outdoors; direction estimated. Sleepers wakened, Liquids dis=-
turbed, some spilled. Small unstable objects displaced or upset.
Doors swing, close, open, Shutters, pictures move. Pendulum clocks
stop, start, change rate,

Felt by all. Many frightened and run outdoors. Persons walk
unsteadily. Windows, dishes; glassware broken. Knickknacks, books,
etc., off shelves, Pictures off walls, Furniture moved or over-

turned. Weak plaster amd masonry D cracked, Small bells ring (church, :

school), Trees, bushes shaken (visibly, or heard to rustle-—CFR).

Difficult to stand., Noticed by drivers of motor cars, Hanging
objects quiver, Furniture broken., Damage to masonry D, including
eracks. Weak chimneys broken at roof line., Fall of plaster, loose
bricks, stones, tiles; cornices (also unbraced parapets and architec-
tural ornaments-~CFR). Some cracks in masonry C. Waves on pondsj
water turbid with mud. Small slides and caving in along sand or
gravel banks, large bells ring. Concrete Irrigation-ditches
damaged.

Steering of motor cars affected. Damage to masonry C; partial
collapse. Some damage to masonry Bj none to mesonry A. Fall of
stucco and some masonry walls, Twisting, fall of chimneys, factory
stacks, monuments, towers, elevated tanks, ' Frame houses moved on
foundat ions if not bolted down; locse panel walls thrown out.
Decayed piling broken off. Branches broken from trees., Changes in
flow or temperature of springs and wells, Cracks in wet ground and
on steep slopes.
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XTI,

. XIIL,

General panic. Mﬁsonry D destroyed° masonry C heavily damaged, some-
times with complete collapse; masonry B seriously damaged. (General
damage to foundations-~CFR.) Frame structures, if not bolted,

shifted off foundations. Frames racked, Serioud damage to resér- =
voirs, Underground pipes broken. Conspicuous cracks in ground, In
alluviated areas sand and mud ejected, earthquake fountalns, sand
craters, :

Most masonry and frame structures destroyed with their foundations.

- Some well-built wooden structures and bridges destroyed. Serious

demage to dams, dikes, embankments. Iarge landslides, Water thrown
on banks of canals, rivers, lakes, etc, Sand and mud shifted hori-
zontally on beaches and flat land, Rails bent slightly.

Rails bent greatly. Underground pipelines completely out of service,
Damage nearly'totalc- large rock masses displaced. Lines of sight
and level distorted. Objects thrown into the air,

In the above inten31ty scale the four grades of masonry, 4, B, C

and D ere defined as follows:"

Masonry A, Good workmanship, mortar, and design; reinforced, especially

laterally, and bound together by using steel, concrete, etc.;
desdigned to resist lateral forces,

Masonry B, Good workmenship and mortar; reinforced, but not de31gned in

detail to resist lateral forces.

Masonry C. Ordinary: workmanship and mortar; no extreme weaknesses like

failing to tie in at corners, but neither relnforced nor
designed against horlzontal forces,

Masonry D, Weak materials, such as adobej poor mortar; low standards of

workmanship; weak horizontally.

-_=-A2~



AEPENDIX B

IMPORTANT HISTORICAL EARTHQUAKE NARRATIVES

(1) The Great Earthquake of July 5, 1505

(11) The Great Barthquake of February 19, 1842
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FOREWORD

e Throuphout hlstorlcal t1mes it seems certain that Afghanistan ‘has
been sub jected periodically to earthquakes of .major proportions. Histori-
.cal accounts of these tragedies are indeed sparse and ‘orily a few doctments
are available today to testify to the havec:which has beén inflicted on the
region from time to time. Much of the information which is available is of
the heresay or after~the-fact variety and this usually does not communicate
the actual degree of severity. Iwe notablerexceptions;- however, do_exist,
These are the great earthquake of July 5, 1505 which was witnessed by .
Fmperor Babur while he was camped near Kabul, and- thergreat ‘earthquake of
February 19, 1842 which rendered great damage to the regions of Jalalabad::
and was thoroughly documented by lady Sale, Lieut. Eyre and MagoraGeneral
Abbott.  The personal accounts of. these pbservers are vivid test imonies to
the calamities endured, Because of their’ significance to the present.
report, excerpts from the orlglnal artlcles have been reproduced and are
ineluded -in this: Appendix. : ‘ : - - -

B .

The Grea-t Earthquake of July 5, 1505 .

Fmperor: - Babur s Narratlve

Froms "Mem01rs of Zehlr—Ed-Dln Muhammed Babur“ .f.(Reference.o).:J

"We. had marched® as far as the auleng {or meadow) of Knsh—Nadir where we:QL
had halted, when I'was selzed wlth a, fever._- : S

"At. this period there was such’ an earthquake that many ramparts of fort~ :
resses, the suwmiits of some hllls, and many'houses, both in the t owns amd
villages, were violently shaken and levelled with the ground. Numbers of.
persons. lost their lives by their houses. and. terraces falling on. them, The
whole houses of the village of Pamghan (Paghman) fell down, and seventy or:
eighty resgectable householders were buried under the ruins. Between Pamghan
and Bektut®; a piece of ground ;. about a stone's throw in breadth, separated
itself, and descended for the length of a bowshot; and springs burst out

and formed a well in the place that it had occupied. From Isterghach to

the plain®, being a distance of about six or seven fareangsd, the whole .
space was so rent and fractured, that in some places the ground was elevated
to the height of an elephant above its old. level and in other places as
“much depreéssed; and in many places it was so Spllt that a person might, have
hid himself in the gaps,j During the time of the earthquake ; & great cloud
of dust rose from the, tope of the mountains. MNur-allah, the Jlutenist,.
happened to be playang before me on the. mandolin, and had .also another
instrument with ‘himg® he 1nstantly caught up both the instruments in hlS

. harids, ‘but had so 11ttle command of himself, that they knocked againet each
other. - Jehang:r ‘Mirza was at leahe, in the upper veranda of a.palace - .-
built by Ulugh Beg Mirza. The moment the earth began to quake, he threw
himself down, and escaped without injury. One of his domestics was .in the .
same story, when the terrace of this upper floor: fell on him. God preserved
him, and he dld not eustaln the sllghtest harm, Many rlsingu-groundsf were

a - on the way to Kandahar o d =1 faraang equals 8 kllometere approx.
b ~ valley just north of Paghman el village about 20 km northwest of Kabul
¢ ~ Maidan f - houses in Tibsah

~B3- .
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levelled, That same day there were thirty-three shocks; and for the space
of a month, the earth shook two or three times every day and night. The
Begs and soldiers had orders to repair the rents and breaches in the walls
and fortifications of the fortress. By great diligence and exertions, in
twenty days or a month, all the parts of the walls that had been damaged or
thrown down were repalred and rebuilt " , :

The Great Farthquske of February 19, 1842
4) lady Sale's Narrative | '

From: "Journal of the Dlsasters in Afghanlstan 1841—2" : (Reference l3)

At Buddeeabad 12 Y northeast of Tlgrl, in the Allngar Vallay

February 19:

At noon I was on the top of the house; when an awful earthquake took
place. I had gone upstairs to see after my clothes; ., . . and in our
present situation we must learn to do everything that is useful, 3But to
return to the earthqueke, For some time I balanced myself as well as I
could; till I felt the roof was giving way. I fortunately succeeded in
removing from my position before the roof of our room fell in with a dread-
ful crash, The roof of the stairs fell in.as I descended them; but did me
no injury. All my anxiety was for Mrs, Sturt (daughter); but I could only
see a heap of rubbish. I was nearly bewildered, when I heard the joyful
sound, "lady Sale, come here, all are safej" and I found the whole party
uninjured in the courtyard. When the earthquake first commenced in the .
hills in the upper part of the valley, its progress was clearly defined,
coming down the valley, and throwing up dust, like the action of explodlng
a mine,~-1 hope a soldier's wife may use a soldier's simile, for I know of
nothing else to liken it to. Our walls, and’ gateways, and - corner towers,
are all much shaken, or actually thrown down.  We had at least twenty-five
shocks before dark; and about fifteen more during the night, which we spent
in the courtyard. The end wall of the room lady Macraughtern and party were
in has sunk about two feet, and all the beams have started " :

February 20 ' S .

"I wrote to Sale, to tell him we were all safe. At 3 'in the morning we had
a pretty smart shock, and constant ones, scme severe, and many very slight,
on an average every half hour all day, and five or six slight ones at night,
The gentlemen gave. up theéir largest room to my party, who were utterly roof-
less. Nearly all the others slept outside: but we had only one crack in
the roof of our room, caused by part of the wall falling on it. The cold
outside was intense; and the dew completely saturated the bed clothes last
night: added to which, should the buildings come down, we were safer above,
for the yard was so crammed that, 1n case of a001dent half the people
below must be crushed,® :

February 21:

"At 1 in the morning a sharp shock made us run to the door. ‘We' had numerous

slight, and three or four pretty good shocks: they became more frequent in
the evening. FPart of our party made awnings in the courtyard. to sleep
under; but Mrs. Sturt and myself still preferred the house as safest,
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"Dost Mahommed Khan brought workmen to clear away the debris. He tells us
our fort is the best of forty that have suffered in this valley; and that
many are entirely thrown down. In one, a tower fell, and crushed five
women and a man: others have not a wall remaining.

"We have various reports regarding Jellalabadj--that it has been taken, that
the walls and all the defences are thrown down, ete,"

February 22:

"We had earthquakes day and night; less severe, but equally frequent. A4 prop
was put up in our room to support the broken roof. We experienced a curious
shock in the evening like a heavy ball rolled over our heads, Some large
pieces of hills have fallen, and immense messes of stone, I miss some large
upright stones cn the hills that divide us from Kaffiristan, and that looked
in the distance lik= large obelisks,"

February 23: 7
"This has been 2 very close and gloomy day; earthquakes frequent, and some
very sharp ones.,"

February 24:

"Very few shocks, and those gentle ones: but all last night, and great part
of to~day, particulsrly late in the evening, there was a tremulous motion as
of a ship that has been heavily struck by a sea, generally feeling as if on
the larboard quarter, and accompanied by a sound of water breaking against a
vegsel, At other timss we have just the undulatory motion of a snake in the
water: but the most uncommon sensation we have experienced has been that of
a heavy ball rolling over our heads, as if on the reof of our individual
room, accompanied by the sound of distant thunder.®

February 25:
"The earth is still unquiet, constantly trembling, with reports like explo-
sions of gunpowder, but no severe shocks."

Febfuary 27:
"Earthquakes very frequent, but not severe, though worse than yesterday."

February 28:
"A smart shock of an earthquake about ¢ o'cleck in the evening; and during
the night several siight ones.,"

March 1:
"A smart double shock in the morning, with slight tremulous motion.”

March 3 & iq,f.
"Earthquakes as usual."

March 5:
At 3 A.M, turned out of bed by & smart shock of an earthqueke, Three con-
tinuous ones at breakfast-time."

March 9:
"Several slight shocks at night.®

March 13:
"Earthquakes as usual.”

~B5m
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March 14:
"Earthquakes in plenty."

March 18:
"We had two slight shakes, with reports like distant guns or thunder in the
morning; and another during prayers at night."

March 20:
“During prayers (it being Sunday ) about one o'clock we felt three distinct
shocks.™"

March 23:
"An earthquake early in the morning, and many slight ones at night."

March 26:
"Earthquakes in the usual number,®

March 273
"Four esrthquakes before breakfast, and more at night."

April 11:
"As we marched* through the valley, we saw the effects of the late earth-

quake: not a fort was entire; very few habitable, and most of them masses
of ruins."

*—left Buddeeabad and heading towards Tigri.

- B) Ilieut, Vincent Eyre's Narrative

From: "The Military Operations at Cabul"  (Reference 14)

At Buddeeabad, 12 km northeast of Tigri, in the Alingar Valley

February 19: '

"On the éth, we had a heavy fall of ralns since which the weather had

become exceedingly close. This morning it was remarked that an unusual
degree of heat and stillness pervaded the air, Whether these were premoni-
tory symptoms of what was shortly to happen it is impossible to determine;
but at 11 A.M, we were suddenly alarmed by & violent rOcking.of the earth,
which momentarily increased to such a degree that we could with difficulty
maintain our balance, Large masses of the lofty walls that encompassed us .
fell in on all sides with a thundering crash; a loud subterraneous rumbling
was heard, as of a boiling sea of liquid lava and wave after wave seemed to .
lift up the ground on which we stood; causing every building to rock to-and
fro like a floating vessel. After the scenes of horror we had recently
w1tnassed, it seemed as if the hour of retribution had arrived and that
Heaven de31gned to destroy the bloodstained earth at ome fell swoop, . The
dwelling in which we lodged was terribly shaken, and the room inhabited by .
lady Sale fell in;-~her ladyship, who happened to be standing on the roof
just above it, having barely time to escape. Most providentially, all the
ladies with their children, made a timely rush into the open air at the
commencemernt of the earthquake, and entirely escaped injury. Gen. Elphin-
stone, being bedridden, was for several moments in a precarious position,
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from which he was rescued by the intrepidity of his servant Moore, a private
of H.M, 44th, who rushed into his room and carried him forth in his arms.

The quaking continuad for several minutes with unabated vioclence, and &
slight tremor in the earth was perceptible throughout the remainder of the
day. The Affghans were, for the time being, overwhelmed with terror; for,
though slight shocks of earthquake are of common occurrence every year during
_-the cold season, none so fearful as this had visited the country within the
memory of the present generetlon,_ We shortly learned that our fort had been

S 31ngular1y favoured, almost every other fort in the valley havlng been laid

low,; and many inhabitants destroyed in the ruins. The town of Turghuree
: (Tigrl) especially seems to have suffered severely, scarcely a house being
-;left standlng, and several hundreds of people having been killed 1n the fall.

We. all passed the night in open air, being afraid to, trust the tottering
walls of our habitation, especially. as shocks of earthquake continued to

. occur almost every hour, some of which were rather severe," .

"Merch 3

f‘ "Severe shocks of earthquake every day."

'C) Mﬁjor—Generai Augpstus.Abbott'sLNarrative

From: "The Afghan Wer, 1838-1842"  (Reference 15).

At Jalalabad

February 19: . T -

"The last week has been an eventful one. We have been gratified by intel-

ligerice of strong reinforcements marching to our aid, but the very day which
“brought us the news, witnessed a most extraordinary calamltya I was walking

' round.the place yesterday, about noon, when the ground: trembled under my

feet, and I was sensible of the shock of an earthquake.- The oscillation
increased, and as the ground actually undulated, I sat down to aveid falling.
Before me was a lofty bastion three stories high, on which stood a Sepoy
sentrya, This high building began_noddlng in a strange mamner, and I fully
expected it to fall at full length outwards, but only the thin parapet was
shaken off, and the sentry remained unhurt at his post. A1l the parapets
along the face commenced falling in like manner, and several large breaches .
were made in the bastions and the curtains.  Within the works a confusion of
cries arose, and a dense cloud of dust denoted that great injury had been
sustained, The whole of the town was more or less injured, -and two-thirds
of the houses were totally destroyed. Our house had not escaped; my room is’
‘the only one now habltables and that has its walls and roof in such a state,
that last night I was more. than once sbout to desert it, for we had eight or
ten shocks between nine a.m.. and daylight this morning. The _aspect of the
town 1s now most wretched; but fortunately few lives were 1osto‘ The working
parties were all outy and only four men were killed of all ocur force.
Colonel Monteith, of the 35th Native Infanmtry, was burried in the debris of
a curtain, which fell under him, but the men spesdily dug him out, and he is
doing well. The whole country has suffered dreadfully. ~ The bastions and
curtains of many forts have been thrown’ down, and the clouds of dust that
arose from every fort and village denoted that we were by no means the only
sufferers. The market people tell us that women and children have been
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killed by dozens, the waters of the river were twice thrown from their bed
during the shock, and I had no idea that such mischief could be done in & =

minute and 2 half, To see the solid bastions of this fort, on which my guns

looked like toys, split and thrown down by invisible agency, to see a mile
and a half of parapet, the work of all hands during three months, in the
same short time shaken down in their whole circuit, was equally awful and
vexatious, The first great shock lasted only a mlnute .amd a half, but at.

short intervals we have ever since had slight shocks, which 1nvariably sends‘

all hands scampering into the open eir. M

March 203

"Ever since the catastrophe of the 19th of February, slight shocks of earth-
queke continued almost daily, and on the 20th of March, there was so severe
a shock that the left centre battery, on the river face, was cracked, and
the parapets were. damaged L
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APPENDIX C

. NON~ INSTRUMENTAL (INTENSITY) DATA .

(1) Explanatory Remarks

(11) Table Cl -~ Chronological Catalogue of Earthquake
Intensity Data

(111) Table (2 - Summary snd Temporal Distribution of
Pelt and Damaging Earthquakes

(iv) Cazetteer - Places of Observation
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- EXPLANATORY REMARKS

The following remarks are presented in order to clarify the format

of Table Cl and to draw attention to scme important points.

1)

2)

3)

L)

5)

The earthquake intensity reports, in addition to being identified by
year, date and time in the first three columns, are also identified
simply by year and event number as given in the first column. If only
one event is known for a given year the event number does not appear.
If more than one event is known for a given year, each event is then
assigned & number from one omwards in the chronological order. The
times shown have all been converted to GMT in order to allow ready com-
parison with the instrumental data given in Appendix D.

The places of observation appearing in the fourth column can be in the
form of a eity, 2 town, a district, a province or a country. All major
observation places can be found on the map of the "Regions of
Afghanistan® (Fig. 1), Less important and unfamiliar places have been
identifised in the Gazetteer which follows Table Cl. In each case the
places are geographically identified by reference to the major places
found on Fig. 1.

The spelling of place names for the regions of Afghanistan has yet to

be standardized and for that matter many places are known by several
names {e.g., Aibak and Samangan). It was not the object of this report
to resolve the spellings or to perform a toponymical study. The
approach has been to adopt a certain spelling or name and then to remain
consistent throughout the report.

It should be clearly understood that the effects of the earthquake as
recorded in column five are the effects which were reported at the place
of observation, Although these effects are an abridged version of the
original reports, care has been taken to include all salient faets.

Column six presents the references from which the intensity data was
extracted. The reference numbers gquoted correspond to the reference
numbers in the general bibliography of the repert.

The estimated Modified Mercalli Scale ratings (EST MM) are given in
column seven. These estimates were made according to the data shown in
the "Effect® column and are based on the levels of the MM intensity
ratings defined in Appendix 4, In many cases considerable interpreta-
tion was required in order to make a realistic assessment of the inten-
sity repeorts., The EST MM values shown are exclusively based on the
judgment of the authors with the exception of the entries taken from
Stenz (Ref., 22) and Furon (Ref. 27).

It should be clearly noted that the use of Arabic numerals to represent
the MM Scale is not standard practice. The correct Homan numeral
representation has been replaced in Table Cl for the purpose of con-
serving space,
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6) The right-hand set of columns grouped under “Instrumental Data' have
been included to allow convenient correlation between intensity data
and instrumental data, The information in these columns has been
brought forward from the chronological listings of instrumental deta
presented in Appendix D. This data includes the calculated origin

time of the earthguake (GMT), the latitude and longitude of the epi~

center, the magnitude and the depth.

For many events it will be noted that the instrumental origin times
differ considerably from the times given by the intensity reports.

These differences result primarily from the fact that for most inten-

sity reports the times are known only approximately and can be in

error by as much as hours. The matching of the intensity and instru-

mental data was made on the basis of dates, times and locations.
Although for most events this could be done with complete certainty
there were a number of cases where the judgment of the authors was
exercised.

7) In Table Cl it will be noted that a number of entries are accompanied
by a question mark. This notation has been used to signify that there

was some uncertainty about the accuracy of the data.

8) Table C2, following Table Cl, is a summary of the data given in Cl.

The format selected illustrates the temporal distribution of earthquake

reports for the regions of Afghanistan., A similar format has been
adopted for the instrumentally recorded earthquakes and these tables
appear in Appendix D,
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(Lower dJandol Valley - 34.8CN,
71080E)

= L 3 E L E. E K L L L E | S 6 K
'TABLE 1
CHRONOLOGICAL CATALOGUE OF EARTHQUAKE INTENSITY DATA
YEAR | PIACE OF o EST | INSTRUMENTAL DATA
EVﬁNT DATE TIME -CBSERVATION _ E.F FECT REF | MM TIME TIAT | LONG [MAG DPTH
- Hr Mn ‘ | HrMnSe | N |'E K
50BC 4 50AD | ~- lAikhemum  |Building destruction. (See Sec.6.k) |54 8~9
81g {Jul 09 ' ' ﬁosque and one«quafter of the 7- 7-9
819 lJun 27 <03 AH‘Balkh houses destroyed; eéarthquakes :
~ [Lasted for 70 days. (See Sec.6.4)
848 |Aug 05 - ) Many houses destroyed. 7 17~9
8[{.9 Jul 26 23[4. AH Herat ' (See ,59046;1\;) _ .
1052 |Mey 03 | Destructive earthquake, . 7 |7-9
1053 [apr 22 |44k AH|Urgun (See Sec.6.4) -
1505 [Jul 05 [ =- |Paghman A11 houses fell down; 70~80 people | 6 [9-10
' ' _ buried, (See Sec.b.4) o .
Isterghach |Extensive surface fracturing, 6 18-9
' extending for 30 miles, possibly
7 to Maidan, o . .
| Kabul Fortress damaged. 6 |7-8
Akserai Severe building damage., 6 [7-8
Koh Damon & |33 aftershocks felt on July 53 for | 6
Kabul one month following, 2 to 3 shocks | -
Valleys |every day and night; surface
_  |fracturing, : _
Agra (India) Farthquake felt. 61 ?
1519 |Jan 03 -~ |Jandol - Very strongly felt; continual 6| 6
NE Valley shocks for nearly 1/2 hour.
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YEAR PLACE CF EST INSTRUMENTAL DATA
EVENT| DATE TIME | OBSERVAT ICGN EFFECT HEF| MM [TFIVE TAT TTONG THAC 1DFTH
# Hr Mn ' Hr Mn Sc N E T
1831 | Spring | —~ |Daraban Severe damage occurred; surface g 18-9
{Pakistan) |fractures and ponds created;
difficult to maintain balance.
Peshawar Felt, g1 7
1832 | Jan 22 {07:30 |Badakhshan |Most of the villages overthrown; 12 {7-9
Province {thousands of people buried. (See '
Sec.b.4 ) :
Kalifgan All forts and houses destroyed; 11 |8-9
many lives lost,. '
Jurm Houses destroyed; 12 of 25 people |11 {8-9
killed, _ ' ‘
Kokcha 156 people killed of total 310 11 |8-9
Valley population. ‘
Sargolan 72 killed of 155 population. 11 {8-9
Valley
Wardod j Buildings destroyed; mountain 11 §8-9 1
Valley collapse.
Kabul Severely felt. 101 7
Lahore Strongly felt; houses shaken 11,| 5-6
violently; duration about 10 secs. 112
Bokhara Felt, 311 ?
(UOS.S.RI)
1833 * - -
1 Apr 17 | -~ |Kabul Slight earthquake; mildly felt. 81 4
2 J|Apr 19| --- |Kabul Strongly felt; rafters rattled. 5
1836 | Summer | --- |Kabul Weak earthquake felt. 9 |3~4
1837 | Dec 14 | -~- |Kabul Three earthquakes feli; many 10 |45 :
earthquakes felt before and after ]
b
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YEAR . PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE | TIME |OBSERVATION EFFECT REF | MM TIME IAT TLONG |MAG |DPTH
# Hr Mn | H-Mn Se | N | B I
1838 | |
1 Jan 07 | 11:35 | Jurm Strongly felt. 101 5
2 Jan 08 | 19:30 | Jurm Very strongly felt. 10| 6
842 | , '
1 Feb 191 6:30 | Buddeeabad | Violent earthquake felt; building 13 | 7-8 -~
: to damage; dust thrown up by seéismic |14
7¢30 waves; loud rumbling noises; 30 to
LO aftershocks felt on Feb 19,
(See Sec.b.h)
Alingar Every fort lévelled; many inhabi- |13 |8-9
Valley tants killed. 14
Tigri Almost all houses destroyed; 14 | 8-9
several hundred people killed.
Jalalabad | Extensive démage; two~thirds of 15 1 8=9
the houses of the town were des- |16
troyed; all the parapets of the 17 B
town's wall were knocked downj 18
several bastions destroyed; dozens
of people killed in region; diffi-
cult if not impossible to stands
duration of shock nearly 1-1/2
minutes; waters of the river
twice thrown from their bed. _
Tezeen Parts of the forts destroyed. 13 167
14
2 Feb 20| ~-- | Buddeeabad | Severe and slight shocks felt all |13 4=b
day, every half hour. _
3 Fep 21| --- | Buddeeabad | Strong and weak shocks felts fre- |13 |Ah=6
. quency increased in evening.
L Feb 22 | --- | Buddeeabad | Earthquakes felt continually all 13 [ 4-6
' ' day; boulders shaken loose from <
mountains; landslidesj loud noises. E
&
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YEAR _ PLACE OF EST | INSTRUMENTAL DATA
EVENT | DATE | TIME |OBSERVATION. EFFECT REF| MM [—%3& T LAT | 1ONG TMAG |DPTH
# Hr Mn HrMnSe| N | E -
1842 S _
.5 Feb 23 w«~e | Buddeeabad ! Continual earthquakes felt, some ~ {13 hfé
strong.
6 Feb 24| ==~ | Buddeeabad | Few shocks felt; loud noises heard h=5
. in distance, '
‘7 | Feb 25| --~ | Buddeeabad | Continual tremors felt; noises b5
- ' | heard. o
'8 Feb 26| --- | Buddeeabad | Earthquakes felt. 7 13 | 4=5
.9 | Feb 27| === | Buddeeabad Frequent .earthquakes felt. . 13 | 4=5
10 Feb 28 | 16:30 | Buddeeabad | Sharp shock felt, followed by 113 [ 4=5
: ' ‘ ‘| slight tremors. 1
11 | Mar 01| --- | Buddeeabad | Two strong shocks felt, 13 | 4-5
12 |Mar 03| -— | Buddeeabad | Continual earthquakes felt, 131 4
13 . | Mar 04| 22:30 | Buddeeabad | Strong earthquéke felt; smaller 13 | 4~5
_ ' _ shocks all day. . ,
1 Mar O05] ~—-- | Buddeeabad | Earthquakes felt. 131 4
15 | Mar- 09| =~-~ | Buddeeabad | Slight earthquakes. felt. B 4
16 | Mar 13| --- | Buddeeabad | Gontinual shocks felt, 13§ 4
17 Mar 14| --~ | Buddesabad 'Continual‘earthquakes felt. 3] 4
18 | Mar 18! ~-- | Buddeeabad | Three slight earthquakes felt; 13 | 3-4
: ‘ _ distant noises heard. _
19 | Mar 20| 08:30 | Buddeeabad | Three distinct shocks felt. 13| 4
Jalalabad | Severe shock felt; damage to 151 6.
_ town's walls and parapets, ;
20 | Mar 23| <—- Buddeeabad | Earthquakes felt in the mornlng 13 | 3~4
‘ and at night. _
21 | Mar 26| -—-- | Buddeeabad | Continual earthquakes felt. 13 | 3-4
22 Mar 27| «=~ | Buddeeabad | Earthquakes felt in morning and 13 | 3-4
evening. '
4 £ E E E F E FE F r F ] i f ¥
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YEAR PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE TIME (OBSERVATICON EFFECT KEF| MM TIME TAT | TONG T MAG IDPTH
7 He Mn He Ma Se | N | E km
1842 - . ‘
23 |Mar 29| =-- |Buddeeabad |Slight earthquake felt., 313
24, |Mar 30| --= |Buddeeabad | S8light shocks felt. 1341 3
25 {Apr 20| —- | Tegeen Severe earthquake felts fort wall {13 | 5-6
damageds; several other shocks felt.| 1i
26 {Jun 04 | =-=. | Shewakee Earthquake felt. 1 | 3=4
27 |dun 10| === | Shewakee Slight éarthquske in the morning; |13 |3~
: four shocks at night. RS
28 | Jun 28 | 06:30 | Shewsakee HZarthquake felt; creaking rafters. {13 | 4
29 | Jun 28 | 16:30 | Shewakee Earthquake felt;. ereaking rafters. |13 | 4.
30 | Jul 11| === | Shewakee Earthquake felt at night, 13 | 3=4
31 Jul ‘1, | === | Shewakee Two earthquakes felt. _ 13 | 3=4
32 {dul 23| === | Shewakee Earthquake felt.at night. .13 | 34
33 Aug 02 | 10:30 | Shewakee Earthauake felts loud rumbling L1 A4
noises..
34 | Aug 03| === | Shewskee —| Shock felt. 13 { 3=4
35 | Aug 19 | 18300 | Shewakee Earthquake felt, 13 {3=4
1857. : '
1 |Mar 27| == | Kurrem Sharp shock felt {upper part of 19 | 4-5
Valley . | valley).. , .
2 Jul 13 | 12:30 | Kandahar Sharp shock felt; duration several |19 | 4=5
seconds.
1874, | Aug —~= | Jabal-us- | Violent earthqueke; all houses 21 9
Siraj destroyed; many casualties.(Sec.6..) gg
Gulbahar All houses destroyed; wmarny 22} 9
cagualties,
Kohistan | Many houses destroyed; ground 22 1 8=9
S fracturing; strong aftershock.
1879 Jul 31| =-- | Kabul Violent earthquake in evening. 20 | 5=-6
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PLACE OF

YEAR E3T INSTRUMENTAL DATA
EV;:NT DATE }'Il;ﬂﬁn OBSERVATION EFFECT REF| MM TG TAT | LONG | MAGIDPTH
Hr'_ Mn Sc N E km |
1889 . ' ' T
1 Apr -=~ | Kabul Strong earthquake félt; lasted 23 | 56
nearly four minutesj doors swung
open; chairs heaved; noises heard. _
2 }0et  |13:00 | Mazar-i~ | Felt strongly; doors and: windows 2315
Sharif rattled. . '
| 18% | Sep | 21:00 | Kebul Strongly felts lasted several 23 {5-6
S minutes; floor heaved; w:mdows and .
_ doors rat,tled | B
1891 | Jun wm= | Paghman | Felt; wlndows;rattled;' | 23 [ 4
1892 | Dec 20| === | Chaman Major earthguakej sinistral strikeé-| 21 | 8~9
(Pakistan) | slip fault traced for a few milesj |30
horizontal offset of 2 to 3 feet,
(Probable demage at Spin Baldak;
probably felt strongly at
Kandahar, ) (See Sec b,)_
1898 |- 1899 | —- | Knorog Many'strong earthquakes felt; 2 | 4=5
. .. |} houases shaken.. _
Karategin | Mosque collepsed. 21, | 6=7
Darvas 0ld castle collapsed. 21 | 6-7
1905 | Apr O4| -~~ | Kangra Highly destructive; 19,000 people 30 | 9-10 | 00 50 00 | 33.0| 76.0 | 8.0{ 50~
' (India) killed; exténsivé surface frac~ : '
'turlng. {(probably felt in
Afghanistan) '
1913 | May 14 00:30 | Kabul Felt severely; no significant | 51]5-6
o _ ‘ damage., ' ' ,
1914 | Jun 22| =-— | Ghori Strongly felt; no significant 51 | 5=6
(2) damage, '
[ 1918 Feb(2)| === | Jabal-us- Strong earthquake; some mud walls |25 | 5-6
(?) Siraj thrown down.
i P i E E K [ I ] ¥ ] T [ I f t
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YEAR PLACE CF EST TNSTRUMENTAL DATA
EVENT | DATE | TIME |OBSERVATION  EFFECT REF | MM e T TAT [iohe TG
# fr Mn HrMySe| N | E
1923 : .
1 §Apr 24| 00:30 | Kabul Slight earthquake. 2T 3
2 {Apr 24 | 18:30 | Xabul Slight shock. , 271 3
3 |Apr 27| 18:30 [ Kabul Slight shock. 273
4 {May 11| 18:30 | Kabul Slight shoeck. : 1271 3
5 | Aug === | Kabul Strong earthquake; rumbling noises; | 26 | 5~6
dishes slidé off table; swinging
‘ chandeliers, _ .
6 | Nov 20| 21:50 | Kabul Felt; duration of shock 6 secs., 27 | 4=5
7 | Nov 22 | 13:50 | KEabul Slight . shock., 271 3
8 | Nov 22| 18:15 | Kabul Iight shock. . 211 3
9 | Nov 25| 22:10 |- Kabul Slight shock, 271 3
g 10 | Nov 26 | 06:00 | Kabul Lightly felt. 271 3
K] 11 | Nov 26 | 16245 | Kabul lightly felt, 27| 3
12 | Nov 28| 16230 | Kabul Strong shock; duration 10 secs. 27 | 4=5
13 | Dec 01| 10:55 | Kabul Lightly felt, 271 3
14 | Dec 01| 11:45 | Kabul Lightly felt. . 271 3
15 | Dec 01| 12:25 | Kabul Very strongly felt; duration 10 27| 6
secs; walls cracked; small after-
shocks felt., _
16 Deec 01| 13:30 | Kabul Slightly felt. 271 3
17 | Dec 02| 05:45 | Kabul Strongly felt. 27 | 4=5
18 | Dec 02 | 16:05 | Kabul Slightly felt. 27| 3
19 { Dec 04 | 18230 | Kabul Strongly felt. 27 | 45
20 | Dec 05| 15:00 | Kabul Strongly felt, 27 | 4=5
21 | Dec 08| 03:45.| Kabul Moderately felt., 27 4
22 | Dee 17| 12:15 | Kabul Slightly felt., - 271 3
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YEAR PIACE OF EST INSTRUMENTAL DATA
EVENT DATE | TIME |OBSERVATION EFFECT REF | MM TIME LAT LONG | Mac [DPTH
# Hr Mn Hr Mn Sc | N E km
1924
1l | Jan 161 16:35{ Kabul Slightly felt. 271 3
2 dan 16| 17:20{ Kabul Slightly felt. 271 3
3 | Feb 09| 16:55 Kabul Moderately felt. 271 &
4 | Mar 18| --- | Jalalebad | Very strong earthquake; loud 29 | 627
noises preceded; windows strongly
rattled; plaster falls from walls;’
_ Bagh~i-Shah Palace damaged slightly.
Peshawar Felt, 291 %
_ Delhi Felt, 29| 2
5 | Jul 09| 23:30| Kabul Slightly felt, 271 3
6 | Jul 15| 17:30 | Kabul Slightly felt., 271 3
fug 02§ -— | Kabul Very strong eartﬁquake; many 27 | 67
houses damaged. A
Jalalabad | Bagh-i-Shah Palace seriously 27 1 6-7
_ cracked; duration of sheck 15 secs.
Sep 17| 10:40 | Kabul Generally felt; duration 15 secs. 271 4 10 20 51 | 36.8 | 70.7 15.3+ 100
9 | Oet 13| 16:40 | Kabul Strongly felt; all ruESfr%? h%?%ff; 27 |5-6 |16 17 45 | 36.0 | 70,5 {7.3 | 22C
ee Sec.b.
10 | Oct 17 [§18:30 | Kabul Slightly felt. 27 | 3
11 | Oct 19| 18:30 | Kabul Slightly felt, 271 3
1928
1 [ Feb 23| 17:00| Kabul Felt, relatively severe; duration {52 |5~6
20 secs. o
2 | Aug 10| 15:34 | Kabul Felt; no further information. 22 |5-6 |15 33 48 | 36.5 |70.5 [ 6.8 230
1929 | Mar 13| 11:01 | Kabul Felt; no further information. 22 1 5 11 01 37 {36.5 | 70.0 {5.8 200
1931
-1 | Jan 20| 09:27 | Kabul Felt; no further information. 221 5 09 27 22 36,5 |71.5 | 6.5 ] 220
2 | Jun 02} 17:50 | Kabul Felt by all, stronger than usual; (53] 6
- ‘ earth trembled for several minutes.
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YEAR PLACE OF EST INSTRUMENTAL DATA
[EVENT | DATE | TIME |CBSERVATION EFFECT REF | MM TIME LAT |LONG |MAG IDPTH
#o Hr Mn HrMn Se| N | E km
1931 ' : '
2 Jun 02 | 17:50 | Pashghur Felt very severelys:. 18 persons 53| 7=8
: killed or injurred; 50 houses des-
troyed and many damaged; boulders
fell down from the mountains.
See Sec.6,lL
3 Jun 09| 02:00| Panjshir Felt moderately; no 81gniflcant 531 5
damage.
L |Aug 24| --- | Quetta Three major shocks felt, preceded {53 7-8 |21 35 22|30.3| 67.8| 7.0] 50~
by a loud noise; many buildings
destroyed or demsged; a few people
injurred; a railway bridge damaged. _
5 | Oct 05| 22:31| Kabul Felt; no further information. 22 | 5(%) | 22 31 27| 36.5 | 70.5 | 6.8| 220
1933 _
1 Jan 08| ==~ | Khanabad Felt severely; strong and con- 531 6
tinuous shaking; no significant
damage. .
_ 20330 | Kabul Felt moderately. 53| 4-5
2 Jan 09| 02:20 | Kabul A strong shock felt; duration 3 53] 6 02 01 43 { 36.5| 70.516.5|230
. | min.; two to three shops damaged. ‘ - .
3 Feb 17 09:30 | Kandahar Earthquake felt; frightening noises| 53 | 5-6
, heard; no significant damage.
L Feb 23| 03:30 | Kabul Two minor shocks felt. 53| 45
05:30 | Kabul Earthqueke felt; duration 20 secs.;| 53 | 5-6
no s1gn1f1cant damage. b
5 ,Oct'lé"OA:OO, Uruzgan Three major shocks felt; duration | 53| 7 O4 34 L | 33.0] 67.0] 5.6| ~
' of each 2 min.; destroyed three
galas; boulders fell down from the
mountainss & portion of the moun-
tain collapsed. (See Sec.6.4)
6 Oct 16| =a~ | Dai Chupan| 17 shocks felt one after snother; | 53| 7
: a portion of the mountain
collapsed; many frightened.
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YEAR PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE TIME |OBSERVATION EFFECT REF| MM T IME LAT | TonG [ MmacIDPTH
# - Hr Mn Hr Mn Sc| N E km
1934 §
1 Mar 30| -~~~ | Pashtun 150 houses and a number of gardens |52} &
(Ref 22) Kot sank; no fatalities; frightening |22
' . noises heard; many people fainted. o
- Ff%ee Sec.b.4
2 Jul 05§ 05:50 | Mazar-i- Felt; no further information. 22 | 6=7
Sharif T '
3 Jul 131 20:30 | Ghazni Felt; no further information. 221 5
L Jul 22 [ 19:57 | Kabul Felt; no further information. 2] 6 19 56 57| 36.5 | 70.5 6,8 240
5 | Aug 05} —-= | Doshi Frightening noises followed by a 531 6 '
ma jor shock} stones fell down from
the mountains; no significant
damage. . , _ .
Oct OL | 11:10 | Kabul .. | Felt moderately; duration 4 secs. |53 | 5
7 Nov 18 { 03:30 | Peshawar Felt severely; duration 50 s&es.; |53} 6 03 21 24 | 36.5 | 70.5 | 6.5]220
‘ . peoble were frighténed, but no ‘ '
significant damage.
Tahore Felt. 53 | b=5
1935 | ' . T ' ‘ '
1 Feb 03 | 01:50 | Kabul Earthqguake felt; duration 50 sees.;{53 | 5 02 10 47 | 36.5 | 70.5 | 6.0}230
T no significant. damage. . 1.
2 Apr 03 { 11:12 | Kabul Felt; no further information. 22 5 1111 59| 36.5|70.5 | 6.3]250
'3 | May 19 | 03:50 | Kabul Felt; no further information. 221 6
L May 30| 21:30 | Quetta A disastrous earthquake occurred; |53 | 10 |21 32 46 [29,5]66.8 (7.5 50-
city totally destroyed; railroad '
destroyed; about 20,000 people
killed. .
Mustung Destroyed totally. 531 9
Kalat Destroyed totally; all the 531 9
villages between Kalat and Quetta
destroyed. '
Chaman Felt stronglyj no damage. 531 6
f 3 F E E E . f ot [ 4 [ 1
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| tEar PLACE OF | st INSTRUMENTAL DATA
- HrMn Sc{ N | E Y
1935 1. : o ‘ :
5 Jul 05 | 17345 | Mazar-i-~ A major earthquake felts duration |53 ( 6 17 53 01| 38.0¢ 67.5| 6.0| 50~
| Sharif over 3 min.; no significant damage, '
Aibak
Tashkurghsan
Balkh _ . s sme _
Akeha Felt; no significant damage. 53| 5-6
M;va\-rg
| Sari Pul _I .

6 Oct 11 O4:20 § Kabul Feilt; no further infomatiom 22 5' 04 20 18¢ 36.5{ 70.5 5.8{230
1936 | Jun 29 | 14330 { Kabul Felt; no further information. 22| 5-6 |1, 30 10 36,5} 71,0 6.8]230
1937 : '

1 | Oct 29| 07:26 | Kabul Felt; no further information. 221 5 07 26.30| 36.5| 70.5] 6.3{230

2 | Nov Q2| ==~ { Chitral A major earthquake felt; a few 531 8

| people killed; some damage. .
3 Nov 14 | 11:30 |-Kabul Felt severely; possible damage tor 551 6 |10 58 12{36.5] 70.5| 7.21240 |
) . older buildings. (See Sec, 6:h) o
| Amritsar - |7
Jullundur
Kangra _
Delhi A major earthquake felt; mary |- o
(India ) bulldings were damaged; no 53 | 5.6
Shekinipura fatallt ies. N B
Rawalpindi
Bahawal pur
(Pekistan) | _| .
1938 | Aug 08| --- | Arghestan | Earthquake shocks felt; no signi- | 53 | 5-6
: ficant damage, '
1939 | - . | | ) |
1 Nov 211 11:02 | Kabul Felt; no further information, 22| 5«6 | 11 01 50| 36.5| 70.5 | 6.9]220
2 | Dec 19| 00:02 | Kabul Felt; no further information, 22 5-6 | 00 02 31{ 36.5 70,5 5.5]220

O TIGVL




=910~

YEAR PLACE OF E3T INSTRUMENTAL DATA
[EVENT.{ .DATE | TIME {OBSERVATION .EFFECT REF | MM TIME TAT | TONG | MAG [DPTH
# Hr Mn Hr Mn Se | N E km
1940 ‘ .
1 Feb 12 | 16:37 | Kabul Area |Felt; no further information. 221 5 .
2 Mar 19 | 04:37 {Kabul Earthquake shocks felt moderately; 53 5~6 [O4 35 50 [35.8 |70.0 {6.,0] 50
: duratién 10 sees.3; no significant .
damage.
3 | dJdun 12 |17:39 [Ghazni Esrthquake shocks felt; duration |53 | 5
‘ _ 18 secs.3; no significant damage. ,
A Sep 21 |13:49 | Kabul [ Felt; no further information, 22 1 5 13 48 58 [36.5 | 70.5 | 6.3}230
| 5 {Nov 20.|18:00 {Kabul Felt; no further information. 221 5 117 59 59 |36.0 [ 70.5 | 5.8]200
1941 ) , _ |
| 1 Mar 11 | 21:49 | Kabul Felts no further information. 221 5 21 48 55 |36.5 171.,0 {6.01210 .
2 Sep 29 |02:32 | Spin Baldak | Felt; no further information. 215 —— —— == 30,7 {67.2 |5.8] 50~
3 Nov 28 | 12:23 |Kabul Felt; no further information. 21 5 12 23 23 {36.5 | 70.5 |5.81220 §
4 |Dec 28 |11:30 |Hezrat~i~ |EBarthquake shocks felt; no signi- [53] 5 |
‘ . Imsm ficant damage,
5 | Dec 29 |00:30 |Hazrat~i~ |Earthquake shocks felt; no 51gni— 531 5
1 Imam ficant damage, _
6 |Dec 30 |09:30 |Hazrat~i~ |Earthquake shocks felt; no signi~ {53 | 5
Imam ficant damage. -
1942
-1 | Jan 02 119:30 |Hagzrat-i- |Earthquake shocks felt; no signi- |53 | 5 -
' Jmam ficant damage. . _
2 | Mar 22 |02:08 |Kabul Felt; no further information. 2| 5 102 08 33 [36.5 |70.3 [6.0[210
| 3 |Wov 16 |21:33 |Kabul | Felt; no further information. 22 | 6 |21 26 17 [36.5 |70.5 |5.5]230
1943 - ' y
1 Feb 28 | 12:55 | Kabul Felt; no further information. 22| 6 12 54 33 [36.5 |70.5 [7.0[210
2 | Apr 20 [15:21 {Kabul Felt; no further information. 22 |5-6 '
'3 | May 19 {11:17 |Kabul Felt; no further information. 22 | 5-6
4 {Jun 21 {08:15 | Jalalabad |Felt; no further information. 2215
e = r o ¥ - r . S o 4 o -] L £ i
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EVENT | DATE | TIME |OBSERVATICN EFFECT REF | MM T EME, AT | Lomg | MaciDPTH
7. Hr Mn ~ |H Mn Sc| N E km
1943 - - o .
5 Dec 12 | 15:58 | Kabul Felt; no further information. 22 115 54 21 [ 36.0 | 70.5 | 5.5]230
6 Dec 28 1 14:59 [ Kabul Felt; no further informstion. 215 14 56 30 [37.8 | 71.2 {4.3H — |
1944 |
1 Apr 15 ) 20:11 } Kabul Felt; no further information. 22| 5
2 - |May 21| 07:06 | Kabul ‘| Felts no further information. 221 5
3 Jul 24 108:25 i Kabul. Felt; no further information. 22 5
1947 | Nov 08 | 18:10 | Baghlan . |A major shock of earthiquake felt; |53 |5-6 |16 26 01 {36.9 |68.,0 |5.0] —
' ' E no significant damage. ' ‘ :
1948 S . ,
1 Jan 09 | 14:50 | Kabul Felt moderately, 53 | 4=5 14 52 30 36,6 | 70.5 | 4.3H 240
2 Jan 28 | 15:46 | Kabil Felt moderately. (See Sec.6.4) 53] 5 |15 51 20 {36.8 [67.2 16.3] 70
| Magar-i- Earthquake felt severely; upper 53 | 6=7. '
Sharif part of the shrine building and
tops of the towers fell down; some
old shops and buildings destroyed. |
Samangan . | Two domes and sugar storage build- |53 |67
| ing destroyed. ]
Maimana Felt, relatively severe; no signi- |53 { 5
| ficant damage.
Shah Anjir | Felt very severely; killed two 531 7
' persons and a number of sheep and
. goats., -
3- 1Sep 07 08:25 { Kabul Several shocks felt one after 52 |5-6 |08 15 22 | 36.9 | 70.6 | 53H 220
o ‘ ' another, o
1949 , |
1 Feb 151 08:30 { Kabul Felt moderately. 52 | 4=5
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YEAR PLACE CF EST INSTRUMENTAL DATA
EVENT DATE TIME [OBSERVATION EFFECT REF| MM TIME IAT |1LoNG [MAG [DPTH
i Hr Mn IrMnSe | N | E - km
1949 '
2 Mar O4 | 10:15 | Kabul Area | Major shocks of earthquake felt; 53 [6-7 10 19 25 36,0 [70.5 [7.5 | 230
duration more than a minute;._some '
walls fell down. (See Sec.6..) .
Doabi~ Boulders fell down from the moun- (53 |7~8
Mikhe-Zarin| tains and damaged telephone poles, -
Charikar Walls and old houses destroyed; a |53 { 7
. | woman and a c¢hild killed; three
children injured.
Farkhar | Beveral houses and shops destroyed.|53 | 7
Rustak 70 houses destroyed. 53 {7-8
Khwa ja~i- | The government office building 53 | 7
Ghar destroyed., ,
Khanabad A fort destroyed. 53 1 7
Samangan 79 houses déstroyed; one killed, 52 |7-8
_ two injured.
Darri Peech| 70 houses destrayed, 52 {7-8
District - o : :
Brikot L, houses, 8 balconies and the 52 | 7-8
Jandormary building destroyed.
Chouki 10 houses destroyed. 52 1 7
Kuz Kunar | Earthqueke felt very severely; 23 [52 |7-8
o | houses, 1l walls, a military base
on the border and three mosques
_ destroyed.
Asmer | 4 houses destroyed and a fort 52 | 7
damaged., :
Shewa. A house destroyed; 4 cows killed, [52 | 7
Shagi | A house destroyed; one killed and |52 |7
- Village three injured, '
Hadda A house destroyed. 52 |6~7
1 P P OF K 4 FE [ 3
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YEAR PLACE OF . | EST INSTRUMENTAL DATA

EVENT | DATE | TIME OBSERVATION EFFECT REF | MM TIVE TAT T1ONG | MAG DPTH
# Hr Mn ' Hr Mn Se | N E km
1949 ‘ ‘ ‘

3 Jul 10 | 04:00 | Kabul Area |A minor shock of earthquake felt; {53 { 5 03 53 36 {39.0 170.5 |7.6] 50~
no significant damage. : : _

1350 | Jul 09 | 16525 } Kabul A relatively major shock feltg no |52 5-6 |16 10 20 |36.5 | 71.0 [ 6.5+ 220
N 31gnif1cant damage,
> lsep 19 |18:55 |Kabul - |Minor shocks. of earthquake.felt. 152 |4-5
3 Oct 10 [ 00:30 | Kabul Felt moderately; no dsmage. 52 | 4~5 |00 02 52 jé#? 70,5 [h3+]| 223
ko Oct 27 19:10 | Kabul. Felt.moderatelys no damage... . 53 | 4=5 kS
5 Dec 27 [05:05 | Kabul | & minor shock[felt; no damage.. . 52 1 L4=5
6 |Dec 30 | 063550 |Kabul A majer éarthquike félt; duration |52 5~6

20 secs.; no significant damage.

7 |De¢c 31| —~~ |Kabul ]
Shamali
Ghorband
Charikar
_ Sarobi
| Tagab
Kohistan
Doshi
Pull Alam § |

To

|, Barthquake shocks felt; no |52 |5-6
significant damage .

1951 : ‘ ‘ :

1 Jan 04 | 13:10 | Kabul Felt moderately. 52 1 45
2 | Jan 06 |05:25 |Kabul {7 | i '
Parwan

ﬁ:ﬁg?f;_ S A relatively major eartﬁquake 53 | 5.6 105 17 19 |36.5 | 70.5 6.8] 250

Sharif | felt; no 81gn1ficant damage.
Southern &
Eastern Prov. .
Peshawar |Felt; no significant damage. 53 | j=5

3 Mar 17 |00:25 | Kabul Felt, relatively severa, no sig- 53 | 56
’ nificant damage. : :
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YEAR PLACE OF EST - INSTRUMENTAL DATA
EVENT | DATE TIME [ORSERVATION EFFECT REF | MM T IME IAT | LONG | MAC [DPTH
# Hr Mn Hr Mn Sc¢ i} B km
1951 - S | _
L Jun 12 | 22:45 | Kabul Earthquake felt; no significant 531 5 22 40 36 [36.5 |71.3 6.5+ 220
: damage.
5 Dec 30 | 15:52 | Kabul Two major shocks felt one after 52 | 5-6
: 16:06 another; no significant damage.
1952
1 Jan 18 | 21:30 | Kabul Minor sheocks of. earthgquake felt. 52 | 4=5
2 Feb 06 | —-~ | Badakhshan | Felt moderately. 52 | 4=5
3 Jul 05| 17:25 | Kabul An earthquake felt; duration 52 [ 5-6 [17 19 51 |36.7 | 70.5 {5.3+| 223
several seconds; no significant
. damage.
4 Nov 27 | O7:44 | Kabul ]
Mazar-.-i-
Qiilaizﬁ >Felt severely; duration 35 secsg{52 | 6 |07 20 31 {36.6 |70.1 |5.34] 160
g - PP t . ]
Jalnlabad ne significant damage
Gardez
Parwan |
1953 | Nov 20 | 20:40 | Baghlan Minor shocks felt; duration 30 - |53 } 5
: Qatghan secs,
1954 : ' :
1 Jul 10 | 23:00 | Kabul A minor earthquake feltj; duration (53| 5 22 56 54 |36.6 |71.1 {5.3+ 223
' more than 30 sees.; no significant
damage.
2 Oct 02| 11:55 | Jalalabad | Earthquake shocks felt; no signi- }53 | 5-6
ficant damage.
1955 ' ‘
1 Feb 18| —— | Quetta An earthquake felt severely,similer|53 | 7-8 |22 48 35 |30.3 |67.0 16.1 5
: to 1935 quake; several foreshocks
felt; 9 killed, 50 injured; heavy s
damage; a number of aftershocks B
felt. ' =y
Chaman Felt; no significant damage. 531 5 Q
P F F F F  F F ¥ r 4 £ E [ 3 E &

4 s ey

;':"ﬂm-u‘.?::@ R

S




L & L L L E L & O EoL 1 L K E L E

YEAR 7 PLACE CF EST INSTRUMENTAL DATA

EVENT { DATE | TIME {OBSERVATION EFFECT REF| MM [ TTm | IAT | LONG | MAG|DPTH
# Hr Mn Hr Mn Se N E km
1955 :
2 Aug = | Gulran Suceessive shocks felt for more 153 6
‘ than a month; a few housés destroyed;
frightering noises heard. (Sec.b.4)
3 Sep 11 | 16:00 | Jalalabad | Earthquake ghocks felty no signi~ 537 5
Region ficant damage.
1956
1 Apr 06 jO7:1L | Kabul
Ghazni Felt strongly; no significant | 52| 5 07 11 31 | 36.5 | 71.0 | 6.8} 150
Parwan damage.
Jalalabad
2 Jun 08 { 03:50 | Kabul Felt moderately. 52 | 45 |O4 O7 29 |35.0]|67.5] 5.8 —~

Jun 09 | 23:15 | Bamiyan Major earthquake felt; in several 55| 8.9 23 13 52 |35.3 | 67.5 | 7T«4| 50=
District |villages, houses destroyed or
damageds about 20 people killed
and a few injured; a number of
animals killed. (See Sec.b.h)

Sayghan & |The center of the quake seemed to | 52| 8=9 -
Kahmard be Sayghan, Kahmard and Bamiyang
the number of dead estimated at
60 to 70.

Darri Ajar | A portion of mountain fell down 52| 8=9
and blocked the water flow to
Kahmard, raising the water level
and sinking villages and farms.

- =~TZ0~

Darri | Rocks fell down from the mounteins, 53 7
Shakari blocked the roads and damaged th
: communication lines. :

Yakawolang { A number of houses destroyed; 9 1521 7-8
killed and one injurred; & number
of animals killed; rocks fell dowmn
from the mountains, blocked the
roads and knocked down telephone
poles; shocks felt one after
another for two.days.
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YEAR . PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE | TIME OBSERVATION EFFECT REF | MM TIME AT |1oNe [MAG IDpTH
# Hr Mn Hr Mn Sc| N E lon
1956
3 Jun 09 | 23:15 | Daizangi i
Behsud Felt severely. 52 1 5-6
Parwan
Darri Suf |Rocks fell down from the mountains 52 6
and killed two.,
Kabul Felt strongly; no significant 53 | 5-6
damage. :
Pul-j-
EKhunri
Qatghan Felt moderately. 53 | 4~5
Mazar-i-
_ Sharif
4 | Jun 12 20:30 | Bulola & | A minor quake felt, 52| 5
- _ Bamiyan ‘
5 | Jun 13 | 00:30 | Bulola & Felt moderately. 52 | 45
‘ _ Bamiyan , .
6 Jun 13 ] 03:30 | Bulola & A minor guake felt, 52 -5
. Bamiyan S
7 | Jdun 13| 07:30 | Bulols & | Felt lightly, 52 | 4-5
‘ Bamiyan
8 Jun 13 | 09:30 | Bulola & Felt moderately. 52 | 4=5
| Bamiyan _ :
9 Jun 13 | 12:30 | Bamiyan & Begirming at 12:30, seven shocks 521 6
Kahmard of earthquake felt within 24 hrs.;
. _ one person injurred.,
10 Jun 14 | 19:30 | Tala & Two successive shocks felt; a 53| 6
Barfak portion of the mountain fell down
and blocked the road.,
11l Jun 21| 19:30 | Kahmard Three minor shocks felt within 12 521 5
to to hours.
Jun 22| 07:30
¥ L] L3 ¥ r F ¥ F K r r E - £ E
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YEAR PLACE OF _ EST INSTRUMENTAL DATA
EVENT DATE TIME JORBSERVATION EFFECT HEF | MM TIME AT | LONG | MAG [DPTH

# Hr Mn Hr Mn Sc | N E Y
1956 ‘ ,

12 | Jun 22 | 19230 | Darri Ajar | A major earthquake felt; a portion |52 | 6

of the mountain fell down and
_ blocked the Kahmard River. _ =
13 Jun 25 | 20330 | Kahmard Felt strongly. 52 15«6
14 {Jun 28 }20:30 | Kahmerd & {A major shock felt. 52 |5=6
. A T Coab .
15 Jun 29 102:30 | Kahmard & |Felt mocderately. 52 | 4=5
Doab _
16 | Jun 30 | 15330 | Bamiyan During the 11 hours three shocks 52 |4=5
to to felt moderately.
Jul Ol §02:30

17 | Jul 01 |03:45 |Faizebad |A minor quake felt. 52 |4=5

18 | Jul O1 | 22:30 | Kahmard Felt moderately. . 52 |i=5

19 | Jul 03 | 23:28 | Kabul A relatively major quake felt; no {52 {5-6 |23 26 19 [36.5 |70.5 [6.1} 220

: significant damage.

20 Jul 08 | 15:50 | Charikar A minor shock felt, 53 (45

21 | Jul 13 103:30 | Kahmard, Felt moderately. 52 |45

22 | Jul 14 |00:15 | Jalalabad |A minor quake felt, 52 14-5 |00 14 30 36,0 | 71,0 {43+ -=

_ Kabul

23 | Jul 26 | 11330 | Faizabad | Felt moderately. 53 [4=5

24 | Judl 27 | 03:30 | Kahmard Felt strongly. 53 15-6

25 Jul 31 121:00 | Gardez A minor quake felt, ; 53 14=5

26 | Aug 04 | 01:30 | Kahmard Felt moderately. 53 {4=5

27 lAug 12 | === Peshawar Felt, relatively strong; 16 houses |53 | 6

_ (2) destroyed; no fatalities.

28 | Aug 19 | Q0:57 | Farkhar A minor quake felt. 52 (45

29 1 Sep 03 [07:30 | Kahmard Felt moderately, 52 [4=5

30 Sep 03 | 08:30 | Faizabad A.minqr shock felt. 52 |4=5 09 24 45 |36.8 | 71.4 |43t 120
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YEAR PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE TIME OBSERVATION_ EFFECT REF | MM TIVE LAT | LONG | MAG [DPTR
# Hr Mn Hr Mn Se| N B km
1956 .
31 | Sep 06 | 03:00 | Panjshir Felt moderately, 52 | L=5
'32 | Sep 07 | 03:30 | Faigzabad Minor earthguake shocks felt, 52 | L=5
33 | Sep 14 | 18:30 | Kahmard Felt moderately. 52 1 4=5
34 | Sep 16 | 08:36 | Jaji Felt severely; 10 houses destroyed |52 | 6=7 | 08 37 22 | 34.0 69.5 | 6.4 50~
- District | in the villages; 4 cows killed;
rocks fell down from Jaji Mountains,
See Sec.b.l)
Sayd Karam | A mosque and a house estroyed; 52 | 6=7
two injured.
Parwan
Logar
Behsud
Hazara jat Felt strongly? 52 | 5-6
Ghazni
, Mukur
35 | Sep 16| 14:30 | Jalalsbad | Felt moderately. 521 5 1, 23 22| 34.0{69.5| - | 60
_ Kabul A minor shock felt. 52 | 4=5
36 | Sep 16 | 19:00 | Kabul Felt lightly, 52 | 4=5
37 | Sep 17| 08:36 | Kabul Felt severely; no significant 52 | 5-6
o Region demage. '
38 | Sep 17 { 08:48 | Kabul Felt moderately. 52 | 4=5
39 | Sep 24 | 09:00 | Kahmard
‘ Bamiyan
Doab
Gardez & Felt moderately. 52 { 4=5
Jalalabad
Regions
L0 Sep 24t 10:20 | Kabul
Logar & s Felt moderat 2| 4=~ 10 20 38 o 69.8| 6.2} -~
olalabad elt moderately. 52 | 4=5 38 34.3 | 69
Regions
41 | Sep 24 17:00 | Kahmard A major shock of earthguake felt; |52 6
rocks fell down from the mountains,
E E ¥ r F L Qo ¥ r H 3 i i I 1
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EVENT DATE TIME | OBSERVATION EFPFECT REF] MM TIME TAT LONG | MAG |IDPTH
A Hr Mn He Mo Se | N | E 1m
1956 | |
42 | Sep 24 | 21:30 | Farkhar & |Felt moderately. E2 | 4=5
: _ Faizabad L
43. | Sep 25 | 16:28 | Kabul Felt strongly. 52 | 56 |16 25 14 | 34.3169.2 | = | ~=
Paktia A minor shock felt. 52 | 4-5
L), | Sep 26 | 00:00 | Kabul Felt moderately. . 52 | 4=5
45 Sep 26 { 21:00 | Kahmard A relatively major shock felt; no 53 5
. ] _ —_— damage reported.
46 | Sep 27 | 01:00 | Gardes A minor quake felt. 53 | 45
47 | Sep 27 | 16230 | Kahmard 4 small.shock felt. 52 | 45"
48 1 Oct 01 | 18:00 { Kehmard 4 strong earthquake felt; rocks 53 | 5-6
, fell down from the mountains. _
49 |Oct Ol {18530 |Kahmerd A strong shock of earthquake felt |53 | 5-6
' causing rocks to fall down from
the mountains.
50 1 Cct 02 [ 08:23 (Kabul The earthguake felt moderately. 53 | L=5
Gardez The gquake felt moderately.. 52 | 4=5
51 |Oct 02 |17:30 |Faizabad |Earthquake felt.moderstely. 52 { 45
52 | 0Oct 02 |18:50 |Faizabad |Felt moderately. 52 | }=5
53 | Oct 03 | 23430 |{Faizabad Felt moderately., 52 | 4=5
5, {Oct 13 | 08:30 |Farkhar Felt severely; durstion two min.; |53 | 5~6 |08 21 25 |36.0 70,5 6.1| 150
: no significamnt -damage., _
| 55 |Oct 13 {17:00 [Faizabad |Felt, relatively severe, 53 | 5~6
56 | Oct 14 | 00:30 |Faizebad Felt moderately. 53 | 4~5
57 | Cet 14 | 07:55 |Faizabad Felt, relatively severe. 53 | 5-6
58 | Oct 17 |01:16 |Kabul '
: Parwan ,
Ghorband > Felt moderately. 52 | k=5 101 14 51 [36.8 170.5 [4.3+ 200
Surkh=o-
Parsa
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YEAR PLACE OF EST | INSTRUMENTAL DATA
EVENT| DATE | TIME |OBSERVATION EFFECT REF| MM T TAT | ToNG | MAG | DPTh
# fir ¥a HeMnsSe| N | B | e
1956
59 | Cet 18 | 01:30 | Farkhar A minor shock followed by a major | 52| 5-6
ong; duration'3 min.; no signi-
ficant damage. . , _
60 | Oct 18 { 10:50 | Kahmard Felt moderately. 52 | 45 | 10 25 03 | 37.3 | 69.0 | 4u3| ==
61 | Oct 24| 07:30 | Kahmard Felt, relatively severe, 52 5 '
62 | Oct 24117230 | Kahmard | Felt moderately. 52| =5
63 | Oct 25 | 20:30 | Kahimard & | A relatively major shoeck felt; 521 6
Doab rocks fell down from the moimtains,
knocking down some telephone poles
, in Darri Shakari.
64 | Oct 26 | 00:30 | Kahmard & | A relatively major shock felts 521 6
Doab rocks fell down from the mountains,
ktiocking down some telephone poles
. . in Darri. Shaksari. 7
65 | Nov 01 | 15:30 { Kahmard A relatively major shock felts no | 52| 5-6
o significant damage. _
66 | Nov 07 | 14:15 | Kahmard A major shock felts no significant | 52 | 5-6
, o dgmageo, . _
67 | Nov 12 | 18:30 | Kahmard A relatively strong shock felt., 52| 5
68 | Nov 14 | 00353 | Kabul A weak foreshodék followed by a 52 15-6 {00 51:30|37,0]7L.0]5.5} =~
strongér shock; no significant
o _ demage.,
69 | Nov 14 | 23236 | Charikar
Gulbahar The earthquake felt everywhere |52 | 5-6
Panjshir and by all -
Tagab v 8Ll
Ne jrab
70 Nov 15 | 00:50 | Gardexn
Khust 3
Seyd Karam The earthqguake felt all over 52 | 5=6 3
Ta i Paktia Province. =
Ji -
amkani .
Zru 3
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EVENT| DATE TIME {OBSERVATION " EFFECT BEF | MM TIME TAT | LONG [MAG |DPTH

# Hr ¥n Hr Mn Sc| N | E km
1956 5

70 { Nov 15 | 00:50 | Jalalabad &| Felt. 52 5~6

. | Mazar~i-
Sharif
Gatghan & | The earthquake felt severely; one | 52| 6
Badakhshan | person killed in the New Jurm area
. o . | and some houses damaged.

71 | Nov 27 | 20330 | Panjshir | Shocks were felt moderately, 52 | 4=5 | 18 48 33| 36.5 | 70,0 |4.3H 200
72 | Dec Ok | 07:00 | Panjshir - | Earthquake felt, relatively strong.| 52 | 5-6

73 | Dec Ok {13:30 | Panjshir | The earthquake was.felt seversly. |52 |5-6

7, .| De¢ 13 | 12:00 | Doab & | | A relatively strong quake felt, 521 5

, - - Kahmard _ — _ _

75 | Dee 14 | 12:30 | Bulols A relatively severe quake felt, 52| 5

76 | Dec 21 | 18:30 | Kahmard Eart hquake felt moderately. 52 | 4=5

77 | Dec 23 | 06:30 | Kabul A relatively strong earthguake felt) 52 | 5~6

Panjshir Earthquake wis preceded by three 52 | 5-6
‘ - minor shocks.,.
78 | Dec 23 | 20:30 | Charikar | Two minor shocks 'and a relatlvely 521 5
' ma jor shoek felt.

79 | Dec 26 | 00:30 | Mazar~i- A relatively. stroag: .earthquake 521 5 .
: _ Sharif felt, C -

80 | Dec:29 | 16330 | Doab & A relatively major shock felt. 521 5

Kahmard : .

1957 ‘ ' ‘ o . '
1 | Jan 04| 19:301 Kshmard A relatively major shock felt. 521 5
2 Jan 08| == Warsaj Several minor shocks felt in the 52 1 4=5

() Region last few days. ' .
3 | Jan 08| 19:30| Kahmard A minor shock felt. 5345
4 | dan 10| 15:30| Farkhar Minor shocks of earthquake felt. 52 | 4=5
5 | Jan 10.| 16:55 | Faizabad An earthquake felt moderately. 52 | j=5
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EVENT | DATE | TIME [OBSERVATICN EFFECGT REF { MM TIME IAT | LONG | MAG|DPTH
# Hr Mn ' Hr Mn Scj N E km
1957 . R
6 {dJan 11 ) 16:45 | Faizabad A minor earthquake felt.. 52 | 45
7 | Jan 16 | 15330 | Doab & An earthquake felt moderately, 53 | 4=5
~ .1 Kahmard _ . I .
8 | Jan 17 | 19:06.] Kabul A minor quake felt. 53 | 4=5
9 | Jan 17 | 21:30 | Faizabad Minor shocks felt. 52 | 4=5 .
"10 {Jan 20 | 18:15 | Kabul A minor shock of earthqnake felt., 52 | 4=5 {18 12 47 | 36.5 | 71.5 14.3H 150
Mazar-i~ | Minor shocks felt. 52 | h=5
Sharif &
Baghlan )
Quramgol | Two shocks, felt moderately. . 52 | 4=5
Faizabad Relatively major shocks felt. 52 | 5
11 | Jan 20 | 19215 | Surkh-o- A relatively major shock felt. 521 5
: Parsa .
1z Jan 20 { 20:30 | Charikar _
. | Gulbahar . A relatively major shock felt 52| 5
Koh%stan all over the region.
Kapisa .
Panjshir . )
13 | Jan 22 | 18:30 | Kahmard An earthquake felt moderately. 52 | 4=5
14, | Jan 24 | 22:05 | Faizabad Two shocks felt moderately. 52 | 4=5
15 Jan 25 | 10:35 | Parwan A relatively major shock felt. 521 5
16 |Feb 07 | 16230 | Panjshir | A shock felt moderately. 52 | 4=5
17 1 Mar 09 }03:50 | Kabul A relatively major shock followed |52 | 5-6
Region by a minor shock felt; no signi-~
ficant damage.
Doab '
Kahmard The earthquske felt severely. |52 | 5-6
Charikar _ : :
Ghorband £
[us]
E
=
F E K r ¥ r E ¥ r 3 4 4 i 3 i




~6Z0~

E E EE E. E . 3 E E E E | T | B E [ 8 E
YEAR PLACE OF EST INSTRUMENTAL DATA
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1957 ' '
17 | Mar 09 | 03:50 | Darri Rocks fell down from the mountains |52 6
Shakari knocking down two telephone poles.
, Baghlan The earthquake felt moderately. 52 | 4=5
18 | Mar 24 | 12:08 | Faizabad The earthquake felt severely; some |52 | 6~7 | 12 05 16 | 36.6 | 70.9 | 4.3H 194
' |walls fell down; no fatalities.
Baghlan | | -
Kunduz & The earthquake felt moderately |52 | L-5
Other Parts all over Qatghan Province.
of GQatghan
Jalalabad ‘ o . o
Kabul The earthquake felt mederately. | 52 | 4=5
, . Parwan
19 | Apr O4 | 11:30 | Sayghan l
Kahmard
Charikar
Gulbehar _ A _
| Panjshir > The eerthquake felt severely; 52 | 5-6 | 11-36 16| 35.5 | 70.5 | 5.3] ~—
{ Jabal-us—~ : ' . . _ :
Hraj
Ghorband
Bamiyan
Doab . -
‘Kabul The sarthquake felt moderately. 52 | 4=5
20 | Apr 13 | 06:30 | Khawak Destroyed 35 houses; no fatalities;| 52| 7
' 21 injured; 46 sheep and goats
killed; frightening noises heard
for 3 days preceding the quake;
claims of observed mountain move-
ments. '
21 | Apr 26 | 02:30 | Faizabad The shoclk felt was relatively major. 52 | .5 02 11 52| 37.0 | 70.5 { 4.3+ 200
- { Farkhar Felt moderately. 52 1 45
22 |[Apr 26 {03:30| Jaji - .
: Azru Felt moderately. B2 | =5
Chamkani
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YEAR PLACE OF EST INSTRUMENTAL DATA
EVENT | DATE TIME. | OBSERVATION EFFECT REF| MM
Vﬁ? Hr Ma T IME LAT | LONG | MAG [DPTH
' Hr ¥Mn S¢ N E km
23 Apr 27 101:13 | Kabul Felt, relatively severe; no signi- |53 5
ficant damage. _
24 May 15 |01l:15 [Kabul Relatively severe; no signifiecant |52 j4=5 |0OL 1% 59 (35,0 |70.0 | - —
_ damage, , '
25 |May 23 110230 jPanjshir Two shocks felt moderately. 52 | 4=8
26 |May 27 | === |Kabul Felt twice moderately,. 52 | L4=5
27 hug 09 _15300 Yaizabad Shocks felt moderstely, 52 | 4=5
28 |Aug 12 |05:4,8 {Faizabad Minor shocks. of earthquake felt. . .[52 | 4=5
29 | Oct 17 |15:40 |Faizabad Esrthquake felt, relatively strongs3i52 | 5
Regicn no significant damage. _
30 |[Nov 15 {23330 |Faizabad Earthquake felt moderately. 52 | 4L=5
31 | Nov 16 |19:30 | Faizabad A miner quake.felt. 52 | 4=5
32 |Nov 18 [21:30 |Doab Felt severely; no significant 53 | 5-6
. damage .
33 |Nov 19 |07:30 |Farkhar Felt moderately. 53 | 4=5
34 | Nov 25 |15:30 | Farkhar Felt moderately. 53 | L=5
35 | Nov 26 |00:46 | Wakhan Three major shocks felt; duration |53 | 5-6 |00 41 35 |37.3 |72.5| ~ | ==
5 min.
36 |Nov 26 |22:30 | Kabul A relatively major shock felty no |53 | 5
damage reported,
37 | Dee 11 [ 03430 | Farkhar Felt, relatively severes no damage | 52 | 5-6
Region reported, ,
38 |Dec 13 {09:45 | Faizabad Two relatively major shocks felt. [53 | 5 |09 07 57 [36.8 |70.0| ~ _—
39 |Dec 13 {11:30 | Farkhar Two relatively major shocks felt; |53 | 5-6
Region no damage reported.
40 |Dee 21 | 07:30 | Farkhar Felt, relatively severe; no damage | 53 | 5«6
. Region reported, i
41 |Dec 23 | 13:30 | Kahmard Felt moderately; rocks fell down |52 ] 5 &
Region from mountains;no damage reported. o
[...J’
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1957 ‘ L
L2 | Dec 24| 20:45 | Faizabad" | Felt severely; no damage reported. | 53 | 5«6
1958 : :
1 [ Jan 05 01:00 | Faizabad Earthquake felt moderately. 53 | 4~5
2 | Jan 06| 01:30 { Faigzabad Felt, relativély severe; no signi~ |53 15~6 | Ol 54 39 {38.071.5|5.8] ~
ficant damage.'u
Jurm Pelt, relatiw cly severe. 53 1 5=6
3 Jan 10 | 17:30 | Farkhar Felt, relatlvely severe; accom-— 53 -
_ o panied by frightening. noises,. .
4 | Jan 11{18:30 | Farkhar | A rélstively major shock felt; 53 | 5-6
: | frightening noises heard. :
- 5 | Jan 22 | 20:30 | Farkhar Felt severely.- 52 1 5-6
6 | Jan 23 | 17330 | Farkhar | Felt severely.- 152 | 5-6
"7 | Jan 25 | 04:00 | Farkhar A major shock felt. 52 | 5=6
8 jJan 25| 22:20 | Qarabagh & | Felt, relatlvely severe; no damage | 52 | 5~6
‘ Jaghori reported. :
9 | Feb 16 | 05:22 | Kabul Felt severely; no damage reported. | 53 | 5-6
10 | Feb 17 | 05:25 | Kniist |
Urgtn
Jaji C : :
Gardez- Felt, relatively severe, 53.15-6 | 05 18 38| 36.0171.0 | 6,6{200
Qatghan ' ' |
Mazgrwi-
_ Sharif i .
-11. {Mar 07 { 20:30 | Farkher . | A relatively major shock felt; no |52 |5-6
' : Region significant damage.
12 | Mar 08 | 06358 | Charikar
Kabul Felt moderately. 52 | 4=5
Jalalabad o
13 | Mar 16 | 09:55 | Faizabad Felt moderately. 52 | 4=~5 “ 3
14 | Mar 20| 20:00 | Faizabad Minor shocks felt. 52 {4=5 |22 23 16 |36.8{71.0} ~ {100
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11958 | :
15 |Mar 28 [04:55 | Kebul Felt modérately; no damage 52 04 09 40 |37.0 |71.0 [5,8] 200
. . reported,
16 |Mar 28 | 08:38 | Kabul Felt moderately, ; 53 -
17 |Mar 28 |12:10 |Kabul & Felt severely; walls fell downj 53 37.0 | 71,0 |7.0] 200
: @atghan one. person killed, two children ' ' :
seriously injured. (See Sec.6,4)
Parwan ] '
Jalalabad
Gardesz
Jaghori ‘
Jaghatu > Felt very severely, 53
Andar , . .
Qerabagh
Mazar-i-
Sharif _
Peshawar ]
Quetta T -
- { Rawalpindi | > Felt relatively severe. 52
' Lahore
Keshmir | _
"India '
Turkistan Felt in some parts. 53
(U-SoSoRu) PR - - :
18 |Mar 28 | 12:35 | Kabul Felt moderately. 153
19 |Apr 08 | 10506 | Kabul Felt, i'eiativ'ely severe; no damage |52 33,0 |67.5. |5.8 | 50-
: _ reported.
20 |Apr 09 | 20:40 | Keshm { A house destroyed in the village 52
' of Charkh; no fatalities. '
21 |[Apr 15 | 06:30 | Faizabad Felt moderately. 52
E E  E FE F E £ © ] [ I f 4 ¥
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1958 -
22 | May Q8 | 22:00 | Faizabad Relatively major shocks felt; no 52 15-6
Region damage reported. ‘
, Farkhar Felt moderately. 52 [ 4~5
- 23 | Jul 12 | 20:30 | Baghlan Felt, relatively severe; no démage 52 | 5-6
‘ . - reported. : :
24 | Aug Q4 | 20:50 | Kabul Felt moderately; no damage reported. 53 | 4=5 |20 47 55|37.0]72.01 - | --
25 Aug 12 {10:30 | Faizdbad Felt moderately: no. damage reported. 52 | 4«5
%6 |Aug 16 | --- |Knostio- |Earthquake felt severely; frighten-| 53 | 6
B Fring ing underground noisés heard twice;
some walls fell down; ne fatalities
‘ . reported., -
27 | sep 18 | 20:45 | Baghlan Felt moderately. _ 53 14-5 | 20 53 03| 36.8|70.5{6.1|170
28 | Sep 18 | 23:30 | Faizebad |Felt, relativély severe; no signi~ [53 ] 5
BENEE IR I ficant damage... .. . , '
%9 Sep-19 | 16:40 | Parwan Felt moderately; no damage reported.| 52 | 4~5
30 Sep 19 | 20:55 | Parwan. .. Felt. moderately, no.damage. caused. | 52 | 4-5
Jalalabad |Minor shocks felt, no damage 52 { 4~5
‘ I reported, . . R L
31 |Nov 09| ~-- | Ishkemish |Severé shocks felt at different 53 | 5mb
" Region times. '
Bangi MaJor shocks felt; frightening 53| 5-6
Region nolses heard. )
32 | Nov 16 | 16:00 | Charikar Relatively major shocks felt. 521 5
33 | Nov 16 | 19:30 | Khost-o~- Felt severely, frightening underw 52 | 5-6
Fring ground noises heard. '
34 | Nov 17 | 18:40 | Khost-o— Felt, relatively severej no damage | 52 5-6
Fring reported,
35 | Dec 12 | 03:45 | Kabul Felt moderately. 52 | -5

O TIdVd




=77€0=

/ S:ﬁ”g" P

=

YEAR PLACE OF EST INSTRUMENTAL DATA
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1959 ' ’
1 | Jan Ol | 22340 | Baghlan Felt, relatively severej no dsmage| 52| 5«6
Region reported,
2 |dan Ol | =—= | Khost-o~ A relatively major shock feltg 531 5-6
Fring frightening noises heard on Jan 033]
- 1o damage reported.
3 | Feb 01 [03:15 | Kabul Felt moderately. 53| 4=5 | 03 13 38| 36,0 T1.5| 5.5]|250
4 | Feb 11 122:00 | KEabul Felt ; relatively severe, 53 5
5 Feb 12 | 00:50 | Kebul. Felt, relatively severe, £3 g
6 | Mar 30 O4:25 | Qarabagh Felt moderately. 52| 4=5
7 |Mar 31 |06:57 | Gardez Felt moderately., . 52| 4=5
8 |Apr 03 | 23:40 | Parwan Felt moderately. 531 L4=5
9 1Apr 20 |21:30 | Qarabagh Felt, relatively severe; no damage | 53 | 5«6
‘ reported, ‘
10 ) Apr 21 {03:40 | Kabul Felt, relatively severe. 53 5
11 |[May 17 |20:50 | Kabul Felt moderately. 52 | 4=5 _
12 [May 19 | 15:20 | Qrrabagh Several shocks felt séverely: 521 6=7 115 17 ki | 33,0| 68,5 | 5.8] 35
to meny houses destroyed; no fatali-
20:50 ties, . A
13 [May 20 | ==— | Qarabagh Several shocks felt severely; 52 | 6=7
to people were frightened and camped
May 25 outside; some kariz fell down; no
fatalities.
14 |May 26 | --- |Rustak Felt severely; destroyed 60 roofs |52 | 7-8 |06 36 00 | 37,5 | 70.0 | 5.4 o=
in Aspak Village; killed 20 cows '
and sheep; destroyed 12 roofs in
Tut Village; killed 180 cows and
) sheep; no fatalities.,
15 Jun 07 | ©1:30 | Qarabagh Felt, relatively severe; no damage | 52 | 5-6
reported,
16 | Jun 20 | 19:00 | Qarabagh Felt, relatively severe; no damage | 52 | 5-6
District reporbed,
3 E F E | 3 3 E F r I £ I I
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1959 : ' _ o ' : —
17 | Jul 291 10:40 thzni Felt by all; no damage reported. .{52 5-6 | 09 53 56 133.5]67.5] = | ==
18 | Jul 29 22:55 | QGarabagh & | Two shoéks Telt, relatively severes| 52 | 5-6
: L Jaghatu no damage reported... . . S . o
19 | Sep 02 | 15:15 _Qarabagh‘ Felt, relatively severe; no damage | 52 | 5-6
o . reported.. \ S
20 | Nov 26 | 15:30 § Ghazni. Feli severely; no damage reported. | 52| 5-6
21 | Dec 05 | 13:25 | Qarabagh Felt, relatively severe; no damage | 52 5-6
_ - . reported,. SRR I )
22 | Dec. 16 | 22:44 | Qerabagh | Felt, relat.ively severe; no damage 521 5-6
. o | Region. reported,. o . .
23 | Dec 18 | 11:00 | Faizabad Relativeély major shocks felt; no 52 ] 5-6
_ .. o Region significent damage. :
& 2 |Dec 22 | 06350 | Faizabad |Felt; no damage reported. 52| 5
Y 25 | Dec 23 } 20:30 ] Jaghatu & |4 shock felt; no damage reported. |52 | 5
: . : Qarabagh | _ e . , , '
26 | Dec 23 | 22:30 | Jaghatu & | A shock felt} no damage reported. } 52| 5
Qarabagh
27 - | Dec 30 .06 n35 Faizabad Farthquake shocks felt, ne damage 52] 5
reported., . _
28 | Dec 31 15 00| Azru Felt, relatively severe; no damage | 52 | 5-6
’ reportEdr . |
1960 o _ _
1 | Jan 01| 15:50 | Jaghori & | A relatively major shock felt; no | 52| 5-6
' | Qarabagh |damege reported, :
1.2 | Jan 09| 07:26 | Kabul & Felt, relatively severe. 521 5-6 | 07 24 O4 | 36.5| 70.,0] 6.7} 200
Parwan : ' ' ' _ . '
Baghlan & _
Most of ‘ : ,
Getghan. Felt moderately. 52 | 4=5
Faizabad
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1960 ' -
3 | Jan 17 | 21:48 | Kebul Felt._moderat.elyo 52 | 45
R ' Parwan Felt, relatively severe; no damage | 52 | 5-6
S reported.
o .- { Andarab Felt severely, no demage reported 52 | 5«6
. 4 {Jan 24 |05:05 | Kabul Felt moderately, .- | 152 | & .
5 | Feb 17 [ 07:55 | Faizabad Felt moderately; .no damage. - 52| 4~5 {08 05 30 |37.0 715 | - %250 ;
6 |Feb 18 | 02:05. Kabul Felt moderately; ro damage reported.| 52 | 4=5 |01 59 23 | 35,5 |73.0 | - | 150 |
7. | Peb 19 | 10:40 | Kabwl Féelt severely; 6 shops destrayeds; |52 | 6~7 |10 36 52 | 36,5 | 70.5 [ 6.4 | 220
. Region some walls fell downj one injured. : ' | R : '
. (See Sec.6.4)
Parwan ‘ -
Paktia : o N
Nangarhar Felt, relatively sévere; no 52 | 5~6
Ghazni’ significant dama.ge.
Gatghan
* | Badakhshan |
Pakistan : , B
India Felt in some parts. 52 | 4-5
| U.S.5.R, .
8 |[Feb 20 |05:20 | Charikar | ]
Panjshir
‘Gulbahar _ : ,
Kohistan ) ‘
Kapisa > Felt moderately. 52 | 4=5
Bulola '
Bamiyan N
| Doab . .
9 |Feb 23 [02:12 |Kabul . | Felt moderately. | 52 | 4=5 [02 09 42 [36.0 | 70,0 | - | 200
© 10 [Mar 13 |11:30 '@.rabagh 3 ‘Felt,, relat:.vely severe; no dama.ge 52 | 5-6
: ' : reported., . . : .
11 |Jul 1y |22:13 |Ksbul & | Felt, relatively severe; no infor- |52 | 526 |22 11 06 | 36,0 { 70,0 | 4.5 | 100
' : Baghlan mation about the damage. : ' '
Badakhshan | Felt severely; no damage repcrted. |52 | 6
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1960 : o ‘ : :
12 Jul 17 | 05:45 | Faizabad Ma jor shocks of earthquake felt; 5271 6 05 14 561 36.,0]169.0) 5.9} 200
‘ 1. Region  |no damage reported.. .
13 | Jul 29 1 14:30 | Kandahar Felt, relatiﬁely severej no damage { 52 | 5=6 |14 33 50| 32.0] 67.0{5.3] ==
: reported. .
Maruf ' o
Kalat - Felt. 521 4=5
.. | Shinkai _
Aug 02 {23:15 | Faizebad 'Félt} relatiﬁely severej no damzge | 52 5-6
: _ oo reported.. . -
15 | Aug O7 04345 | Qarabagh Felt severely; no:iahage,reported., 52| 6
16 |Sep 09 | 02:04 | QGarabagh Felt, relatively severe; no damage [ 52| 5
. reported. ' .
| 17 | Sep 09 | 10:07 | Kabul Felt moderately. 52 4=5 110 05 22| 36.6171.61 -~ | 236
18 | Sep 19 | 03:40 | Faizabad- |Felt, relatively severe; no damage |52 [ 5-6
: . - {reported, . '
19 | Sep 20 | 06:20 | Jabal-us- |Felt moderately. 52 | 4=5
: Siraj.
20 | Deec 05 | 06:20 | Kabul Felt moderately. 52 | -5
1961 A o
1 | Jan 15 | 21:30 | Faizabad = | Earthquake felt, relatively severe;j 52 5.6
- - ‘ no damage reported,\
2 | Jan 16 | 12:45 | Faizabad | A relatively mﬁjdr shock felt; no |52 5«6
. damage reported., o .
3 | Jan 28 | 04:15 | Baghlan = | Felt, relatively severe; no damage | 52 | 5-6
' 1 : reported., : : 1.
L | Feb 18 | 06230 | Parwan Felt moderately. 52 1 4=5
5 | Jun 19 { 16:05 | Kabul Two major shocks Telt; one person |52 | 6 |17 04 36| 36.5|70.516.7} 220
Region | injured; no significant damage. ' : '
6 |Aug 03 {12:20 | Faizebad | Felt, relatively severe; no damage | 53 |5-6
' : reported,
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1961 ’
"7 | Aug 05 | 20:35 | Kabul Felt, relatively severe; no damage |53 | 5-6
' ‘ reported, ' _ _
8 |[Sep 04-}123:50 | Ali Shing |Felt severely; no damage reported. |53 |5-6
1962 : .
1 ! Jan 08 | 22:25 | Kabul Relatively major shocks felt; no 53 | 5-6 |22 15 13 | 36,7 |70.5 [5.7] 200
_ , significant damage. _ '
2 |Feb 24 |18:10 | Kabul Felt moderately, 52 | 4-5 |18 06 45 |34.3 [70.1] - | 25
3 {Mar 12 | 02:10 | Kabul Felt moderately. 52 | 4=5 102 11 12 [34.0 |71.0 | 5.0] =~
4 | Mar 28 [ 00:50 | Faizabad Felt, relatively severe; no damage |52 | 5-6 00 51 55 [36.6 {71.6 | ~ | 108
b reported. )
5 |Apr Ol | -— |Bifjend | A major quake felt; caused a number{53 | 7-8 |00 45 10 [33,2 [58.6 |5.8| -=
, - | (B, Iran} |of deaths and injuries.
6 | Jul 06 {23:08 | Kabul | Relatively major shocks felt; dura~|52 | 5~6 |23 05 32 |36.6 | 70.4 |6.8] 203
: : tion 30 secs.; no significént
damage; one person injured. (Sec.6.y)| .
Mazar-i- Felt séverely; no significant 521 5-6
Sharif & |damage.
Qatghan _
Paktia Felt, 52 7 45
Dushanbe & | Felt. 52 " 5
Cther Farts
Tajikistan
(U,8.5.R.) _ .
7 | gal 25 { 17:57 | Kabul Felt, relatively severe; duration |52 | 5-6
Region 1l sec.; ne significant damage.
& |Aug 11§ 21:30 { Mukwr Felt severely; a house destroyed in52 | 6~7.
Region the village of Musa Khil; two
‘persons killed, :
9 {Sep 03 | 23:24 | Kabul Felt moderately; no damage 52 | 4=5 |23.23 00 |34.7 | 69.5 |3.8] -
Region reported., K
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1962 | ' '
10 | Sep 10 120:57 | Regions. of:| |
" | Kabul
Mazar-i- ’ - ' _
Sharif Felt, relatively sévere; no 53 | 5-6
Jalalsbad | [ significant damsge. | -
Baghlan & |
Other Parts )
- | of Qptghbanj | oo _
11 | Sep 13 | 09:05 | Jelalabad |Felt moderately. .. _ 52 | 45
12 | Sep 14 |01:00 | Baghlan |4 relatively major shock felt. 53 | 5-6
13 Sep 19 | 15:00 | Faizabad | Felt, relat:.vely severe; no damage |52 | 5-6 |-
o Region  |reported.. : : U | 7 _
i Sep 22 108:00 | Kabul & Earthquake shocks felt; no damege |53 1 5 |08 06 2836.5 (68,7 |5.0] 33
: ' - Charikar - | reported. b g
Baghlan & |Felt severely. 53|56 |.
QOther Parts : o t
of Qetghan ‘ .
- | Panjshir Earthqua.ke felt; nodamage report.ed. 531 5 . : :
15 | 0ct 09 [16:00 | Kebul & Felt moder&tel:;r, no damage ‘ 52 | 4-5 115 59 14 { 36,4 {71.3 | - | 209
_ o o Baghlan - | reported. . : : 1
16 | Oct 29 | 03:49 | Jalzlabad |Felt moderately; no damage. 52 | 4=5 I
. 17 {Nov 03 | -~—- | Khwahan Relatively major shocks felt; rocks!53 | 6
to fell down from the mountainsj no-
Nov 0L damage reported. *’
‘ | Faizabad | Felt moderately on Nov 03, 53 | 4=5
18 | Nov 26 | 01:42 | Faizabad |Felt, relatively severe; caused no |52 | 5-6 |OL 41 10 |35.8 |70.3 5.5 150
| : " Region damage, b :
Kabul * Felt moderately; no damage. 52 | 4-5
1963 |- R - o | n
1 Jan 12 .06:20_, Baghlan__ | Felt moderately. 1521 L=5 {06 20 16 |36.,1169.91 ~ | 129
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1963 L , B
2 | Feb 16 | 11:30 Faizabad Felt, relatively severe. 531 5-6 |12 19 30 |36.5 | 70.4 | 5.4)208
3 |Feb 18 | 14:27 |Kabul Felt moderately, . 1531 4=5 |14 25 19 | 36,6 [ 70.5 | 4.9]200
L tMar 02} 18:45 Faizabad Relatively major shocks felt; no 52 1'5-6 ' - ‘
o damage reported. ' S
5 | Mar 03 | 17:05 | Faizabad Felt relatlvely severe; no damage | 53 | 5-6 |17 O4 58 | 36.8 | 71.0 | 4.3 [100
| Region. reportedo
6 | Mar 26 '06 37 Bamiyan A relatively mejor shock felt, no |5215-6
: , reported. damage, : ' ‘
7. | Apr 01 | 09:15 Kabul Felt, severely, no damage or 52| 6 09 22 55 [35.8 | 69.7 | 48] ~=
- Region fatalities reported. _ '
Nengerhar &| Ma'jor shocks felt., 521 5-6
, - Parwan - _
8 | Apr 17 [ 10:45 -Beghlan - | Minor shocks felt; caused no 52 | 4=5 |10 45 19 }136.4 | 70.5 | - | 79
T Region damage, . ' . : :
9 | Apr. 28 | 1950 | Faizabad Relatively major shocks felt° no 52 1 5-6 119 50 09 | 36.3 | 71.3 ?th 133 .1
‘ Region significant damage. : » ' ' - I FE
10 | Apr 29 | 02:07 | Kabul Felt moderately; no damage. 152 45
.11 |May 15 |13:55 |Faizabad |Felt moderately. 152 | 45
12 | Jun 10 {03:45 |Faizabad |Minor shocks felt, . 52| 4=5
13 | Jun 11 | 08:30 | Faizabad |Relatively major shocks felt; no |52 | 5-6
- | 8ignificant damage,
-1, |<Jul 14 | 10:50 [Regions of: | _ o
: Kabul Felt moderately, caused no 52 1 4=5 10 51 43 [36.1|70.6 15.,1}120
Jalalabad damage. : '
Porwan _ _
15 |Sep 22 | 04330 | Faizabad |Relatively major shocks felt; no 52 | 5=6 103 28 L7 |36.6 171.1 3.5 ==
1 " | Region significant damage. ' ' :
16 | Oct 01 | 15:50 |Faizabad Minor shocks felt; caused no damage.| 52 [ -5
17 | Nov 09| 23:55 | Baghlan Felt, relatively strong; no damege.| 52 | 5~6
18 | Dec 26 {20:53 {Kabul~ Felt moderately; no deamage. 53 | 4=5 20 50 2% |36.4 713 | 4.9]240
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1964 : .
1 {Jan 17 | 01:58 | Gardez & Felt, relatively severe; no signi- [52 | 5
Sayd Karam | ficant damage. _
Jan 17 | 03:28 | Kabul Felt moderately. - 52 | 4=5 103 25 01 [36.8 | 71.4 |5.2 9L
Jan 28 | 14:10 411 Felt. (See Sec.6..4) 52 14 09 17 |36.5 | 70.9 6.1} 207
Afghanistan) : '
(except the
western
parts) .. |
Kabul Felt severely; electrical bla¢k- |54 | 6
out for 5 min,; walls crackedj
7 articles thrown off shelves. .
Faizabad Felt, very strongly; no signifi- 53| 6
cant damage. ,
Sarobi Shocks felt were strongest for the |52 | 6
last few years; duration one min,: | .
Peshawar Felt, relatively severe; duration |52 5
Rawalpindi |more than 30 secs.; no demage is
Lahore reported.
Ozbekistan |Felt modérately. 52 | 4=5
Ta jikistan
| (U.5.5.R. ) |
L, | Feb 16 {18:43 | Kabul |4 relatively major shock felt; no |52 | 5<6.
_ Region significant damage.
5 | Mar 05 | 20:48 | Kabul Felt moderately; no significant 52 { 4=5
Region damage. o
& | Mar 05 {21:10 | Kabul A minor shock felt; no damage. 52 | 4=5 _
7 | May 16 | 08:40 | Nangarhar |Felt moderately; caused no damage. 52 | 4~5 |08 38 54 36.3 [71.5 [5.3| 122
& Kunar .
8 May 18 | 11:45 | Baghlan Felt, relatively strong; caused no |52 5eb
- Region damage.
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1964, :
9 lJul 08 | 12:10 | Faizabad Felt severely; caused cracks in 52 | 6=7
some buildings; no fatalities. ‘
10 | Get 12 | 23:05 | Kabul Felt moderately; no damage. 153 1 4=5
11 | Nov 15 | 17:25 | Faizabad Felt; relatively strong; no damage.| 53 | 56 |17 12 44 [36.5 [70.9 | 5.0 220
12 {Nov 16 {04:30 | Faizabad Felt;, relatively severe; no damage |53 | 5-6 |04 47 28 {36,3 [ 70.4 | 5.5} 225
Regicn reported., )
13 | Dec 24 [01:13 | Kabul Felt moderately; caused no demage. {53 | 4~5 | 0L 08 38 |36.2 {70.9 |5.6]| 158
1965
1 |Feb 16 | 20:58 | Kabul Felt moderately; no significant 52 | 4=5 |20 46 37 |36.3 |70.8 {5.3] 190
: . | Region damage .
2 |Mar 14 | 15:54 | Kabul The earthquake felt was very strong| 54 | 6-7 |15 53 07 |36.3 [ 70.7 | 6.6} 219
several walls fell down; a number
of houses and buildings cracked;
two and three story buildings in
the University, and similarly the
bulildings of Ralman Baba and
Habibia High Schoel suffered light
damage; the gasoline storage tanks
in Shirshah Mina and Beni-Naizar
were also damaged; a few people
injured, some fainted; no fatali-
ties; reported power hlackout from
Sarobi Power Plant, (See Sec.b6.4)
Bakakhshan | Felt very severely; several walls [52 [ 6-7
' fell down.
Northern The earthquake felt was very 52 | 6=7
Part of the | severe.
Courttry _
Ashpushta | The mountain slid for a length of |52 |6-7
200 meters; no damage caused.
Pakistan & | Felts no sigriificant damage. 52 1 5
N. India
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E. E E E E L E P E [ E 1 8 | |
| YEAR PLACE OF . - EST INSTRUMENTAL DATA
# He Mn Br¥nSc | N | E kmn
11965 | - . T _ o , _ . 3
3 {Apr 02 |22:27 | Balk Relatively ma jor shocks felt; 52 | 5-6 122 26 L7 |36.8 [66.6 [5.5( 38
Samangan duration one. mlno, no 51gn1f1cant
Joz jan damage. . S _ S
L |Apr 25 102:30 | Kabul" Felt moderately caused no damage. |52 5 |02 27 46 |36.3 |70.5 [4.71 232
' Baghlan Fe1t°-caused no damage., . 52 5 '
5 JAug 22 [19:20 | Kabul Felt; relatlvely strong, caused no |52 | 5-6
| Region - |damage. - S ' N T
6 |Nov O1 |10:55 | Jalalabad |Felt moderately caused no,damage. 53 | 5 | |
% {Nov 16 |01:07 | Kabul - Relatively major shocks felt; no [53 | 5~6 |01 03 56 |36.4 {71.1 |5.5] 244
Region significant damage. .
1 | Jan 27 [18:30 | Shahjui Relatively major shocks felt; a 52 6
to to - Distriet |mosque destroyed; someé walls fell
Jan 28 §03:15 | .. down and some cracked; no fatalities.|
2 {Jan 30 [07:15 |Shahjui Felt, relatively severe; frighten— |52 | 6-7
ing noises heard from a kariz in
Jamal Khil Village; some kariz ;
blocked; a few houses damaged; no :
L fatalities reported. : . _ : §
3 |Mar 01 |05:10 | Baghlan Relatively major shocks felt; no |53 | 5-6 |04 59 50 |36.7 {69.0 {4.6 44
‘Region significant damage. ) ; i
4 |Mar 12 {21:45 |Kapisa Three relatively major shocks feltj|52 [ 5-6 ;
o ' caused no damage. . A . _ : :
5 {Apr 18 [19:30 Kabul Felt, relatively severe; no signi-~ 52_ 5-6 |19 29 41 |3L.5 [69.8 | 4.2 55,
Region ficant damage. ' _
Apr 18 {19:57 | Kabul Felt moderately 52| 45
7 |Apr 26 {19:35 | Ghazni Felt severely;-caused 1o damage, 521 6
g8 |May 21 [21:25 |Kabul Two relatively minor shocks felt; |52 | A4=5
Region no damage occurred.
9 Jun 05 |04:15 | Chariksr Felt, relatively strong; caused no |53 | 5-6 b
Region damage.,
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. PLACE OF

YEAR | PIAGE C . EST INSTRUMENTAL DATA
EV??NT DATE g‘r]}gn OBSERVATION E F FECT REF | MM TOE T 1AT | LONG [MAGIDPTH
) BrMase | N | E lan
1966 ' S _
10 | Jun 06 |07:48 | Faizabad Strong shocks felt one after 53 | 6-7 |07 46 16 |36.4 1 71.1 | 6.2 221
- another for two min,; some walls
cracked. : :
Kabul - T
Nangarhar
Kunar
Taghman
Kapisa
Baghlan : > Felt. 53 | 5-6
Takhar :
Dushanbe
Tashlkeent. .
Samarkand
(v.5.5.8.) |
Parwan .
Paktia - Felt. 53 5
Peshawar _
11 | Jun 24 [15:29 | Baghlan Felt moderately; caused no damage. |53 }4~5
- 12 |Aug Ol |06:00 | Bamiyan Felt, relatively severe; caused no }52 5«6
demage. : _
Ioralai Felt stronger here than anywhere 52 Y 7-8 |
(Pakistan) | else; one killed; many buildings :
in several villages destroyed or
damaged severely,
Barkal Felt severely. 52 § 6~7
_ (Pakistan) _
1, |Aug 16 |02:20 | Kebul Relatively major shocks felt; no 52 15-6 |02 16 20 [36.5 {70.8 |5.5]| 199
Region significant damage.
15 |Aug 28 [ 10:56 | Nangarher, | Felt, relatively severe; no 52 | 56 |10 43 02 {36.4 |70.9 {4.8] 180
Kunar & gignificant damage,
Tlaghman : N
16 | Nov 21 {03:00 | Parwan & Felt, relatively strong; no signi- |52 | 5~6
: Kapisa ficant damage.
¥ EL ¥ ¥ rF ¥ £ Fr E r E F K
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E E E. E _ E 3 4 | K E E | 8 | [} E.
SYEAR : PLACE OF | | EBST INSTRUMENTAL DATA
EVENT| DATE | TIME [OBSERVATION | EFFECT REF | MM TINE AT | LONG | MAG|DPTH| =

# Hr Mn | ‘B MnSc| N | E |
.17 | Dec 06 | 12:11 | Kabul | Relatively major shocks felt; no 52 | 5=6
significant damage.
18 | Dec 10 | 20:30 | Nangarhar |Felt moderately; caused no damage. | 53 | 4~5
: & Laghman : :
1967 | ' . .
i 1 { Jdan 25 {01:50 | Kabul ]
: to Baghlan :
02:00 | Kunduz - v - _ - | R T
.| Takhar Felt severely; the shocks 53 |56 |01 50 19 |36.6 | 71.6 | 5.7| 28L]
Badakhshan >occurred two to three times. ' ; g
Jozjan
Samangan _
logar. 7]
' Ghazni o S ‘
Nangarhar | > Felt strongly. 53 | 5-6
Kanar . - . 7 |
Taghman A : _
Zabul & Felt very lightly. 531 4
Herat_ R _ . _‘ | -
Mar 11 [06:30 | Kabul Felt moderstely; no damage. - |52 {4~5 |06 3109 |36.4]70.7]5.0f 220
3 | Aug 06 | 10:47 | Kebul An earthquake shock felt; no 53 |4-5 |10 31 06 |38.0 | 74.5 | 4.8] 215
Regiori | damage reported, : ‘ . ;
L | Aug 15 | 07:36 | Faizabad |Felt moderately; caused no damage. |53 L-5 107 40 29 [36.3]70.2 | 4.7 189
1968 | ) . 1 .
1 | Aug 31| 10:47 | Dasht-e- Catastrophic earthquake, néar :3 110 110 47 37 |34.0459.0 |7.3] 13
Bayaz total destruction; all houses 54 1
{ Bugkabad and bulldings of mud and dome
Meinhaj - construction completely levelled; 1
Karish >nea.r_1y 12,000 people killed in ko
| Miam(towns region; extensive surface i
in Tran, . faulting, extending for more 4
300 kn west than 25 km.
| of Herat) | _
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INSTRUMENTAL DATA

"YEAR ‘ PLACE OF EST
T| DATE TIME |OBSERVATION EFFEC
EV#EN He Mn | V. : ‘ ¥ T HEF | MM TIME LAT LONG | MAG{DPTH| -
. : Hr Mn Se | N ) km |
1968 . ' o noe _ :
1 | Aug 31} 10:47 | Kakh & | Most of the buildings-destroyed; 3 9
Khezri great loss of life, | 54|
(Iran,as : e
above )
Herat Felt severely, no damage reported, 537'5-6
' _ water splashes out of pools, - 54 :
Farah Felt sevsrely,_no ‘damage. 531 5
Badghis Felt sevérely,fno‘damage. 531 5
Bust water in Bust Hotel swimming pool 54
- set into oscillation; seismic
_ . ‘ se:Lche. 7 i [
2 | Sep 03118:50 ] Kabul & Felt modérately; no damage is 52 445 18 48 16| 36,2 69,21 5.3] 75
Northern | reported. ' :
Parts of
Country L
3 | Sep-28 | 00:55 | Kabul  { Felt modérately; no damage 53 | 4=5
Region reported., 1
Paktia T : -
| Parwan Earthquake felt. 53] 4-5
: ... | Kunar '
4 |Dec 19|04 35| Taligan |
Faizabad : _ ' ' o
| Takhar Felt-severely; duration one. 53] 6 05 17 52 36,1 70.11 5.4| 151
Kunduz min., no damage reported.
Charikar - :
Kapisa
05:25 | Kabul | Pelt severely; duration 25 secs.; | 54] 5-6
Region | some people frightened and run
‘ from buildings.
1969 _ 3
1 | Mar 05| 19:35 | Kabul Felt moderately; no damage 52| 4-5 | 19 33 23{ 36,4 70.7] 5.9| 208|&
Region reported, Eﬂ'
Q
[...l
E F ¥ ¥ E ¥ 4 F ¥ ] 3 r [ I [ f




iyr

-4~

E E £ E L K E L E L i | B
YEAR | PLACE OF EST INSTRUMENTAL DATA
Ez?NT ‘DATE g:@ﬁ; OBSERVATION EFFECT REF | MM I T o THiE TOeTH
: Hr Mn Sc N E km
1969 S ' . _ B '
2 |May 15 | 20:40 | Nurgal & Felt severely; walls and some roofs | 54 | 6~7 | 20 39 46 | 34.6 | 70.9 | 5.6 22
Bila f€ll down; one person killed, two '
injured; & few houses partially -
collapseds rumbling noises heard;
some claimed flashes in sky see
L (See Sec.b. h?
Nangarhar Strongly felt, walls cracked, 54| 5-6
& Kunar : .
Lsghman | Felt strongly.. . 541 5
Kabul Felt moderately; some peoplée awcke | 54 | 4=5
, - Region from. sleep; rattling. of doors. N . _
3 | dJun 10 | 23:30 | Kunduz & A ma jor shock felt; no damage 53| 5-6 | 23 30 54| 36.3|70.4|5.2 213
' - | Baghlan reported. ‘ ‘ '
Kabul Felt mederately. | 53| 4=5
4 | Aug 08 | 06:32 | Kabul Two relatively major shocks felt; | 52| 5 106 30 57| 36.4|70.9|5.8[198
_ . Region no damage repcrted. o -
5 | Sep O4 { DR:58 | Kabul Felt lightly. . . 541 3 |02 57 19]36.5{ 70.9 | 4.8]| 221
6 | Sep 12 | 05:09 | Kabul Felt moderately, 541 4 05 08 02 36.4]70.9{5.1|198
7 |Sep 14} 23:25 | Kabul Felt modérately. 54| 3-4 {23 45 40| 37.7|72.5] - | 33
8 | Oct 02 |09:11 | Kabul .| Felt. moderately. 54| 3-4
9 | Nov 12 | 12:00 | Mahmud Raqi| Two major shocks felt; no damage 53| 5-6
' & Kohistan :
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TABLE C2
SUMMARY & TEMPORAL DISTRIBUTION OF FELT & DAMAGING FARTHQUAKES
YEAR|Jan|Feb|Mar|Apr |May | Jun|Jul|Aug{Sep|Cct | Nov|Dec |TOT || YEAR |Jan|Feb [Mar |Apr |May | Jun |Jul |Aug |Sep | Oct | Nov|Dec [TCT
To 1500 4|l 1984 1)1 1 3
1505 1 1 || 1947 | | 1 1
To 1831} 1 1 2 1948 2 1 3
1832 1 1 1949 1] 1 3
To 1841 2 i . 1 6 {1950 1) 2 317
1842 0| 1 4| 3 35 [11951) 2 1 1 15
1o 1873 1 | 1 |l 1952 1 1 1 5
1874 1 1953 1 1
To 1922 2 2 21 1 11 1 {11 [{ 1954 1 1 2
1923 3 7|10 [g2 ||1955 1 1|1 3
1924 2 1 2 1| 3 11 || 1956 1 15 913019017 ] 71 9]e0
1928 2 1957115 | 1| 2| 5 ' 2 11 7] 6142
19291 . 1 1)l1958t 8| 2| 8f 3! 1 3| 4 L} 1|35
1931 2 1 1 5 111959 2| 3| 2 3 2 1 1| 8|28
1933 2 2 6 |[1960| 4| 5] 1 2| 4 1|20
1934 1 311 1| 1 711961} 31 1 1 1 8
1935 1 1| 2 1 6 |]1962f 1| 14 2 21 1| 6{ 2] 2 18
1936 1 1411963 1| 2 3| 4| 1] 2 1 1] 1718
1937 1{ 2 3 119641 3| 1| 2 1 2 13
1938 1 1 [{ 1965 1| 1] 2 1 2 | 7
1939 1{ 1| 2 [|1966]| 2 231} 3 4 1{ 2|18
1940 1 1 1 5 111967] 1 1 2 |
1941 1! 3| 61968 1 1| 4|
1942{ 1 3 ({1969 1 11 1p3[1(1 9|
1943 | 1 1] 11 2| 6 {|Torts|s5 |39 {49 |33 |19 |36 |36 |34 {48 |37 |14 |52 |486|
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PLACES .OF. OBSERVAT'ION iy

AIBAK, provineial capital of Samangan Province' ShOWn as Samangan on Flg. 1.
AKCHA, a town about 50 km NE of Sheberghan.

AKSERAI a village about 20 km NNW of Kabul:

ALY SHING, a valley running almost NS to the W of the Alingar Valley.

ANDAR, a dlstrlc+ about 30 km S of Ghazni,

ARGHESTAN, a town and district 80 km E of Kandahar.

ASHPUSHTA, a village in Kehmard district,

ASMAR, & 3istrict ‘about 70 km NE of Nurgal

ASPAK, a village close to Rustak. -

AZRU,; & district about 60 km SE of Kabul,

BANGI, a foum about 25 m W of Ta_liqam

BARFAK, & viiiage about 45 ¥m'E of Kahmard,

BuHSUD, s village about 50 km S5 of Bamiyan.

Bil4, & wvillage on the east side of the KXunmar River across from Nurgal.
BRIKOT a village in the Kunar Valley about 100 km NE of Nurgal.
BUDDEEABAD a village about 12 km NE of Tigri.

BULOLA, a flllagn about 15 km ENE.of Bamlyano-

CHAMKANI, a town about 55 km NE of - Gardezo-f”

{HAEK, a village very near to Keshm.

CHIT RAL a region and also & town about 180 ¥m N of PEShawar.
CHOUKI, a village about 18 km NE of Nurgal.

DAI CHUPAN, &’ v111age about 55 ¥m N of Kalat- (Afghanistan)

DAIZANGT, previous name for a large  distriét consisting of Behsud, Daikundi,'~

1al, Sar Jangal, Yakawolang and Shahrestan regions.
DARRT AJAR a small village 10 km E of Kahmard; also a river, see Fig. 1.
DARRI PEEPH a distriet in Kunar Province, about 80 km NNE of J&lal&bad.
DARRI SHAKARI north of Shibar Pass,
DARRI SUF, a town about 65 km SE of Samangan (Aibak),
DARVAS, a district and also a town about 130 km N of Falzabad
DOABIwFIKHEuuARIN a village about 30 km ESE of Kahmard.

GHORI 2 town about 15 lan WSW of Pul—l-Khumri in the upper Kunduz River
Vall@yo

GULHAHAR, & town about 10 km NE of Jabal-us-Siraj.

GULRAN, a district NW of Herat, the centre of which is about 85 km NW of
Heyat, -

HADDA, a village about 10 Mm SE of Jalalabad.

HAZARAJAT, a, reglon in central Afghanistan located to the W of Kabul
Prov¢nce and to the E of Ghor Province, -

HAZRAT-I~IMAM, a town about 50 ¥m N of Kunduz.

ISHKAMISH, a district about 35 lkm S of Khanabad.
ISTERGHACH, a village about 15 ¥m SW of Charikar.
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JABAL~US-SIRAJ, shown on the map of Afghanlstan in abbrev13ted form as Jabal
Siraj.

JAGHATU, & village about 25 km N of Ghazni.

JAGHORI, a district sbout 90 km SW of Ghazni.

JAJI, & district about 55 km NE of Gardez.,

JAMAL KHIL, a village 6.5 km SE of Shahjui.

JANDOL, a valley in NW Pakistan (34.8°N and 71.8 E) :

JOZJAN, a province in northérn Afghanistan with Sheberghan being the pro-
vincial center, o

KAILAT, a city in Pakistan about 150 km SE of Guetta; also a town in
Afghanlstan, see Fig, 1.

KALIFGAN, a district about 20 km NNW of Farkhar bétween Taliqan and Faigzabad,

KAPISA, a province immediately NE of Kabul Province,

KARATEGIN a province in the U,S5.5.R, just north of Afghanistan contalning
the town of Garm.

KESHM, a district and also a town about 35 km NE of Farkhar,

KHOST—O-FRING a village about 70 km S of Taligan, '

KHAWAK, a village in the northern end of the Panjshir Valley,

KHWAHAN ‘2 town about 80 km NNW of Faizabad.

KHWAJA-I-GHAR, a town about- 35 km almost due W of Rustak.,

KOH DAMON, a large valley. N of Kabul and S of Charikar,

KOHISTAN, a region of Kapisa Province about 50 km NE of Kabul,

.KURRAM, a valley about 100 km NE of Cardez,

KUZ KUNAR, the lower part of the Kunar Valley.

LAGHMAN, a province in eastern Afghanistan with Tigri (now Mehtarlam) as
the provincial center.,

MAHMUD RAQI, a town in Kapisa Province about 16 km E of Charikar.
MAIDAN, 2 town or plain 45 km WSW of Kabul.

MARUF, a town in Zabul Province about 55 km SSE of Kalat (Afghanistan)
MUSA- KHIL a small village near to Mukur.

MUSTUNG a town.in Pakistan, about 60 km S of Quetta,

NANGARHAR, a proevince in eastern Afghanlstan with Jalalabad as the provin-
cial center, . '
NEJRAB, a district and also a town about 30 km E of Charikar.

PAKTIA, a large province in eastern Afghanistan including the towns of
Gardez and Urgun.

PARWAN, a province N of Kabul including the Ghorband and Panjshir Vhlleys.

PASHGHUR, & town.in the Panjshir Valley, 40 km NE of Charikar,

PULI AIAM a village in ILogar Province, about 35 km NNW of Gardez.

QARABAGH, a town about 50 km SW of Ghazni. _

QARAMQOL, & village about 10 km SW of Andkhoy.

QATGHAN, previous nsme of a province which included Baghlan, Kunduz &nd
Takhar Provinces. .

SARGOLAN, & valley running NW to SE about 40 lm E of Jurm.
SARI PUL, a town about 50 km.SSE of Sheberghan.

SAROBI, a town about 50 km E of Kabul.
SAYD KARAM, a district and a town about 18 km NE of Gardez.
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SHAGI; a village sbout 45 km SE of Kabul,

SHAH ANJIR, a village about 38 km S of Mazar-i-Sharif.

SHAHJUI, a district and a town about 60 km NW-of Kalat (Afghanistan).
SHAMALI, the regions immediately N of Kabul.

SHEWA, a village about 15 km W of Nurgal.

SHEWAKEE a village about 10 km S of Kabul,

SHINKAI, a village about 3% km SE of Kalat (Afghanistan).

.SURKH—O—PARSA a village sbout 45 km WSW of Charikar.

TAGAB, a village in Kapisa Province about 50 km NE of Kabul,

TAKHAR, a province in northeastern Afghanistan with Tallqan as the provin-
¢ial center.

TALA, a village about 45 km SW of Doshi,

TASHKURGHAN (Khulm), a town about 50 lam E of Magar-i-Sharif.

TEZEEN, a village about 35 km SE of Kabul.

TUT, a small village close to Rustak.

WARDCDJ, a valley running nearly NW, about 20 km E of Jurm.
WARSAJ, a town about 35 km SSE of Farkhar. '

YAKAWCLANG, a district and also & town about 72 km W of Bamiyan.
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APPENDIX D

INSTRUMENTAL EARTHQUAKE DATA

Explanﬂtory*Remarks
Table D1 - [ist of Strong Barthquakes (M > 5.8)
Table D2 ~ List of All Earthquakes

Table D3 ~ Temporal Distribution of Recorded
Earthquakes in the Region 27°-~40°N
and 58°-76°E

Table D4 - Temporal Distribution of Recorded
: Earthquakes Within Afghanistan

Table D5 = Temporal Distribution of Recorded
Earthquakes in the Deep Earthquake
Zone %See Fig. 35)

Identification of Data Sources and Authorities
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EKPIANATORY REMARKS

In order to clar"i’fy the data format used 1n Tablea Dl and D2 the

following explanatory remirks are g:.ven'

1)

2)

3)

L)

5)

The date of the earthquake in terms of year | (Ir), month (Mb) and day (Dy)
appears in the first column. (See Item 8)... ‘

The GMT origin time of the earthquake- is given in column two in the form
of hours (Hr), minutes (Mn) and seconds (Sc).  In all cases the time in
seconds as obtained from the original sources has been rounded off to
the nearest second. Events for which the time in seconds or m:l.nutea wae
not available, dashes have been inserted.. S

All entries extracted from the Pakistan list of significant. earthquakes

~ (Source G') are without ‘times; these were not given in the Pekistan

listing.
The latitude (IAT) and longitude (LONG) of the earthqueke epicenter are

‘given in columns three and four; these have been roundec! off to the

nearest tenth of a degree.

The determined magnitude (MAG) for each earthquake is presented in
column five. For the cases where no magnitude determination was made a
dash has been inserted, All magnitudes have been roundad off to the
nearest tenth of a unit.

Particular attention must be drawn to the magnitude values taken from
the Atlas of Barthquekes in the U,S,S.R.’ (Source E or Ref, 31), In
maqy cases the megnitudes listed in this source were guoted by stating
a range of magnitude values, In order to reflect this situation, the
method adopted has been to record the lowest magnitude of the stated
range and insert a + sign behind the listed value, For all magnitudes
taken from Source E, a + sign behind the velue indicates the following

4,34 ~ 4,3< MAG<T5,3
5.3+ ~ 5,3< MAG < 6,5
6v5+ - 6.55 MAG'<705 )
7.5+ - 7.5 = MAG

All magnitudes:. listed in Tables Dl and D2 are considered to be body
waves (M) magnitudes with two exceptions, These are:

(1) Those magnitudes which were determined by the Seismo-
logical Iaboratory at Pasadena, California (Authority f)
are all surface wave magnitudes. These all appear with
an "f% sup‘eracript.

(ii) Those magnitudes which are listed with an asterisk (%)
as a superscript are surface wave magnitudes,

Earthquake depths in km are given in column six, Wwhere no depth has
been determined, dashes are inserted, :

-D3-
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) Columns seven &nd oight give the source (SRCE) and authority (AUTH),

7
~ data which correlates with the.instrumental data, This information has

The source here.denotes the: data ‘source and the authority denotes the
organization which computed the' ‘instrumental values, . :

For the cases where some portion of the instrumental. data was computed
by an authority other than the one listed in column seven, a super-
soript denoting the correct a.uthority has been inserted,.

The lettor -codes used for the authoritiee and da.ta sources are ldenti-
fied at the end of this appendix under the section M"Identifiecation of
Data Souroee and Authoritiea“

“,\'

The ninth and last ecolumn of the tables preoents the known inteneity

been included to provide a oonwnient c¢rogs reference with Table Cl of

In nearly all ecaseés the lntenaity date appearing in the "Intensity"

" colymn relates te Table Cl, but there are some exseptions. From the

8)

-9

original instrumental data source a pnumber of events appeared with .
felt data either in the form of "felt™ or with estimsted Modified
Mercally Scale ratings, When no local informstion as listed in Table
Cl could be found to replace this data, the intensity data was recorded
ae reportred by the datd eonree, N

Owing to an insdvertent evenight, sl amw' were omitted in Table

- B2, These have besn included as &n Addendum on the last page of Table

D2, To draw atténtisn to these omitted enmtries, a + sign has been -

: ‘:lmerted between the yea.r and month in oolunn one of’ Table bz,

T Ta.blee BS, DL and D§ following Table D2 ) are"a eumary of the in.forma-

tion presented in :rablee D1 and D2, These tables present. 8 temporal.

__'_distribution of the instrumental dats similar in format to Table C2 of
Appendix C, For a discuuion of t-hese tables, see Sec, 7.k

7 -Dl,—
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TABLE D1

LIST OF STRONG EARTHQUAK;ES M ?—5.3), 1893 - 1969

LAT: 27°N - 4O°N LONG: 58°E - 76°B
DATE .| TDME IAT |LONG | MAG |DEPTH |AUTH |SRCE INTENSITY DATA
Ir Mo Dy | Hr Mn Se N E ¥m
1893 Nov 17 | 07 ~- —~ | 37.1 | 58.4 | 6.5+ {0-80 | e |E
1895 Jan 17 | 11 -~ —= | 37.1 | 58.5 | 6.5+ |[0-80 | e | E
Aug O4 08 wm we 37.8 | 75.1 _'6.5+ 0--80 e E
1897 Sep 17 | 08 == — | 39.7 | 69.0 | 6.5+ [0-80 [e |E
1902 hug 22 | 08 00 -~ | 39.8 | 76.0 | 7.5+ |o-80 | e | ®
1905 Apr 04 | 00 50 00 | 33.0 | 76.0 | 8.0 J0-508 | b | A | Event,1905,4PP.C
1907 4pr 13 | 17 57 18 | 36.5 | 70.5 | 7.07 | 260 b |4 |
Oct 21 | O4 23 36 | 38.0 | 69.0 | 8,00 [0-508 | b | &
Oct 21 | 08 ~— ww 38.6 68,0 | 7.5¢ — e E
Dec 25 [ 22 36 00 | 36.5 | 70.5 | 6.8% | 240 | b | a
1908 Mar 12 | 19 26 24 | 36.5 | 70.5 6.5§ 200 b |4
Apr 16 | 17 38 48 | 36.5 | 70.5 | 6.8% | 220 v | a
Oct 23 | 20 14 06 | 36,5 | 70.5 | 7,05 | 220 fb |a
Oct 24 | 2116 36 | 36.5 | 70.5 | 7.0f | 220 | v | a
1909 Jul 07 | 213750 | 36.5 | 70.5 | 7.8f | 230 v |a
Oct 20 | wm == == | 30,0 | 68,0 { 7.2 lo-50 {g | @
1910 Jul 12 | 07 36 12 | 37.0 [ 76.0 | 6.8T | 120 [b | &
191 Feb 18 | 18 41 03 | 40.0 | 73,0 | 7.8 |o-50B { b | &
Jul 04 | 13 33 26 | 36.0 | 70.5 {7.6F {190 [bv |4
1912 Apr 25 | 10 27 48 | 36,5 | 70.5 | 6,88 | 220 | b | A
May 22 | 23 08 18 | 36.5 | 70.5 | 6.3L [ 220 |b |4
Jun OL | 00 3118 | 36,5 | 70.5 6.0§ {200 v | A
Aug 23 | 21 14 30 | 36,5 | 70,5 | 6.8, ] 200 |b |4
Nov 28 | 20 55 00 [ 36.5 | 70.5 { 6,5 235 (b | A
1914 Feb 06 | 10 42 28 | 29.5 | 65.0 | 7.0 | 100 b |4
1915 dun 03 | 08 08 36 | 36.5 | 70.5 | 5.8T | 200 {v |4
1916 Apr 21 | 1356 22 | 36.5 [ 70.5 | 6,38 | 226 b | A

[ &S




TABIE DL

‘Db

. DATE TIME IAT | LoNG | MAG | DEPTH |auTH|SRCE|  INTENSITY DATA L
Ir Mo Dy| HrMnSc | N | E | - - o=
1917 Apr 21| 00 49-49 [37.0 {705 | 7.0f8] 220 | b | & B
1921 May 20| 00 43 20 [36.0 | 70.5 6.8§ 220 | b | A _
Nov 15| 203638 |36.5 [70.5 | 7.85] 215 | b | &
1922 Dec 06 | 13 55 36 |36.5 [70.5 | 7.55] 230 | b | 4 -
Dec 17| 00 5120 |36,5 |70.5 | 6,371 220 | b | 4
1923 Dec 28 | 22 24 52 [39.5 {68.0 | 6.0f o508 | b | & b
1924 Sep 16 | 02 36 00 |39.0 |70.5 | 6.3 o508 [ b | 4 e
Oct 13| 16 17 45 |36.0 | 70.5 7.37| 220 | © | A |Event #9,1924,APP.C -
1925 Mar 08 | 11 27 47 |34.0 |67.0 5.8§ 200 | b | A | L
Jun 20| 13 0415 |36.5 |71.5 | 6.551 230 | b | 4 i
Dec 18| 18 10 25 |36.5 |71.0 | 6.0F} 230 | v | 4 -
1927 4pr 18| 15 02 00 |37.0 [71.0 | 6,00} 200 | b | & |
Jul 07 | 20 06 30 ]27.0 |62.0 | 6.55] 100 | b | 4 -
Jul 15| 03 4643 |36.5 [70.5 | 5.85| 250 | b | 4
1928 Apr 25 | 0116 58 [38.5 |73.5 | s.8f) 150 [ b | A | ™
‘Jun 24 ) 0434 38 [36.0 |70.5 | 6501 120 | b | 4 | - -~
" pug 10 15 33 4 36,5 705 | 2,8f 20 | o | 4 Bvent, #2,1928,APP,C
Sep 0L| 06 09 00 {29.0 [68.5 | 6,35 o508 v | & | |
Oct 15| 14 1941 |28.5 |67.5 " \6‘8§' 0-508 | b | & b
Nov 1, | 0433 09 135.0 |72.5 | 6.0°] 110 [ o | &
1929 Feb OL| 17 14 26 {36.5 |[70.5 7.1§ 220 | b | A -
S " Mar o3| 31102 |36.5 [71.0 | 635 250 | v |4 | ¢
Mar 13| 110137 [36.5 [70.0 | 5.80| 200 | b | & |Bvent, 1929,4PP.C
May 01| 15 37 30 |[38.0 |58.0 | 7.1 | 0+80° | b | A~ - .
11930 sep 11| 17 20 16 |36.5 |70.5 | 5.5 250 | b | & |
Sep 22| 16 26 40 {38.6 |69., | 5.8 [0-80 | e | E .
1931‘gan.§g‘ ﬂgz 27 22 gg.g g%.g 2.g§ gig b | A |Bvent #1,1931,4PP.C |
UL ) ®. ° [ . - e
| ﬁug.gl'; % 33% gg.g gg gig g-ggg' b | A |Bvent #,,1931,APP.C |7
ug _ o8 o3 § Tel, {O= b - :
Sep 14 | 0332 16 |36.5 |70.5 5,8£ 220 | b | & | N
oct 05| 223127 136.5 |70.5 | 6,85 | 220 | v .| & |Event #5,1931,4PP.Cc . |. o
1932 apr 03 | 1052 41 }36.8 {705 { 6.0f| 250 | v |4 | o
Apr 30 | 1052 36 [36.6 |70.6 | 6.0, | 140 [e | B o
Gct 29| 1108 49 [39.5 {72.0 | 6.0F j0-508 | b | & s
1933 Jan 09 | 02 0143 [36.5 |70.5 | 6,55 | 230 | b | A |Bvent #2,1933,4PPC. |
May 27| 22 41 58 .|37,0 {705 | 5.85]| 230 | b | & | - 0. )
‘ e



- TABLE D1

. DATE TIME IAT | LONG | MAG ' | DEPTH INTENSITY DATA
Yr Mo ByiHr Mn Se | N E km
1934 dun 13 (22 1028 [27.5 [62.5 [7.0f | & | b | 4 | : -
iul §i %z gg ZZ h gg.g _gg.g | 2.§f o2§88 | : ﬁ Event #4, 1934, APP.C
11g . '] . - ’ ) : o ’
Nov 18|03 21 24 | 36.5 | 70.5 6.5 | 220 | b | & |Event #7, 1934, APP,C
1935 Feb 03 [ 02 10 47 | 36.5 [70.5 |6.05 | 230 | b | A |Bvent £1, 1935, aPR.C
ﬁgr gg é% é} 59 - 22.3 Zg.s , 2.gf 0250g b | A |Event #2, 1935, APP,C
v 24 . .0 | 6. 508 b | & < SRS
SRS EE (22|81 [0 b s s, e
un . . D y At ’ ’
Jul 05 | 17 3 o1 26.0 67.5 2.o§ 0-508 | b | A | Event #5, 1935, APP.C
Jul 28] 05 23 58 | 36.0 | 71.0 | 6.0 150 | b} A
Jul 29 | 23 16 36 5 173.5 |5.8 - e | E
Oct 08 09 19 06 70.8 6,0f — e E :
Oct 11 04 20 18 705 |5.85 | 230 | b | A | Event #6, 1935, APP.C
1936 Jun 29| 14 30 10 71,0 ,.6.8£ 230_1 b A | Event, 1936, AFPP.C
Jun 30| 19 26 06 60.0 | 6.3 | 0-508| b | A
1937 gct_gg 7 gg ig gg.g g.g§ 20 | b | A | Bvent #1, 1937, APP.C
oV . .
Nov 14 | 10 58 12 70.5 17.25 | 260 | b | A | Event #3, 1937, APP.C.
1938 Jan 18 | 09 29 02 70.5 |5.85 | 250 | b | &
1939 May 30 | 10 07 06 o |58, | = | e E |
Nov 21} 11 01 50 1705 16,9 | 220 | b | A |Event #1, 1939, APP.C
1940 Jan 26 | 15 20 45 72,0 |5.8% | 200 | b | &
Feb 08§ 15 15 20 705 |5.85 | 220 | b | A . |
Eir éz gﬁ %i gi Zg.g‘. 2.gf 50 g i Event #2, 1940, AFP,C
y L] ) ——— ’ . .
May 27 | Ok 10 38 71.0 |6.35 | 200 | v | A
;pp_gt %g gg 58 ;o.g g.gf 238 g f Event #4, 1940, APP,C
ov 30 12 0. . 210 | -
Nov 20 | 17 59 59 70.5 | 5.87 | 200 { b | & | Event #5, 1940, APP.C
1941 Peb.16 | 16 39 03 590 J63p |~ | b | a
ﬁgr %é i% gg gg , $$°0 2.gf 210g E ﬁ Event #1, 1941, APP.C
pr : 5 «5. ] 0=50 :
May 06 | 16 55 36 70.5 |6.05 | 60 | b | &
May 15 15 19 52 70,0 [ 6.0 | 230 | b | &
Sep 29| — == — 67.2 5.8f 0-50 | g | G | Event #2, 1941, APP.C
Nov 28| 12 23 23 70.5 |5.8f | 220 | v | A | Event #, 1941, APP.C
1942 Mar 22 | 02 08 33 70.3 {6.0° | 210 | v | A | Event #2, 19%2, aPP.C
1943 Jan 11} 19 50 18 - 169.3 |60, | —~ | e E|
Feb 281 12 54 33 70.5 | 7.0p | 210 | b A | Event #1, 1943, APP,C
Apr 051 01 56 11 72,5 | 6.5 100 b A '




TABLE DL - ..

 |70l5

e,
R,

| Bvent #51,1956,

APP,C

DATE TIME = | IAT | LONG | MAG | DEPTH |AUTH |SRCE |~ INTENSITY DATA.
Yr Mo Dy |Hr Mn Sc N E ol {0 |

1943 Sep 09 |04 0620 | 36,5 |70.5 1635 200 | b | &
Sep 24 |11 3137 |36.5 |74.0 [6.87 | 120°| b [ A

194 Mar 15 |05 03 53 39,7 [73.1 [5.8. [ = | e | E
Sep 27 [16 25 02. |39.0 | 73.5 |7.0° | 40 | b | 4

1945 Jun 22 |18 00 57 [32.5 {76.0 |6u5T | 60| v | &

1947 Jan 30 |12 32 42 | 36.5 [70.5 |s5.85 | 200 | b | 4
Sep 23 [12 28 09'  [33.0 | 59,0 |6.8, | == | b | &
Oct 03 {06 13 51 | 27.5 |58.0 |6.3" | = | b | A N

1948 Jan 28 |15 51 20 36.8 {67.2 6,3f, 70 e | E |Event #2,‘l9h8, APP.C. |-
Oct 052012 05 |37.5 |58.0 |7.37 | — | b | & . '
Oct 06 |OL 24 4 |37.4 {58.8 |5.8 — e | E

1949 Mar 04 [10 19 25 | 36,0 |70.5 [7.55 | 230 | b | & |Bvemt #2, 1949, APR.C |
‘jﬁi 18 gg Zg ig . ggag | gg.g_. Z.g 0-508 | b . _§‘~ Event #3, 1949, APP,C |

. - . . S L L4 g Qe o—— e | B .

J'I.Il 10 16 21-]. OO 3901 ) 7100 ) 605 bt d e E
Jul 13 |10 13 59 {39.2 {71.0 |5.8 - e | E.
Jul 09116 10 20" {36.5 [71.0 |6.5+° [ 220 | a | A |Event #1, 1950, APP.C

1951 Jan 06.|05 1719 | 36.5 |70.5 6b§{~ 250 | ¢ | & |&vent #2, 1951, APP,C
Apr 14 |04 10 04 {39.3 }72.0 [5.8° | = | ¢ | &4 |7 ~ |
Jun 12 |22 40 36 36,5 [71.3 [6.5+%| 220 | ¢ | A |[Bvemt #4, 1951, APP.,C

1952 Oct 10 [18 47 32 - {30.2 | 70,0 6,3; | - 1a|a [rert -
Dec 25 |22 22 43 |29.4 |[70.0 |5. - a ["a ]

995 Fob 18 | 2248 35 1303 |67.0 NelT| 5 | o | 4 |Ereme f1, 2955, AR

IR ) o 02 o — a | | Felt .

Apr 15]04 13 26 | 40.0 |74.5 [7.0, {0-508| e | E |
May 1s |13 35 43 (36,6 | 713 [5.95 | 223 7| a | A [Felt
Aug 23 14 0921 |30 | 705 (6.5 | 64 | a | & |

1956 Mar 05 {07 12 02 [37.0 |74.0 {5:9° | — e} &2 | - -
Apr 06 {07 11 31 | 36.5 |71.0 '.6,gg 150 | ¢ | A |Evemt #1, 1956, APP,C |"-
Apr-11 | 01 45 10 38.8 |70.3 |5. J.o=-].a .1 .4 } BT
May 13 |07 50 33 [29.9 |70.0 -6.é§ | - c.] & {Felt VIII Mt
Jun 08 |04 07 29 [35.0 |67.5 |5.85 | =" | ¢ | A |Event #2, 1956, APP,C
Jun 09 123 13 52 [35.3 |67.5 |7.47 :|0-5081 ¢ | A |Bvent §3,11956;‘Appbc__
Jul 03 [23 26 19 [36.5 {70.5 |6.1% | 220 | © | A |Bvemt #19,1956, APP,C.
Sep 16 g? 27 2% 3$°8 ggog" gmh 0-508.} a ﬁ | Event #34,1956, APP,C
Sep 22 T 39, 9.0 | 5. - 1e | A} S
Sep 24 {10 20 38 34,3 169.8 16,20 | =~ -} ¢ | A |Event #40,1956, APP,C
Oct 13 {08 21 25 | 36.0 6 150 {-¢ | &
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TABLE D1

TIME

Eﬁ.
[ ]

DATE _ LAT . .f LONG DEPTH |AUTH|SRCE INTENSITY DATA

¥r Mo Dy | Hr Mn Sc N E km ; :

1957 Jun 11 | 04 57 28 | 36,5 | 70.5 81 1220 {c | A
Jul 15 | 23 08 08 | 29.0 | 70.0 88 {0508 [ a | A
Aug 20 | 01 50 06 | 37.5 | 72.5 98 1 2008 [ ¢ | A"
Aug 20 | 31521 09 | 36.7 | 71.2 | 5.98 | 227 | a | A
Sep 02 | 2127 35 | 37.0 | 71.0 181200 |c |4
Sep Oh | 08 07 20 | 28.0 | 65. 0f l0-50% { ¢ | & 3

1958 Jan 06 | 01 54 39 | 38.0 | 71,5 | 5.8% | =~~~ | ¢ |-A |:Event #2,°1958; APP,C
Feb 17 | 05 18 38 | 36.0 | 71.0 | 6.6 [ 200 | c | &4 | Event #10,1958, APP.C.
Mar 22 1 110750 | 35.5 [ 67.5 | 5.9 — _|¢c | A o
Mar 23 | 00 2538 | 35.5 1 67.5 | 6.2 [0-508 | c | &,
Mar 27 | == == =~ | 37,0 | 72.0 | 7.3_ | 200 |g { G { Lo e :
Mar 28 | 04 09 40 | 37.0 | 71,0 } 5.8 | 200 | ¢ | A | Event #15,1958, APP,C
Mar 28 | 12 06 26 | 37,0 | 710 | 7.0 | 200 | ¢ [ A, | Event #17,1958, APP.C
Apr 03 | == «= — | 36,5 | 71,0 [ 6,0, 1100 | g |G |
Apr 08 | 0959 15 | 33.,0:| 67.5 | 5.85 |0-50% | a. | A | Event #19,1958, APP,C
Apr 30 [ 08 16 51 | 36.5 | 70.5 | 6.08 | 220 [e¢ | A . '
Sep 18 | 2053 03 | 36.8 | 70.5 | 6.1® | 170 | ¢ | A | Event #27,1958, APP.C
Dec 10 | 03 43 50 | 37.0 { 71.0 | 6.4 | 180 jec | A

1959 Mar 02 | 15 51 40 | 36.5 | 70.5 | 6.1 | 220 Je¢ [ A4 | Felt - \
May 19 § 15 17 44 | 33.0 | 68.5 | 5.82 | 35 |d | &4 | Event #12,1959, APP.C
Jul 31 11953 10 | 38,5 | 70.0 | 5.9% |0-508 [ ¢ } A :
Sep 12 | 2119 57 | 26.0 | 7L.0 | 6.48 | 200 [ a | A | Felt
Nov 15 | 10 25 18 | 39.0 | 75.0 | 6.3T | - c | A

1960 Jan 09 { O7 24 04 | 36.5 [ 70.0 | 6.7% {200 {e¢ { A | Event #2, 1960, APP,C

© Jan29 | 0733143 | 36,5 | 705 (6.8 | 220 | |4 :
Feb 19 | 10 36 52 | 36.5 | 70.5 | 6.4° [ 220 | c | A | Event #7, 1960, APP.C
May 19 | 02 07 00 | 36,0 | 71.0-] 6.0° | 2007 | ¢ | A | Felt
Jul 06 | 05 16 46 | 36,5 | 70,5 | 6,68 1 220 | ¢ | A
Jul 17 | 05 14 56 | 36.0 | 69.0 | 5.9° | 200 | ¢ | A | Event #12,1960, APP.C

1961 Mar 20 | ~= == — | 35.6 | 71,1} 6.0 {2120 jg |G | -
Jun 19 | 17 04 36 | 36.5 { 70.5 | 6.7 1 220 | e | A | Event #5, 1961, AFP,C
Sep 05 | 06 12 59 | 38.5 | 73.0 | 6.0" | 100 c | A _
Sep 28 | 050045 | 36.5 { 70.5 | 6,18 220 |c [ A

(2962 Apr 01 | 00 45 0 | 33.2 | 58.6 | 5.80 | - | | A | Event #5, 1962, APP.C

Jul 06 | 23 05 32 | 36,6 | 70.4 ) 6.8, | 203 | c .| A | Event #6, 1962, APP.C
Sep 12 | 20 57 00 | 36.4 | 68.8 | 6.6 50 | e |4,
S'ep 15 m———— - 3203 75‘7 6.0 ) ‘0-50 g G

1963 Feb 17 | 05 38 18 | 36.5 | 70,5 | 6.2 | 200 [a | 4
Oct 16 {1543 01 | 38.6 | 73.4 1 5.9 | 33 |a |4

196l Jan 28 | 14 0917 | 36.5 | 70,9 | 6.1 [ 207 |a | & |ZEvent #3, 1964, AFPP.C
Jul 06 | 10 13 45 37.1 | Tleh | 5.9 | 100 a2 A o
Oct 13 | 230226 {35.8}7..1[|58 120 |[a | &

~D9-



TABLE D1

- LONG

DEPTH

- INTENSITY DATA

DATE TIME MAG AUTH|SRCE
Yr Mo Dy | Hr Mn Sc N E km ! .

1965 Feb 02 | 15 56 51 | 37.5 | 73.4 5.8 | 33 |a |4 e
Mar 1, | 15 53 07 | 36.3 | 70.7 | 6.6° | 219 | a | & | Event #2, 1965, APP.C
qm 10 [ 054857 | 361|705 5.8 ] 92 [afa | -

1966 Feb 07 | 04 26 11 | 29.9 | 69.7 | 6.0 | 10 |[a |a&a |
Feb 07 | 23 06 35 30.3 | 69.9 | 5.8 11 | a A ' :

Jun 06 | 07 46 16 | 36.4 | 7.1 | 6.2 (221 |a | 4. | Event #10,1966, APP.C
hg Ol | 210300 | 30.1|68.6 | 6.0 | 33 |a | & | Bvent #13,196, APP.C

1968 Aug 31 | 10 4737 | 340590 | 7.3% | 13 | e |4 | Event £, 1968, aPP.C
Sep OL | 072730 | 34,0 | 58.2 | 6.3% | == | a |4 | | |

{1969 Mar 05 | 2933 23 | 364 | 70.7 | 5.9 | 208 |a |4 | Event #1, 1969, aPP.C ||
Aug 08 | 06 3057 | 36.4°] 70.9 | 5.8 | 198 | a 'Af ‘Event #4, 1969, APP.C
Nov 07 | 1834 00 | 27.9 | 60.1 | 6.7# | 35 |[a | A' | Feit

- =D10~
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LAT:

 TABIE D2

LIST OF ALL EARTHQUAKES 1893 - 1969

27°N «~ LO°N

. LONG:

5@ - 765

DATE -
Ir Mo Dy

TIME -
Hr Mn Sc

| o |

DEPTH.

AvTH

:§BGE:4J

INTENSITY DATA

lsgSbe?”i7
1895 Jan 17

Aug O4.

':}Név;ls

1896 Sep. 27
. Nov.01

‘1397 Sep. 17
| 1902 Aug” 22

1905 Apr 04
‘1907 Apr 13

Oct. 21
o Oet .21
- Dee R5.

f'i908gﬁhr,12

Apr 16;

Oet 23

Oct 24,

1909 Jul 07

1910 Jul 12

lgil,be 18
Jul. Ohﬂ

1912 Apr: 25

| May, 22

Jhn 01
Aug 23

~ Nov 28
191, Feb:06 |

R RER S

.08 -
08 00 -

| 07—~ —

i
s o

08 —

i e -

21 27 -
09 10 ~<

00 50
17 57 18
04 23 36
08 wm w-
22 36 00

19 26 24

17 38 48 7
20 14 06

21 16 36
21 37 50

e s e

.0t 20 |
073612

18 41.03

13 33 26
| 20 27 48 I 36.5
23 ¢8 18
00 31.18
21 14 30 - ‘
| 36.5

20 55 00

L4218

1 37.8

' 39{Z~
1 39.8 |
00 .

| 38.0

| 36.5

37.1

37;1 58h5
75.1

70.4

73.6
75.9

69.0

38.9

39.6
39.7

76.0

70.5
69.0

33,0
36.5

38.6 |
36.5

36.5
36.5 .
36.5

70.5

70,5
70.5

36’5T: :

37.0

40.0
36.0

76.0

36,5
3645
36.5"| 705

70.5
29,5

5844

'7600'

L 68,0

70,5 |
70,5

7045

73.0
70.5

0.5
'70057 )
:70-5‘

OOV RO  ~3~3 O =3~ ~1-10 0
‘ " ‘

65.0

6.5+

6.5+
6.5+

5.3%

2.3+

7.5+

8.0t

7.0%

g.0f
Te5t 1L .
f6;3f}‘f2h0'
| 200 |
220

-»

C)EidU\n‘-
by My Fy

»

. * N
%%, &, b

[ *»

O W

-

-3

.

o
H

Fy oy by

0-80 - |

0-80

c-80 |

0-80
0~80

©-80.
0m508
. 260

0-508

220
220

230

0-50
120
|o-508

1%

220
220

. 100

T ——

2@0;2
. 200
| =30 -

o oovoooT. o U RO TOoT TOoC O .

e EEEEE =R

> QO PERE PEHEEF > 0 B HE B R

Event, 1905, APP.C
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TABIE D2 . * .

D12

DATE TIME | IAT | LONG | MAG |DEPTH |AUTH|SRCE|  INTENSITY DATA
YIr Mo Dy ] Hr MnSe¢ | N E km i
1915 qun 03 | 08 08 36 ['36.5 | 70.5 | 5.8T | 200 | b jA. ‘
1916 Apr 21 | 13 56 22 | 36.5 | 705 | 6,37 | 220 | b | & -
1917 Apr 21 | 00 49 49 |-37.0 [ 70,5 | 7,08 [ 220 | v |4

Nov 28 | 14 4224 |36,5]59.1|5.3 |o-80 |e |E b

1921 May 20 | 00 43 20 | 36,0 70.5 | 6.8 | 220 | b |4
© Novls | 203638 | 36.5 | 70,5 7_,_sf 215 | b |4 »
11922 Dec 06 | 13 55 3¢ [ 36,5 | 70.5 | 7,55 | 230 | b [ &

Dec 17 [ 00 5120 | 365 | 70.5 | 637 | 20 | | a "
19_23 Dec 28 | 22 245-2’* 7'39.-5- 68,0 6.0;?" o--5<::g b A
1924, Sep 16 | 0236 00 | 39.0 | 70.5 | 6.3% Jo-508 | b |4 | o -

Sep 17°| 10 20 511 | 36,8 | 70.7 [ 5.3+ | 00 | e | E ‘| Event #8, 192, APP.C

Oct 13 | 16 1745 | 36,0 | 70,5 | 7.3¥ | 220 | b | A- | Event #9, 1924, APP.C

: B , B R ' | o “ ™
1925 Mar-08 | 1127 47. | 34.0 | 67.0 | 5.65 [ 200 [b |4 |

Jun 20 | 1304 15 -} 36,5 | 71.5 | 6.5¥ | 230 | b |'A

‘Dec 07 | 08 34 28 | 37.0 | 76,0 | 5.5, [0-80 [ | E "

Dec 18 [ 18 10.25 | 36,5 | 71.0 | 6,08 | 230 [b |4
1926 Mar 22 | 16 24, 10 | 36,0 | 70,0 | 5.6 “lo-508 | b | A o

Apr 11| 06262, |39,0.| 710 | 5.0 |- |e |E w
Jul 061 16 28 1y | 392 | T2 | 45 | = e ['E :
1927 Apr 18 |-15 02 00 | 37.0 | 7.0 | 6,0f | 200 | b | 4 N
| hpr 26 | 112020 {3604 170,85 5.0 |~ fe }E
L0ul 07 ] 200630 | 27,0620 | 657 00 [b a4
1928 Feb 25 | 1723 58 | 37,5 | 67,0 | 5.6T | = | b | a =
Apr 25 | 0116 58 | 38,5 | 73.5 | 5.8 | 150 [b | & _,
dun 24 | O4 3438 | 36,0 | 70,5. | 6,57 | 120 |b |4 .
- Jul 101 21 33 47 | 36,9 | 7Ll | 425+ 200 |e |E (N

Aug 10 | 15 33 48 | 36.5 | 70,5 | 6.8 [ 230 b | A | Event #2, 1928, APP,C

Sep 01 | 06 0900 | 29.0 | 68,5 | 6.3f |0-508 | b | A -

Oct 15 | 14 29 41 | 28,5 | 67,5 | 6.85 [0-508 | b | &

- Nov 14 | 043309 |35.0 {725 |60° [120 |b |4
1929 Feb 0L | 17 14 26 | 36,5 | 70.5 7.1 | 20 b | u

- Mar 03 | 031102 | 36,5 71,0 | 6,35 | 250 b [ 4A |

Mar 13 |11 0137 |36,5]7.0)5.8 1200 |b |A | Evemt, 1929, APP.C |

Mar 27 | 0236 00 | 39.1 | 70,7 | 4u25+| ~ |e |E | |

.May 01 | 3537 30 | 38.0 | 58.0 7.1 [0-80% b | &

 May 04 | 063113 | 37,5 58,2 {43 |~ |e |B .
-Jul 13 | O7 36 30 37,0 5845 5 - 0-80 ‘e ',E [
-Sep2h | 24 5217 | 36,7 | 707 | 5025+ 200 | e |E e
Dee 30 | 2755 00 | 36,6 | 70,6 | 4,25+ 320 le |E o

14 =



TABLE D2

DATE ~ rmE | 1ar |ronG | MAG |DEPTH AUTH |SRCE|  INTENSITY DATA
Yr Mo Dy | Hr Mn Sec N E. km _ ‘ ‘
1930 Jan 07 | 17 2736 | 39.2{ 72,1 { 5.0 | —- | e | B
- Feb 0B | 06 28 58 | 39.4 | The9 | 53 | == e | E
Mar 0L | 05 3523 | 40.0| 75.3 | 5.0, | == e | E
. Mer 06| 15 44 20 | 39.01 72,01 5,0 | -= e | B
Cdul 14| 204153 | 38,6) 68.8 | 4.5 | = e | B
hug 09 | 22 4101 | 39.2 | 73.8 | 5.0 | ~ e | E
Sep 05 | 10 14 Ol 37.7 1 72.6 | 431 | 120 ) E
Sep11| 172016 | 36.5) 70.5 | 5.88 ] 250 | v | &
Sep22 | 16 26 40 | 38.6 % 69.4 [.5.8 |o-80 | e | B
Sep29| 132900 | 275 68,51 5,65 — | b.| 4
‘Oct 30 | 16 15 42 | 38.6 ) 75.0 | 43+ | ~ | e | E
Dec 16 | 081933 | 36.6 | 70.5 | 4.3+ | 200 | e | E
1931 dan 07 | 03 49 42 | 36.5 | 7.0} 5.5 [ 200 | b | A | SR
177 dan20) 092722 | 36.5| 71,5 | 6.5T [ 220 | b | A | Event #1, 1931, AFP.C
Apr 26 | 00 13 4& 39,0 | 73.6 A.Ef - ) E - . :
Aug. 08 | 08 54 16 | 37.0 | 58.5 | 5.60 | =~ b | A
mug 15} o, 0108 | 36.5| 70,5 | 6.0 | 250 [ b [ &
Aug 24 | 21 35 12 27.0 1 60,0 | =~ - a A | ' o '
hug 24 | 2135 22 | 30.3 | 67.8 | 7.0f [0-508 | b [ A | Event #4, 1931, APP.C
hug 26 | 192920 | 28,0 69.0 [ 5.65| - v | &
bug 27 1 15 27 17 | 29.8 | 67,3 | 7.45 J0-50B | b | A
Sep 14, | 033216 | 36,5 70.5 | 5.85 1 220 | v | A
Sep 30 | 111445 | 28,5 { 69.0 1 5.65 1 — [v (A |
Oct 05 | 223127 | 36.5 | 70.5°| 6.8° { 220 | b | 4 | Event #5, 1931, APP.C
Nov Ok | 15 21 30 | 37.0°| 69.5 | 4.8 | == e | E
Nov 16 | 06 15 10 | 39.7 | 69.6 | 4.5. | -~ | e | E
11932 Feb 09 | 02 19 44 | 36.5 | 70.5 | 5.3F 220 [ v | &
" Feb 14 [ 203022 | 37.3 | 7i.1 | ke3t | = e | E
Mar 09 | 011152 | 36.8| 70.8 | 4.3t | 200 | e |E
Apr 03 | 10 52 41 | 36.8 | 70.5 | 6.0° | 250 [ B | A
Apr 30 | 10 52 36 | 36.6 | 70.6 | 6.0 | 140 e E
Aug 16 | 21 53 34 | 39.1 | 72.9 | 45, | =~ @ E
Sep 08 | 072532 | 31,0 | 585 | 5.6° | = | b |4
Sep 23 | 22 3124 | 40.0 | 75.2 | 4o5 | = e | E
Oct 29 { 10 59 16 | 39,3 | 72,3 | 4.8, | == 1o | E
Oct 29 | 11 08 49 | 39.5 | 72,0 | 6.0" |[0-508 | b | &
1933 Jan O | 17 41 02 } 39.0 | 70.7- be3p 1 == e | E : |
dan 09 | 02 01 43 | 36.6 | 70.5 | 6.5 | 230 | v [ A | Event #2, 1933, APP.C
Jen 20 | 12 12 12 | 36,5 | 70.5 | 5.5 | 230 | b | A o
“May 21 | 17 53 43 36,5 | 7045 | 5.5, 1 220.. | b A
My 27 | 22 41538 | 37.0 | 70.5 | 5. 230. | b |.&
Jun 12 | 09 17 19 ‘ 38.9 69-8 1*03+ - e | E
Jun 19 | 22 34 03 | 37.6 | 73.0 | 4.3+ | = e | E
Jul 25 | 133823 | 39.0 ) 72,0 | 5,57 | 250 | b | A
. «D13~



TABLE D2

DATE TIME LAT [LONG | MAG |DEPTH |AUTH|SRCE|  INTENSITY DATA
Ir Mo Dy | Hr Mn Sc N E km
1933 Oct 16 | Ok 34 4L | 33,0 {67.0 | 5.651 ~~ | v | & | Evens #5, 1933, APP.C
Dec 02 | 021516 | 36.5169,5 | 5,68 — [v | & |
Dec 09 [ 075210 | 36.5 [69.5 | 5,68 | —~ | b | &
1934 Jan 18 | 15 47 22 | 38,9 {70.6 | 4.3+ | — e | B
Feb 20 | 20 08 38 | 39.2 713 | 4.3t | — | e | E
Apr 03 | 11 26 37 | 35.5 }65.0 | 5,68 | == | b | A
Apr 30 { 12 25 39 { 36.5 |70.5 L3} 1 200 | e | E
May OL { 03 40 40 | 27,0 {69.0 | 5.61 § -~ 1 v | &
Jun O4L. | 05 55 49 | 38.4 (72,8 | 5.3? 160. | e E
Jun 13 | 221028 | 27.5{62.5 | 7.0'.1 8 | v |4
Jun 18§ 03 26 32 | 36,6 170.8 | 4.3+ ]| 200 | e | E -
S dul 05 | 07 30 30 | 37.6 |69.5 a.g; ~ | e |E | : 3
Jul 22 | 19 56 57 | 36.5 [70.5 | 6.8, 1 240 | b | A | Event #4, 1934, APP,C
g 31} 1 57 41 | 38.8 [71.0 | 6.5T {0508 b | A -
. Sep 01| 06 50 28 | 38.5|70.3 | L3+ | — e | E
" Sep 0L | 0902 50 | 38.5 |70.4 | 43+ | — e | E
Sep 03] 02 48 57 | 38,5 |70k | 43+ -~ | e | E
Sep O4 | 093339 | 38,9 [70.8 | 43+ | == | e | E
Sep-05 | 10 19 50 | 38,9 [70.8 | 4.3+ | == s | E
Sep 08 | 06 Ak 56 | 38.5 |71.0 | 5.6 | — b | &
Sep 11 | 14 07 05 | 38,9 |70.5 | he5 | =~ e | E .
Sep 18 | 07 0756 | 39.0 [71.2 | 4.5 | — e | E
Sep 23 | OL 24 31 | 39.3 71,1 | Lu5_. 1 == e | E
Nov 15 .| 23 L 42 | 36.5 |71.0 | 5.6f | — b | 4 o BB
Nov 18 | 03 21 24 | 36.5. }70.5 -] 6.5T | 220..| v | &4 | Evemt #7, 1934, APP.C
‘Dec 12 1 0316 28 | 39.5 [70.4 } 45 | == | o | E -
Dec 27 | 13 37 35 | 36.4 |70.6 | L5 | == e | E
1935 Jen-O4 | 1022 16 | 38.9 [70.9 | 5.0 | == e | B
Jan O4 | 21 43 28 | 38,9 {70,9 | 4e3+ |~ | e-| E .
Jan 16 | 06 12 13 | 39,0 72,0 | 43+ | == e | E
Jan 16 | 23 19 53 39.3 |T70.5 h.ﬁ? - | e E :
Feb 03 | 02 10 47 | 36.5 |70.5 | 6.0t | 230 | b | A | Event #1, 1935, APP.C
Apr 03 | 111159 | 36.5 [70.5 | 6.3 | 250 | b | A | Event #2, 1935, APP.C
Apr 20 | ©7 4717 | 37.6 |71,0 | 43+ | =~ | e | E |
Apr 22 13 15 27 39-8 6705 5,0 bt e 1 E
May O4 § 00 23 10 | 37.5 169.7 bo3t |~ e | E
© May 12 | 052013 | 37.5 172,0 | 5.0 |~ | e ]E
May 15 | 02 01 24 | 28,0 {68.0 | 6.0F |o-508]| v { &
May 30 | 21 32 46- | 29.5 66.8 | 7,57 |0-508| b | A .| Event #4, 1935, APP.C
dun 02 | 0416 2 | 37,9 170.2 | Lu3% |~ | e | E o |
Jun 02 | 09 16 25 | 30.0 }66.8 | 6,0* [0-508| b | A
Jun 25 | 23 52 43 | 36.6 [70.8 | 4,3+ ] 100 | e |4E
Jun 29 | 09 47 39 | 38,1 {717 | 45 | — | ¢ |'E | | .
Jul 05 | 17 53 01 | 38,0 [67.5 | 6.0F [0-508| b |ia | Evemt #5, 1935, APP.C
Jul 13 | 18 58 18 | 37,6 |70.4 | 43+ |~ | e | E o '
D1l
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TABLE D2

DATE TIME | IAT | LONG | MAG |DEPTH JAUTH |SRCE INTENSITY DATA
‘Yr ®e Dy i Hr Mn Sc N E km
1935 Jul 22 | 06 55 18 . | 38,9 | 72.6 | 45, | ~ e | B
dul 28 | 05 2358 | 36.0 | 71.0 | 6.0 | 150 | v | &
Jul 29 { 23 16 36 | 39.5 | 73.5.| 5.8 | =~ e | E
Jul 31 | 09 47 39 39.5 1 T3.5 ] 5.0 - e E
Aug 22 | 06 43 21 | 39.4 | 7.4 | 45 | — e | E
Sep 28 | 08 19 30 | 39.2 | 7L.0 | 4.3+ | == e | E
Oct 08 | 091906 | 38,8 | 70,8 | 6.0 | —~ e | E
Oct 10 014. 37 Jll-il- 39-0 70-7 405 . Rt e E o ’
oct 11 | 04 20 18 | 36.5 | 70,5 | 5.8° [ 230 | v | & | Evemt #6, 1935, APP,C
Oct 14 | 2020 12 | 38,9 | 70.8 [ 5.0, [ =, [e | E o
Dec 19 | 231045 | 36,5 | 70.5 | 5.5 [ 230 | v | &
1936 Jan 07 | 1153 02 { 36.6 | 71.0 | 4.3+ | 200 | e | E
Jan 30 | 223703 | 38.2 | 70.3 | 4.3+ | = e | B
Feb 02 | 05 13 40 | 36.4 | 68,0 | 4.5 - [ E
3 Apr 09 | 00 53 00 39.0 | 73.0 § 5.0 — e | B
Apr 30 | 16 05 55 | 39.4 | 69.5 | 4.5 | == e |E
Jun 10 | 03 29 12 27.5 t 63.5 - _— a A
Jun 22 | 22 42 03 38.9 | 73.7 { 5.0 — e E
Jun 24 | Oh Q4 34 | 36.4 | 69.4 | 4.3t | 00 | e |E |
Jun 29 | 143010 | 36.5 | 71,0 | 6,88 1 230 | v | A | Event, 1936, APR.C
Jun 30 | 19 26 06 | 33.0 | 60.0 | 6.3F Jo-508 | v [ A |
Aug20 | 023323 [36.5 | 70| 5.6° | — |b |4
Aug 20 | 233242 | 36,7 | 712 | 43+ ] 200 | e | E
hug 26 | 16 08 00 | 400} 703 | - | -= }e |E
Avg 29 } 124150 | 38.2 ) 72.0.| 5.0 ] == e | E
Sep 17 | 12 57 06 | 39.9 | Thel | bo3t | = e | E
Sep25 1 0010828 §238.9169.2| 4.5 { -~ |e | B
Oct 20 1 221011 | 38,7 | 73.9 | 4.3+ | 100 fe | E
NOV 11 00 03 10 3709 70.7 )-i03+ bt e ’ E
Nev 11 | 17 11 24 39.5 | Th.2 } 5.0 - e E
Nov 29 { O4 10 59 38,9 | 70.8 | 4,5 p— e E
Dec 02 | 18 30 23 | 39.3 | 70.5 | 4.3+ | == e | E
11937 Apr 15 | 08 33 02 | 39,4 | 70.6 | 43+ | ~~ e | E
Apr 25 | 03 5816 | 36.8 | 70.2 | 43+ | — e | B
Apr 27 | 153901 | 39.7 | 715 | L5 | - e | E
May 15 | 09 17 53 38,5 | 69.7 | L3t | == - | @ E -
Jul 23 | 20 44 17 | 38,7 | TheO | 4u3+.] 2000 | e | E
Sep 09 | 17 35 30 | 36.3 | 71.8 | 43+ | == e | E
Sep 19 | 161034 | 38.8 | 72,0 &5, | — je |E | .
oct 29 | 07 26 30 | 36.5 | 70,5 | 6.3f | 230 [ b | A | Event #1, 1937, APP,C
Nov 07 | 2907 40 | 35.0| 73.0 | 5.88 1100 [v | & | |
Nov 1, | 20 58 12 | 36.5 | 70.5 | 7.2f [ 250 | v | & | Event #3, 1937, APP.C
Dec 06 | 19 17 17 | 38.X | 69.7 | 43+ | =~ e |E
- =D15-




TABIE B2

DATE | TIME IAT | LoNG | MAG |DEPPH |AUTH[SRCE| - INTENSITY DATA
Yr Mo Dy |HrMnSe | N, | E | m - |
193¢ Jan 22 | 010821 | 38.8 | 70,5 |50, |- |e |E
“Jan 18 | 092902 | 36.5 | 0.5 ) 5.85 | 250 | v | A
Jan 26 | 1048 12 | 36,5 | 70.5-}'5.3F {250 | v | A
Feb 1, | 191500 | 37.2 | 70,0 | k3g | — |e |E
Apr 06 | 01 1430 | 36,5 | 70.5 | 5.3* {1 20 { v | A
May 24 | 0937 26 | 36.7| 73.8 | 5.0 | —  |e |E
Oct-31 | 05 2715 " 37.0 | 713 | 4.3+ | == e | E
Nov 01 { O0 47 12 | 37.0 | 710 | L3+ | ~ e | E
Dec 19 { 1856 42 | 38.0 [ 58,0 = |~ 12 |&
1939 Feb 06 | 21 10 16 | 36,5 | 71.0 | 5.5 1 250 |} b | a
Apr 02 | L4 11 54 | 38,0 | 70k | 4.3+ | ~ e | E
Apr O, | 1817 48 | 38,4 ) 70,0 43+ ] ~ |e |E
May 12 § 09 46 11 37.6 | 710 | Lu3+ | — | & E
May 30 | 10 0706 | 38,9 {'70.4 | 5.8, | —- [e | E
Jun 19 | 00 42 40 |-36,5 | 71.0 [ 5.6 | = b | A
Jun 22 § 170242 1 39.2 1'69.2 | 45 |~ | @ |BE
Jul 18 21 36 L. 38011- 7001 14-03+ bad e E
Jul 19 | 06 30 46 | 38,2 { 69.8 | 4,5 | -- |e | E
Jul 26 | 07 5212 | 39.1 | 7.6 | 4.3+ | == e | E
Aug O | 235635 | 39.3 [ 7253 | 4e5 | =~ |e |E
Aug 28 | 213536 | 36., | 58.0 [ 5.0 [~ |e |E
Sep 06 | 112732 | 36,6 | 66,5 | 5.0 |~ le.|E
Oct 03 | 09 2405 | 38.8 | 70.3 | 45 |~ {e |E
Oct 10 | 20 42 30 | 36.3 | 69.0 | 5,0 |— e |E
Oct 12 [ 231213 | 38.2 | 0k’ | 43+ | == | e | E
‘Nov 08 | 172100 | 35,3 58,8 5,3, }~— .|le | E - N |
‘Nov'21 | 11 0150 | 36,5 | 70.5 | 6,95 [ 220 | b | A | Event #1, 1939, APP.C
Dec 19 [ 00 02 31 | 36,5 | 70,5 | 5,55 | 220 | b .| A | Event #2, 1939, APP.C
1940 Jan 26 | 15 20 45 | 36.5| 72,0 | 5.8F [ 200 |6 | A
Feb 02 | 19 54 10 38,9 | 70.5 4..%}- ~ e | E
Peb 08 | 1515 20 | 36.5 | 70.5 | 5.8% [ 220 |b [ A
Mar 19 | O4 35 36 | 29,0 | 67.0 | ~ _ | = a A} . ‘
Mar 19 | O4 35 50 | 35,8 } 70.0°] 6,08} 50 | b | A | Event #2, 1940, APP.C
MBI' 22 ]D 03 02 . 36.7 72-0 l‘..5 b ) e _'E .
Apr 1, | 0919 30 | 39.8 | 75.2 | L3+ | - e [E
May O4 | 220154 |35.3 [58.316.3 |~ |[b |4
May 06 | 12 54, 06 | 39.6 | 69.3 [ 4.5, | — |e | E
May 27 | 04, 1038 | 37.0 | 71.0 | 6.3 [200° |v } &
Jun Ol | 213512 | 38.9 | 75,7 [ 4u3+ | ~~ e .}E-
Jun 17 | 22 43.09 | 37.0 { 70,9 | 43+ | == |e |E-
Ju117 | 063622 | 36,8 [ 71.0 [ 5.5 [~ e |E
Jul 17 | 11 44 4h | 3647 | 70,0 {53 | = |e |E
Sep 01 | 18 46 29 { 36,5 | 68,7 5.0 | — e [E" 3
Sep O1 | 18 50 39 | 36,5 | 68.7 | 43+ |~ le |EB { _
Sep 21 | 13 48 58 | 36.5 A:70.5%| 6,3 [ 230 {e | E | Event #4; 1940, APP,C..
Oct 05 | 14 44 33 |37.2 1690 5.3 |— . |e |E N - 1




. TABLE D2
DATE TIME . { IAT | LONG { MAG ‘|DEPTH |AUTH[SRCE| -~ INTENSITY DATA
Yr Mo Dy | Hr Mn S¢ | ®-{ E ¢ km | . S .

1940 Nov O4 | 08 30 12 | 36,5 | 70.8. 5,3%; 20 v a0
Nov 20 | 17 5959 | 36.0-] 70.5 | 5.8~ | 200 | b".] A | Event #5, 1940, APP.C
Dec 25 { 23 07 33 | 36,5 | 70.5 | 5.5F | 250 {v Ja | A
Dec 27 | 16 57 34 [39.5 1 73.2 | 45 | — le |B |

1941 Feb 16 | 16 3903 | 33.8 | 59.0 [ 6.3F [~ |b |4 _ | ;
Feb 18 | 19 45 20 | 38,9 | 7L.7 [43F |~ . le |E |, T |
Mar 11 | 21 48 55 | 36,5 | 71,0 | 6.0° | 210 | b { A | Event #1, 1941, APP,C
Apr;09 | 10 54 46 | 39.9 | 74.0 4.3;\ — ‘le |E |
Apr Uy ] 193245 36,0 | 71,0 | 5.55 | 240 |b ]aA
dpr 20 | 173830 |39.0|70.5 [6.55 [ — |b,]a
Apr 26 J 02 54 37 | 36,6 | 70.2 | 4.3+ | 180 e {E
Apr 26 | 07 0803 | 36.8 [ 70,2 | 434|180 |e | B -

Apr 26 | 2311 01 | 39.0 | 70,5 5.6f 0-508 b |4

May 06 | 16 5536 |39.0 | 70.5 | 6.08 1 60 | b | A

May 15 | 15 19 52 | 36,5 | 70.0 | 6.0f {230 [bv |4

May 17 | 21 2934 | 36.5 | 70.5 | 5.8T {250 | b |4

Jun 17 | 10 52 10 | 36.7 | T1.0 | 4,3+ | == e |E

Aug 12 | 14 22 11 | 37.7 706 [ 43+ [~ e |[E

Sep 05 | 17 1030 | 40.0 | 7448 | 45 | == le | B
JSep’ 1l | 0137 29 | 37.1 | 70,9 | 43+ |~ 1e |'B 3

Oct 23 | 07 47 32 | 38,3 { 7.7 | 4.5, | ~~ | el |E S
Nov 28 | 122323 [36.5|70.5 5,85 |220 |v | & | Event #3, 1941, APP,C

1942 Jan 08 | 13 3120 | 39| 72,9 | 5.0 |=~. e |E" |
Peb 28 | Ok 54 55 |39.2| 70,9 [5.3, | = |e JE-| R
Mar 22 | 02 08 33 { 36.5 | 70.3 6.of 210 {b | A |Event #2, 1942, AFP.C
May 15 ) 16 55 30 | 36.5 | 70,5 | 5.5% 250 fv A | o L o ..
May 28 | 1520 03 |38.2 | 70.9 | 5.0 |»~ |e |E
Jul 19 | 05 52 47 [ 39.2 § 72,9 |43+ =  |e |E
Aug U, [ 205323 |39.0 | 70,4 |45 J== |e |E ) |
Nov 02 | O4 35 54 | 37.6 { 75,4 | 4B, == |e }E | S
Nov 16 | 21 26 17 | 36.5 | 70.5 | 5.5 {230 | b | A | Bvent #3, 1942, APP.C

1943 Jan 11 (195018 | 38.7 {69.3 | 6.0 | =~ |e |B -

Jan 12 | 09 05 09 38.7 §69.3 | 5.5 |~ € B

Jan 12 | 204142 |38.7 {693 [5.0 |~ |e |E

Feb 06 | 09 36 37 §36.5 | 70.3 | 4.3+ [ 240 |e [E-

Feb U, | 19272k |39,0 [ 69,4 {4bp |~ |o |[E |
Feb 28 | 12 54 33 | 36,5 1 70.5 {7,051 210 | b | A [ Event #1, 1943, APP.C
Apr 05 | 01 56 i | 39.0 | 72.5 | 6,5% {100 |v |a | A
Jun 02 [ 025524 39,2718 [5.5 1= |e |E-

fug 23 | 0158 59 | 39,2 | 70.3-| 4.3+ | — |e |E-

Sep 09 | Ok 06 10 |.36.5 | 70,5 | 6,35 1200 | b fa

Sep 24 | 113137 |36.5 | 740 | 6,85 {220 [b fa

Oct 02 | 143738 {39.7 | 718 | 4u3+ [~ | & |E

Oct 20 | 02 44 26 | 3745 [ 712 | 4a5 [e="~ | e | E -

Nov 02 | 033917 | 38,7 [ 70,1 | 4.8. |~ Je |E - ,
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' TABIE b2

DATE . TDME IAT | LoNG | MAG |DEPTH |AUTH|SRCE|  INTENSITY DATA
Yr Mo Dy | e Mn Se | N E m
11943 Nov O7-§ 07 05 53 39.6 1 73.8 | 43+ | = e E
Dec 05 | 0316 17 | 36.5] 706 | 4.3t ] 150 | & | E : :
Dec 12 | 15 54 21 | 36,0 | 70,5 | 5.5T [ 230 | b | & | Bvemt #5; 1943, APP.C
Dec 28 | 14 56 30 | 37.8 | 70.2 | 43+ | =~ e | E | Event #6, 1943, APP.C
1944 Mar 15 | 05 03 53 39.7 1 73.1}] 5.8 — e E
Mar 15 | 05 50 00 { 39.6 | 73.0 | 43+ | ~= e E
"Mar 15 | 06 17 21 39.6 | 73.0 | 5.5 — € E
Apr 29 [ 21 4126 { 36,5 ( 70.0 { 5.58 [ 200 {b | &
Mﬂy 10 17 Mlz 39.1 73.5 1+-5 - e E
Aug 31 ] 003405 | 38.9]70.9 1|45 | — e | E
Sep 02 | 02 30 21 39.3 ] 72.0 | 5.0 -— e E
Sep 27 [ 162502 [ 39.0( 73.5]7.068 ) 40 Ju{a
Sep 30 |05 0908 | 39.3 1 74,8 |50 | — fe |E
Sep 30 | 07 41 07 | 39.2 | 74.8 | 5.5 | - e |E
Oct 17 | 193931 | 39,2 | 71.8 | 4.3+ | = e | E
Oct 17 { 2117 40 | 39.2 | 71.8 { 5.0 | — e | E
Nov12 | 133941 |39.8 743 |45, |~ |e |E-
Noviy | 231810 {36,5]70.5 | 5.5f {200 [b | &
Dec 08 | 06 L4 18 36,7 | 70.6 § 4.3+ | 200 e E
1945 Feb 01 | 19 53 23 36.0 § 59.3 | 5.0 p— e | E
Feb 16 | 11 07 47 | 36,6 | 70.6 | 43+ | 200 e E
May 28 [ 063950 | 389|709 |4b, |~ le |E
CJun22 ] 180057 §32.5] 76,0 | 6.5° | 60 jb |4
Oct 01 | 05 16 40 | 29.0 | 67.0 | - — a | A
Oct 18 | 233910 | 36.7 | 70.5 | 4.3+ | 210 (e |E
1946 Jan 20 | 23 34 27 36,6 | T1l.2 | 4.3+ | 100 e E
Jan 31 t 13 47 25 36,3 | 71.0 | 4.3+ | 100 e E
Feb 07 | 02 22 51 | 36.6 | 71.0 | 4.3+ | 00 { & |.E
‘Mar 09 |09 08 05 | 38,0 | 73.6 | 4.3+ | 100 e E
Apr 29 | 16 30 43 36.9 | 69.4 | 4.3+ | 100 e |E
Jun 26 { 15 21 37 | 36,5 | 71.0 | 5.3 210 b A
Dec O4 | 21 40 24 | 36.5 | 68.6 | 5.0 |~ e |E
1947 Jdan 30 | 12 32 42 36.5 | 70.5 | 5.8 200 | b A
Feb O4 | 05 27 42 | 36,7 | 70.5 | 4.3+ {200 |[e [E
Apr 06 { 010821 !38,0 | 73.1 | 4.3+ 200 {e |E
Apr 09 | 00 20 13 | 36.8 | 70.6 | {3+ | == e E
Apr 30 | 03 36 40 35.5 } 59.0 | 4.3 | -~ e E
Jun 23 | 21 33 26 37.0 | 69,5 | Lo3+ [ = e E
Jul 16 { 21 15 55 36.9 | 70.7 | 4.3+ | 200 ] E
Aug 13 § 13 23°17 38,5 | 73.5 |43+ [ 180 |e | E
Aug 13 {1905 14 §37.3 | 70.8 | 4.3+ | 100 | e |E
Aug 23 | OL 17 4k | 3648 | 70.6 [ 4.3+ [ 200 {e |E
Sep 20 | 18 56 35 36.2 § 69.2 | 5.0 — e E
Sep23 | 122809 | 33.0)590]6, - b | A
Oct 03 | 06 13 51 | 27.5 | 58,0 | 6.3F | - b |a
Ot 11 | 0903 02 | 36.6 | 68,8 | Lo3+ | = e |E




TABLE D2

‘DATE TIME | LAT | LONG | MAG |DEPTH {AUTHJSRCE|  INTENSITY DATA
Yr Mo Dy | Hr Mn Sc N E km : '
1947 Oct 1y | 22 2931 | 38,6 1 72.7 | 5.0 | == e | E. -
Nov 08 | 16 26 01 | 36.9 | 68.0 | 5.0. | == e { E- | Event, 1947, APP.C
Nov 27 | O4 33 42 36,6 | 70.8 | L3+ | - - | @ E : .
Nov 30 § 11 18 00 | 39.3 [ 72.6 | 43+ [ == e | E
Dec 07 | O1 44 18 | 36.7 ] 70.5 | 4.3+ | 200 |{e | E
1948 Jan 09 | 14 52 30 | 36,6 | 70,5 | 4,3+ | 240 | e | E | Bvent #1, 1948; APP.C
Jan 28 | 15 51 20 | 36.8 | 67.2 | 6.3 70 |e | E | Event #2, 1948, APP,C
Jun 08 | 17 17 40 | 36,8 | 71.2 | 4.3+ J 150 e | E. _
Jun 27 | 15 46 18 | 36, 710 { 4.3+ | 140 |e |E-
Jul 18 | 05 2211 | 38,2 | 72.5 | 4.3+ | 100 e | E
Jul 19 | 05 08 12 36,8 | 70.8 | 43+ [ 200 [e | E
Jul 25} 21 47 38 | 36,7 | 70.9 | 4.3+ [140 |e. | E
Sep 07 | 08 15 22 | 36.9 | 70.6 5.3f | 220 | e E | Event #3, 1948, APP.C
Oct 05 | 201205 | 37.5 | 58,0 [ 7.3* [0-80% {b {4 ‘
Oct. 06 | OL 24 44 | 37.4 | 58.8 { 5.8 lo~-80 e {E
Nov 02 | 15 24 31 38.4 | 59.2 | L.8 - e | E
Nov 22 | 16 06 O4 | 39,3 | 68.6 | 4.3+ | — e |E
Dec 02 | 23 42 14 | 36.9 | Tl.4 | 4.3+ 1100 |e | E
Dec 19 | 04 58 10 | 37.6 | 58.6 { 4.5 — € | E
1949 Feb 13 | 08 21 28 | 39.1 | 71.3 | 43+ | — e |E -
Feb 24 | 23.0218 | 30,0 69,0 ~. | =— a | A o
Mar O4 | 1019 25 | 36,0 | 70.5 | 7.5 230 | b | A | Event #2, 1949, APP,C
Mar 11 { 1922 25 | 36.6 | 70.6 | 4.3+ [ 200 {e {E '
Apr 04 | 07 48 10 38,5 | 70.1. | 4.5 | ~= e E
Apr 17 [ 06 41 25 | 36,8 | 69.9 | 4.3+ | 160 [e |E
Jul 08 | 07 50 40 | 39,2 ] 70.8 { 5.0 | == e |E
Jul 08 | 08 02 16 | 39,2 | 70.8 | 5.5, | == e |E : ' :
Jul 10 | 03 53 36 | 39,0 | 70,5 | 7.6% |o~508 {b | A | Evemt #3, 1949, APP.C
Jul 10 { 07 18 51 | 39,2 { 70.6 | L8 | =~ e |E -
Jul 10 { 10 43 55 39.2 | 70.8 | 4.8 - e |E
Jul 10 110 57 28 | 39.2 | 70.8 | 4.3+ | — e’ |E.
Jul 10 | 1157 50 | 39.0 [ 71,0 |5.,0° [—= |b {4 .
Jul 10 | 14 13 24 |39.2 | 71.1 |53 | = e | E
Jul 10 | 15 07 49 | 39.1 | 70.9 | 4.8 | == e |E
Jul 10 | 1518 58 | 39,5 | 71.0-| 5.5% | = a |4
Jul 10 } 16 24 00 ) 39,1 | 71.0 | 6,5 -— e | E
Jul 10 | 17 4049 §39.2 | 71,0 |43+ [~ e |E
Jul 10 |18 45 15 | 39,3 | 70,6 |43+ |—. le |E
Jul 10 | 18 51 12 | 37.9 | 70.5 | 43+ | = o |E
Jul 10 | 18 54 46 | 39.3 | 70.8 | 4.3+ | = e |E
‘Jul 11 | 03 55 26 39.2 | 70,9 | 43+ | == e E
Jul 11 | 09 43 08 39.1 | 71,0 | L4o3t+ | =~ e | EX
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TABIE D2 .

DATE - TIME TAT | LONG | MAG |DEPTH |AUTH|SRCE INTENSITY DATA
¥r Mo Dy | Hr Mn Sc N E |- km 1 '
1949 Jul 11 .} 23 3810 | 39.2 | 71.1 | 4.5 | == e | E
Jul 12 o2 30 511- 39-2 70-9 1.|..3+ - e E
Jul 12 | 03 5159 | 39.2 | 71,2 | 4.5 | == ‘e | E
Jul 13 | 08 50 36 | 38,9 | 70.4 | L5 | == e | E
Jul 13 | 10 1359 | 39.2 | 71,0 | 5.8 | ~~: e { E
Jul 13 18 28 25 39-2 7008 1-]-.3+ oo 5 8 E
Jul 14 | 0018 40 | 39,3 | 70.3 | 4.3+ | = |le | =
Jul 14, | 134918 | 39,1 | 70.6 | 4,3+ | -~ {e | E
Jul 17 | 17 32 23 | 39.2 | TL.0 | 4u3+ | == e |{E -
Jul 18 | 02 24 40 | 39.2 | 70.4 | 4.3+ | — e |E
Jul 18 | 16 35 52 | 39.2 | 70.9 | 4.3+ | — | e E
Jul 18 | 17 4107 | 36.6 | 70.6 | 4,3+ | 200 | e | E
Jul 18 | 22 11 13 § 39.1 | 71,0 | 4.3+ | = e | E
Jul 19 | 13 28 55 1 39,0 | 7TL.1 | 4.5 | -- e | E
Jul 19 | 14 42 20 | 39,5 | 71.0 | 5.5% | — a | A
Jul 21 | 12 52 15 | 36.8 | 70.4 { 4.3+ 1210 | e |'E
Jul 22 | 15 06 46 | 39.0 | 70.7 | 43+ | == e E
Jul 23 [ 17 41 33 | 39.2 { 70.9 | 4.5 | - e |E
Jul 25 | 09 3237 | 38,9} 700 | 4.5 | — e |E
Jul 31 | 22 13 14 | 39.1  7L.1 | 45 | == e [E
Aug QL | Q7 39 45 | 35.5 | Ths5 | - - 'a | A
Aug 06 | 15 30 11 | 38.9 | 70.8 | 4.3+ | ~ e | E
Aug 09 | 213203 | 39.3 | 71,1 j 4.5 | — e |E
Aug 10 { 05 17 00 | 39.2 | 70.9 | 4.3+ | - e |E
" Aug 23 | 22 03 50 | 39.0 | 71.0:| 5.0° | - a | A
Aug 23 | 23 37 25 § 39.2 ] 711l | Lo3+ | = ‘e | E
Sep 20 | 07 43 52 | 39.2 § 70.7 | 4.5 | — e |E
Sep 25 | 03 26 52 | 39.3 | 71.0 | 4.5 | -- e [E -
Nov 17 { 05 08 20 | 39.2 | 70.7 | 4,3+ | - e {E °
Dec 14 | 03 43 53 35.9 §{ 58.9 | 4.8 — e |E
Dec 18 | 19 13 16 36,6 1 69,4 | LS5 - e |E
1950 Jan 12 | 21 O7 41§ 39.2 | 70.7 | 43+ | == e |E |
: Feb 19 | 03 52 00 | 30.1 | 68.8 | =~ - d | A
Mar O5 [ 00 32 40 [ 39,2 | 70.7 | 4.8% | = d | A
Mar 12 | 02 05 58 | 29.5 | 70.7 | - - d | A
Mar 23 | 00 24 41 1§ 30,1 | 68.8 | - - d |4
Mar 30 | 22 37 33 | 36.7 | 70.5 4.3+e — d |4
Mar 31 | 13 37 51 36.7 | 70.5 223 d | A
Apr 06 | 02 43 28 | 38.1 | 58.2 |5, 3 0-80 e |E
Apr 19 | 13 47 37 | 3942 | 70.2 | 43+ |-~ {6 LB -
May 02 | 16 42 59 | 36.5. ] 58.5 | 4.5, | — (& JE
Moy 09 | 11 16 57 | 38.5 | 58.8 ‘6.3h 0-80% [ e |4
Moy 17 | 19 30 37 | 36,5 | 71.0 [ 4.3+°1 223 - |4 . |A
May 20 | 18 53 54 | 37.1 | 71.2 | 5.3+ 1128 - |d |A
May 21 | 1006 22 | 39.6. ] 73,2 {43+ J =~ - je | E
Jun 23 [ 053916 [ 39.6 | 73.8 |43+t |~ e |B
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" TABIE D2

DATE, T IVME - LAT | LONG | MAG -|DEPTH |AUTH|SRCE| - :INTENSITY DATA
Yr Mo Dy | Hr Mn 5S¢ °] N CE : km JUTEN R S '
1950 Jun 23 | 06717 02 | 39.6 | 73.8 | 4,5 |- e [E =
Jun 26 | 12 10 51 | 38.3 | 4.0 {A4.5° (7228 | d | A
Jul 06 | 07 03 28 | 39.3 { 73:3 | 4.5% | == 4d (A - o .
Jul 09 | 1610 20 | 36.5.1 71.0 | 6.5+%} 220 {'a | ‘A .{ Event #1, 1950, APP.C
Jul 11 | 09 30 29 | 39.3-{ 73.3 [ 4.5 | -~ e | E AU
Aug 08 | 052916 | 38.2 | 58.5 | 4,5 | ~ e .| E o
Aug 08 | 0936 57 | 38.6 | 70.5 | 4.5% | -~ |4 | A
Aug 12 [ 035906 | 32,6 | 75.9 1 - -— |d |4
Sep 06 | 07 37 08 | 30.2 | 70,0 | -~ - la |4
Sep 12 | 06 16 12 | 36.2 | 73.0 | 4.3+°| == [d 1 & ‘?
Sep13 | 1903 44 | 36.8 } 70,8 { 4.3 | 80 -|e |E
Sep 19 | 22 42 56 36.5 | 75.5 - — i a A
Sep 24 | 18 49 04 | 39,0 | 71.0 | 4.5 | =— e | B
Sep 24 | 22 56 26 | 34,0} 62.0 | ~ - c | A
Sep 25 | 17 56 02 | 32.6 | 75.9 | = -~ fd |4 R
Oct 10 | 00 02 52 | 36.7 | 70.5 | 4.3+°1 223 |d | A | Event #3, 1950, APP.C
Nov 12 | 16 37 36 33.3 | 58.0 - - d A L ~
Nov 19 | 2L 34 56 | 38,4 | 72.2 | 4.8° | == |4 1A
Nov 21 | 20 53 56 | 38.6 | 70.5 | 5.0% [ —= |4 | A~
Dec 03 | 18 26 03 | 36.5 | 71.0 [ 4.3+%| == 1 d [A
Dec 24 | O4 35 37 | 36,7 | 70.5 | 4.3+7}1 223 .| d | A
1951 Jan OL | 07 16 06 | 393 | 73.6 |45 | — e | E
Jan 04 | 03 38 18 38: } 73,6 | 5.3+ | 140 (e E |
Jan O4 | 101953 |38.8 1 70.0 | 43t |~~~ e {E | ¢ o
Jan 06 | 05 17 19 | 36.5 | 70.5 | 6.81 [:250 | e | A | Event #2, 1951, AFP;C
Jan 10 | 21 39 49 | 39.7 | 75.0 { 4.5, ['=—= (e JE | .7 :
Jan 16 | 08 08 42 | 36.7 | 70.5 | 4.3+°| 223 4. | &
Jan 28 { 10 20 08 | 36.7 | 71.1 | 4.3+%] 96 la A
Mar 09 | 18 57 44 391§ 717 | ha3+ | — e .| B
Mar 30 | 023700 | 37.1 § 71.2 | 4.3t°] 128 1d | & .
Apr 02 | 17 56 52 | 38.6 | 70,5 | 4.5% | =~ 1d {4
Apr 03 | 19 26 15 | 39.2 | 70.7 | L.3+%| ~ d | A
Apr 07 | 19 43 50 | 36.8 | 68,5 | 4.5, | —- e |E L
Apr U, { 041004 |39.3 | 72,0 {5.88 | — ¢ [a
Apr 1, | 04 5219 | 39.0 | 71.8 | 5,0° | — d | A
Apr 1y | 12 45 06 | 39.0 | 71.8 { 4.5% | == d | A
May 12 | 22 07 53 | 39.6 | 71,3 | 5.5%° | — |4 |4
May 14 | O4 07 32 { 30,2 | 70.0 | =~ - d | A
Mey 19 | 11 54 49 | 39.0 { 71.3 | - - d {4A . .
May 2 | 1531 00 | 37.6 | 71.6 | 4.3+%| 96 14 A | : 2
Jun 12 | 22 40 36 | 36,5 | 71,3 | 6.5+% 220 |e |A | Event #4, 1951, APP.C |’
Jul 12 | 16 33 11 | 39.6 | 73.8 | 4.3+%| ~= d A o .
Jul 21 | O4 06 34 | 36.7 | 70.5 | 4.3+ 160. |d [ A
Jul 25 | 12 48 22 | 36.7 | 70,8 J 4.5 [190 |e |E
Aug 03 | 233530 ] 39.2 {715 | 4.8° |~ |4 |a&
Aug 04 [ 0016 06 {390} 71.8 | 4.8° |-~ |4 A ] _
Aug 19 { 15 38 46 | 36.9 | 70.8 | 4.3+%} 223 |d |4 | Felt
Aug 26 | 18 23 58 | 36.9 | 70.8 | 4.3+°]223" 4 |A o
~D21m
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TABIE D2
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DATE TIME IAT | LONG | MAG |DEPTH {AUTH|SECE INTENSITY DATA
Yr Mo Dy | Hr Mn Se N E m
1951 Sep 20 | 231933 | 32,6 | 715.9 | =~ — d | A
Oct 04 | 05 43 08 | 36,7 | 70.5 | 4.3+%( 223 | d A
Oct 15 | 14 48 54 36,5 | 70.4 | 4.3+ 1200 | e E
Oct 29 | 21 16 35 | 30.3 | 68.3 -1 9% |d |&A
Nov Ol | 184934 | 37.2 ] 69.3 | 4.3+°| - 14 |4
Nov O1 | 20 19 06 | 37.2 | 69.3 | 4.5% | ~~ d | 4
Dec 11 ) 2000 23 | 37.1 | 71.2 | 4.3+ - da | a
Dec 12 | 14 17 33 |} 39.0 | 71.8 | 4.,3+%] ~~ | & | 4
- De¢ 30 | 18 21 05 | 28,5 | 58.3 - - c | A
]1952 Feb 27 | 04 05 48 | 38,6 .| 68.8 | 4.5°7 — d | A~
. Mar 06 | 03 13 42 | 40.0 | 73.0 | =~ — c | 4
Mar 06 | 09°21 24 | 40.0 | 73.0 | ~ — le | A
"Mar 30 | 012956 | 29.4 | 67.1 | -~ - d .| A
May 28 | 07 47 42 | 36,9 | 70.8 | 4.3+%| 223 . 1 d | A
Jun 02 { 19 01 13 37.6 | 71.6 | 4.3+°] 160 | d A
Jun O3 | 1121 26 36,7 | 70.5 | 4.3+%] 192 d A
Jun 03 |23 24 32 | 36,7 | 70.5 | 4.3+ [ 192 | d | A
Jun 07 { 16 01 23 | 36.7 | 70.5 | 4.3+°} 223 {d | A
Jun 08 | 12 4220 | 36.3 | 69.1 | 4.5 | —- d | A
© Jun 13- 21 52 0L | 38.9 | 67.5 | 4.3+%( —= d |4
Jun 21} 08 46 27 | 36.3 | 69.1 | 4,5% | - d .| a r
Jun 22 | 05 44 11 | 39,5 § T4.7 | 43+ |~ |e |E
Jun 22 | 14 4852 | 38.8 1 69.7 | 4.3+ |~ e |E
Jul 05 { 17 19 51 { 36.7 | 70.5 | 5.3+ | 223 d A Event #3, 1952, APP.C
C Jul 07 o1 3801 | 37.1 | 68.4 | 4.3°% | ~ d | A
“Aug 13 {03221 |37.3169.8) 4.8 |~ |da |a&
Aug 21# 18 32 29 39-1 70.6 l#03+ m-— e E h
Aug 30 | 06 58 52 | 39.5 1} 73.0 | =~ -~ 1d | A
Sep 15 o4 3132 | 37.9 | 58,0 | 5.0 | — e | E
Sep 15 1 112806 | 30.8 | 72.0 | ~ - ¢ | A
Sep 20 §{ 18 41 09 | 27.0 {"63.0 | ~ - c | A
Oct 08 | 08 42 12 | 36,5 | 71.0 | 4.3+°} 128 |d | A
- Oet 09 § 07 37 06 39.2 | 70.7 | 4.5% | =~ d A
Cct 10 | 18 47 32 .} 30.2 | 70.0 | 6,10 | -- d 14 | Pelt
Oct 18 | 21 26 17" | 36,6 | 70.4 | 4.3+ | 200 | e E
Oct 22 | 22 22 52 | 37.4 | 69.8 | 4.5 - e E
Oct 26 | 08 23 19 { 29.4 | 67.9 | ~ - |d | & | Felt (i)
Nov 02 { 15 29 03 36.9. 1 70.8 | 4.3+%] 128 | d A
Nov 03 ] 0517 20 | 39.2 | 70.7 | 4.5% | == d A
Nov 27 | 07 20 31 | 36.6 | 70.1 | 5.,3+%{ 160 -{d | A | Event #,, 1952, APP.C
Dec 05 | 17 48 35 | 37.1 | 71.2. | 4.5% | = ~1d | A
Dec 10 | O7 37 46 36,1 | 68.2 - | d A
Dec L) | 16 54 4k 39.3 | T4e? | 4.5% [~ |'d | &
Dec 21 | 08 1018 | 36.8 | 71,4 | 4.3+%} 128 |d | A
Dec 25 | 22 22 4,3 | 29.4 | 70.0 | 5.8% | d | A
Dec 27 { 18 45 37 | 31.2 | T4.8 | -~ - d A Felt. (d)
~Dec 29 | 17 36 50 { 37.9 | 58.2 { 5.0 —~ e E
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TABLE D2

DATE TIME ¢ .| LAT | LONG | MAG {DEPTH {AUTH|SRCE|{  INTENSITY DATA
Yr Mo Dy | Hr Mn Se¢ | N " E | km : : :
1953 May 01 | 201819 {33.7 | 72.5 ] - - | 6L 1d |'A
May 13 | 05 1004 | 38,5 [ 73.9°} 4.3+ | 160 } e |E
May 17 | 18 26 51 | 36.2 [ 69.3° | 4.5 | =~ -4 e .| E
May 21 18 l.|l+ 06 36&5 68.8 7 ll.o5 -— =] E
May 27 | 12 53 57 | 37.0 | 71.0:| 4.5 50 |e | E
Moy 28 | 21 06 38 | 38,0 75.0 | 45 | =~ | e | E
Jun 06 {1 0002 24 | 35.6 | 59.0 | 4.5 |~ | e | E
Jun 16 | 08 59 36 36.8 | 70.9 | 4.3+ | 160 e | E
Jul 07 | 012133 | 38.5 | 69.0 | 4.5 | == e | E
Jul 09 | 07 19 09 37.9 | 69.1 | 4.5 — e |E .
Jul 10 | 21 42 46 | 39.3 | 72.7 | 4.3 | == e | E.
Jul 12 | 005310 | 36,5 | T1.O | 5.3+ | 96 |d |4 |
Jul 13 | 18 04 01 | 38.5 | 75.1 | 4.3+ | 260 | e | E.
Jul 1y | 17 2137 { 36.8 | 69.4 | 4.3+ | 160 |e | E
Aug 11 { 10 07 22 | 38,9 | 67.0 | 4.5 | == e |E
Sep 05 | 22 52 53 | 39.8 | 71.3 | 4.5° | == ¢ | A |
Nov OL | 17 245 40 | 36.5 | 70.0° | 4.3+ 1 200 | ¢ | A | Felt
Nov 05 | 08 2139 | 36,7 | 70.5 | 5.3+ 1223 |d | A | Felt
Dec 02 | 13 39 48 36,6 | 70.6 | L3+ | 140 e | E -
Dec 10 | 2127 35 | 36.5 | 70.5 | 4.3+°] 220 | ¢ | A | Felt
Dec 21 | OL 41 56 | 38.5 | 75.0 | 4.3+°| == c | & |
1954 Jan 10 | 13 38 48 | 40,0 | 75.3 | LeS_ | = e |E
Jen 23 | 16 06 30 | 37.3 | 72,5 | 5,55 1 — td | A
Jan 23 | 17 1156 | 37.3 | 72.5 | 5.0° | == a-| A
Jan 23122 03 33 | 37.4 | 72.5 | 4.3 | - e |E
Jan 25 |17 0921 | 37.4 | 72,5 | 43 | - e | B
Feb 11 | 18 14 13 37.2 | 7TL.3 | 4.3+ | 100 e E
Feb 16 | 02 23 32 | 34,0 | 7he8 | 45 | ~~ c | A
Feb 26 | 18 46 27 | 36.5 | 70.5 | 5.3+°] 220 | e | A
Mspr 12 00 50 38 39-1 7005 11-03 e e . E l
Mor 13 00 59 02 28,1 65.6 - —— c | A
Mar 24 | 1806 26 | 37.0 | 72.0 | 4.3 | == e |'E
Apr-02 | 0153 26 | 39.5 | 67.2 | 4.3 | == e |E
Apr 11 | 1053 32 | 36.4 | 70.8 | 5.3+%1 192 |d | A
Apr 13 17 OZL.B 38.6 72.9 b3+ - e | E
hpr 19 | 16 53'19 | 39.1 | 75.0 | 5.0° | = d | A
Moy 16 | 20 10 42 | 36.5 | 70.5 | 4.3+°| 200 [a | A
May 24 | 223150 | 38,7 | 75.6 | L.B | =~ e | E | o
Jul 10 | 22 56 54 | 36.6 | 71.1 | 5.3+ | 223 |d | A | Event #1, 1954, APP,C
Jul 23 | 14 45 14 | 34.0 | 69.6 | -~ — d | A - S
< JulB3l ] 22151, | 39.6 ) 7L2 |45 |~ e |E
hug 05 | 03 13 25 [ 37.6 | 71.8 | 4.3+ | 140 [ e [E
bug 07 | 15 13 bk | 3644 | 70.7 | 4.3+ 192 1a | &
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DATE | - TIME IAT | LONG | MAG |DEPTH |AUTH{SRCE| INTENSITY DATA
Yr Mo Dy | Hr ¥n Sc N . E m . , -
1954 Aug 18 | 23 32 10 | 39.0 | 70.6 | 4.5% | —= d | A
' Sep 09 | 18 54 49 | 36,7 | 70.5 | 4.3+ ] 200 | e | E »
Oct 13 | 22 X1 4l | 37.5 | 69.3 | 5.0 | — - J]a |4
1955 Jen 10 | O4 25 48 | 37,0 | 70,0 | 4.3+ {150 -fa |[A | :
Feb 18 | 22 48 35 | 30.3 | 67.0 { 6,151 5 .| ¢ | A | BEvent #1, 1955, APP.C -
Mar 05 | 102302 | 36.8 ) 713} 4.3+ | 100 | e |E
Mar 06 | 205527 | 38,1 72,9} 4.3+°} 128 |4 | A
M:ar 12 lé hz 18 311'06 7302 —— d A [
Mar 16 | 203939 | 36.7 | 7003 | 4.3+ 223 |a | & |
Mar 19 | 08 05 06 | 38.8 | 69.8 | 4.3 | == e | B |
Apr 15 | 03 40 52 | 40,0 | 74.5 | 6.95 | - | & | & | Felt
Apr 15 | O4 13 23 | 40.0 { 75.0 | 7.0° | — a | A | Felt b
Apr'17 | O1 28 03 | 40,0 | 74.6 | 4.3 | - e | E |
Apr 27 { 11 4955 | 39.8 | 72,5 | 4.5° | ~- c | A
May 14 | 133543 .| 37.0 | 725 | 5.9 | ~= e |4& |Felt
Jun 05 | 15 43 09 | 38,8 |- 75.5 | 5.5 | = a |a
Jun 15 | 0103 55 | 39,0 | 7L.4 | 5.0% | ~~ d | A
Jul.03 | 140155 38,8 71.0 | 5.3+°| 9% jd | A -
Jul 19 | 08 47 37 | 39.7 | 68.0 | 5,3° | — d | A
~ Jul 28 | 03 06 10 ,36 7 66,7 | La8 | — e |E ha
Aug 23 | 14 09 21 31. 1 7.5 1 6.5 6 | a | A | Pelt (a).
Aug 26 | 1705 05 | 37.5 | 69.4 | 4.3 | =~ |e |E W
Oct 14 | 06 OL 34 | 36.4 | 70,3 | 4.3+ (L0 |e | E
Dec 11| 05 42 35 |.37.5 | TL.5. 4.3+%1 100 fie | A
1956 Jan 11 | 2216 17 | 31.0 [ 69.5 | - |~ ‘|'e | & o
© Mar 051 071202 }'37.0 |.74.0 | 5.5% | - c | A - '
Apr 06 | 071131 | 36.5 | 71.0 | 6.8® | 150 | c | A | Event #1, 1956, APP.C |
" Apr1l {1 0l 4510 | 38,8} 70.3 { 5.8 |~ |'d | A : : i
Apr 15 | 12 4604 | 393} 72,0} 4.8 | — |e | A
May 08 | 19 50 02 } 38.8 | 74.7 5.o§7 -— d | A o ' ,
May 13 § 07 50 33 | 29,91 70.0 § 6,1% | =~ 1 d | A | Felt VIII MM
S dun 04 | 23 47T 49 {390 710 | 4SS |~ Je A sl
Jun 08 | OL 07 29 | 35.0 | 67.5 | 5.85 | — 1e |4 Event #2, 1956 APP,C ,
Jun 09 | 23 13 52 }'35.3 { 67.5 | 7.4° |0~508 { ¢ | A | Evemt #3, 1956, APP,C P
Jun 09 | 23 53 41- | 35.0 | 68,0 | =~ - a | a | "
Jun10 | 010135 §35.0{68,0| ~ |~ .}&a |&
Jun 10 | 03 32 58 | 35,0 | 67,5 [ 5.0° | — e | & . |
Jun 11 | 02 57 15 | 35.0 | 675 | = .| =~ g .| A
Jun 16 | 012922 | 38,9 | 70.4 | ko3| ~ e | E
Jun 20 | 1039 43 | 27.3 | 60,0 | < - | ~= o | 4
Jun 25 | 12 51 54 | 30.5 | 60.0 | 5.0° | ~- ¢ | A had
Jun30 | 030818 |39.5170.0 | 43+ —~ |a&a fa |
Jul 03 | 232619 | 36.5 | 70.5 | 6,1® | 220 | ¢ | A | Event #19,1956, APP,C
Jul 10 | 220829 | 36,0 | 71.5 | 5.58 | 100 |ec | A. . . e
‘Jul 14 | 00 14 30 | 36.0 | 71.0 | 4,34%| =~ e | A | Evemt #22,1956, APP,C-
b
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. TABLE D2
DATE T IME IAT { LONG |  MAG" |DEPTH [AUTH|{SRCE| INTENSITY DATA
Yr Mo Dy | Hr Mn Se¢ | N - E km - ' :
1956 Jul 16 | 23 50 51 | 36,3 | 69.27| 4.5 | =~ e | E
Jul 17 | 06 37 45 | 36.1 | 70,7 | 45 | = e [ E
bug 08 | 230210 | 32,0 | 67.0 | - |~ la |4 - S :
Sep 03 | 09 24 45 | 36.8 | 71,4 | 4.3+ | 120 | e | E | Event #30,1956, APP.C
Sep 10 11{- 15 30 3609 71-14- 1-[—03+ 160 e - E ’ )
Sep 16 | 08 37 22 | 34.0 | 69.5 | 6,47 |0-508 | a - | 4 | Bvent #34;1956; APP.C
Sep 16 | 14 23 22 | 34.0 | 69.5 - 60° | a- | A 1} Evert #35,1956, APP,C
Sep 22 | 15 54 27 39,0 | 69.0 | 5,87 | = ¢ A |
Sep 24 | 10 20 38 | 34,3 | 69.8 | 6.20 | =u ¢. | A BEvent #,0,1956, APP.C
Sep 25 | 16 25 14 | 34.3 | 69.8 | = ~— ¢ | A | Event #,3,1956, APP.C
Oct 13 { 08 2125 | 36,0 | 70.5 | 6,17 1 150 | ¢ . | A | BEvent #54,1956, APP.C
Oct 15 | 23 07 20 | 37.5 | 68.5 | 4.8% [ — a |a | "
Oct 17 | OL 14 51 | 36.8 | 70.5 | 4.3+%| 200 { ¢ | A | Bvent #58,1956, APP,C
Oct 18 | 10 25 03 | 37.3 | 69.0 | 4,3 | == e | E | Event #60,1956, APP.C
Nov 11 | 12 56 36 | 39.0 | 71.5 | £.8% |5-20% | c . | A ' :
Nov 11 { 13 02 15 | 39.0 | 71.5 | 4.8° [5-20° | ¢ | A : S :
Nov 14 | 00 51 30 | 37,0 [ 70,0 | 5,5° | == | ¢ | A" | Event. #68,1956, APP.C -
Nov 27 | 18 48 33 36.5 | 70.0 | 443+ [ 200 e [|'E | Evemt #71,1956, APP,C | .
Dec 06 | 20 30 21 | 36,3 | 71.0 | 4.3+%}1.200 | e J A | o v
1957 Jan 13 | 1138 16 | 38,5 { 70.5 | 5.0 | 10° | ¢ | A _
Jen 14 § 13 43 1 | 37.3 | 7.5 | 4.3+ | 100 (e | E |- o
Jan 20 | 18 12 47 ) 36.5 | 71.5 | 4.3+°%1 150° | & | A | Event #10,1957, APP.C
Jan 28 { 21 01 42 38.5 | 69.5 - - | a A o :
Mar 16 | 12 22 34 | 36.8 | 71,5 | 4.3+%| 100% | ¢ | & | - . ‘
Mar 24 | 12 05 16 | 36.6 | 70.9 | 4.3+°| 194 |d | A | Event #18,1957, APP,C
Apr O4 | 1136 16 | 35.5 | 70.5 | 5,3° | -~ ¢ | A | Bvent #19,1957, APP.C
Apr 26 | 02 11 52 | 37,0 | 70.5 | 4,34 200 | a { A | Event #21,1957, APP.C
May OL | 20 0L 34 | 37.4 | 715 | 4.3+ {110 |e | E | ; SR
May 09 | 08 44 18 | 39.0 | 70.5 | 4.8% | ~= e A |
May 15 | OL 19 59 | 35.0 | 70,0 | = -~ a | A | Event #24,1957, AFP,C
May 25 | 01 14 30 | 39.0 | 7.5 | -~ - c | A _ o
Jun 10 | 04 L6 12 30.0 | 68,0 - - a A
Jun 11 | O4 57 28 | 36.5 | 70.5 | 5. 220 e | A
Jun 14 | 11 37 00 | 32.0 | 67.0 | 4.5% | =~ c | A
Jul 0L | 11 42 06 | 38,0 | 69,0 | 4.8% | =~ ¢ | A
Jul 11| 17 1427 | 37.0 | 715 | - | - a | A
Jul 15 | 230808 | 29.0 { 70,01 « |l e= ita | A
Jul 19 | 03 24 24 | 36.0 | 7.0 | 5,58 | -~ a | A
Jul 26 | 17 45 36 | 36.0 | TL.0 | ~ - c | A
Aug OL | 10 5938 | 36,5 | 71.0 [ 5.48 | 200 | e | A
Aug 07 [ 1528 26 | 36,0 | 70.8 1 ~ 200 (e .| 4
Aug 12 | 2142 00 } 34,0 [ 70,0 | = |- |ec |A
Aug 13 | =~ = ~= | 36,5 | 66,5 | 5,7 | == g 1@
hug 20 | 01 50 06 | 37.5 | 72,5 | 5,98 | 2008 [ ¢ |'A |
Aug 20 { 152109 1 36,7 | TL.2 {5,9. {27 [ & | A | owm
Aug 30 | 16 18 01 | 39.5 | 72.5 | 5,5% | -= e | A |,
Aug 31 | 01 47 12 | 39,0 | 73.0 | 4,38 | — c A | 7
Sep OL | 12 49 53 | 39,0 | 75,0 | 5.4® [ == e | A R
Sep 02 | 2127 35 | 37,0 { 71,0 | 6,18 | -~ c A ] Pelt -
 mDR5- : - ;,/
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“TABLE D2

DATE TIME | IAT | LONG | MAG |DEPTH {AUTH|[SRCE{  INTENSITY DATA
Yr Mo Dy | Hr M¥n Sc N | E: Jon
1957 Sep O4 | 08 07 20 | 28,0 65,3| 6,0% {0-508 | ¢ | 4
Sep12 ] 172605 §J 400} 73,5 | ~ | == }a | A
Sep 13| 223240 § 36,5} 695 =« | — |e |4
Sep 18} 185100 { 37.0) 7.0} =~ 150 Jc. | A
Sep 20| 00158 | 36,5} 71,0 5.08 200 |a |A
Sep23| 041030 | 270 580 - - c | A
Oct OL | 08 08 50 | 35.0 | 73.0 | = - c | A
Oct 05 | 22 40 44 | 38,0 | 69.5 | 4.8% | -- a | A
Oct 10| 1808 42 | 37.0{ 70.0 | 4.8% | — c | A
Nov 03 | 1910 24 | 29,0 69. 51 - — le (A
- Nov15] 012041 | 36,0] 70.5] - 200 |e¢ jA
- Nov 201} 2218 56 | 37,01 72.0 | - 10 je | A
" Nov22 [ 205931 [ 39.5] 7.0 - |-~ ¢ & ]| o
Now 26 J OO 41 35 | 37.3| 725 | ~ - | e | A | Event #35,1957, APP,C
Nov28 | 170455 {36.5{7.5] - [150 ¢ |4 o
Dec 13| 090757 | 36.8) 70,0 = - ¢ | A | Event #38,1957, APP.C
Dec 18 | 09 50 55 | 36.5 | 71.0 - - c | A ‘
1958 Jen 06 } 01 5439 | 38.0] 71,5 | 5.82 | —~ 1 e | A | Event #2, 1958, APP,C
Jan 07 | 06 05 10 | 39,0 | 70,0 | 5.4° 5¢ ¢ | A t
Jan 13 | 2028 45 | 39.5 ] 72.0| =~ — |e | A
Jen 28 | 171500 | 36,0} 58,5 | - - a | A ,
Jan29 | 171325 [ 273 [ 665 | = == |0 A -
Feb 17 | 051838 | 36,0 ) 72,0 | 6.6" | 200 | ¢ | A | Evert #10,1958, APP.C
Peb 17 | 0818 42 | 36,5 70.7] -. [ 210 jd {4A |
Feb 19 { 033957 | 39,5} 75,0} -~ -~. | a A
Feb 19 1033 03 i - 39.1 | 91 = - - A
Peb 27 | 03 55 12 ;. 35.0 | 58,0 { "~ —— ¢ A
Mar O3 | L3 4753 | 34,0} 585 | =~ -~ tec | A
Mar 03 | 165538 [35.5]70.0] =~ - a | A
Map O7 | 06 55 30 | 37,0 | 71.0 } =~ 200 1 & }A
May 18 | 0B 34,06 | 33,8} 67.5 | - - te | A
Mar 20 [ 125932 | 37,5[73.0| - [100 |¢c A : S
Mar 20 | 222316 | 36,8 7.0 - 1100 |e } A | Event #14,1958, APP,C
Mar 22 | 11 07 50 | 35.5 | 67.5 | 5.9% | == c |4 |
Mar 23 | 002538 | 355 167.5 6.2 [0-508 | |4
Mar 28 | 04, 0940 | 37,0 | 7,0 | 5.8° | 200 |e¢ | A | Event #15,1958, APP,C
JMar 28 | 12 06 26 | 37.0 | 71,0 | 7,08 [ 200 | ¢ | A | Event #17,1958, APP.C
Apr 08 | 09 59 22 | 33,0 | 68,0 | 5.67 | = ¢ | A | Event #19,1953, APP,C
Apr 12 16 10 hO 30'3 7100 - . - ) . A '
CApr 25 1183215 | 36.5 | 7.5 - 150 ¢ A
Apr 30 | 08 26 51 | 36,5 ] 70.5 6,08 1 220 e |A
May 03 | 182715 [ 37.5 {725 | ~. [100 [c |A
May 07 | 3328 57 | 32,0 | 68,5 | - |- |c A
 May O7 | 14 47 49 | 36,0 § 72,5 | 48% {'— e | A
May 29 { 031550 38,0 725 | = 1200 |a jA
May 30 1 01 10 20 | 36.5 | 71.0 | 5.78 | 150 | c | A
Jun 03 | 08 4918 29,5 ([ 70,8 = | = c. | A _
Aug O4 | 20 4755 ] 37.0]172.0 | = -~ 1l e | A | Event #24,1958, APP.C
Aug 08 } 125206 {37.0]72.01] =~ 200 |a. {4
=DR6~
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TABLE D2

DATE TIME ~LAT | LONG | MAG |DEPTH [AUTH|{SRCE| INTENSITY DATA
Yr Mo Dy | Hr Mn Sc N E “km
1958 Aug 13 | 07 23 33 | 36.5 | 66,5 | 5.7 | - c |A
Aug 13 | 17 32 26 29.0°1 69.0 | - | ~= ¢ A
Aug Ly | 2326 48 | 28,3 64,0 | -~ } 100 |[ec | A
Aug 31 | 0918 15 | 28,5 | 62.0 | =~ - la‘| A
Sep 0L | 08 37 15 | 27.8| 63.8 | - - c | A
Sep 16 | 14 22 30 | 34.5 | 59.5{ =" - a A - ' ’
Sep 18 | 2053 03 | 36.8 | 70.5 { 6.1" | 170 | ¢ | & | Event #27,1958, APP.C
Sep 25 | 06 54,00 | 36,5 | 70,0 - | 200 {a |A [ -
Oct 13§ 101154 | 38.0-| 70.0 | =~ | == c A
Oct 14 { 10 06 42 | 28.5 | 58.5 | - - c | A
Nov 05 | 22 56 33 | 36.8 ] 72,0 | -~ 100 | ¢ { A
Nov 08 | 17 09 43 | 36.5 § 70.5 | = 220 | e | A
Nov 15 | 18 22 40 { 30,0 | 70.5 | - | ~= e | A
Nov 15 | 18 36 47 | 29.8 | 70.8 | =~ - c | A
Nov 21 | G5 Q0 Q4 36,0 | 70.5 - - ¢ | 4
Nov 2l | 23 3248 | 30,0} 70,0} =~ - c | A |-
Dec 03 | 1026 11 | 33.5 | 69.0 | =~ - ¢ | A | Felt
Dec 03 | 21 34 24 | 36.3 | 70.5 | =~ 20 lec | A '
Dec Q7 | O2 46 48 | 36.0 | 7T1.5 | - 150 fc | A
Dec 08 | 14 05 30 | 29,0 | 70,0 | - - ¢ |4
Dec 08 | 14 34 27 | 29,5 | 70.0 | -~ — ¢ | A
Dec 10 | 03 4350 | 37,0 71,0 | 6.4% | 180 |c | &
Dec 24 | 05 07 12 37.0 § 71.5 - - c. | A
1959 Jan 12 | 12 08 11 | 36,0 | 71.0 | - 200 {ec | A
Jan 30 | 13 4L 49 37.5 | 73.3 - 150 e | A
Jan 31 [ 2L 42 46 | 36.5 | 705l ~ {220 |e A | ¢
Feb 01 | 0313 38 | 36.0 | 71.5 | 5.58 [250 | c. | A | Event #3, 1959, APP,C
Feb 22 [ 08 5330 [ 31.5 | 69.0 | = | == c | A =
Mar 02 | 15 51 4O | 36.5 | 70.5 | 6.1F [ 220 | ¢ | A | Pelt
Map 17 | 19 07 48 | 32,0 | 70.0 | =~ — e |4
Mar 25 | 06 03 48 | 30,0 | 70.0 | - 100 |a. |4
Mar 25 | 16 25 36 | 39.0 | 70.0 | =~ -~ te | A
Mar 26 | 11 04 35 | 39.0 | .5 | ~ -— a | A
Mar 28 | 18 42 45 |} 35.5 | 71.0 | ~ 200 fa {4
Apr 22 | 03 36 49 | 35.5 ) 69.7 | ~ né ja a |
Moy 05 | 14008 | 3451715 | = | == a | A ,
Mey 19 | 15 17 44 | 33.0 [ 68.5 | 5.8% § <35 {d | A Event #12,1959, APP.C
May 26 | 06 36 00 | 37.5 | 70.0 | 5.4% | == ‘¢ | A | Event #14,1959, APP,C
Jun 07 | 1631202 | 310 | 70,0 | = [ = |e¢ |4
Jun 11 | 08 23 48 | 38,5 71.5 - S A
Jun 20 | 14 16 52 38,7 | 70.8 - 62 a | A
Jun 25 | 03 12 48 | 36,0 | 71.5 | = 200 |c |4
Jul 15 | 16 4218 | 36,0 | 71,0 { = | «= c | A
S Jul 29 | 09 53 56 | 33.5 | 67.5 - —— ¢ | A | Event #17,1959, APP.C |
Jul 30 | 16 45 55 36.0 | 70.5 - 200 |a | & ' '
Jul 31 | 19 53 10 | 38,5 | 70.0 | 5.9™ {0-508 | ¢ A
Aug 20 { 2111 24 | 36.5 | 70.5 | = - ¢ | A
1-—D27-
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TABIE D2

E-;
[*]

DATE TOME | LAT | LONG | MAG |DEPTH |AUTH|SRCE| INTENSITY DATA |

Yr Mo Dy | Hr Mn Sc N E | { km
1959 Aug 22 | 23 48 L, 27,3 | 63.3 - - e
Aug 23 { 031859 | 28,8 | 69,0} ~ } -~ Jo¢
Aug 23 | 05 39 36 28,81 700 -~ | -~ ¢
- Aug 29 | 05 31 40 390 | 45} o~ i c
hug 30 { 225700 | 37.0] 68,51 - == [|a
Sep 09 1 05 44 4O 36.5 | 70.5 - 1220 c
Sep#l2 { 211957 |} 36.0) 72,0} 6.48 | 200 | a Felt
Sep 21 | 121930 ] 40,0} 7h.5}) -~ - |a
Oet 12 f 0138 52 | 36.8 | 73.3 - — e
Oet 231 16 5423 } 33.5) 59.0] =~ -~ la’
Nov 02 } 1202 45 | 40,0 73.0} =~ - ¢
Nov O4 | 09 54 48 |} 32,5 | 66.0 - - ¢
Nov 15 | 10 25 18- | 39,0.| 75.0 | 6,37 | —~ ¢
Dec 07 | 190324 | 29.5]| 675] « |~ |e¢ |
Dec 08 ) 122055 | 37.5} 7R.5 | = o 8
Dee 15 | 1047 42 § 37.0]170.0 | = - a
o Dec 28 | 02 2218 | 37.0] 70.5 | = 200 | a-
12960 Jan 09 | 07 24 o4 | 36.5 | 70,0 | 6.,7% | 200 Event #2, 1960, APP.C

"Jan 18 | 22 00 53 | 29.5 | 67.5 - -
Jan 29 | 07 33 43 | 36.5 | 70.5 | 6.18 | 220

Feb 17 | 08 0530 | 37.0 | 715 | =~ 250
Feb 18 } 01 5923 | 35,5 | 73,0 | - 150
Feb 19| 1036 52 | 36,5} 70.5 | 6.4° | 220

Event #5, 1960, APP,C
Event #6, 1960, APP.C
Event #7, 1960, APP.C

Feb 20 | 23.30 31 |.36,0.] 71.0] - 200 | _
" Feb 231 020942 | 36,0} 70,01 ~-. | 2001 Evert #9, 1960, APP,C
Peb 25 | 14 07 29 | 36.5 | 71.3 | - 200
Mar 18 | W 4623 | 373 | 7L.0| - |~
Apr 02 1 102955 | 36,5 70,5 - | 220
Apr 201 19 23 11 | 36,3 | 70.0 lg.sq 200 Felt
May O2 § 02 43 45 | 37,0 69.0 | =~ | -
o8| 122357 {370}l N0} ~ 200
15 1 03 00 48 28,5 | 59,0 - | -
19| 02 07 00 | 36,0 { 71,0 } 6,0Y ] 200F Felt

Blox2sse | 375185 - | —
23] 030000 | 3751 738} « |~
Jun 02 | 07 2230 | 33.5] 60.0 | 5.,3°
Junl6 | 160918 | 39.0] 3.5 =
Jul 06 | 05 16 46 | 36,5} 70,5 | 6.68 | 220
Jul 06 23 14 19 39.5 715 = -
Jul 07 1 223742 | 37,5 ) 68,0} - | -
Jul 14 | 22 11 067} 36,0 | 70,0 | 4.5° | 100
Jul 17 | 05 14 56 | 36,0 | 69.0 | 5,9° | 200
Jul 18 | 0L 4836 | 39,01 65,0 = [ =~
Jul 18 16 5041 | 37.5 | 70.5] = .~

May
May
May

~ May
May

Event #11,1960, APP,C
Event #12,1960, APP,C .
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TABLE D2 °

DATE TIME | IAT | LONG [ MAG |DEPTH |AUTH[SRCE|  INTENSITY DATA
¥r Mo Dy | Hr Mn Sc N | B b koo :
1960 Jul 20 | 152035 | 36.8 | 69.5| - | 100 | e} A | -

Jul 29 | 14 33 50 | 32.0| 67.0{ 5.3 | ~ ¢} A | Event #13,1960, APP.C
Aug 03 | 070226 | 273 66.5| - | 32 @& | A | ¢ o
Aug 14 | 223712 | 36.5| 69.5| 5.0 | == c |4
Aug 23 | 08 58 11 | 29.1| 59.8| - 6L a | A
Aug 26 07 09 14—7 2903 6706 - 614-‘ B a: :’. A 7
Aug 16 1 09 45 33 | 34.7 | 70.8} -~ L3 | a | A
Aug 29| 162311 | 36.3( 712 - {103 |a | A
Sep 05| 043630 | 36.4| 70.3{ -~ | 220 |a | & | s
Sep 09 | 100522 | 36,6 7061 - | 236 | a | A | Event #17,1960,. APP.C
Sep 16 | 013859 | 38.6| 68.6 | 5.5°) 45 [ ¢ | A . Sl
Oct 03 | 00 49 03 | 29.0 | 69.5 | 5.0°| — |'e | A | PFelt
Oct 24 | 05 47 01 | 36.6 | 71.1| - 246 | a | A |-
Nov 02 | 19 44 46 | 39.1| 71.9| - 5, | a | &
Nov O5 | 21 28 23 29.5 1 68,01 - — c A
NOV lO Ol 51+ 57 3692 70.8 - 193 -a' B A
_NOV 19 13 12 50 3000 69.5 -2t Q‘l‘""‘" c A
Dec 19| 00 0L 31 | 36.6 | 71.6 | - 25 | a | A
Dec 26 | 20 43 02 | 39,0 70.8 - == | e | A
Dec 30 | 2133 24 | 36.3 7L.0| =~ | 200 |a | &
1961 Jan 28 | 11 20 30 37,0 | 71,0 | - — e [ &
Feb 17| 130827 | 36.5| 706 | ~ | 195 | a | 4
Feb 27 | 17 53 47 | 38.2 | Thal | = 1180 | & | &
Mar 20 | ==~~~ | 35,6 7.1 | 60 | 138 | g | @'
Mar 21| 0928 55 | 38.5 | 74.0 | 4.3° | — | e | A
Apr O7 | O4 40 36 | 36.4 | 710} = | 29 [a | A
Apr O7 | O4 52 40 | 36.3 | 70.7| - 60 | a [-A |
Apr 07 | 21 17 44 | 39.3 | 73.0| 5.3% | 44 | ¢ | A | Felt
Apr 19| 06 57 28 | 30.5 | 70.0 | 4.5} 332 | c-| A '
Apr 26 | 0523 24 | 36.5 | 70.5 | 4.5% ] 235% |'c | 4
May OL | 01 37 42 | 34.8 | 59.0 | 4,5%| 33% 1 ¢ | A
May 19 | 213017 | 38.5| 72.6 | ~ | 37 .la | A
May 27 | 05 14 54 | 36,5 | 70.5 | 4.,8% | 220 | ¢ | 4
May 27| 1037 40 F 35.4| 70.0 1 =~ | 32 [a | A
Jun O4 | 1118 33 | 37,1 7L9 | = 190 | a | &
Jun Oh | 233527 | 33.5| 75.4 0 =" | 25 | a | &
Jun 08 | 03 59 21 | 36.4 | 71.0) =] 264, 0f a | &
Jun 09 | 035551 | 34.7| 73.8) - | 110 fa | &
Jun 14 | 17 3128 | 36.6 | 68.1 | 4.5 2208 | ¢ | & _
Jun 15 | 20 49 42 | 39,1 70.0| ~- | .45 | a | A | : -
Jun 19 | 17 O4 36 | 36.5 | 70,5 | 6.7% 220. | e f A - Event, #5, 1961, APP,C
Jul 16 | 09 0L 40 | 36.4 | 70.7 | 5.78 | 206 | & | A | N
Jul 17 | 1453 1y | 39.5| 73.0 | 4.5°% | == c | A
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TABLE D2

DATE | TIME. | LAT | IONG | MAG |DEPTH |AUTH|SRCE| INTENSITY DATA

CReb2, | 180645 {343 {7001 - | 25
Feb 27 [ 05 40 54 | 36,3 | 71,31 - |11
Feb 27 | 0920 36 | 35.7 | 70,5 | =~ 122 |

Mar 07 | 19 20001 § 36.4 | 70,6 [ ~ 100
Mar 12 | 021112 | 34,0 | 71.0 | 5.0° | ==
Mar 28 | 00 5155 | 36,6 | 7.6 | = 108
Mar 30 | 100125 | 36,8} 70.5{ - .| 180

Event #2, 1962, APP.C

Event #3, 1962, APP,C
Event #4,, 1962, APP,C

Yr Mo Dy | Hr ¥n Se N | E ¥m
1961 Jul 20 J 0O 48 54 | 385 O} - | -- c | a
| Jul 22 | 135421 | 36,0} 70,0 | 4.3% | 200% | ¢ | A
Jul22} 25318 | 40,0{ 70,547 |~ |e |A
Aug 08 § 18 53 16 34.3 | Th.6 - 23 a A
hug 17 § 03 35 42 | 35.7 | 69.7| - 205 ta |4
Aug 21 | 07 0020 | 36.4 | 7171 =~ 120 |a | A .,
Aug 23 | O, 1235 | 38,0 | 68,8 | 5.3° | 25% I e | A | Felt
Sep 05 | 06 1259 | 38,5 | 73.0 | 6,07 | 100 | ¢ | A | Felt;
- Sep 06 | 1335 42 | 36,5} 7.6} - 197 {a | &
Sep 23 | 11 4O 4k .| 37.0 | 23 | =~ - ¢ | A
Sep 28 0500 45 | 36.5 | 70.5 | 6,18 1220 |c | A
Oot OL | 141741 { 37.6 1 71.8} - {12 |a }|A
Oot 07 | 04 2153 | 3Ll | 70.2 | 4.5% | 59 |ec | A
. Nov 02| 065943 | 33.9]169.6) 4.5% 382 1 ¢ | A
Hov 06 | 122900 | 38.0 | 73.5 | 4.52 | 191% | ¢ | A
Nov 10 | 0816 27 | 38.5 | 71.0 h5 - c | A
Nov 13 | 0912 12 .} 35.9 | 70.4 123 Ta | A
Nov 18 | OL 43 08 | 32,7 | 73.6 48 la A
 Nev a2l |050004 | 40,0 71.0 408 | — e | A
‘Nov28 | 101445 {35.7173.6) = | 31 la |4A
Dec 08 | 13 06 40 | 36,0 [ 71,0 | - [200 fo | A
-~ Dec 23 | 180905 | 36,3 | M3 | - 183 |a | A
1962 Jan 05 | O4 27 O4 36.3 | 71.4 ity 125 A ' '
. Jen 08 § 22 2513 | 36.7 | 70,5 | 5.7 200 A | Event #1, 1962, APP.C
‘Jan 15 | 12 22 26 | 39.1 | 70.9 t.. -~ A -
Jan 16 § 16 51 25 | 36.3 1 70.5 | 221 A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

o0 PBPOPOO OPPOM® PEP oPOOP

Apr 01 | 00 45 10 | 33,2 | 58.6 | 5.8° | — ‘Event #5, 1962, APP,C
CApr 07 ] 182012 | 36,7 | 68.0 | 4.5% | - ' ‘

Apr 07 } 22 1, 47 | 36.6 | 7.4 | - | 105

Apr 081 14 35 33 '} 36,71 70.5 | ~ 200

Apr 11 { 0933 36 .| 36,5 { .6 | =~ 97 ,
CApr 111 20 4318 '} 35,9 § 7.1 | - 158

“Apr 17 1 080923 136,5§ 7031} - 160

Apr 20 | 07 52 20 | 36,9 | 70,9 . =~ 200

~D30-

/\‘



CTABIE D2

— T T T % )
DATE- TIME |- TAT | ‘LONG | MAG |DEPTH |AUTH]SROE| INTENSITY DATA

Ir Mo Dy | Hr Mn Se | N [ B | B I R

1962 Apr 20 | 20 23 25 | 36,9 f 70.1 | - -| 220 |

Apr 21 | 01 07 53 | 36,56 | 69.2 | L.5% ) -
Apr 21 | 06 48 32 | 36,6 | 7L.14 .- | 200
Apr 23 | 15 18 26 {:36.5 | 70.3*| 5.0%°] 120
Apr 24 | 14, 2011 | 36.6 | 70.3| - -| 200}
Apr 25 | 07 03 O4 | 36.7 | 70.7"| - ~| 200~

Apr 25 | 122132 | 37,0] 71.1| - | 19|
Apr 26 | OL 54 11 | 39.4 | 71.0 | 3.5%} ==
Apr 29 | 12 26 09 .{ 39.4 | 72.6 | 3.8% | =i

May 06 | 07 09 58 | 36.8 | 70.5°] -, 20032
May 06 | 22 54 36 36.8 | 70.4 - ] 200 -
May 08 | 19 38 21 | 32.9 | 73.1 | 4.5% | = .
Moy 09 | 12 12 24 | 36.6 | 68,471 5.0%| 96% |
May 12 | 17 36 50 | 36,5 706 1 .- | 193 |
May 15 | 12 54 40 | 36.8 { 70.8 | .~ | 200
May 15 | 15 37 10 '| 37.5 § 69.8 | ~ | ="
May 19 { 20 50 07 39.6 | 73.6 | 4,5% | ==
May 29 { 08 09 22 .| 36.6 | 70.8 | .- 200

Jun 01 | 092907 | 36,71 7L.1| - | i1
Jun 03 | 07 07 07 | 36.6 | 69.7.] .- | 182 |

OO0 00 0001}

Q0O 00 D OO0 0

Jun 03 [ 23 32 20 | 39.1 | 71.2 | 3.3%. | —
Jun O4 | 00 56 44 | 39.1] 71.2 | 3.3% | —e -
Jun O4 | 15 21 55 | 29.8 { 70.3 | 4.3%° | 332
Jun 05 | 10 51 Ly | 39.7 | 7he7.| 4.0%.| &=
Jun 09 | 00 28 25 | 36,8 | 70.8 | - 200
Jun 09 | 10 44 05 | 36.7 | 70.8 | ~.. | 200 .
Jun 10 | 12 01 47 | 38.5 | 73.9 | -~ '{ 150"
Jun 15 | 12 21 51 | 36.5 | 71,0 [ *= | 100
Jun 15 | 17 58 34 | 37.3 | 73.1 ] 3.8% 1 - .
Jun 16 | 11 26 41 | 39.4 | 73.2 | 43% ["am
Jun 17 | O4 39 30 | 33.2 | 75.9 | 5.3% | ~
Jun 19 | 08 13 47 |-38.3 | 69.0 | 4.3% | =-.
Jun 22 | 20 45 34 | 39.4 | 70.8 | 3.8% |

Jun 23 | 23 26 57 37.5 1 72.4 | 3.8% | -’
Jun 27 | 08 51 09 36.5 | 70.8 -] 100
Jun 27 | 21 31 41 | 36.5 $9.2-{ = ‘ 0 |

Jul 01 | 2123 45 | 40,0 | 75.0 | 5.0% | ==
Jul 03 | 03 16 56 - | 36.7 | 70.9 } - _ | 200
Jul 06 | 23 05 32 | 36.6 | 70.4 . 6.8%.] 203,
Jul 11 | 01 03 59 | 31.8 | 66.9.| 5.1 | .25 .
Jul 16 | 21 06 02 | 36.3 | 70,0 | 4.0°% | w= _
Jul 21 | 06 O4 05 | 33.0 | 67.0 | 4.0° | o~
Jul 21 | 17 28 43 | 36,7 7.6 | .~ | 107
Jul 25 | 07 4700 | 39.9 71 75.5 | 3.8% | =+ >
Jul 30 { 09 12 50 | 38.4 | 69,11 3,58 | —=."
Jul 30 | 23 10 08 | 36,7 | 70.2 | 220
Jul 31 | 18 43 35 3305 | 76.0" T

Event #6, 1962, .APP,C

e e e e L S S T S S S S A W S S |

OO0 P oo o660 QOO L0000 0000M

R .
_ W/




TABLE D2

' LONG | MAG |{DEPTH |AUTH{SRCE|  INTENSITY DATA

5]

DATE  |. ‘TIME .
| ¥r Mo Dy | Hr Mn S¢

-~
A
p )
W
[

7345
711
71,0

69.7

67.5 |

70,2
73,5

70.7
70,8

68,5

68.5 -

70,2 ~ | 221

69.5 | 3.8°

1 70,7 | 48 | 250
68,8 | 6,65 | 50
69,0 | ~ | 50

1962 hug 02 | 15 32.15
Aug 03 | 1802 46 |
Aug 06 { 10 50 38 |
Aug 09 O._B B 0oL |

Aug 10 {23 42 22 -
‘Aug 14} 01 06 26
Aug 18 1 21 54 50
Aug 19 — e --

g 19 | =womem |

T Aug 24 | 09 22 26

Aug 24 1 14 5559 |

Aug 27 |19 12 50

-Sep 031 23 23 00 {
. -Bep O4.4' 06 UL-4T |
- Sep 10 |. 14 1603
. Sep.12 | 2057 00
+Sep 13 1 12 45 58" | 36,4 ‘
C o 7Sep 17 110 11 48 1 36,8 ] 70,8 | - 1§ 220
. Sep 18 {05 :23.05" 1 69.0 | = 50
. Sep 20 | 13 10:12 | 35. 58.5 { 4.5% | —
Sep 21 | 1628725 | 36,5 | 69.8 1 - | 120
. Sep 22 | 08 06.28 36,5 68,7 | 5.0° | 338
Sep 24 | 1515 Ok { 36,4} 70.9 | - | 216
- Sep 27 {70813.05 1-39.0 1 703 ~ | - -
 Sep 28|16 1705 { 36,3 | 71.0 [ ~ | 100
. Sep 30 | 06 0455 | 38.4 | T3.1 L6811 33 |
- Oet.QL {0006 44 | 36.,8] 701} - 220
 Oct 05 | 20002 22 ] 35.11 58.6 | 5.0° ] 33%
Oct 05 {22 17 .4k | 36,9 | 7.2} - [ 120
©0et07.] 011100} 36.8 | 7.2 | -~ | 170
0ct 09 15 59 M [ 36.4 | 7R3 | - 209
. 0et 141090727 f 36,3 | 04| - 217
Oct 16 | O4 58 45 | 39.4 | 73.3 | 4,0% | —
Oct 16 |11 59 36 | 34.0 | 60,5 | 4.,5% | -
Ot 18 | 2026 03 393 | 31| - 53
Oct 19 | 11 47 24 | 30.8 | 70.8f ~ | 4
Oct 23| 201058 | 36,71 7L1] ~ | 216
Oct 27 | 16 Q152 | 38,9 | 70,4 | 4.5° | -
Ogt 29| 01 57:28: | 36,5 | 70.5 | = | =
Oct 30 f 022131 375|701 - | W0
Oct 30 | 03 50 35 | 36.6 | 70.8 | 4.,0° | -

Nov Ql, § 13 46 32 1§ 37,7 | 70.7 | 5,09.| 1328
Nov OL | 15 26 &4 | 37.7 { 70,0 | 4.9% | 1248
Nov 02 | 13 23 08 .} 36,7 | 70,6 | 4.0° | —
-~ Nov O | 182627 | 38,51 70,6 | 3,55} —
Nov 07 | 09 45 38 | 39,0 | 71.5 | 3.8% | -
CNov13.| 02 23 28 | 39.4 | 73.8 } 3.5% | -

L

T
m -
8

- &

160

‘ -

|

5
3 | 200
2
5
5
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Event #9, 1962, APP.C
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TABIE D2

DATE TIME TAT | 1ONG | MAG |DEPTH |AUTHISRCE|  INTENSITY DATA
fr Mo Dy | Hr Ma Sc N E | km t :
1962 Nov 17 | 151230 | 37.3170.8] ~ | =— -le |4
Novz2l | 08080 | 36.8]70.8]| - |200.7]¢c |4
Nov 22 | 22 46 10 | 36.8| 70.8 | <  |200 :fc¢ A S :
Nov 26 | 01 41 10 | 35.8 | 70,3 | 5.58 |.150° | ¢ | A | Event #18,1962, APP.C
Nov 29 | 225155 § 39,0 | 70.3 | 4.0% [ — . |ec¢ | A o
Dec 02 | 18 19 56 36.5 | 70.8 - 201" | a A
Dec 10 | 12 33 54 [ 36.5 | 705 | ~ 1220 |e¢ |A
Dec 10 | 18 46 22 | 39.8 | 74.3 | 3.59 |- == ¢ |4,
Dec 1.2 e mmen e 360&-_ 7008 l-l-o9 180 g G
Dec 16 | 06 34 16 | 36.2 | 71.3 | 4.38 | 145 a 1A
Dec 18 | 02 06 03 | 40.0 | 7l.4 | 4.3% | 7% [ ¢ | &
Dec 18 | 14 50 26 | 36.9 | 71.2 | ~- 160 |e¢ |4
Dec 21 [ 10 11 32 | 38.0 | 68,0 | 3,55 | -~ | ¢ |4
Dec 23 06 28 01 38014- 73.3 - 118 ‘a A
Dec 26 | 14 58 56 38.6 | 72.8 - 188 a A
Dec 30 | 15 25 25 37.5 § 72.9 - - 35 a | A
Dec 31 | 06 34 58 | 37.5 | 72.0 } - }200 [ec |a
1963 Jan 01 | 19 27 32 | 35,4 | 58.8 | 4.5% | =~ ¢c |4

Jan 06 | 07 00 18 | 39.7 | 73.7 | 3.5°% | — ¢ | A&
Jan 10 | 06 47 05 36,6 | 70.8 ] ~. 209 |a |4 .
dan 10 | 18 13 40 39,01 75.0 | 3.5% | -- . ¢ A
Jan 11 | 11 41 38 | 35.8 | 70.6 | -~ 107 |a |A S S _
Jan 12 | 06 20 16 36,1 | 69.9 - 129 |a - | A Event #1, 1963, APP.C
Jan 14 | 06 26 13 36.7 | 71.2 - 190 ¢ A .
Jan 15 | 191102 | 38,7 | 757 | ~ | 87 |a |A
Jan'16 | 15 30 07 |} 36.4 | 70.3 | 4.38 | 215 | a A
Jan 16 | 203130 | 36.7 | 70.8 | - |20 |e¢ A

- Jan 19 | 02 35 05 39.0 | 75.0 | 4.5% 5182 {¢ | A
Jan21 | 161954 | 37.2 | 69.2 |3.5° |~ le¢ |4
Jan 21 | 21 02 3 37,0 | 70.8 | 4,38 | 98 Ja [ A
Jan 26 | 16 43 36 39.5 | 63.3 - - — ¢c | A
Jan 26 | 19 17 37 36,5 | 68,5 | 3.8 - ¢ A
Jan 28 | 09 42 01 ] 36.8 | 70.3 | 4.78 { 200 | e | A
Jan 29 | 14 56 30 | 38,0 | 70,0 | =~ = |e | A
Feb 04 | 00 3521 | 39.8 |69.8 | - | 33 |a |A
Feb O4 | 232031 | 37.0 | 7.3 | 4.88 | 200 |c | A
Feb 07 | 12 1231 | 36.5 | 70.7 | 3.78 1208 {a | A
Feb 10 | 17 47 07 36.3 | 71.2 - 108 |a |A
Feb 15 | 21 41 47 38.2 | 2.4 - 3 la |4 ; . .
Feb 16 | 12 1930 | 36,5 | 70.4 | 5.4 | R08 |a - | A | Event #2, 1963, APP.C
Feb 17 | 05 38 18 | 36,5 | 70.5 [ 6.2 | 200 [a |4 _ ‘
Feb 17 | 09 09 07 37.5 | Tholi | Lok 5L, |a 1A :
Feb.18 | 14 25 19 | 36.6 | 70.5 | 4.9% [ 200 | e | A .| Event #3, 1963, APP.C |

"Feb 23 | 02 41 31 | 37.1 | 70.7 {3.5% | == - {e |A C
Feb 27 | 10 41 31 | 38.7 | 71,0 | 3.8% | 1578 |c [ A
Peb 27 | 17 27 53° | 38,6 | 69.6 | 4.3 61" fa |A
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TABLE D2

DATE TIME LAT LONG | MAG |DEPIH {AUTH{SRCE INTENSITY DATA

Ir Mo Dy | Hr Mn Sc N E km

1963 May 01 | 03 20 O2 35.8 |.59.9.} 4.8, 33 a A
Mar 03 | OL 48 11 | 36.6 | Tl.h4 | 4.4 229 a A - : :
Mar 03 | 17 O4 58 | 36.8 | 71,0 | 4.3% | 100 . | ¢ A Event #5, 1963, APP.C
Mar 06 1 083501 | 34,0 | 72.5 | 4.3% | 368 | ¢ | &
Map 07 | 21 49 26 | 36.7 | 71.2 [ 5.38 { 104 jc | A
May 11 | 10 27 47 36,4 | 71.1 § 5.0% | 250 c A
Mar 11 - ——— e 3607 7101 ll-c? ) 189 g G
Mer 13 | 17 27 20 | 36.6 | 70.4 | 4.0 160 ¢ A
May 16 | 19 16 42 36.5 | 70.9 -~ 160 a | A
Map 16 | 22 28 51 | 39.0 | 71.8 { 4.9 738 | ¢ |4
Mar 17 | 15 33 28 3.9 | 71,0 | 4.78 | 120 { ¢ A
Mar 18 | 00 45 08 | 38,2 | 7=. 4,32 1 111 | a A
Mar 2 | 1058 55 | 36.6 | 70.5 | 5.5 [ 200 | ¢ | A
Ma'r 2L|- 21 59 31 39-5 7500 3088 —— c A
Map 27 § 03 39 02 37.3 | 71.9 - 148 a A
Map 28 | 17 12 26 | 31.2 | 70,1 | 4.5% | — c | A
May 29 | 2004 52 | 36,5 | 70.4 { 4.2 | 204, [a& [ A
Mar 30 | 17 30 04 38,6 | 75.8 | 4.3 33 a | A
Mar 31 | 00 49 12 | 37.4 | 70.0 | 3.5° | - ¢ |4
Apr 01 | 09 22 55 | 35.8 | 69.7 | 4.8% | — ¢ | A | Event #7, 1963, APP.C
Apr 01 | 18 36 30 37.1: 1 70.9 | 4.98 | 150 c A
Apr 07 { 08 44 35 | 36,0.| 70,6 | - 244 & A
Apr 13 | 14 4938 | 35.8 | 70.9 | - W2 fa |4
Apr 17 | 02 54, 00 | 36.8 | 70.5 | ~ 200 c A
Apr 17 | 10 45 19 § 36.4 | 70.5 | -~ 79 & A | Event #8, 1963, APP,C
Apr'20 | 22 44 17 | 37.2 | T1.2 - 04, |a A '
Apr 22 { 00 51 09 | 31.5 ¢ 74.0 | - 37 | & A
Apr 24 | 20 31 08 | 36.4 | T1.3 .9 116 | & A
Apr 25 | 12 13 48 | 36.7 | 68.3 - 50 | a A
Apr 28 0"-l- 32 59 3705 7301 .88 il c A
Apr 28 | 1950 09 | 36.3 | 70,3 | 4.9 1133 |a |A | Event #9, 1963, APP.C
Apr 30 | 06 49 53 | 37.0 | 73.2 5€ | -- e | &
May OL | 08 09 14 | 36.4 | 71.2 - 222 a A
May 07 | 03 16 40 | 36.7 | 71,1 | 5.7% | — jec | A
May 07 | O4 50 33 | 36.5 | 70.7 { 448 140 e | A
May 15 | 05 02 02 39.4 { 72.2 .0 — ¢ A
May 15 | 06 35 25 38,5 | 75.5 0 33 8 A
May 15 | 06 57 20 | 38.7 | 75.4 | 3.8 | - ¢ | A
May 16 | 06 33 00 | 30.0 | 70.0 S c | A
May 16 | 21 38 31 | 36.7 | 70.5 - 200 c |4
May 18 | 23 58 55 37.6 | 72,8 | 4.3 91 a A
M&y 19 13 25 11.1 3808 6709 .Oe hadnd c . A
May 24 | 02 54 19 37.2 | 73.5 .0 - c A
May 29 [ 08 35 04 {27.0 | 5944 | 5.2V | 52 |a | A
May 31 | 00 37 51. .} 36.5 | 70.0 - 200 [ A
May 31 | 08 18 22 | 39.2 | 73.0 - — c A
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TABIE D2

DATE TIME LAT - ' LONG | MAG (DEPTH |AUTH|{SRCE| INTENSITY DATA
Ir Mo Dy Hr Mn Se N B | kme N E
1963 Jun O1 { 10 49 57 | 36,1 7.2 1'5.1 [ 100 {'a |A
Jun 02 J 09 13 46 | 37.5 | 73.1 | 3.8 | - c | A
Jun 03 | 12 34 20 | 39.4 | 70.7 | 4.,5° | 338 {c |4
Jun 09 | 03 50 22 | 36,7 | 72,0 | 3.98 | 250 |c | A
Jun 10 | 18 50 55 | 36,3 | 70.7 | 4.28 [ 250 |c | A
Jun 11 | 03 25 42 | 37.1 | 70.1 | 5.4 L, ja }A -
Jun 11 { 18 34 11 38.4 | 69.5 | 4.3 32 a | A .
Jun 17 } 11 02 42 § 30.7 | 69.6 | 3.5 33 le A o
Jun 18 | 08 37 57 [ 36,5 | 70.6 | 4.0 [ 206 {a |4 Ty
S dun 27 | e = e | 36,7 | 70,2 4.0 [200 | g |G o
Jun 29 1 09 28 20 | 37.5 | 73.0 [ 3.5 | -- c | A
Jun 30 |1 03 59 16 | 36,5 | 70.5 | 4.4 [ 205 |a&a |4
Jul 05 | 131138 }37.2 173.0 15,0 ]111 ja | A
Jul 05 |16 27 28 {1 36,7 | 73.0 | 4.3 | 193 |a {4
Jul 08 | 15 29 34 | 35.8 | 69.7 e 131 ja A
. Jul 09 | == =~ == | 36,2 | 70.3 [ 3.9 200 g |G
Jul 10 [ 02 1158 36,5 | 71.8 | 4.9 ] 33 |a |& _ _
Jul 14 1105143 36,1 ]70,6 151|120 fa |A [|Event #14,1963, APP.C
Jul 21 [ 07 1433 [32.8 72,9 ~ |~ [e |a . . ST
Jul 21 | 18 48 30 | 36.5 | 69.9 | 4.0 | 112 |a |A-
Jul 21 {2029 24 |39.9 | 7.2 [3.5% |~ |c A
Jul 22 | 07 45 31 | 30.0 | 68.0 | 4.58 | —- ¢ |4
Jul 22 | 11 31 44 § 37.3°) 70.6 | 4,38 | —~ c (A
Aug O1 |18 15 16 | 36.7 | 70.6 | ~ | 220 |c |4
Aug 03 § 19 31 36 374 | 73.3 | 3.5 - c | A
Aug 11 1194052 1362 [mM.2 | - |8 |a |4
Aug 13 1 07 03 50 | 36.6 | 70.9 | 4.7 |24 Ja |A
Aug My 1173331 |37.3 | 712 4,18 100 |c | A
Aug 17 | 21 58 54 ] 36.7 { 59.7 | 4.8 33 la A
~Aug 18 | 23 09 01 36.9 | 71.3 - .80 c | A
CAug 20 1231704 |[38.9 | 75.1 |45 | o e |a
Aug 28 |03 1857 | 36.0 | 70.0 { =~ 80 ¢ A
Aug 29 | 08 53 48 39.6 | 74.2 | 5.5 31 ja | A
Aug 31 [ 08 34 34 | 394 | 723 [4.5% | == |e |4
'Sep 01 | 013434 33,9 (74,7 |51 | us |a |a-
Sep OL | 03 58 39 | 36,8 } 70,6 | L8 | =~ |e |4
Sep 02 | O4 34 32 | 33.9 | 74.7 | 5.1 L4 a A
. Sep 05 | 102723 {36.7 | 704 | ~ -}200 [e [A
Sep 06 | 13 30 39 | 36.8 | 70.0 | 4.68 | 200 ¢ | A
Sep 09 | 21 41 44 31.3 | TR.1 | 4.7 33 {a A
Sep 11 | 04 49 23 | 37.9 | 73.2 | 4.0 ~le FA
Sep 17 [ 11 51 16 | 39.9 | 73.0 | 44O  |imm e |A
Sep 19 | 16 3115 | 31.0 | 66.8 | 4.2 37 la {4
_EB_S.. ¢
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TABLE D2 s

DATE | TIRE IAT | LONG { MAG |DEPTH [AUTH|SRCE{ INTENSITY DATA
Yr ¥o Dy { Hr Mn Sc N E - Jam , R i
1963 Sep 21 | O4 38 4O | 36.7 | 71.0 - 100 c A ' .
Sep22 ] 032847 } 36,6) 71.1]3,5% ] -~ fec | A | Event #15,1963, APP.C o
Sep 29 | 15 31 31 36,1} 72.0 | 4.9 150 |a | A i
Oct 05 | OL O3 47 | 36.81 71.2 | -~ 2000 e | A
Oct 06 | 05 48 46 37.5 1 72.0 - 200 |e A
Oct 06 | 22 3105 | 37.8 | 69.4 | 3.5° | - c A ! -
Oct O7 [ 1L O4L 45 [ 39.0} 70.9 | 4.0° ] 10 ¢ | A
Oct 14 | 201243 | 36.8]71.9 5.8 1160 ¢ |4 -
SO0t 15 F13394L | 397 [ The2 | - |~ fc |A |
Oct 16 [ 15 43 0L | 38,6 { 73.4 1 5.9 | 33 |a |A o
Oct 16 | 18 22 39 | 38.8.1 73.2 | 4.0° | — c | 4
Oot 16 } 18 27 39 38,8 | 73.2 - - ¢ A
Oct 16 | 19 14 35 38.8 { 73.2 | 4.0 - o |4A
et 16 ] 203106 | 38.8 | 73.2 | 4.8 ] 708 |c | A
Oct 17 | 09 33 24 38.8 | 3.4 ] 4ok hO,g a A
Oet 17 | 230550 138,81 73.2 [4LO |~ | | A
Oct 21 ] ML 4915 | 38,45 73.3 |48 | B84 |a (A b
Oct 24 | 1903 1% [ 39.0 [ 70.7 | 4.5} 10 e |4
Qe 30 § 122941 36,9 7.0} =~ 2000 e | A L
Oct 31 { 201054 | 37.2 1 70.0 [ 4.5 |105 |a |4 _
Nov 22 { 1722 31 | 36.6 | 70.7 { L.,68 | == c | A
Nov2s | 085210 }36.8]709! - 120 |c |a -
Dec 05 | == = == | 36,8 | 71.1 [ 4.3 [100 [g |G "
Dec 08 | 1108 05 | 39.9 | 58.7 4.5 | 33 fja |A
Dec 09 | 180155 | 36,1 | 71.2 | 5.0 {157 Ja | A
Dec 17 | 10 58 12 36,7 | T1.2 | 4.2 203 a |4 i
Dec 26 | 2050 21 ) 3644} 70,3 | 4.9 | 140 |a | A | Event #18,1963, APP.C
Deo 28 | O1 44, 05 (. 36,6 | 70,2 | 5.0 | 205 ja |A i
1964 Jan 02 | 17 28 36 | 36,4 | 701 | 4.8 |-233 |a | A .
Jan 03 | 16 3719 | 36,0 | 73.3 | 45 | 123 ja | A
Jan Qf | == == == | 36,3 | 71.3 | 4.3 200 |g |G s
Jan 07 | 2004 36 | 39.3 | 73.8 | 4.5 33 |a A
Jan 15 | == o= == § 36,8 { 7L4 [5.1 {200 {g |G } - B o
Jan17 {03 25 0L | 36,8 | 7Lk | 5.2 | .94 |&-|A | Event #2, 1964, APP.C b
"
-D36-
: b



- _TABLE D2
DATE TIME  }.LAT .| LONG | MAG |DEPTH |AUTH{SRCE{  INTENSITY DATA
Yr Mo Dy | Hr Mn Sc | N E - km R g
1964 Jan 23 | 151932 | 36.9 | M2 fua | 22 |a |4
Jan 24 | 10 00 47 |35.6 { Thets | = | 215 | a | A Lo :
Jan 28 | 14 09 17 | 36.5 | 70,9 [ 6.1 [ 207 |a | A | Event #3, 1964, APP.C
Jan 29 | 05 45 48 | 36.7 | 73.2 [ 3.8 | 187 |a fa | T
Jan 31 | 00 14 58 | 36,3 | 70k | he2 | 127 fa& |4
Feb 07 [ o= == == | 36,4 | 70.8 | 4.3 |21 Jg |G
Feb 10 | 03 48 06 | 36.4 | 7.0 | 4.1 | 249 |a .| A.
Feb 10 | 22 12 21 39.7 | 68.3 { 4.8 46 | a A
Feb 13 | 05 10-48 | 34,9 | 72.7 | 46 [ 70 | & | A
Feb 13 | 13 53 31 [ 34,9 [ 72,7 | = ¢ | Lk | & | 4
Feb 17 | ~= == «~ 136.9 | 71.3 | 4.6 [174 | g .| G
Feb 18 | 11 1117 {36.2 | 72.0 | ~ | 226 |a' |A
Feb 18 | 17 08 10 | 36.3 | 70.7 | 5.0 [ 223 |a | A
Feb 21 | 01 04 O1 | 34.4 | 58.1 | 5.0 33 |a } A
Feb 27 | == =~ =~ | 38.1 | 69.6 | 4.0 | 157 [g |G
Mar OL |« ~ =~ | 35.7 {59.9 15,0 | 33 {g |G
Mar 03 S e ames 36-l|- 71-.3 406 156 E G’ !
Mar 06 | == == =~ | 33.8 [ 72,6 | 4.5 33 g |G
. Mar 09 | 1027 33 | 36,2 | 71,5 | 4.8 | 132 |a |A
Mar 09 | 19 41 01 | 36.5 | 70.9 | - 181 ja |4
Mar 16 | 03 2812 | 38,0 | 72.9 | 5.2 |132 |a | A
Har 23 07 36 21; 3702 72.3 L]..L]. ' m - a A
Mar 23 | 13 4O 26 | 38,3 | 73.7 1 5.4 |16 |a |[A
Mar 27 | 19 12 51 | 36,8 | 71,2 [ 5.6 [ 206 |a |4
Apr 28 { 182703 |37.1 {707 | ~-< | Wb a |4
May O7 | 17 41 40 | 36,0 | 70.7 | 4.7 | 108 |[a | &
Moy 16 -1 08 38 54 | 36.3 | 71.5 { 5.3 | 122 |a ‘| A | Event #7, 1964, APP.C.
My 19 [ == == == | 36,3 | 70.6 | 4.6 | 260 | g- |G | -
Jun 03 | =~ == = [ 36,4 | 71,2 [ 46 | 25 |g |G
Jun OL | 02 57 08 | 3644 | 69.3 | 4.9 33 |a |4
Jun 06 | 08 05 56 37.1 | 72,1 | 5,0 | 166 |a |4
Jul 03 | 14 10 33 [ 33.9 | 74.5 | 49 9% |a |A
Jul 06 | 10 13 45 | 37.% | 71.4L | 5.9 100 a | A
Jul 07 } 21 12 34 | 35.8 | 73.4 | 5.2 19 |a |4
Jul 13 | == = =~ | 36,9 | 717 [4.3 |200 |g |G
Sep 07 | 155212 |37.1 | 718 {43 [168 |a |4
Sep 19 | 00 39 11 [ 36,5 | 70.0 { 4.7°7[212 |a | A
Sep 28 | 06 51 05 | 36.3 | 71.6 [ 5.5 | 118 |&a |4
Oct 04 [ 070057 |27.9 |69.2 |48 | 1 |a.]4
Oct 13 | 23 02 26 | 35.8 | 71.1 | 5.8 | 120 fa |A
Oct 24 | 06 51 02 | 38.8 | 71.0 | 5.1 57 |a |A
D37 '
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TABLE D2

DATE TIME LAT 1 LONG MAG |DEPTH {AUTH|SRCE INTENSITY DATA
Yr Mo Dy | Hr Mn Sc. N E km '
1964 Oct 25 | 22 56 08 38.7 § 70.8 §{ 5,0 33 a | A
Oct 28 { 19 35 16 36,1} 7.3 [ 5.5 | 130 a A
Nov 03 | 06 05 33 31,6 | 66.4 | 5.1 38 a A
Nov O4 | 19 46 06 36.4 | 70.8 | 4.6 210 a A
Nov Q07 | 22 03 19 36.5 | 70.8 - 215 a A o "
Nov 15 | 17 12 44 36,5 | 70,9 | 5.0 -} 220 a A Event #ll,l96h, APP,C
Nov 16 | O4 47 28 36.3 | T0.4 | 5.5. 225 a A Event #12,1964, APP.C
Nov 25 | 11 45 54 38,9 | 71.0 | 4.8 85 a A :
Nov 27 | 11 03 48 36,3 | 70.7 | 5.2 219 | a A
Dec 02 | 12 31 45 38,9 | 70.6 | 4.7 33 a | A o
Dec 24 | 0L 0838 | 36.2 | 70.9|5.6 [158 }|a |A | Event #13,1964, APP,C
1965 Jan 15 | 00 34 15 36,5 | TL.0 | 5.4 245 a A
Jan 18 | 03 28 26 ! 37.9 | 72.1 | L.9 33 a A
Jan 23 | 22 03 09 35.3 1 72.8 | 4.9 | 200 a A
Jan 29 | 20 06 02 35.6 | 73.6 | 5.7 | 33 a A
Feb 02 | 15 56 51 37.5 1 73.4 | 5.8 33 a A
Feb 16 | 20 46 37 | 36,3 | 70.8 | 5.3 | 190 la | A | BEvent #1, 1965, APP.C
Map 14 [ 05 11 22 . | 36,8 | 73.1 | 4.3 163 | a A '
Mapr 14 | 15 53 07 36,3 | 70.7 | 6.6 219 Ja A Event #2, 1965, APP,C
Apr 02 | 22 26 47 | 36.8 | 66.6 | 5.5 38 la | A | Event #3, 1965, APP.C
Apr 09 { O1.15 15 38,0 | 72,9 | 4.8 150 a A
Apr 10 | 14 1122 | 37.6 | 73.4 | 5.5 33 ja |A
Apr 25 | 02 27 46 36,3 | 70.5 | 4.7 231 & A Event #4, 1965, APP,C
Apr 26 | 03 24 34 [ 36.3.]70.2 |46 |239 }ta |A
Apr 27 |} 00 53 41 36.0 | 73.1 - 0 a | A
May 13 | O4 3041 | 37.0 | 714 | = 92 la |4
Jun 06 | 20 29 57 36,0 | 70.3 6 |11 a A~
Jun O7 | 19 55 34 [ 36,3 | 7.1 | - 122 ta A
Jun 09 | 20 57° 47 | 36,6 | 70.1 - 2,1 §a A
- Jun 10 | 05 48 57 | 36,1 | 70.5 8 192 | a A
Jun 10 | 14 O4 53 | 3644 | 70.5 6. | 207 & A
Jun 13 | 04 21 28 ] 33,6 | 69.4 9 50 |a }|aA
©odun 14 | 04 59 17 38,0 | 68,3 - 33 a A
Jun 20 {13 28 12 | 36,7 | 7.6 | - 150 ja |4
D38~

149



TABLE D2 .

DATE TIME -} LAT: | LONG | MAG |DEPTH |AUTH|SRCE INTENSITY DATA
Yr Mo Dy | Hr Mn Sc N E 1 km o L -
1965 Jun 20 | 18 11 13 { 36.6:'71.,0 { 4.9 | 173 | a:. [ A ;
Jun 28 | 12 14 51 § 27.3 | 66,9 | 5.3 41l a A '
Jul 06 | 13 21 07 36.6 | 73.0 ' 4.6 | 163 a | A
Jul 07 | 04 51 14 38,6 | 74.8 | 5.3 | 33 a A
Jul 1, | 14 30 44 37.3 | 71.8 - 1171 a. | A
Jul 20 | O7 4328 | 36,7 | 7.4 | 5.1, {194 Ja..} A
Jul 21 | 22 40 27 | 36.5 | TL.4 | 4.6 105 (e &
Jul 24 | 17 57 42 36.5 | T1.2 | 4.9 25 .1 a .| A
Jul 28 | 08 03 11 36,0 | 70.4 - | 150 |a,{A
Aug 03 | 07 02 35 36.2 | 69.4 | 4.9 37 a A
Aug O4 | 19 43 19 37.3 | 72,0 -~ |12 |a A
Aug 07 | 11 32 43 37.4 | 72.1 - 219 | a A
Aug 08 | 16 16 53 | 28,9 | 69.2 { 4,38 | 33 |a | A
Aug 12 | 17 19 03 36.5 | 70.2 | L.4 227 a A
Aug 14 | 17 14 48 37.5 1 72.3 | 4.7 198 a A
Aug 15 1 05 59 47 ] 36.5 | 71.1 | 4.8 [201 |a |A
Aug 18 | 00 48 47 36.5 1 70.3 - | 222 a A
Aug 26 {20 54 02 { 37.4°] 71,5 - 116 |a | A
Sep 09 | 12 10 34 37.4 | 72.0 - 222 a A
Sep 09 | 23 3122 | 36.4 | 70.7 | 4.6 212 ‘a | A
Sep 11 { 06 16 27 |.36.6 | 70.6 - |23 a A
Sep 11 | 11 12 59 | 37.4 | 72.0 | 4.6, | 173 |a |4A
Sep 13 { 07 14 28 | 36.4 |:71.1 | 4.2 . |116 a A
Sep 14 | 18 57 28 | 36.5 -] 70.1 | 4.8, |:223 a A
Sep 16 {23 57 55 | 36,1 | 70.2 {4 (113 |a | A
Sep 19 {18 00 37 . | 36.0 | 71.2 1 4.3 |10 a |4
Sep 27 | 16 04 25 36,5 { 70.2 { Loy | 221 |a |A
Sep 28 | == — — [ 36.1 | 7.2 | 4.5 |19 |g |G
Sep 30 | 02 24 48 | 36.3, | 71.0 [ 4.88 | 96 |a | A
Oct 03 | 21 57 52 36,4 | 70.7 | 4.6 209 a |[A
Oct 06 | 15 35 05 36.5 1 70.2 [ 5.3 |218 |a |A
Oct 06 | 16 43 47 3645 § 71.0 | 4.6 208 a | A
Oct 06 | 22 41 22 36,4 | 71.2 | 4.9 135 ja |A
Oct 09 | 03 06 12 | 36.5 [ 70.7 | 4.9 | 212 - |a | A
Oct 09 | O4 34 22 32,3 {740 [ 4.5 | 79, 1a A
Oct 09 | 07 43 14 [ 36.0 [70.5 | 4.6 [116 |a {4
Oct 11 | 17 17 47 35.4 | 70.2 - 1150 e A
Oct 18 | 14 47 38 38,9 | TLeh | = ) 42 Ja . A
Oct 26 | 09 03 00 34,1 | 70.4 (5.0 | 57 |a JaA:
Oct 29 {13 45 36 39.2 | 7.6 | 4.3 | 53 a {af ‘
Oet 31 | 20 25 31 37.8 | 68.0 | 4.6 37 a | A y
Oct 31 | 23 12 31 {38.0 |72.5 |5.2. 1109 |a |4
Nov 06 14 56 34 3706 T243 -~ 1182 ‘| a A
Nov 06 | 15 56 39 37.6 | 72.3 | 4.7 | 159 a [A
D39~




TABLE D2

DATE _ TIME LAT LONG MAG {DEPTH |AUTH|SRCE INTENSITY DATA
¥r Mo Dy | Hr Mn Sc. N E km :

Nov 10 | == == == §37.1 | 71.2 [ 4.6 | 107 | g |G | : :
‘Nov 16 | 01 03 56 364 | 72.1 ]| 5.5 2y |a A Event #7, 1965, APP,C
Nov 16 | 15 12 49 | 39.4 | 73.0 | 4.4 33 a A '
Dec 03 | 21 17 41 3603 | 694 [ 5.4 | TH §a A

Dec 07 | 00 29 33 36,7 | 71.5 | 4.6 27 8 A

Dec O7 | 14 50 45 39.2 | 73.4 | 4.8 31 a A

Dec 11 | 19 10 09 36,6 § 70.9 | 4.5 221 a | A

Dec 12 | 10 26 56 36,3 1 704 | 4.8 69 a A
Dec 17 | 12 58 37 36.7 | 68.9 - 71 a A

Dec 19 | 14 2852 | 36,3 | 69.2 | 4.6 | 60 a A

Dec 26 | 17 43 28 | 36.9 | 71.6 | 5.0 156 a A

(1966 Jan 05 | 10 26 32 | 36,7 | 71.2 | 4.7 | 188 t a A

Jan 05 | 20 45 52 | 38,2 | 69.1 | 4.9 18 a A

Jan 11 §{ 09 13 00 § 34,0 | 72,0 | 5.3 54 a A

Jan 11 | 26 16 44 (38,5 | 69.7 | 44 |, 63 a A

Jan 18 | 12 14 52 36.5 | 70.9 | 4.7 189 8 A

- Jan 19 | 08 04 58 39.5 | 71.5 - 54 a A

Jan 24 [ 02 15 29 | 32.6 } 67.6 | 5.1 52 a | A

Jan 24 | 07 23 10 | 29.9 | 69.7 | 5.6 26 |a {4

Jan 24 | 09 42 15 30.3 | 69.8 | 4.7 69 a A

Jan 24 { 15 32 52 29.9 {1 69.7 | 5.1 26 a | A .

Jan 28 [ 08 5205 | 39,3 | 73.1 [ 5.3 43 | a &

Jan 30 § 21 38 52 37.9 1 72,6 | 4,1 {132 | a A

Feb 02 | 092009 [33.8 ]73.1 15.1 | 46, |a |A

Feb 07 { 04 26 13 1 29.9 | 69.7 1 6.0 § 10 {a&a } A

Feb 07 | 05 21 45 30,0 {69.9 | 5.4 . 13. a. | A

Feb 07 | 05 30 16 30,0 | 69.8 { 5.4 | 23 a A

Feb 07 | 06 57 01 30.1 | 70,2 | 4.8 24 a. | A

Feb 07 { 07 28 19 30,3 § 70.0 § 4.7 43 a A

Feb 07 | 08 38 11 30,1 | 70,0 { 4.7 9 a A

Feb 08 | 00 03 21 30.2 | 69.9 | 5.0 3, | a A

Feb 08 | 00 11 32 | 30,0 | 69.9 { 4.1 3 |[a A

Feb 08 | Q0 25 57 29.9 | 69.9 - 19 | a A

Feb 08 | 05 53 06 "} 30.2 | 70.1 | 5.1 6 |a |4

Feb 09 | 08 22 18 29,9 { 69.8 | 5,2 28 a A

Feb 09 | 22.26 10 | 30.1 | 69.9 | 4.5 31 la A

Feb 10 | 14 58 00 | 39,2 | 71.5 | - 93 |a |4

Feb 11 | 22 43 07 | 36.5 | 70.4 | = 25 |a |A

Feb 12 | 08 04 55 39,2 |1 71.6 | 4.7 L2 a A

Feb 12 | 16 34 11 36,7 | T1.5 | 4.9 175 | a A

Feb 13 | 13 47 44 37.6 | 73.3 | L2 65 a A

Feb 13 |19 09 45 30.0 | 69.7 | 5.1 9 a A

Peb 14 | 05 41 06 29.9 ) 69.7 | 4.8 16 a | A

=D4 0=
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TABLE D2
DATE “TIME LAT LONG |- MAG -|DEPTH '|AUTH |SRCE INTENSITY DATA
Yr Mo Dy | Hr Mn Sc N E - km -
1966 Feb 16 { 09 44 22 | 29.9 | 69.7 | 4.8 ‘| 34 |a {4
Feb 17 | 18 26 20 | .30.1 | 69.9 | 4.3 | 41 | a | &
Feb 19 | 09 42 59 | 37.3 | 70.5 | 4.8 -| 27 |a | &
Feb 19 | 12 50 43 35,1 70,8 | 5.1 | 68 |a | A
Feb 28 | 00 03 00 | 36.2 | 71L.1 | 4.6°| 88 fa -|A | _
‘Mar 01 | Q4 59 50 | 36.7 | 69.0 | 4.6 4 | a | A | Event #3,; 1966, APP.C
Mar 02 | OL 02 46 36.2 | 70,5 | L.4 W7 |a |4 L
Mar O4 | 06 0L 01 | 30,1 {70.0 | 5.0. | 3 |a {4 .
Mar 08 | 07 21 38 | 36,3 | 70.7 - 110 |a 14
Mar 11 | 15 46 26 36, { 711 | - 2i8 |a |4
Mar 16 | 00 08 18 | 33.3 { 76.0 | 5.0 36 1a A
Mar 16 | 17 40 28 }29.9 | 69.8 | 4.9 13 a | A
Mar 18 | 10 44 11 }°30.0 | 69.9 | 4.8 38 | a A
. Mar 26 | 18 51 10 | 29.9 | 69.7 | 4.0 36 ta |A
. Mar 31 | 01 25 40 36.7 | 71.3 - 188 a A
Map 31 | 23 38 01 | 36,4 } 70.8 | 5.4 | 207 |a A
Apr 06 | 01 51 53 | 34.9 | 73.0 | 5,0 58 fa |A
Apr 08 | 22 15 03 36,41 70.8 | 4.7 1200 ta |A
Apr 11 | 16 42 52 | 38,9 | 70.6 | 4.8 | 13 fa |4
Apr 13 | 03 0021 | 36,4 | 70.8 | 4.6° [ 201 |a |A
Apr-14 | 13 55 12 | 39.0 | 70.5 | 4.6 L la | &
Apr 1, | 2206 1, | 38.9 | 70.6 | 5.1 12 |a |4
Apr.15 | 20 31 01 | 31,9 | 68.9 - | w0 |la {4
Apr 16 | 15 50 55 | 38,9 | 70.6 | = a | A o
CApr 18 |19 29 41 | 34.5 | 69.8 | 4.2 a | A | Event #5;41966, APP.C .
Apr 22 | 10 06 00 | 36.6 | 71.0 | 4.6 a | A )
Apr 25 |1 07 32 26 |38.9 | 70.4 | =~ a .| &
Apr 25 | 18 11 57 | 30.1 | 70.0 | 4.7 a A
Apr 30 1 1021 16 | 36.5 | Tl.4 | - a |4
May O7 | 18 28 19 | 34.6 | T0.7 | hak a A
May 10 | 2157 45 | 37.2 | 7T1.2 | 4.6 a .| A
CMay 11 | 01 53 59 | 34.5 | 69.8 | 5.1 a |4
May 13 | 23 12 35 30.0 | 70.0 | 4.0. - a A
May 13 | 23 54 05 32.9 | 68.6 | 4.5 a |4
May 15 | 02 13 Q4 39.7 | Thel | 4.8 a' | A
May 15 /| 17 16 17 | 36.6 | 70.9 | 4.6 . a | A
May 17 | 17 50 31 | 36,5 | 70.7 | - .- a |A
May 19 | 12 51 03 38.0 | 73.0. | 4.8 3 a A
May 22 | 12 23 26 | 32.2 | 68.8 |. -~ a | A
 May 23 | 07 11 08 | 36.0 | 70.3 | 3.4 a | A
May 2 | O4 35 25 30.1 | 70,0 | 3.9 1 a " |A
May 30 | 12 51 58 | 36,0 | é8. Lot a |4
dJun 04 | 05 11 55 36,4 | 70.7 | 5.4 a. | A :
Jun 06 | 07 46 16 | 36.4 | 7T1.1 | 6.2 a |4 | Event #10,1966, APP,C
Jun 09 | 02 16 00 | 37.6 | 72.3 | L.5 a. |A - _ -
v =Dhile



TABIE D2

(LAT

SRCE{

~ DATE TIME ‘Loxe | e [pEPTE |avTH INTENSITY DATA
Yr Mo Dy Hr Mn Sc N E : km L
1966 Jun 11 | 06 08 49 | 35.8 ) 72.0 | 4.8 98 a | A
Jun 13 | 11 27 24 | 37.4 | 72.3 | 4.9 195 | a A
Jun 17 | 11 46 0L | 36,4 | 70.8 } -~ 179 ta | A
: Jun 21 | 19 46 45 36,51 70.7 | 4.7 {182 | a | A
e Jun23 1070353 | 36,2667 - | 22 Ja |4
Jun 23 | 17 42 04 36,41 71,3 | 4.3 | 205 |a A
“Jun 24 | 07 05 19 36,6 } TL5 | 4.3 § 193 | a A
Jul O4 | 08 45 46 | 36.8 | TL.1 | 4.6 78 a | A"
Jul 06 | 11 57 25 | 38.9 | T1.2 | 4.7 30 a | A
Jul 07 { 19 0029 | 36.5 | 71.3 | 4.1 73 a A
Jul 11 } 02 58 03 | 38,9 | 70.4 -~ 11 | a A
Jul 22 [ 06 32 49 | 36.2 | T1.2 - 77 a A
Jul 23| 17 L4 58 4 36.5 | T0.7 | 4.5 203 a A
Jul 24 {05 07 39 | 30,0 | 69,9 | 4.3 6 | a A
Jul 26 | 1515 33 .| 36.7 § 7.5 | 5.1 | 125 a A
Aug O 1 O4 27 59 § 39.4 | 72.0 - 19 a A
Aug 01 | 06 29 42 | 39.1 1 70.3 | 5.1 34 a { A
‘Aug 01 | 19 09 55 | 29.9 | 68.7 | 4.5 22 | a A
Aug 01 | 20 30 55 30,0 | 68,5 | 5.6 17 a A o
hug 01 | 200300 { 30,1 | 68.6 {6.0 | 33 |a |4 [ Event #3,1966, APP.C
Aug OL | 2135 41 | 29.7 | 69.2 | 5.0 33 |a | &
Aug 01 1 22°30 53 | 29.9 | 68.8 151 | 20 [a |A
Aug 02 | 05 41 38 | 30,1 | 68,7 | 5.0 33 - |a A
Aug 02 1091858 [ 29.9 {69.2 {5.0 | 2L (a | A
Aug 03 | 22 13 26- | 37.2 | 71.3 { 4.7 | 86 a A
Aug O4 | 17 32°45 36,7} 71.3 - 206 a | A
Aug O4 | 2272925 |'29.9 } 68.6 | 4.9 33 a A
Aug 10 { 22 05 35 | 38.4 | 69.6 | 5.3 5 Ja A
gl {os083L |38.3 (73,7 |46 |s |8 A
Aug 15 | 12 10 49 | 29.7 | 68.6 | 4.8 33 |a A
Aug 26 { 02 26 20 | 36.5 | 70.8 | 5.5 | 199 |a | A |Event #14,1966, APP.C
Aug 24 | 02 16 58 | 37.4 | 73,0 | 4.7 38 la A
Aug 24 | Oh 32 40 | 36.9 | T3.5 | 49 182 |a A _
Aug 24 | 06 5116 | 30,0 ) 68,6 } 5.0 33 ta A _
Aug 28 | 10 43 02 36.4 | 70.9 | 4.8 180 | a { A Event #15,1966, APP.C
Aug 31 | 011900 | 36.5 | 71.3 | 4.7 | 73 |a A |
Sep OL | 19 03 46 | 29,7 | 68.8 | 4.8 33 a A
- Sap 05 | 04 06 06 37.1 | 71,5 | 4.8 140 a A
. Sep 08 {12 18 15 . | 36.5 | 70.4 | 4.8 {225 a | A [
. Sep 13 | 1118 20 | 39.2 | 72.9 - TN a | A
‘Sep 17 | 08 40 59 36.4 | 70.7 | 4.8 ] 204 a A
 ~Di2-
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o '~ TABLE D2
DATE TIME IAT { LONG | MAG |DEPTH {AUTH{SRCE INTENSITY DATA
¥Ir Mo Dy | Hr Mn Sc N E : km | S I
1966 Sep 251 | 14 02 46 | 39.3 | 722 | L6 |- 45 a | A
Sep 26 | 1129 2L | 36,5 | 70.2 § - |238 ja A
Sep 29 | == =~ == 37,31 72.1 [ L.6. [ 160 1g |G
Sep30 | 05 5953 | 38.8 4 64.5 } 5.1 | 33 ja A
Oct 0L | == == — | 38,0 | 72,9 | 4.8 | 9% |=g.}|G"
Oct 0L | O7 38 29 1348 | 710 | 5.3 1 25 [a | A
Oct 07 | == —— 37.7 | TL.7 | 5.4 |33 |g {16
Oct 16 | 09 26 37 | 30.0 | 68.6 |49 | 33 |2 |a
Oct, 16 | 23 32 05 | 36.5 | 72,0 | ~ 1228  |a '|A
Oct 23 { 00 00 02 | 29.9 | 68,2 | 4.8 | 25 |.a "|A
Oct 24 lZI- 31 21 370;7" 5900 500‘ N 33 : 8.-". . A :
Oct 25 | 10 06 58 | 29.9 1.68,9 [ 5.3 | 6 ja '|A
Oct 29 | 14 46 57 | 36.7 | 69.8 | 4.9 | 73 [a |4&
Oct 29 | == == == | 27.5 | 66.5 | 4o 33 g |G
Nov 02 | == == == | 37.3 | 72.3 | 4.5 |200 |g | @&
Nov OL4 | 22 17 32 | 34.0 | 72.5 _ 35 a [A
Nov 09 | 10 11 57 { 38.9 | 71.5 4.5 | 8 Jla [A
"Nov 19 | 19 05 38 1 37.0°| 714 4.9 | 130 |a | A
Nov 19 | 2029 47 | 35.8 | 70.8 { 4.6° | 140 |a |4
Nov 20 | 23 35 46 | 27.6 | 67.7 | 448 36 |la A
Nov 26 13 1-|>9 :SO 3707 58n6‘ 1-}-9 29 "a A
Nov 29 [ 10 11 02 | 36.4 | 702 [ 4.5 | 228 |a A
‘Dec O1L } 16 51 51 37.0 | T34 | 4.3 218 a |4
DEC 05 st 3606 7000 LIWLI- : 160 ] g G
Dec 06 | 02 30 53 | 36.2 | 70.0 | 4.9 58, |a |4
- Dec 06 | 23 29 51 | 36.3 | 70,5 |45 {233 fa |A
Dec 07 | == == == | 36,2 [ 70,1 {43 [223 g8 |G
Dec 08 | 02 07 07 29.3 | 69.9 | 5.1 37 |a | A
Dec 13 | 12 21 02 | 37.3 | 71.9 | 5.3 126 |a.|A
Dec 21 | == == == | 36.2 | 70.7 | Lo | 287 | g |G
Dec 25 | 17 07 01 | 37.2 | 70.1 | 4.6 91 |a | A&
Dec 26 | Ol 28 04 35,9 | 69.9 | 5.0 180 a |4
Dec 29 | 21 35 20 29.9 | 68.3 | 4.6 1 a. | A
11967 Jan 02 | 10 31 21 | 29.8 {69.1 | = 16 |a | A
Jan 05 | == == == | 35,6 | 72.1 | 4.0 (223 |g |¢
Jan 05 | 10 O7 58 394 |72:.9 [ 5.3 11 a A
Jan 08 | —— = — [ 36,5 170.8 {42 223 |g |G
Jan 1, | 10 59 25 39.1 | 70.6 { 4.9 25 a. |a
Jan 15 | == == == | 30.0 | 74.9 | 4.8 |20 g ]G
Jan 20 {05 09 19 | 32.3 | 69.9 | - 66 la . | A
Jan 20 | == == =~ {36.5 | 71.3 | ho3 (280 |g |&
Jan 20 | 05 16 40 32,3 | 69.8 | 5.1 70 | a A,
Jan 22 | 16 1157 | 36,7 | 71.3 4.5 | 154 |a [A | o
Jan 25 | 0150 19 | 36.6 | 7T1.6 |5.7 {28l |a {4 [|Event #1, 1967, APP.C
Jan 26. | 11 02 54 | 30.0 | 68,7 | 4.9 33 |a |4 ‘ .
Jan 28 [ 02°58 34 | 30,2 | 69.5 | 4.5 39 la A



TABIE D2

DATE | TIME LAT | LONG | MAG |DEFPH |AUTH|SRCE INTENSITY DATA
Yr Mo Dy | Hr Mn Se N E : km : .
1967 Feb 02 | 07 37 55 | 39.7 | 75, 5 5.3 39 (8 |A
Feb 10 | ==~ +~ «— | 36,5 { 71,3 | 4.0 | 280 g |G
Feb 10 | 05 46 28 | 33,0 | 75.5 | 4.9 | 27 la | &
Feb 11 | 0805 08 | 36,7 | 71,1 [ 4.6 | 58 [a |A&
Feb 12 | 16 06 48 | 35,8 | 71.0 | 5.2 | 100 [a | A&
Feb 20 | 14 23 48 33,7 1 75.7 | 4.8 33 a A
Feb 20 | 15 18 4O 33,7 1 5.3 | 5.7 24 a | A
Feb 20 | wm = o= | 33,7 | 75.4 | ka7 | 33 | & |G
Feb 21 | 1237 45 | 33,6 | 75.3 | 5.1 | 31 |a |A
Feb 21 | — == == | 33.8 | 75.3 | 4.5 3 lg |G
Feb 21 | == == == | 33,6 | 75.2 { 4.6 33 |le |G
Feb 21 | mm wm me | 33,6 {756 | 5.5 3 |12 |G
Mer 11 .| 06.31 09. | 36.4 | 70,7 | 5.0 | 220 | a | A | Event #2, 1967, APP.C
Mar i | 14 35 12 | 36,5 | 70.6 | 4.8 193 a A
Mar 15 | wm == == 1°30,1 | 66.9 | 4.0 15 g G
Mar 24 | 1111 43 | 34.6 | 70,0 | 4.2 61 |.a |A
Mar 25 | 2226 29 | 28.8" 60.3 L9 41 |a | A
 Mar 30 [ 130951 | 362 [70.9 | 4k | 272 |a. |4
Apr 08 | == == -~ | 36,5 1 717 | 4.6 |200 | g |G
Apr 08 | == == == | 35.8 | 71.2 | 4.4 160 g G
Apr 23 | == == == 1'34,8 1 71,2 | 45 33 (g |G
Apr 24, | 0851 1L | 37.4 | 72.7 | 5.6 3 a A
Apr 26 | O4 59 43 | 36.6 | T1.0 | 4.4 119 a A
Apr 28 | == -~ == | 36,2 | 713 | hoh | 220 | g |G
Apr 29 | Ok 57 00 | 39,5 | 74,9 | 5.08 33 | a A
Apr 29 | ww == == | 36,3 | 7.2 | 4.2 | 220 |g |G
Apr 29 | ===~ =~ | 36,6 | 71.0 |43 | 220 |g |@&
May-02 | 0109 30 | 36.5 | 71.0 | 4.9 | 226 Ja |A
May 05 | 03 11 24 | 36.1 | 68.8 | 4,8 18 |a |4
May 08°| 13 48 05 | 36,4 | 70.2 | 4.8 215 |a |A
May 08 | 20 36 01 [ 36.2 | 7L.1 | 4.4 {111 ja |A
S May 11 | 1450 59 | 39.4 | 73.8 | 5.6 21 |a |A
May 14 | 09 00 55 39.2 { 73.9 | 5.0 33 a A
Mey 20 | 08 47 20 | 39.2 | 72.8 | 5.1 33 |a |4
o May 21 | 18 34 46 | 35,6 | 64,7 | 4.7 (138 |a& A
 Mey 22 |17 4121 |37.0 | 68,0 |48 | 37 ja |A
C May 22 | 191925 | 37.1 [ 68.3 | 4,7 48 la |&
May 27 | 12 42 54 36,2 | 71.5 | 4.9 109 ja | A
May 28 | 12 03 O2 377 § 134 | 49 33 & A
Mey 30 | 18 56 29 | 31,7 | 70.1 | 4,6 3 e |A
May 31 | 16 12 44 | 36,7 | 70,3 | 45 | 274 ja. | A
- Jun 18 | 16 39 12 | 36,4 | 71.9 | 5.0 8 la |4
dun 23 | 18 50 17 | 36.6 § 71,1 | 4.2 [ 205 j& fA.
dun 24 | == == == | 36,5 | 70,3 |45 |160 {g |G
Jul 02 | 083230 [33,2 175.6 |48 | 33 |a |4
Jul Y | »= == — [35,5-170,6 {43 [160 (g |G
N ‘-,-DM—
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TABLE D2_

DATE TIME | LAT - [IONG | ‘MAG |DEPTH AUTH | SRCE | INTENBITY DATA
Tr Mo Dy | Hr Mn Se. | N | B~ ’ 'km - ‘ .
11967 Jul 19 | 17 28 32 ¢ 36 5 ¥ 70 B3 LT[ 223 car | A
_ Jul 23 | O1 16 43 {°36.9 |71k | 4.6 | 180~ | a. .['A
Jul 26 | =~ == w=" [136,0 '1770,8 | .1 250+ {:g . |G
Jul 29 | 14 12 19 | 35.5° *70 8;'5h,6nf-f19hu {a |.a
Aug 04 | 08 06 59 | 34.8 | 70.1 ] 4.8 433 |a A SR
Aug 06 | 10 31 06 | 38,0 | 74.5 | 4.8 J-215. .].a | A | Event #3, 1967, APP.C
Aug 07 | 05 49 58 | 36,5 | 71.2 | 5.0 ;289 1 & [a' | =~
Aug 15 | O7 40 29 | 36.3 | 70.2 | 4.7 | 189 fa | A | Event #4, 1967, 4PP.C |
Aug 19 | OL 34 &4 | 36.9 | 71,5 | 4.9 (127 la T4 - 0 hETE :
Aug 27 | 04 50 00 | 36.3 | 7T1.1.] 4.5 | 225 [ a |A
Sep 08 | 00 26 03 | 36.9 | 71.5 | 5.0 [ 11x |a | &
Sep 08 | 05 23 41 '} 38.4 | 70.5 | 4.9:.f ‘1. |la .| A
Sep 11 | 06 12 01 | 27.5 | 66,4 | 4o6. .| 36. | a | A
Sep 18 | 08 26 37 35.9 | 70.4 | 4.8 .1 140, {a |.A
Sep 22 | 22 11 48 | 36.2 '71.4 [ 4.7 -} 127 |a A -
Oct 02 | 17 49 51 | 37.6 | 72.1 | 4.3 | 105" |a |4
Oct 13 | O3 24 47 | 39.7 | Thuh } 5.2 7| 33" | a | A
Nov 07 } 1957 26 | 37.0 | 70,7 | 5.3 | 136. | a . |4
Nov 12 | 10 40 36 | 36.3 | 7T1.4 | 5.1+ ,98. | a .| A
Nov 16 | 00 41 25 §{.37.6 | 69.7 | 4.7 | .33 a A
Nov 29 | 05 19 01 | 36.4 | 70.8 { 4.8~ 228 Ja |4
Dec O4 | 15 35 34 | 36.1" 71.2. kh.9,';;lQ3 a | A
Dec 09 | O4 56 14 |:36.37| 70 8?.;A.ayj};2%5', a |A
Dec 17 | 00 25 15! |'36,5 | 71,4 | 5.2 % 182 |a. |4
Dec 19 | 03 23 56 | 37.5 | 72.0 | 5.5 | 89 |a |4
Dec 19 | == == == | 36,4 | 70,0 | 4o& | 223 | g~} G
Dec 28 | 20 15 49 1'37.2 | 71.8 | 4.7 - | 156 |a .| A
Dec 29 | 06 24 50. | 36,3 |:70.2 | 4.7 | 230 ja {4
: ’ . { . N . ' N,
1968 Jan 13 | 00 21 O4 | 36.3 | 714 | - |'223 |g [ @&
Jan 22 {10 35 37 ["38.2° 1 75.6 3 108 | a A
Jan 25 | 14 28 14 | 36,3 | 73.1.| ~-. | 223 |g G | -
Jan 29 | 05 00 10 | 36.3 | 70.4 ' 5.5 .| 225 | a. | A | Felt at Pesh.,lah,
Jan 30 | 08 17 32 | 36.4 | 70.7 [ 5.2 .} 205, |a™ | A : '
Feb 02 | 16 42 13 37.9 T4l ~co 1287 L g G _
Feb 07 | 12 23 03 | 36.2 {70.%| 4.9 | 155° | a A& |
Feb 08 | 17 41 35 | 33.8 (783 | ~.. | 9={g.. |G |-
Feb 09 | 14 39 47 | 29.8 | 68,7 | 4.6 | 33 {a. {4 |
Feb 28 | 09 54 56 | 30.3: 67 6 | 4.8.0F 250 A AL 4
Mar 03 | 093120 | 3h.7 [ 72,3 [ 5.2 33 |a A
Mar 03 | 15 09 20 1°34.5 | 7L.4 | - 1000 {goo G o
Mar 21 | 02 45 56 {~37.8 | 72,5 | 4.8 | 131 .| a-.| A T
Mar 23 | 20 04 38 [:36.4 [ 71,3 | -«..|160 |g |G- 0
Mar 26 | 15 03 06 [B36.1-| 70,1 4.7- | 157 7| a | A
Mar 29 19 oo 35 P6.6 | 70u4 | 4iT. 209;- a, | A

Y4 wDY, 5
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TABLE D2

DATE | TIME | IAT | LONG | MAG |DEPTH |AUTH|SRCE| INTENSITY DATA
Yr Mo Dy | Hr Mn Sc N E km

160

- {1968 Apr 05 | 06 17 45 35.8 | 70.2 - .
. Apr 05 | 202945 (36,1 { 7.1} - | 33
Apr 05 | 21 54 30 | 36.4 | 71,0 -, ]| 223 .
Apr 09 | 01 26 47 36,2 | T1.1 | 4.1 160
Apr 12 | 1033 58 36,7169} - | 67

Apr 16 34 17 | 32,7 | 69.5 33
dpr 17 5039 | 36.3 | 714 | 48 -} G4
Apr 17 ) 3644 | 71,5 | 5.2 113
Apr 23 36,3 | 71,2 | 5.2 | 114
Apr 26 35,9 { 70.2 | - ] 160

37

12

07

15

k6 |
18 1§ 35.9 | 70.6 | 4.3 } 160
50 1365 |13} - | 160
16 ] 36,1 | 70.9 [ 4.7 128
16 {36.4 1 T2 | 4.9 223
45
51
12

FEEFEEE]
SHEERESS

& G
g | A
g |4
‘a - ) Al:.
g | G
a |4
£ |G
a8 | A
& A
a | A
g G
g | G
a | A
tg e
& A
g G
g |G
a | A
£ G
- 137,11 70,7 | 3.9 160 ‘g |G
‘May 19 § 36.2 | 70.7 - 160 g {6
May 21 - | 38,9 1 65.2 5.4 | 13 |&a |A
Jun 07 | 203113 | 30.4 | 69.3 | 3.8 | -~ 8 G
Jun 09 | 19.17 25 | 35.8 | 70.2 | 4.0 160 g G
. Jun 10 {17 3630 | 39.0 | 75.1 | 4.8 51 la |a
cdunll | 01312, 363|711 |3.9 [0 |g (G
Jun 13 | 223801 | 36,6 § T1.5 | 4.8 | 213 a |4
Jun 1p | 12 2725 | 30.9 }'70,4 | 3.6 33 g {6
Jun 17 | 06 26 55 37.4 | 72.3 | 4,8 |19 a A
‘Jun 28 {01 04 02 § 30,9 | 68,9 { hel |~ g G .
Jul 03 | 19 46 54 | 34,7 | 75.1 | 4.5 13- |a |4 |
Jul 08 | 13 14, 30 [ 38,0 | 67.6 | 5,2 | 28 & |A |Felt Widely -
Jul 12 | 122659 (36,0 |70.6 [4.1 [223 (g |[G
Jul 15 | 01 25 36 36,3 | 68.4 | 4.1 35. a A
Jul 16 {1113 40 36,0 }71.2 | 4.08 1137 ja |A
Jul 17 .| 15 52 50 36.6 | 69.9- | 3.9 223 |g |G
Jul 17 1062219 |37.0-l7.4 | - |160 g |G
Jul 20 |1 082209 |39.4 {73.8 4.8 61 Ja JA
Jul 26 | 204803 |32,1 | 70.1 |48 | 35 [a |A
Aug 02 | 133023 -} 27.5 [60.9 [5.7 | 62 |a j4A -
Aug O, 1002353 [|36,2 {704 | - 1223 {g |G
Mg Oh | 1903 58 1:38,1 | 72,0 |45 |160 [g |G
Aug 05 | 02 4112 35,7 | 70,2 ]3.6 |15 |a |4
. . =Dlb=



__TABIE D2

DATE CTIME | LAT | LONG | MAG |[DEPTH [AUTH|SRCE|  INTENSITY DATA
Yr Mo Dy | Hr Mn Sc. N E Ckm }
11968 Aug 08 | 18 4025 | 37.8]72.0 | 4.9 | 160 | g |G

Avg 22 | 0037 48 | 36,3 | 70,4 | 4.0 - {1223 g |G
Aug 26 | 18 23 41 | 36.4 | 70,7 | 5.0 1203 {a | A
Aug 27 1172905 | 36.2 | 70.6 { 4.8 160 | g |G
Aug 30 | 2111 20° | 34.9 | 59.5 - 33 e A o .
Aug 31 | 10 47 37 | 34.0°§ 59.0 | 7.3%* | ‘13 | a [ A | Event #1, 1968, APP.C
Aug 31 | 11 34 33 33.9 | 59.2 | 5.5 2y | a A
Aug 31 } 13 23 00 | 34,1 | 59.4 | 4.8 33 Ja{A
Sep 01 | O7 27 30 34,0 | 58,2 | 6.,3% | 15 a A
Sep O1L | 08 23 10 33.7 | 58.2 - 16 a A
Sep OL { 11 O4 02 | 34.0 | 59.6 | 4.8 33 - |a | A
Sep OL | 19 16 37 | 34.2 } 58,3 | 5.0 | 23 | a | A
Sep 01 | 21 16 45 | 34es | 58,0 | 4.8 L, la'|a ,
Sep 03 | 0953 47 | 33.8]592 {50 | 16 |a |4 o ' .
Sep 03 | 18 48 16 | 36.2 | 69.2 | 5.3 75 a | A | Event #2, 1968, APP.C
Sep OL | 055,08 .} 35,1 | 58.5 | 4.7 | 33 je |& | :
Sep O4 | 111936 | 33.4 | 541 | 5.1 | 25 {a ‘[ A
Sep O4 | 23 24 47 34,0 | 58,2 | 5.4 15 e A
Sep 06 - 02 27 37 | 34,0 | 59.3 | 4.9 27 |a |.A
Sep 09 | 02 46 30 | 28,0 | 68,0 |41 | 33 |g |G
Sep 10 171809 | 36,3 170.8 | 5.0 | 223 |a A"
Sep 10 | 20 31 59 34,0 | 59.4 | 47 18 a A
Sepll1 | 082701 |36.2 714 -~ |160 |g |G
Sep 11 { 19 17 13 3349 | 59.4 | 5.4% 33 a | A
Sep 14 § 10 18 32 | 36.3 | 70,2 | 442 | 223 |g |G
Sep Ly | 20 30.42 36,3 | 69.8}| - 1193 (e | A
Sep 15 | 09 42 15 34,0 | 59.4 t 4.9 ¢ R0 le| A
Sep 15 | 14 16 56 | 37.2 | 72,7 { 5.2} 33 .]la | A"
Sep 17 | 191509 |34.0 | 583 | - | 34 |a |4
Sep 18 | 0737 22 137.2 |71.9 {5.0 |13 |a | A"
Sep 26 | CO 46 14 33.7 | 69.9 | 5.2; 45 a | A
Sep 27 | 02 2037 |37.7 |72.0 [5.1 |160 |g |G

4Sep 27 |10 37 56 37.8 | T2.3 | 5.2 119 a A
Sep 29 | 14729 47 | 33.7 | 72.1 | 4.3 33 lg |G

-Oct 06 | O7 57 53 33.9 | 72.7 | 4.1 - g |G

" Oct 07 | 21 22 29- | 34.0 | 72.6 | - 33 |g |G
Oet 10 | 22 49 02 | 37.2 | 70.0 | 4.9 33 |a |A&A
Ot 11 | 03 16 50 | 36,0 | 69.5 | 4.7 |18 |ea | A
Oct 11 | 12 40 43 | 3L4.1 | 724 | ~ % tg |G
Oct 11 |22 4856 [ 38.2 |70.2 )} - (160 |g |G
Oct 12 | 232019 | 36.4 | 70.8 [ 5.3 |203 |a |4
Oct 13 | O1 34 64 | 34.0. | 58,7 - | 47 }a- A
Oct 19 | 02 33 31 | 37.3 | 73,1 | 4.9. 7%  le: |4
Oct-19 | 070133 |37.3 §73.2 |5.2 | 51 fe 1A
Oct 19 | 09 52 O3 37.5 173.3 | 5.4. 33.-1a | A
Oct 30 | 04 07 21 37.4 | 73,2 | 5,5 | 12 a | A

=Dl



TABLE D2 -

DATE | TBME | 1ar | Lowc | mac |pEPTH |auTh|seE| INTENSTTY DATA
Yr Mo Dy [ e MnSe | N E km

1968 Nov OL | 20 4917 | 37.6 | 72.2 | 4.7 | &
Nov 11 ] 02 35 51 36 31704} - 23
Nov 1t | 173836 |36.2 )70 | - | 160
Nov 18 | 05 O5 04 33,13 | 71.1 § 5.3 41
Nov 19 i 14 O1 30 34.571 70,27} ~ | -~
Nov 21 | 03 O4 39 36.4 | 70.6 | 5.0 204
Nov 21 | 14 54 08 36.5 | 70,0 - e
Nov2l | 214509 |36.2 7.5 | - |223

Dec OL | 173226 | 36.4 | 1.0 | - |22%
Dec 05 {0103 43 |36.9 |70.7 | - |23
Dec 06 | 09 20 12 {36.4 | 70.1 | = 223
Dec 08 | 18 36 43 | 36.5 | 7L.0 | 4.8 | 187
. nec 10 23 ‘33 30 36.2 | 70.2 - 223

Dec 16 | 17 08 45 [ 35.6 | 70.3
Dec 17 | 06 39 43 | 36.2 | 70.5

Dec 19 | 05 17 52 | 36.1 | 70.1

Dec 20 | 23 3756 | 36.4 | 71.0

- Dee 23 | 23 20 00 36.h 70.6
1969 Jan 03 | 03 16 38 | 37,1 | 57.9
Jan Q4 | O 32 20 | 36,4 | 71.1
~Jan 05 {0238 52 1399 | 75.8
Jan 06 |17 29 40 | 36.3 | 73,2 | - " |223

Jan 06 | 1937 07 |36.,2 | 70.9 | -  |223

Event #4, 1968, APP.C

PPPRKR PR PRENRKE S KK PY PDRTR G ®

wh P‘-l’-"}hl-‘-l’-"\h
i I OWo
-
R
|—J

o ! o

b
L ]
S moe PE el Pk PP PEDPER REE DR R

Jan 09 |07 15 03 |[38.2 [ 740 [ 5.0 [137
Jan 12 | 22 21 42 35.6 { 70.1 - 160
Jan 21 |14 37 15 } 38.3 | 69.7 | 5.1 52
J_an 22 Ol; 16 12 35.7 70,0 403 . nl :
Jan 22 | 19 42 22 32,2 [ 70,0 } 4,7 | 41
Jan 23 12001 20 | 32,2 | 76,0 | 4.0 | —"
Jan 23 | 23 46 26 | 32,2 | 76,0 - | -
Jan 26 | 09 59 12 38,2 | 73.8 | 5.1 | 138
Jen 27 1105927 |37.3 |"7L5 [ 5.2 | 49

.Peb 16 |15 03 38 {38,2173.1°] ~ |160 .
Peb 18 [19 5128 |29.7 {684 |46 | 51,
Feb 19 1152011 {37.4 [71.8 | - | 160!

Mar 03 } 06 20 26 | 30,1 | 79.8 - 33
05 1193323 |36.4 | 70,7 | 5.9 208
07 { 09 27 36 36.4 ] 71,0 - 195
09 |10 16 40 36,7 | 70,1 ] 3.9 | 223
09 1163148 |36,6 |72 ~ 223

‘Event #1, 1969, APP.C
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TABLE D2 -

DATE TIME LAT | LONG | MAG {DEPTH JAUTH|SRCE] = INTENSITY DATA -.
Ir Mo Dy | Hr Mn Sc N E . km R
1969 Mar 10 | 08 27 21 | 36.4 | 69.6 | -~ | 223 | g |G

Mar 10 | 18 50 53 | 37.1 | 71.5 | 4.4 | 142 | a “f& S :
Mar 10 f 19 04 03 - | 36,4 | 71,0 | 5.1 |20 |a -| A | Felt Slightly Warsak(z)
Mar 22 | 01 55 07 | 36.1{ 70.7 - 23 g 6 .-

Mar 22 | O4 52 33 | 38,9 | 70.6 | 5.3 8 la |4

Mar 24, [ 001010 |[34.3 | 74,91 - | 33 [g |G

Mar 27 [ 111929 | 39.0 { 71.9 | 4.9 | 37 {a |&

Mar 27 | 19 37 44 39.0 | 71.8 | 5.2 33 a [A:

Apr 01 | 05 4908 | 36,3 | 70.8 | 4.6 | 212 |a -{'&

Apr 01 | 16 36 23 | 30.0 | 67.4 | 4.9. 20 a .}a:

Apr 03 000321 |37.1 }71.8| =~ 155 .| A

Apr O4 {1123 16 | 36.0 | 70.9 { - 160 |g |G

Apr 10 [ 15 58 4O | 36.3 | 70.1 | - 223 |g G

Apr 12 | 22 18 10 | 36.2 | 69.7 | 4.0 | 119 J|a |4

Apr 14 | 18 07 11 | 36.1 | 71.0 | 4.5 7 la {A

Apr 14 | 19 43 19 37.5 | 71.7 - 160 g |G

Apr 17 | 03 21 16 | 30.1 | 69.9 | 4.5 7 ta |A

Apr 19 | 14 46 00 | 37.2 | 72.0. | - 223 g G

Apr 21 | O4 16 30 | 37.6 | 71L.0 | = 23 g |6

Apr 25 | 07 36 36 30.8 | 70.3 | 4.9 23 a A

Apr 27 104 59 41 ] 36.9 | 71.2 { 4.8 % g |G

Apr 29 } 09 35 25 35.7 | T0.2 | 4.7 189 a: [ A

Apr 30 | 03 37 06 38.2 | 73.9 | 47 223 g |G

May 01 | 08 08 13 37.0 | 71.6 - . 1160 |g G

May O4 | 03 22 04 | 36.4 ) 71.5 | 4.6 | 126 a |A

May 07 | 15 38 10 | 37.8 | 71.5 4.7 {160 |g |G

Moy 08 |17 4952 | 38,1 [72.3 | -~ | 33 |a .4

May 10 { 13 0730 36,2 | 71.4 | - {161 |a }a&

May 11 | 13 16 33 | 36.2 | 71.3 | k4.5 110 |a |4

May 13 | 10 Q4 37 | 39.9 | 70. 4.8 33 |a |A

May 13 | 12 27 52 | 38,0 | 73.4 { 4.6 <11 ja }A

Moy 14 |17 03 19 | 36.8 {71.5 | - 160 |[g |¢G : - :

May 15 | 20 39 46 34. 70.9 | 5.6 22- |a | A |Event #2, 1969, APP.C
May 18 | O4 49 50 | 35.9 |70.0 | - - | 160 |¢g G _ o
‘May 19 | 1001 48 | 36,1 |71.3 |46 |11 [a |4

May 21 1153200 |36.4 [70.2 [5.0 |229 |a [A

May 31 | 03 36 28 33,1 { 72.5 - 160 g |G

May 31 | 215942 |36.3 |70.9 |47 |134 fa |A

Jun 03 | 13 13 25 37.0 | 7T1.L4 -|'5.0.7{160 |g | @&

Jun 05 | 06 00 29 [|36.7 | 71.2 |46 232 |a  |A

Jun 05 | 14 04 53 | 36,5 |71.0 | =~ 223 g G,

Jun 06 | 10 56 14 | 36.1 | 70.8 - 1160 |g G

Jun 08 | 14 23 53 36,0 | 70.8 | - 0 (g |G | o _
Jun 10 | 22 52 12 36.4 | 70.7 | 5.4 {203 |a A . { Felt at Warsak, Pesh.
Jun 10 [ 23 30 54 |36.3 [70.4 [5.2-|213 |a |A |[Event #3, 1969, APP,C
Jun 19 | 18 1900 |38.5 | 71,0 | 4.8 117 |a..{A R -

<DA 9=



. TABIE D2

DATE TIME LAT" -} LONG | MAG |DEPTH AUTH {SRCE INTENSITY DATA
Ir Mo Dy | Hr Mn Sc N E - km
' 1969 Jun 24 | 06 23 20 | 37.3 | 69.8 - 223 | &g
Jun 25 | 08 12 34 } 36.4.] 71.1 - 223 g
Jun 29 | 12 44 05 | 36,3 | 70.6 | 4.8 223 | a
Juny 30 } 16 26 06 35.8 | 70.4 | -~ 223 g
Jul 08 { 19 34 57 37.5 | 72,1 - 223 g
Jul 08 | 21 12 39 30.1 | 67.8 - 33 |s
Jul 09 |19 54 40 | 36.2 | 70,5 | - 223 | g
Jul 18 | O4 46 23 | 37.4 |} 69.6 - 216 g
Jul 19 | 08 47 25 | 36.4 70,2 | - | 216 | g
Jul 20 {07 07 52 | 36.5 | 71.1 | 4.9 220 a
Jul 251 17 38 32 1 36.2 | 69.9 | - 33 g
Jul 29 | 11 37 42 | 37.0 | 71.4 - 160 g
Aug O4 | 07 5606 1 36,9 | 69.2 | = | 96 g
Aug 08 | 06 30 57 | 36.4 | 70.9 | 5.8 198 a Event #4, 1969, APP.C
Aug 12 } 05 0802 1§ 36,4 | 70.9 | 5.1 | 198 | a '
CAug 16 | 06 23 16 39.3 | 47 - 160 g
Aug 18 lh 5757 1 29.9 [ 67.5 5.0 15 a
Aug 20 | 23 |'37.2 | 5.4 - 223 g
Aug 20 18 2L, | 34,9 | 70.1 - 223 g
Aug 20 700 | 34.6 | 70.7 - 160 g
_Aug 23' 719 16_18‘ ‘3309 58-9 501 32 . a
Aug 24 | 203118 | 36,3 | 70.5 | - 223 g
Aug 2671 03.23 19 | 37.1 | 72.7 | 47 | 65 a
Aug 27 | 22 35 54 | 3544 | Tli4 | 5.2 55 | a
Aug 27 | 23 53 Ly | 35.4 | T1.4 - 33 e
Aug 28 | 03 58 35 39.1 | 73.6 | 5. .20 a
Aug 28 | 04 06 22 | 39.2 | 73.9 | 5. 26 a

1
1
Sep 03 | 23 3903 | 34.3 | 58.3 | 4.8 33
Sep Oh { 02 57.19 | 36,5 |.70.9 1} 4.8
Sep 05 | 09 1313 | 37.5 | 72.9
Sep 05 | 21 1254 | 39.3 | 73.6
Sep 12‘ 05 08 02 36bh 70.9 5 1
Sep L4 | 14 46 2) § 39.6 | 74.9 | 5.1 33
CSep 14 | 26 15 25 | 39.7 | The9 | 5.6
Sep lh : 23'45 hor . 37-7 7205 - 33
Sep 16 |21 19 27 ]| 39.8 | 75.1 | 4.9 19
Sep 19 | 00 55 4O 37.2 | 70.2 -
Sep 19 | 18 31 55 |36.3 | 70.3 | - 160
Sep 19 {19 36 08 | 39.9 | 7154 =~
Sep 20 | OL 4B 46 29.7 { 68,6 [ 5.2
Sep 20 | 14 07 58 | 38B.4 69.8 | 5,1
Sep 21 | 19 09 54 36.0 | 69.3 | 4T | TR
Sep 23 | 12 31 55 | 30.3 69.7 | 4.5
Sep 24 | O4 42 15 | 37.7 | 72.2 -
Sep 27 | 15 37 25 | 39.8 | 70.4 -
Sep 27 | 16 56 .20 | 39.4 | The9 | = 160

| Bvent #5, 1969, APP,C
Event #6, 1969, APP,C

Event #7, 1969, APP,C

"Sep 28 | 16 27 05 | 37.7 | 0.6 |
Sep-28 | 18 53 29. | 39.3 | 73.6 | 5.0 | 62

NFOARA R ORAFPAREEORRE PREPPQPQAAROREO QQFPAOOAQ QB Q0

O
o~
REPREKKR PR P NEMENK PR DR ORAPD

Sep 29 . o7 03_17,“ .38.3 7042 | 160
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TABLE D2
DATE : TIME IAT | LONG | ‘MAG |DEPTH [AUTH|SRCE INTENSITY DATA
Ir Mo Dy | Hr Mn Se N E km -
1969 Oct Ol | 10 19 28 29.1 | 68.7 | -~ 33 g G
Oct O1 | 22 48 13 36,51 70.9 | 4.9 230 |8 | A
Oct 04 1 15 55 49 | 35.0 | 70. 4.7 195 | a A
Oct L4 | 23 02 35 39,7 | 72.5 1 - 160 g |G
Oct 15 | 16 32 20 | 35.9 | 70.9 | - 223 | g G
Oct 17 | 12 27 54 | 36.3 ] 70,6} - - |'223 |l g | G
Oct 18 | 06 50 07 36.6 | 70,7 - 223 g | G
Oct 19 | 18 05 46 | 35.1 | 72.3 | - 160 g G
Oct 20 { 10 25 30 { 35.2 | 72.3 |'h.5 . 1160 | g |-G
Oct 23 | 06 53 07 | 37.7 | 71.0 | -~ 223 g |G
Oct 27 | 18 29 59 | 36,1 | 70.4 | 4.7 192 | a | A
Oct 28 { 18 45 11 | 36.5 | 70.9 | 5.0 | 229 | a A
Oct 2/8 21 28 ‘}-I-l 3693 71-1 - 223 g G
Nov 05 | 02 16 30 37.5 § 70.3 - 160 g G Felt
Nov Q7 | 00 00 34 | 36.7 | 70.4 | =~ 160 | g G
Nov 07 | 18 34 00 | 27.9 | 60.1 | 6.7 35 a A
Nov 09 | 14 25 05 36.1 | 68.8 - 223 g G
Nov 11 | 00 25 00 | 36.3 | 71.6 - 223 g G .
Nov 15 | O4 37 18 36,1 | 70.7 - 223 g G
CNov 24 | 17 23 20 | 37.2 | 71.7 | 5.6 123 a A
Nov 24 | 22 14 36 | 36.5 | 70.6 | 4.9 | 223 g G
Nov 25 | 15 46 56 36.2 | 70, - 223 g G
Dec 02 | 10 17 40 | 34.5 } 73.9 - 96 g |G
Dec 02 | 18 17 Q1 36.5 | 70.6 | 5.1 206 a A
Dec 02 | 22 46 16 | 33,9 | 58.6 | 5.1 | .33 {a | A
Dec 03 | 16 44 20 | 36.4 | 71.1 | 4.7 211 | & A
Dec 05 | 15 22 29 37.5 | 72.0 - 160 g G
Dec 06 | O4 33 15 37.9 | 73.0 | 4.9 131 a A
Dec 08 | 03 13 05 37.4 § T1.9 - 160 | g G
Dec 08 | 17 36 06 | 35,6 | 70.1 - 160 g G
Dec 12 | 22 34 27 | 36.6 | 69.9 - 160 | g G
Dee-14 | 17 31 38 - | 37.0 | 70.1 { .~ 160 g G
Dec 15 | 03 46 18 36.3 | 68.5 '} =~ - 39 a A
Dec 15 | 21 03 35 37.2 | 71.6 | ~ 160 g G
Dec 16 | 11 01 59 36.6 | 70.7 - 160 | g G
Dec 17 | 06 36 06 - | 36.5 | 71.3 | 4.5 63 a A
Dec 20 { O4 23 28 | 36.0 | 70.5 - 160 | g G
Dec 20 | 21 27 53 - | 36.3 | 71.1 - 160 | g G
Dec 21 | 19 13 42 36.5 | 70.2 - 160 g G .
Dec 22 | 04 53 33 35.9 | 69.9 - 223 g |G-
Dec 22 | 12 48 36 37.7 | 72.4 | - 160 g G-
Dec 24 | 14 58 42 | 36.6 | 70.6 - 223 g G,
Dec 25 | 18 07 45 36,6 | 71.5 - 223 g G
Dec 28 | 16 50 QO 364 | 712 | 4.8 202 a A
Dec 29 | 18 08 56 37.0 | 71.8 | 4.7 42 a A
Dec 31 | 09 10 56 36.1 | 70.7 - 96 £ G:
- -D5l-



TABLE D2

DATE TIME IAT |LONG | MAG |[DEPTH |AUTH|SRCE INTENSITY DATA

Tr Mo Dy | HrMn Sc | N E | m E
| ADDENDUM s N

1927 Jul 15 | 03 46 43 | 36.5 | 70.5 |.5.8T | 250 b | A | |

1941 Sep 29 | —= = == [ 30.7 | 67.2 | 5.8 |0-50 |g | G' | Event #2, 1941, APP.C
|1958 Mar 27 | -~ -~ — { 37,0 | 7.0 | 7.3 |20 |g |G

Apr 03 | =~ == == | 36.5 | 71.0 | 6.0 00 {g |¢G

11962 Sep 15 | - == — - | 32,3 | 75.7 | 6.0 |0-50 |g |G

1968 Sep-28 | 09 2537 | 27.6 | 66.9 | 5.2 | 33 |a |4
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TABLE B3

TEMPORAL DISTRIBUTION OF RECORDED  EARTHQUAKES IN THE.

 SBDION 2°-u0PN AD SOTEE.

TOTAIS |
ALL - STRONG | -
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TEAR

to 1899 |
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TABLE DJj

TEMPORAL DISTRIBUTION OF RECORDED EARTHQUAKES WITHIN AFGHANISTAN

YEAR | JAN |FEB |MAR |APR |MAY |JuN |JuL | Avc |sEP |oct | Nov | pEC AL STROM:
to 2904 | =) =) =| ~| <] ~] <] <} < ~| -] -] - -
bo1909 | = | - 1f 2| -f -] 1] -| <] 2| -} 2| 7 .7
to19 | ~f 2| ~| 2} x| 1p 2| 2| -] =} b -l o7 6
t01919 | -~y ~| ~| 2] -| &} ~| ~| - < - ~| 3 3
tol92 | =} = = ~| 2| = = = 2{ 1| 1| 2{ ¢ 5

1925 | = - 2 = = 2] - =] =] - =] 2| 3 3

1926 - -1 1 - - - - - - - - - 1 -

1927 1 | =} -] 2] =] =} -} | - -] -f ~| 2 ° 2

1928 | ~| -] -] = =~ 2} 2| 2| -] -] =] - 3 -2

1929 | =| 1| 2| ~| - -| -] -] 2| - -} 2| 5 3

1930 § < <t - -t =] «{ - -] 2| -] -{ 1] 3 1

19313 | 2] - = < = <1 -0 1] 1} 1) 1| -y 6

1932 | ~f 2l af 2} =] =) <] o} - -]l <] 5 2

1933 | 2} -] ~] =} 2| 1] -] =} =} 2 - 2] & . 2

a9 | =) - -] 2] | 1| 2| | 1} -] 2] 2| 9 2

1935 | - af -] 2 3] 2] 2} - -F 1} - 1) 12 4

1936 | 2} ad -] <l 2] 2t - 2 - -« 1| =] &8 1

1937 4 = ~{ o 2 «f ={ -} ~f 2} 2| 2| = -

1938 | 2| 2f ~| 2} =] <] -] 2} -] 2| 2} <) 7 "1

1939 | -] 2] ~f 1p 2} 1) -] =} 1] 2| 1| 1| 9 1

950 | 1) L) 2 «) 1 x| 2y -] 3] 1] 2] 1} 15 6

wa |-t = v 3l 2| 2] sl - - 2] -] 9

w2 | = - 2| - 2 < -] - -] - 2] -| 3 1

W43 | e | 24 = = = ~| =] = 2{ 1| -] 3| 7 2

94 | = =] a| & «f ~] -} =] =} -] 1) 1] 3 -

s | o~ 1] - =] <] =} < =] <} 2] -} -} 2 -

W | 2| 1| - - - - = -l -] -] 5 -

1947 1 1| =1 - 1| 2} 1} 31p 2f 1| 12 1
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TABIE D5

‘I'.E'MPORAL DISTRIBUTION. OF R.ECORDED EARTHQUAKES IN THE

DEEP EARTHQUAKE ZONE (SEE FIG. 35)
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FEB |

APR

MAY

JUN

JUL

AUG

SEP
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to2919 | =| ~| =] 2f -1 1| - =f <] | -] - 5
tod92 | ~f =| «| -| 2| ~] ~} <l 2] 1] 1] 2 5

1925 | - - < - -1 2f <] -| -] -| -| 1 2
2926 | -] eb 2f e =] -} -] -] =} -} -1 - -
1927 | - =t =] 2| < -0 -] -] - | -| -
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TABIE D5
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IDENTIFICATION OF DATA SOURCES AND AUTHORITIES

The Data Source and Authority codes used in Tables Dl and D2 are identi-

fied as follows:

DATA SOURCES:

CODE
A

E
G

c!

AUTHORTIT IES

CODE

a

DATA SOURCE
United States Coast & Geodetic Hypocentral Data File

Atlas of Earthquakes in the U,S.S.R. (Ref. 31)

Preliminary Seismological Bulletin of Pakistan Geophy51cal Centre

Iist of Significant Farthquakes Ih and Around Pakistan During
1905 and 1967, Pakistan Meteorological Department, Geophysical
Centre, Quetta, 1969

Kabul University Seismological Center Earthqueke Files

AUTHORITY ,

United States Goast & Geodetic Survey, Rockville, Maryland, U.S.A,

Seismicity of the Earth, Gutenberg & Richter (Ref. 5)
Bureau Cemtral International De Seismologie, Strasbourg, France

International Seismological Summery, KeW%OBServatory, England

U.S.S.R. Institute of Physics, Moscow, U.S.5.R. (MOS)

Seismological Lsboratory, California Institute of Technology,
Pasadena, California, U.S.A, (PAS)

Geophysiesl Centre, Pskistan Meteorological Department, Quetta,
Pakistan (QUE)

Charles University, Geophysical Institute, Prague (PRAH),
Czechoslovakia (PRA)

Strasbourg, France (STR)

‘Institute Nazionale Di Geo Fisica, Rome, Italy (ROM)

Seismological Ihstitute, University of Uppsala, Uppsala, Sweden
(KIR)
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(ccﬂt d . )
AUI‘HORITY

India !-!eteorological Depertument, Centrel Seismologicel Observa-
tory, Shillong, India (SHL)

‘Karachi, Pakistan (KAR)

E‘Eels?ological Institute, University of Uppsala ’ Uppsala ’ Sweden
UPP

. Japan Heteorological Agency, Tok;yo s dapan (MAT)

Kabul Univeraity Seismological Center, Kabul, Afghanisten (KBL)
United Kingdom Heteorological Office, Kew Observatory;

o Richmond, England (KEW)
" Pakiatan Geophysical Institute. (WRS)
Khorog, Tadz.hik, U.5.8.R. (KHO)

Colloge Qoservatory, Coast & Geodetic Su-vey » College, Alaska,
U.5,4, (COoL)

hmeaerdbobmaienst, Stuttgart, Germany (STU)

- Tl.llll, mhhm’ U.5.A, (TUL)

" University of Helsinki, Institute of Seimology, Helsinki,
 Pinlam MR)

NOTE: In m above uating of authorities, the three letter codes are the

station code letters for the seismic station operated by the authority,
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FIGS, 1 to 36

NOTE: Enlarged copies of Fig. 1 and
Fig. 35 can be found in the
pocket on the back cover of this
report.
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FIG., 1 MAP OF THE REGIONS OF AFGHANISTAN
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FAULT SYSTEMS IN AFGHANISTAN FROM THE GEOLOGICAL MAP (Fig. 2)
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FIG. 7 PLAN MAP OF AIKHANUM SITE
(Courtesy of D€iégation Archéologique en Afghanistan)
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FIG. 8

PLANFORM OF THE TEMPLE AT AIKHANUM ILLUSTRATING DISTRIBUTION OF CORNICE FRAGMENTS
(Courtesy of Délégation Arch€ologique Francaise en Afghanistan)




CORNICE FRAGMENTS ALCNG RIGHT WALL OF TEMPLE
A) VIEW LOOKING TOWARDS REAR OF TEMPLE
B) VIEW LOCKING TOWARDS FRONT OF TEMPLIE
(Courtesy of Délégation Arch€ologique Francaise en Afghanistan)
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‘ FIG. 10 EARTHQUAKE. DAMAGE TO THE DEFENSES OF JALALABAD ~ 1842
il (Courtesy of the British Embassy, Afghanistan)

In Figs. 10, 11, 12 and 13:

All Portions Akove Black Line Were Destroyed by the
February 19, 1842 Earthquake.

w .
ABCD - East Wall With Peshawar Gate
DEFGHI - North Wall With River Gate
- IJKL =~ West Wall With Kabul Gate

1

IMNA South Wall With Scuth Gate
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EARTHQUAKE DAMAGE TO THE DEFENSES OF
(Courtesy of the British Embassy,

See Fig, 10 for Explanatory

JALALABAD - 1842 -
Afghanistan)
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FIG., 13

EARTHQUAKE DAMAGE TO THE DEFENSES OF JALALABAD -
(Courtesy of the British Embassy, Afghanistan)

See Fig. 10 for Explanatory Notes

1842



(Total Destruction of West Wall)



FIG. 15

VIEW OF AN EW INTERNAL WALL OF BUILDING AT DARRI AJAR
(The West Direction is to the Left, See Fig. 14)
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57

EARTHQUAKE DAMAGE AT NURGAL - MAY 15, 1969
(Note Destruction to Bastion and Mud Walls Along Road)




FIG, 18

VIEW OF A DESTROYED HOUSE IN NURGAL -~ MAY 15, 1969 EARTHQUAKE




A FIG, 19 BUILDING DESTRUCTION IN IRAN - AUGUST 31, 1968 EARTHQUAKE
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