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The 5 - s t o r y  J.C. Penney Company s t o r e  i n  Anchorage, Alaska, was severe ly  damaged 
by t h e  March 27, 1964, earthquake; damage t o  t h e  b u i l d i n g  was assigned i n t e n s i t y  
I X  on t h e  M o d i f i e d  M e r c a l l i  I n t e n s i t y  Scale (see appendix 1, p. A-2). 
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SUMMARY OF EARTHQUAKE INTENSITY FILE 
A computerized file of the effects of earthquakes in the United States 

Jerry L. Coffman and Carlos Angel 

Introduction 
Earthquake i n t e n s i t i e s  a re  numerical values assigned t o  t h e  e f f e c t s  o f  ear th -  

quakes on people and t h e i r  works, and on t h e  n a t u r a l  environment. I n t e n s i t i e s  are 
evaluated u s i n g  t h e  M o d i f i e d  M e r c a l l i  I n t e n s i t y  Scale o f  1931, which contains l e v e l s  
o f  e f fec ts  ranging f rom i n t e n s i t y  I, bare ly  percept ib le ,  t o  i n t e n s i t y  X I I ,  t o t a l  
damage. 

Al though t h e  development o f  se ismologica l  instruments and inst rumenta l  tech- 
niques t h e  past  80 years has been impressive, earthquake i n t e n s i t y  remains among t h e  
most acceptable c r i t e r i a  on which t o  base earthquake r i s k  f a c t o r s  and t o  p r o j e c t  
f u t u r e  se ismic a c t i v i t y  (Brazee, 1976). This, i n  p a r t ,  i s  due t o  t h e  extens ive 
a v a i l a b i l i t y  o f  earthquake i n t e n s i t y  data ( f rom t h e  mid-1600s) compared t o  t h e  
a v a i l a b i l i t y  o f  earthquake ins t rumenta l  data ( f rom about 1897). 

Earthquake i n t e n s i t y  i n f o r m a t i o n  is a unique and va luable data source f o r  t h e  
research se ismologis t ,  t h e  s t r u c t u r a l  engineer, t h e  actuary, and t h e  e a r t h  science 
i n s t r u c t o r .  Al though pub l ished i n f o r m a t i o n  on earthquake e f f e c t s  has been a v a i l a b l e  
f o r  many years (see "Sources o f  Data") ,  compi l ing  comprehensive l i s t s  o f  earthquakes 
and t h e  i n t e n s i t i e s  t h a t  were experienced a t  nearby c i t i e s  s t i l l  requ i red  much t i m e  
and e f f o r t  by t h e  researcher. 

I n  t h e  e a r l y  1960s, however, p repar ing  l i s t s  o f  h i s t o r i c a l  earthquakes became 
l e s s  labor ious  and t i m e  consuming a f t e r  t h e  U. S. Coast and Geodetic Survey compiled 
a computerized data f i l e  o f  wor ldwide earthquakes. The f i l e  not  on ly  contained e p i -  
centers  o f  earthquakes but  a l s o  h e l d  o t h e r  va luable i n f o r m a t i o n  on each event, i n -  
c l u d i n g  t h e  maximum r e p o r t e d  i n t e n s i t y .  The new f i l e  s t i l l  had l i m i t a t i o n s ,  
however, because t h e  names o f  c i t i e s  exper ienc ing t h e  earthquakes and t h e  i n t e n -  
s i t i e s  a t  those c i t i e s  were not inc luded i n  t h e  data base. The next l o g i c a l  step, 
there fore ,  was t o  compile another f i  le--an Earthquake I n t e n s i t y  F i  l e - - t h a t  not on ly  
would i n c l u d e  ins t rumenta l  earthquake data, but  a l s o  would conta in  t h e  impor tant  
a n c i l l a r y  data on earthquake e f f e c t s ,  T h i s  summary descr ibes a computerized data 
f i l e  o f  t h i s  k i n d  a t  t h e  Nat iona l  Geophysical Data Center i n  Boulder, Colo. 

Description of File 
This  r e p o r t  descr ibes t h e  Earthquake I n t e n s i t y  F i l e  ( a l s o  c a l l e d  t h e  Earthquake 

E f f e c t  F i l e ) ,  a unique data base t h a t  t h e  Nat iona l  Geophysical Data Center (NGDC) 
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The South C a r o l i n a  earthquake on Aug. 31, 1886, 
l e f t  t h i s  damage on Bay S t r e e t  i n  Charleston; 
t h e  damage was assigned i n t e n s i t y  IX on t h e  
M o d i f i e d  M e r c a l l i  I n t e n s i t y  Scale (see appen- 
d i x  1, p. A-2). 

has been developing f o r  severa l  years. The f i l e  now conta ins more than 137,000 re -  
p o r t s  on about 21,000 earthquakes t h a t  a f f e c t e d  t h e  U n i t e d  Sta tes  f rom 1638 through 
1980. The p r i n c i p a l  data i n c l u d e d  f o r  each earthquake i n  t h e  f i l e  a r e  t h e  names and 
geographic coordinates o f  c i t i e s  t h a t  have repor ted  e f f e c t s  f rom earthquak' f lere- 
a f t e r  c a l l e d  " r e p o r t i n g  c i t i e s " )  and t h e  i n t e n s i t i e s  assigned t o  those e f f e c t s .  
Each i n t e n s i t y  has been assigned u s i n g  t h e  M o d i f i e d  M e r c a l l i  I n t e n s i t y  Scale o f  1931 
(Wood and Neumann, 1931; see appendix 1). 'O ther  i n f o r m a t i o n  g iven f o r  each ear th -  
quake inc ludes:  d is tance of each r e p o r t i n g  c i t y  f rom t h e  e p i c e n t e r  o f  t h e  ear th -  
quake; number o f  hours t o  s u b t r a c t  f r o m  Un iversa l  Time (UT) t o  o b t a i n  o r i g i n  t i m e  i n  
l o c a l  standard t ime; reference ( a u t h o r i t y )  codes f o r  r e p o r t i n g  c i t i e s  and i n t e n s i t y  
values; and S t a t e  codes. I n  add i t ion ,  t h e  date, o r i g i n  t ime, ep icenter ,  magnitude, 
and depth (where a v a i l a b l e )  a re  g iven f o r  a l l  earthquakes (see appendixes 2 and 3 
f o r  a d e s c r i p t i o n  o f  t h e  formats f o r  magnetic tape and p r i n t o u t s ) .  

Al though t h e  Earthquake I n t e n s i t y  F i l e  represents an impor tan t  c o n t r i b u t i o n  t o  
seismology research, i t  has severa l  l i m i t a t i o n s  t h a t  should be mentioned: 

1) About 25 percent o f  t h e  2,500 earthquakes repor ted  f rom 1638-1928 and 10 
percent  of t h e  18,500 events f r o m  1928-80 do no t  have ins t rumenta l  ep icenters ;  t h i s  
omission i s  mainly due t o  t h e  f a c t  t h a t  se ismolog ica l  inst ruments were not  developed 
u n t i l  t h e  l a t e  1800s, and f u r t h e r  t h a t  t h e  inst ruments were not  w ide ly  d i s t r i b u t e d  
f o r  many years  l a t e r .  

2 )  Several  o f  t h e  r e p o r t i n g  c i t i e s  l i s t e d  i n  t h e  f i l e  have no t  been assigned 
geographic coordinates;  however, t h e  l o c a t i o n s  o f  these c i t i e s  w i l l  be i n c l u d e d  when 
a d d i t i o n a l  a t  1 ases and gazet teers have been checked. 

3 )  The f i l e  conta ins  data o n l y  f o r  those earthquakes t h a t  have ep icenters  i n  
t h e  U n i t e d  Sta tes  ( i n c l u d i n g  nearby t e r r i t o r i e s  and areas o f  Canada and Mexico t h a t  
border  t h e  U n i t e d  Sta tes) ;  however, some data f o r  a few events i n  t h e  P h i l i p p i n e s  
and Guam a l s o  have been i n c l u d e d  ( f rom t h e  l a t e  1930s through 1941). 

The p r i n c i p a l  sources f rom which i n t e n s i t i e s  and names o f  r e p o r t i n g  c i t i e s  were 
taken f o r  t h e  Earthquake I n t e n s i t y  F i l e  are: Earthquake H i s t o r y  7- o f  t h e  U n i t e d  
States,  1638-1980; Monthly Weather Serv ice  Seismolo i c a l  Reports, Dec. 191- 
1924; Q u a r t e r l y  Seismologica l  R e p o r t z 2  U n i t e d  Sta tes  E a r t h  uakes 1928-80; 
and A b s t r a c t s  o f  Earthquake Reports -7 f o r  t h e  U n i t e d  States,  19 e add i t ion ,  
i n f o r m a t i o n  about earthquakes i n  Alaska was e x t r a c t e d  f rom Meyers and o thers  (1976). 

The Earthquake I n t e n s i t y  F i l e  may sometimes be used more e f f e c t i v e l y  i n  con- 
j u n c t i o n  w i t h  another  data f i l e  a t  NGDC--the Earthquake E p i c e n t e r  F i l e  ( a l s o  c a l l e d  
Earthquake Data F i l e ) .  Al though both f i l e s  c o n t a i n  ep icenters  o f  earthquakes and 
t h e i r  maximum r e p o r t e d  i n t e n s i t i e s ,  on ly  t h e  I n t e n s i t y  F i l e  conta ins i n f o r m a t i o n  on 
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t h e  e f f e c t s  a t  a l l  c i t i e s  r e p o r t i n g  t h e  earthquake. Several o ther  impor tant  d i f -  
ferences between t h e  two f i l e s  should be po in ted  out ;  f o r  example, t h e  Ep icenter  F i l e  
conta ins  t h e  f o l l o w i n g  in fo rmat ion  t h a t  i s  not i nc luded  i n  t h e  I n t e n s i t y  F i l e :  

1) data on earthquakes worldwide ( i n c l u d i n g  explosions, coal  bumps, rock 
bursts ,  and o the r  e a r t h  d is turbances) ;  

2 )  q u a l i t y  f ac to rs  fo r  ep icenters  and in fo rmat ion  on phenomena associated w i t h  

3) values f o r  severa l  d i f f e r e n t  magnitudes, i n c l u d i n g  body-wave, surface-wave, 

t h e  earthquakes (such as tsunamis, vo lcanics,  and f a u l t i n g ) ;  

l o c a l ,  and miscel laneous magnitude values; and 

4 )  maximum i n t e n s i t i e s  repor ted  on severa l  d i f f e r e n t  scales, i n c l u d i n g  Mod i f i ed  
M e r c a l l i ,  Rossi-Forel ,  Japanese, and European scales (see appendix 1, p. A-3) .  

Sources of Data 
The main sources o f  data used i n  compi l ing  t h e  Earthquake I n t e n s i t y  F i l e  a re  

descr ibed below. Fo r  o the r  sources o f  data, see t h e  B ib l i og raphy  on page 8. 

Earthquake H i  s t o r y  of t h e  Un i ted  States 

Th is  p u b l i c a t i o n  i s  a summary of a l l  earthquakes ( i n t e n s i t y  V and above) t h a t  
have occurred i n  t h e  Un i ted  Sta tes  and i t s  t e r r i t o r i e s  f rom e a r l i e s t  recorded h i s t o r y  
(about 1638 i n  t h e  New England reg ion )  through 1980. The 1982 e d i t i o n  o f  t h i s  p u b l i -  
c a t i o n  (Coffman and others,  1982) conta ins rev i sed  ep icenters  and i n t e n s i t i e s  f o r  
severa l  earthquakes. Th is  source, there fore ,  i s  t h e  a u t h o r i t y  f o r  ep icenters  o f  
s i g n i f i c a n t  earthquakes i n  t h e  f i l e  and a l s o  f o r  most i n t e n s i t i e s  o f  MM >V. I n  addi-  
t i o n ,  pages x i - x i  i of "Earthquake H i s t o r y "  con ta in  severa l  addenda a n F  corr igenda, 
which have been used t o  update i n fo rma t ion  i n  t h e  I n t e n s i t y  F i l e .  

-- 

Uni ted  Sta tes  Earthauakes 

Much o f  t h e  i n t e n s i t y  data i n  t h e  Earthquake I n t e n s i t y  F i l e  f o r  1928-80 were 
taken f rom t h i s  annual repor t .  I t s  p u b l i c a t i o n  i n  1928 began a con t inu ing  program o f  
c o l l e c t i n g  comprehensive e f f e c t  repo r t s  on a l l  earthquakes i n  t h e  Un i ted  States and 
i t s  t e r r i t o r i e s .  Th is  p u b l i c a t i o n  not  on ly  conta ins b r i e f  desc r ip t i ons  o f  a l l  ear th -  
quakes t h a t  were f e l t  o r  damaging, bu t  a l s o  inc ludes  MM i n t e n s i t i e s  f o r  most o f  t h e  
c i t i e s  i n  which t h e  t remors were observed. Fo r  earthquakes i n  1928-31, however, 
pub l i shed i n t e n s i t i e s  were assigned us ing  t h e  Rossi-Fore1 (RF) i n t e n s i t y  scale. 
Where i nc luded  i n  t h e  I n t e n s i t y  F i l e ,  these i n t e n s i t i e s  a re  converted t o  values on 
t h e  MM Scale (see p. A-3 f o r  a comparison o f  t h e  RF and MM scales).  I n  add i t i on ,  
some desc r ip t i ons  o f  earthquake e f f e c t s  i n  Un i ted  Sta tes  Earthquakes were no t  
assigned an i n t e n s i t y  because t h e  e f f e c t  i n fo rma t ion  was i n s u f f i c i e n t l y  d e t a i l e d  
(e.g., " s l i g h t , "  " feeble,"  " f e l t " ) .  To make t h e  computerized f i l e  as complete as 
poss ib le ,  NGDC has assigned an i n t e n s i t y  o f  I 1  t o  earthquake repo r t s  t h a t  had only  
t h e  s l i g h t e s t  o f  d e t a i l s ,  and an i n t e n s i t y  o f  I11 t o  earthquake repo r t s  t h a t  were 
grouped as i n t e n s i t y  1-111. 
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Q u a r t e r l y  Sei  smol o g i  c a l  Report  

Th is  p u b l i c a t i o n ,  which was pub l i shed by t h e  U.S. Coast and Geodetic Survey, was 
a source o f  i n f o r m a t i o n  on r e p o r t i n g  c i t i e s  and i n t e n s i t i e s  f o r  t h e  years  1925-27. 
A l l  Rossi-Fore1 i n t e n s i t i e s  assigned t o  earthquake r e p o r t s  d u r i n g  t h i s  p e r i o d  have 
been converted t o  t h e  MM I n t e n s i t y  Scale. Where omit ted,  i n t e n s i t i e s  have been 
ass i  gned accord ing t o  t h e  method descr i  bed i n  t h e  precedi  ng paragraph. 

Abs t rac ts  - o f  Earthquake Reports f o r  t h e  U n i t e d  States 

Th is  p u b l i c a t i o n  i n c l u d e s  a l l  t h e  e f f e c t  data c o l l e c t e d  f o r  earthquakes i n  t h e  
U n i t e d  Sta tes  and i t s  t e r r i t o r i e s  d u r i n g  t h e  1933-70 per iod.  Because t h e  q u a r t e r l y  
"Abs t rac ts "  r e p o r t  con ta ins  only  p r e l i m i n a r y  earthquake data, i n f o r m a t i o n  i n  U n i t e d  
S t a t e s  Earthquakes annual r e p o r t s  and i n  Earthquake H i s t o r y  o f  t h e  Un i ted  Sta tes  i s  
p r e f e r r e d ,  f o r  they c o n t a i n  a d d i t i o n a l  r e p o r t i n g  c i t i e s  and r e v i s e d  i n t e n s i t y  
i n f  ormat i on. 

Monthly Weather Serv ice  Seismologica l  Reports 

These r e p o r t s  represent  a main source f o r  i n f o r m a t i o n  on earthquake e f f e c t s  i n  t h e  
U n i t e d  Sta tes  and nearby t e r r i t o r i e s  f o r  December 1914 through June 1924. As i n  

V e r t i  c a l  ground displacement accompanied t h e  F a i  r v i  ew Peak, Nev. , earthquake 
o f  December 16, 1954; t h e  displacement was assigned i n t e n s i t y  X on t h e  

Mod i f ied  M e r c a l l i  I n t e n s i t y  Scale (see appendix 1, p. A-2). 
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o the r  pre-1931 p u b l i c a t i o n s  a l l  i n t e n s i t i e s  were assigned accord ing  t o  t h e  Rossi -  
Fo re l  sca le;  however, minimal repor ted  e f f e c t s  (e.g., s l i g h t l y  f e l t )  were no t  
assigned i n t e n s i t i e s .  NGDC, there fore ,  has assigned i n t e n s i t i e s  t o  a l l  e f f e c t s  and, 
i n  add i t i on ,  has converted Rossi-Fore1 i n t e n s i t i e s  t o  t h e  MM Scale. 

History of Earthquake Intensity Scales 
Although t h e  h i s t o r y  o f  t h e  development o f  earthquake i n t e n s i t y  sca les i s  l ong  

and i n t e r e s t i n g ,  on ly  a b r i e f  summary w i l l  be presented here. Poardi ,  an I t a l i a n ,  
made t h e  f i r s t  known at tempt  t o  c l a s s i f y  earthquakes by i n t e n s i t y  i n  1627; he used a 
sca le  o f  f o u r  l e v e l s  o f  i n t e n s i t y  t o  descr ibe  e f f e c t s  o f  earthquakes exper ienced a t  
d i f f e r e n t  towns. Al though many a d d i t i o n a l  at tempts were made i n  t h e  18 th  and 19 th  
c e n t u r i e s  t o  develop comprehensive scales f o r  measuring earthquake i n t e n s i t y ,  none 
was more w ide ly  used than  t h a t  fo rmula ted  i n  1873 by M.S. de Rossi o f  I t a l y  and F.A. 
F o r e l  o f  Switzer land. But  t h i s  sca le  a l s o  had severe l i m i t a t i o n s ,  and t h e r e f o r e  was 
superseded i n  t h e  e a r l y  1900s by M e r c a l l i ' s  rev i sed  i n t e n s i t y  scale;  i t  conta ined 12 
l e v e l s  o f  i n t e n s i t y .  

I n  1931, a modi f ied vers ion  o f  M e r c a l l i ' s  sca le  was pub l ished by H.O. Wood and 
Frank Neumann. Known as t h e  Mod i f i ed  M e r c a l l i  I n t e n s i t y  Scale o f  1931, i t  has become 
t h e  s tandard used by t h e  Un i ted  Sta tes  engineer ing seismology community, which i n c l u -  
des t h e  Na t iona l  Geophysical Data Center and t h e  U.S. Geologica l  Survey. Appendix 1, 
which g ives t h e  unabr idged vers ion  o f  t h i s  scale,  a l s o  compares t h e  i n t e n s i t y  l e v e l s  
o f  t h i s  sca le  t o  those of t h e  Rossi-Forel ,  Japanese, and European scales. 

Collecting Data on Earthquake Intensity 
The U.S. Geologica l  Survey (USGS) i s  t h e  Federal  agency respons ib le  f o r  c o l l e c t -  

i n g  earthquake i n t e n s i t y  data. They ca r ry  out  t h i s  r e s p o n s i b i l i t y  us ing  a quest ion-  
n a i r e  card  c a l l e d  "Earthquake Report," bu t  they a l s o  send f i e l d  i n v e s t i g a t o r s  t o  t h e  
scene of d e s t r u c t i v e  earthquakes t o  analyze t h e  r e s u l t i n g  damage. D i f f e r e n t  versions 
o f  t h i s  card  have been used s ince  t h e  mid-1920s by severa l  groups who were respon- 
s i b l e  f o r  c o l l e c t i n g  i n t e n s i t y  data. The present  ques t i onna i re  conta ins p e r t i n e n t  
quest ions about earthquake e f f e c t s  t h a t  enable a se ismolog is t  t o  eva lua te  t h e  i n t e n -  
s i t y  o f  t h e  earthquake i n  a l l  p a r t s  o f  t h e  shaken area; i t  a l s o  i s  designed s p e c i f i -  
c a l l y  f o r  computer processing. 

The USGS sends ques t ionna i res  immediately a f t e r  each U.S. earthquake t o  post -  
masters, Na t iona l  Weather Se rv i ce  o f f i c e s ,  m i l i t a r y  i n s t a l l a t i o n s ,  and others,  
reques t ing  t h a t  they  r e p o r t  a l l  e f f e c t s  o f  t h e  earthquake i n  t h e i r  area. I f  t h e  
earthquake i s  damaging, exper t  observers t r a v e l  t o  t h e  f i e l d  t o  i n v e s t i g a t e  and pho- 
tograph t h e  damage incurred.  Th is  d a t a - c o l l e c t i o n  program i s  supplemented by 
newspaper accounts o f  earthquake e f f e c t s ,  pub l i shed s c i e n t i f i c  repor ts ,  and repo r t s  
p rov ided by seismology co l l abo ra to rs .  

A f t e r  t h e  completed earthquake ques t ionna i res  a re  re tu rned t o  USGS, a seismolo- 
g i s t  analyzes each r e p o r t  and assigns i n t e n s i t i e s  on t h e  bas is  o f  t h e  e f f e c t s  a t  each 
town; i n t e n s i t y  ( o r  i sose ismal )  maps (see example on next page) a re  then  cons t ruc ted  
f o r  earthquakes f e l t  over l a r g e  areas. Desc r ip t i ons  and maps o f  these events a re  
pub l i shed  annua l ly  i n  t h e  Un i ted  Sta tes  Earthquakes ser ies,  and a summary of t h e  
s t ronger  earthquakes (MM i ntens i  tm- - i s  pub1 i shed p e r i  od i  c a l  l y  i n  Earthquake 
Y-- o f  t h e  Un i ted  States. H i s t o r  
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, 

Isoseismal  map prepared f o r  San Fernando, Cal i f . ,  earthquake on Feb. 9, 1971. Roman 
numerals represent M o d i f i e d  M e r c a l l i  i n t e n s i t i e s  between isoseismals;  Arab ic  numerals 

represent  M o d i f i e d  M e r c a l l i  i n t e n s i t i e s  a t  s p e c i f i c  c i t i e s .  

ata 
The I n t e n s i t y  F i l e  i s  a v a i l a b l e  e i t h e r  on magnetic tape or as computer p r i n t o u t  

l i s t i n g s .  Appendixes 2 and 3 e x p l a i n  each f i e l d  o f  data f o r  both formats, and appen- 
d i x  4 l i s t s  S t a t e  codes used i n  these formats. Table 1 i s  an example of a computer 
search f o r  a l l  c i t i e s  t h a t  repor ted  t h e  earthquake a t  Char leston, S.C., i n  1886; 
t a b l e  2 l i s t s  a l l  earthquakes on record  t h a t  have a f f e c t e d  New York City. Tables 3 
and 4 a r e  s t a t i s t i c a l  t a b l e s  t h a t  g i v e  t h e  number o f  earthquakes i n  t h e  I n t e n s i t y  
F i l e  by S t a t e  and t h e  number o f  earthquakes by y e a r  (or i n t e r v a l  o f  years).  

NGDC can f u r n i s h  searches f o r  earthquakes by: 

1. Name and date of event (e.g., c i t i e s  r e p o r t i n g  t h e  Char leston, S.C., 
earthquake o f  September 1, 1886--see t a b l e  1); 
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2. M o d i f i e d  M e r c a l l i  i n t e n s i t y  (e.g., a l l  earthquakes o f  i n t e n s i t y  VI-XII); 

3. Date (e.g., a l l  earthquakes t h a t  were assigned i n t e n s i t i e s  i n  1980); 

4. Name o f  c i t y  (e.g., h i s t o r i c a l  l i s t i n g s  f o r  t h e  New York City area--see 
t a b l e  2); and 

5. Radius about any c i t y  o r  geographic p o i n t  (e.g., earthquakes w i t h i n  a 50-km 
rad ius  of Char leston, S.C., o r  w i t h i n  a 100-km rad ius  o f  32.79O N., 79.94' W . ) .  

NGDC w i l l  p rov ide  d a t a - f i l e  searches upon request, or, i f  desired, users can 
o b t a i n  t h e  I n t e n s i t y  F i l e  on magnetic tape t o  make t h e i r  own searches. 

NGDC a l s o  mainta ins a 16-mm m i c r o f i l m  f i l e  o f  repor ts  on earthquakes, which 
inc ludes  " f e l t "  and "not f e l t "  repor ts ,  personal  l e t t e r s ,  postcards, newspaper c l i p -  
pings, and w i r e  s e r v i c e  b u l l e t i n s .  Although earthquakes f rom about 1900 t o  1980 a r e  
covered, i n f o r m a t i o n  i s  not  a v a i l a b l e  f o r  each event d u r i n g  t h a t  period. The i n f o r -  
mat ion i n  t h i s  f i l e ,  which i n  most cases was prov ided by on-s i te  observers, repre- 
sents t h e  bas is  f o r  many o f  t h e  i n t e n s i t i e s  t h a t  have been assigned t o  e f f e c t s  a t  
r e p o r t i n g  c i t i e s .  To prov ide  a choice o f  formats t o  customers, NGDC plans t o  f u r n i s h  
these r e p o r t s  on m i c r o f i l m  casset tes i n  t h e  near fu ture.  

Please address a l l  i n q u i r i e s  and requests f o r  data to :  

Nat iona l  Geophysical Data Center 
NOAA/NESDIS, Code E/GC1-J 
325 Broadway 
Boulder, CO 80303 

Damage t o  r a i l r o a d  t r a c k s  i n  San Francisco 
f rom earthquake o f  A p r i l  18, 1906; i n t e n s -  
i t y  X was assigned t o  t h i s  damage (see 
appendix 1, p. A-2). 
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T a b l e  1 . - -Computer  search o f  E a r t h q u a k e  I n t e n s i t y  F i l e  f o r  e f fec ts  on s p e c i f i c  e a r t h q u a k e  

a n d  S t o v e r ,  19763 
[MM I N T  = M o d l f i e d  A e r c a l l i  I n tens i t y ;  UTC = U n i v e r s a l  C o o r d i n a t e d  T i m e .  U n d e r  REF. CODE: B = B o l l i n g e r  

SEARCH FOR I N T E N S I T Y  V I 1 1  TO X EFFECTS FROM CHARLESTON, SOUTH CAROLINA, EARTHQUAKE, SEPT. 1, 1886, 02:51 UTC. 

STATE C I T Y  

SOUTH CAROLINA CHARLESTON 
SOUTH CAROLINA LANGLEY 
SOUTH CAROLINA L I N C O L N V I L L E  
SOUTH CAROLINA SUMMERVILLE 
SOUTH CAROLINA WOODSTOCK 

SOUTH CAROLINA CARTERSVILLE 
SOUTH CAROLINA COOSAW 
SOUTH CAROLINA EFFINGHAM 
SOUTH CAROLINA GOUROIN 
SOUTH CAROLINA PORT ROYAL 

GEORGIA ATLANTA 
GEORGIA AUGUSTA 
GEORGIA COLUMBUS 
GEORGIA COVINGTON 
GEORGIA SAVANNAH 

KENTUCKY ASHLANO 
NORTH CAROLINA CHARLOTTE 
NORTH CAROLINA R A L E I G H  
NORTH CAROLINA WILMINGTON 

SOUTH CAROLINA A B B E V I L L E  
SOUTH CAROLINA ALLENDALE 
SOUTH CAROLINA ALSTON 
SOUTH CAROL I NA BALOOCK 
SOUTH CAROLINA BARMORIS 

SOUTH CAROLINA BATESBURG 
SOUTH CAROLINA BEAUFORT 
SOUTH CAROLINA BENNETTSVILLE 
SOUTH CAROLINA BLACK MINGO 
SOUTH CAROLINA BONNEAU 

SOUTH CAROLINA BRIGHTON 
SOUTH CAROLINA B R I G H T S V I L L E  
SOUTH CAROLINA BUFORDS BRIDGE 
SOUTH CAROLINA CAMOEN 
SOUTH CAROLINA CAMPBELLS BRIDGE 

SOUTH CAROLINA CHERAW 
SOUTH CAROLINA C L I O  
SOUTH CAROLINA COLUMBIA 
SOUTH CAROLINA OARLINGTON 
SOUTH CAROLINA DONALDS 

SOUTH CAROLINA DOVES S T A T I O N  
SOUTH CAROLINA DUE WEST 
SOUTH CAROLINA EOGEFIELD 
SOUTH CAROLINA FLORENCE 
SOUTH CAROLINA GADSOEN 

SOUTH CAROLINA GEORGETOWN 
SOUTH CAROLINA G I L B E R T  
SOUTH CAROLINA G R A N I T E V I L L E  
SOUTH CAROLINA GRANNYS QUARTER 
SOUTH CAROLINA GREENVILLE 

SOUTH CAROLINA HOOGES 
SOUTH CAROLINA KIRKWOOO 
SOUTH CAROLINA TIMMONSVILLE 
SOUTH CAROLINA WILLINGTON 

MM N L A T  
I N T  COOROI 

X 32.79 
x 33.55 
X 33.01 
X 33.02 
X 32.85 

I X  34.07 
I X  32.48 
I X  34.07 
I X  33.48 
I X  32.37 

V I 1 1  33.77 
V I 1 1  33.47 
V I 1 1  32.53 
V I 1 1  33.58 
V I 1 1  32.08 

V I 1 1  38.23 
V I 1 1  35.23 
V I 1 1  35.78 
V I 1 1  34.24 

V I 1 1  33.18 
V I 1 1  33.03 
V I 1 1  34.25 
V I 1 1  33.08 
V I 1 1  34.35 

V I 1 1  34.88 
V I 1 1  32.38 
V I 1 1  34.67 
V I 1 1  33.43 
V I 1 1  33.30 

V I 1 1  32.67 
V I 1 1  34.75 
V I 1 1  33.13 
V I 1 1  34.26 
V I 1 1  34.30 

V I 1 1  34.68 
V I 1 1  34.62 
V I 1 1  34.00 
V I 1 1  34.26 
V I 1 1  34.33 

V I 1 1  34.38 
V I 1 1  34.26 
V I 1 1  33.82 
V I 1 1  34.17 
V I 1 1  33.87 

V I 1 1  33.37 
V I 1 1  33.93 
V I 1 1  33.58 
V I 1 1  34.38 
VI11 34.83 

V I 1 1  34.26 
V I 1 1  34.33 
V I 1 1  34.12 
V I 1 1  33.93 

W LONG 
[NATES 

79.94 
81.75 
80.16 
80.18 
80.30 

80.00 
80.72 
79.75 
79.88 
80.55 

84.33 
81.96 
84.92 
83.80 
81.10 

82.62 
80.74 
78.64 
77.95 

81.42 
81.20 
81.30 
81.33 
82.47 

82.25 
80.70 
79.67 
79.58 
79.92 

81.25 
79.60 
81.17 
80.63 
79.23 

79.92 
79.58 
81.03 
79.83 
82.47 

79.92 
82.37 
81.92 
79.75 
80.75 

79.28 
81.38 
81.74 
80.67 
82.38 

82.25 
80.60 
79.88 
82.45 

DISTANCE REF. 
FROM CODE 

SOURCE 
(KM 1 
13 B 
178 B 
19 B 
21 B 
20 B 

129 B 
82 B 
131 B 
65 B 
78 B 

414 B 
193 B 
462 B 
362 B 
137 B 

637 B 
267 B 
34 3 B 
24 1 B 

136 B 
113 B 
192 B 
125 B 
279 B 

EARTHQUAKE SOURCE 
UTC N L A T  W LONG 

YEAR MI DA HR MN SEC COOROINATES- MAG DEPTH 
(KM 1 

1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 

1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 

1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 

1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 

1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 
1886 09 01 02 51 32.90 80.00 

32.90 80.00 1886 09 01 02 51 

302 
87 
198 
70 
40 

119 
208 
112 
161 
170 

197 
194 
155 
151 
278 

164 
266 
205 
142 
128 

85 
171 
178 
175 
30 7 

257 
168 
135 
254 

B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

B 1886 09 Dl 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

B 1886 09 01 02 51 
8 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

B 1886 09 01 02 51 
B 1886 09 Dl 02 51 
B 1886 09 01 02 51 
B 1886 09 01 02 51 

32.90 
32.90 
32.90 
32.90 
32.90 

32.90 
32.90 
32.90 
32.90 
32.90 

32.90 
32.90 
32.90 
32.90 
32.90 

32.90 
32.90 
32.90 
32.90 
32.90 

32.90 
32.90 
32.90 
32.90 
32.90 

32.90 
32.90 
32.90 
32.90 

80.00 
80.00 
80.00 
80.00 
80.00 

80.00 
80.00 
80.00 
80.00 
80.00 

80.00 
80.00 
80.00 
80.00 
80.00 

80.00 
80.00 
80.00 
80.00 
80.00 

80.00 
80.00 
80.00 
80.00 
80.00 

80.00 
80.00 
80.00 
80.00 

V I R G I N I A  RICHMOND V I 1 1  37.55 77.40 567 B 1886 09 01 02 51 32.90 80.00 
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Table 2.--Computer search of Earthquake I n t e n s i t y  F i l e  f o r  a l l  e f f e c t s  on a s p e c i f i c  c i t y  

[MM INT = M o d i f i e d  M e r c a l l i  I n t e n s i t y ;  UTC = Universa l  Coordinated Time. Under REF. CODE: H = Coffman 
and von Hake, 1982; blank = U.S. Department o f  Commerce, Un i ted  Sta tes  Earthquakes] 

SEARCH FOR ALL EFFECTS I N  NEW YORK C I T Y  (40.71N, 74.00W) 

STATE CITY 
MM N LAT W LONG DISTANCE 

I N T  COORDINATES FROM 
SOURCE 

(KM) 

NEW YOKK NEW YORK C I T Y  VI11 40.71 74.00 0 
NEW YORK NEW YORK C I T Y  I V  40.71 74.00 
NEW YORK NEW YORK C I T Y  I V  40.71 74.00 
NEW YORK NEW YORK C I T Y  111 40.71 74.00 
NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 158 

NEW YORK NEW YORK C I T Y  111 40.71 74.00 630 
+a NEW YORK NEW YORK C I T Y  I11 40.71 74.0U 8 
+a NEW YORK NEW YORK C I T Y  V I  40.71 74.00 1090 

NEW YORK NEW YORK C I T Y  V 40.71 74.00 0 
NEW YORK NEW YORK C I T Y  1 V  40.71 74.00 87 7 

NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 ' 434 
NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 1611 
NEW YORK NEW YORK C I T Y  I V  40.71 74.00 787 
NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 
NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 409 

NEW YORK NEW YORK C I T Y  I 1 1  40.71 74.00 35 
NEW YORK NEW YORK C I T Y  I V  40.71 74.00 

REF . 
CODE 

H 
H 
H 
H 
H 

H 
H 
H 
H 
H 

EARTHQUAKE SOURCE 
UTC N LAT W LONG 

YEAR MO DA HK MN SEC COORDINATES MAG DEPTH 
(KM 1 

1737 12 19 04 00 40.7 74.0 
1783 11 30 01 00 
1783 11 30 03 00 
1783 11 30 07 00 
1791 05 19 03 00 41.5 72.5 

1870 10 20 16 25 47.4 70.5 
1884 08 10 19 07 40.6 74.0 
1886 09 01 02 51 32.9 80.0 
1893 03 09 05 30 40.7 74.0 
1925 03 01 02 19 18.0 48.25 70.75 7.0 

1929 U8 12 11 24 48 42.87 78.35 
1929 11 18 20 31 54 44.5 55.0 
1935 11 01 06 03 40 46.8 79.1 7.2 
1935 11 02 14 32 
1940 12 20 07 27 26.0 43.8 71.3 5.6 

1951 09 04 01 26 28 41.2 74.1 
1953 08 17 04 22 50 



Table 3.--Number o f  earthquakes i n  Earthquake I n t e n s i t y  F i l e  l i s t e d  by S t a t e  and 
maximum M o d i f i e d  M e r c a l l i  (MM) i n t e n s i t y  

Number o f  earthquakes and maximum PlM i n t e n s i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t e  

1-111 I V  V V I  VI1 VI11 I X  X X I  X I 1  TUTAL 

C 01 ora  do-- -------- 106 66 52 20 2 0 0 0 0  0 24 6 
Connect i c u t  ------ - 19 25 12 5 1 1  0 0 0  0 63 
Del aware ------- --- 9 8 6 1 1 0  0 0 0  0 25 
D i s .  o f  Columbia-- 11 1 3 6 0 0 0 0 0  0 21 
F l o r i  da----------- 4 8 3 4 1 0  0 0 0  0 20 

Mary1 and-..-------- 26 6 6 1 1 0  0 0 0  0 40 
Massachusetts----- 35 25 33 7 2 4 0 0 0  0 106 
Michigan---------- 20 11 11 2 1  1 0 0 0  0 46 
Minnesota--------- 6 4 1 3 0 0 0 0 0  0 14 
M i s s i s s i p p i  ------- 13 8 9 7 0 0 0 0 0  0 37 

1 4 i  ssou r i  ---------- 88 41 42 26 6 2 0 0 0  3 208 
Montana----------- 882 425 128 38 2 4 0 1 0 0 1480 
Nebraska---------- 17 10 7 6 3 0 0 . 0  0 0 43 
Nevada------------ 561 301 104 40 6 1 4 3 0 0 1020 
New Hampshire----- 31 23 31 7 4 0 0 0 0  0 96 

New Jersey-------- 19 16 15 5 1 0  0 0 0  0 56 
New Mexico-------- 125 39 33 19 4 4 0 0 0  0 224 
New York---------- 84 56 43 19 4 2 0 0 0  0 208 
Nor th  Carol  i na---- 43 24 34 11 0 1 0 0 0  0 113 
Nor th  Dakota------ 4 5 2 0 0 0 0 0 0  0 11 
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Table 3.--Number o f  earthquakes i n  Earthquake I n t e n s i t y  F i l e  l i s t e d  by S t a t e  and 
maximum M o d i f i e d  M e r c a l l i  (MM) in tens i ty - -Cont inued 

Number o f  earthquakes and maximum MM i n t e n s i t y  ............................................................. 
S t a t e  

1-111 I V  V V I  V I 1  VI11 I X  X X I  XI1 TOTAL 

Ohio-------------- 
Oklahoma---------- 
0 r e  gon - - - - - - -- - - - - 
Pennsyl vani a------ 
Rhode Is land------  

28 16 21 8 8 1 0 0 0  0 
47 23 22 7 2 0 0 0 0  0 
74 36 41 28 3 1 0 0 0  0 
26 10 23 11 6 0 0 0 0  0 
9 8 11 2 0 0 0 0 0  0 

70 34 28 15 3 0 0 1 0  0 
26 19 15 4 2 0 0 0 0  0 
71 61 70 25 3 1 0 3 0  0 
17 14 20 10 1 1  0 0 0  0 
139 89 55 35 9 3 0 0 0  0 

19 7 18 6 0 0 0 0 0  0 
34 24 30 14 3 2 0 0 0  0 

257 167 128 53 5 2 0 0 0 0 
12 13 6 3 2 . 0  0 0 0 0 
13 3 .2 2 1 0  0 0 0  0 

315 273 76 20 2 1 0 0 0 0 

82 
101 
183 
76 
30 

151 
66 
234 
63 
330 

50 
107 
612 
36 
21 
687 

12622 5372 3007 1081 295 84 29 19 8 3 22,520 

NOTE: Many earthquakes were experienced i n  more than one State. 
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Table 4.--Number o f  earthquakes i n  Earthquake I n t e n s i t y  F i l e  by M o d i f i e d  
M e r c a l l i  i n t e n s i t y  and y e a r  o f  occurrence ( o r  i n t e r v a l  o f  y e a r s )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of earthquakes and maxi mum IIM i n t e n s i t y  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Year 

1-111 I V  v V I  VI1 VI11 I X  x X I  XI1 TOTAL 

1638-1800---- 2 3 4 2  8 3 4 1  0 0 27 
1801-1850---- 2 4 13 11 7 2 1 5  0 3 48 
1851-1900---- 9 8 101 86 55 20 9 6  3 u 297 
1901-1927---- 799 510 412 108 71 29 6 2  1 0 1938 

1938------- 40 6 14 14 12 1 2 0 0  0 u 449 
1939------- 30 2 66 32 8 3 0 0 u  U 0 41 1 
1940------- 143 58 38 15 4 0 u 2  0 u 260 
1941------- 160 29’ 21 15 2 2 0 0  0 u 229 
1942------- 134 68 32 8 1 0 0 0  0 0 24 3 

1943------- 119 92 21 10 0 0 0 u  0 0 242 
1944------- 114 83 23 13 1 1 0 0  0 u 235 
1945------- 209 59 18 11 1 0 u 0  u 0 298 
1946------- 211 69 21 15 1 2 0 0  0 u 319 
1947------- 122 73 22 12 4 2 0 0  0 0 235 
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Table 4.--Number o f  earthquakes i n  Earthquake I n t e n s i t y  F i l e  by Mod i f i ed  
M e r c a l l i  i n t e n s i t y  and y e a r  o f  occurrence ( o r  i n t e r v a l  of years)--Continued 

1973------- 215 68 44 4 1 1 0 0  0 0 333 
1974------- 238 63 58 7 0 1 0 0  0 0 36 7 
1975------- 237 118 43 25 3 2 2 u  u 0 430 
1976------- 304 69 55 26 0 0 0 0  0 0 454 
1977------- 218 103 46 22 1 0 o u  0 0 390 

TOTAL 12215 5014 2654 949 269 99 30 20 8 3 21260 

NOTE: T o t a l s  i n c l u d e  earthquakes t h a t  occurred i n  areas t h a t  border t h e  
U n i t e d  States.  
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APPENDIX 1. M o d i f i e d  M e r c a l l i  I n t e n s i t y  Scale o f  1931 (Unabridged) 
(Wood and Neumann, 1931) 

I. Not f e l t  - or, except r a r e l y  under e s p e c i a l l y  favorab le  circumstances. Under 
c e r t a i n  condi t ions,  a t  and o u t s i d e  t h e  boundary o f  t h e  area i n  which a great shock 
i s  f e l t :  sometimes b i rds ,  animals, repor ted  uneasy o r  d is turbed;  sometimes d i z -  
z iness o r  nausea experienced; sometimes t rees,  s t ruc tu res ,  l i q u i d s ,  bodies o f  water, 
may sway--doors may swing, very slowly. 

11. F e l t  indoors by few, e s p e c i a l l y  on upper f l o o r s ,  o r  by s e n s i t i v e  o r  nervous 
persons. Also, as i n  grade I, but  o f t e n  more no t iceab ly :  sometimes hanging ob- 
j e c t s  may swing, e s p e c i a l l y  where d e l i c a t e l y  suspended; sometimes trees, s t ruc tu res ,  
l i q u i d s ,  bodies o f  water, may sway, doors may swing, very s lowly ;  sometimes b i rds ,  
animals, repor ted  uneasy o r  d is turbed;  sometimes d izz iness  o r  nausea experienced. 

111. F e l t  indoors by several ,  mot ion u s u a l l y  r a p i d  v ib ra t ion .  Sometimes not  
recognized t o  be an earthquake a t  f i r s t .  Dura t ion  est imated i n  some cases. V ibra-  
t i o n  l i k e  t h a t  due t o  pass ing o f  l i g h t ,  o r  l i g h t l y  loaded t rucks,  o r  heavy t r u c k s  
some d is tance away. Hanging ob jec ts  may swing s l i g h t l y .  Movements may be appreci-  
ab le  on upper l e v e l s  o f  t a l l  s t ructures.  Rocked standing motor cars s l i g h t l y .  

I V .  F e l t  indoors by many, outdoors by few. Awakened few, e s p e c i a l l y  l i g h t  s leep- 
ers. F r igh tened no one, un less apprehensive f rom prev ious  experience. V i b r a t i o n  
l i k e  t h a t  due t o  pass ing o f  heavy, or h e a v i l y  loaded trucks.  Sensat ion l i k e  heavy 
body s t r i k i n g  bu i ld ing ,  or f a l l i n g  o f  heavy ob jec ts  ins ide.  R a t t l i n g  o f  dishes, 
windows, doors; glassware and crockery c l i n k  and clash. Creaking o f  wa l ls ,  frame, 
e s p e c i a l l y  i n  t h e  upper range o f  t h i s  grade. Hanging ob jec ts  swung, i n  numerous i n -  
stances. D is tu rbed l i q u i d s  i n  open vessels s l i g h t l y .  Rocked standing motor cars 
not iceably .  

V. F e l t  indoors by p r a c t i c a l l y  a l l ,  outdoors by many o r  most: outdoors d i r e c t i o n  
estimated. Awakened many, o r  most. F r igh tened few- -s l igh t  excitement, a few ran 
outdoors. B u i l d i n g s  t rembled throughout. Broke dishes, glassware, t o  some extent. 
Cracked windows--in some cases, but  not  general ly.  Overturned vases, small  o r  un- 
s t a b l e  ob jects ,  i n  many instances, w i t h  occasional  f a l l .  Hanging objects ,  doors, 
swing genera l l y  o r  considerably.  Knocked p i c t u r e s  against  wa l ls ,  or swung them out  
o f  place. Opened, o r  closed, doors, shut ters ,  abrupt ly .  Pendulum c locks stopped, 
s tar ted,  o r  ran  fas t ,  o r  slow. Moved smal l  objects,  fu rn ish ings ,  t h e  l a t t e r  t o  
s l i g h t  extent. S p i l l e d  l i q u i d s  i n  smal l  amounts f rom w e l l - f i l l e d  open containers.  
Trees, bushes, shaken s l i g h t l y .  

V I .  F e l t  by a l l ,  indoors and outdoors. Fr igh tened many, excitement general, some 
bushes, shaken s l i g h t l y  t o  moderately. L i q u i d  s e t  i n  s t rong motion. Small b e l l s  
rang-church, chapel, school, etc. Damage s l i g h t  i n  poor ly  b u i l t  bu i ld ings .  F a l l  
o f  p l a s t e r  i n  smal l  amount. Cracked p l a s t e r  somewhat, e s p e c i a l l y  f i n e  cracks i n  
chimneys i n  some instances. Broke dishes, glassware, i n  considerable q u a n t i t y ,  
a l s o  some windows. F a l l  of knickknacks, books, p ic tu res .  Overturned f u r n i t u r e  i n  
many instances. Moved f u r n i s h i n g s  o f  moderately heavy kind. 
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APPENDIX 1 (Continued) 

V I I .  F r igh tened a l l - - g e n e r a l  alarm, a l l  ran outdoors. Some, o r  many, found i t  d i f -  
f i c u l t  t o  stand. Not iced  by persons d r i v i n g  motor cars. Trees and bushes shaken 
moderately t o  s t rongly .  Waves on ponds, lakes, and running water. Water t u r b i d  
f r o m  mud s t i r r e d  up. I n - c a v i n g  t o  some ex ten t  of sand o r  gravel  streambanks. Rang 
l a r g e  church b e l l s ,  etc. Suspended ob jec ts  made t o  qu iver .  Damage n e g l i g i b l e  i n  
b u i l d i n g s  o f  good design and cons t ruc t ion ,  s l i g h t  t o  moderate i n  w e l l - b u i l t  o r d i -  
nary bu i ld ings ,  cons iderable i n  poor ly  b u i l t  o r  badly designed bu i ld ings ,  adobe 
houses, o l d  w a l l s  ( e s p e c i a l l y  where l a i d  up w i t h o u t  mor tar ) ,  sp i res,  etc. Cracked 
chimneys t o  considerable ex ten t ,  w a l l s  t o  some extent.  F a l l  o f  p l a s t e r  i n  con- 
s i d e r a b l e  t o  l a r g e  amount, a l s o  some stucco. Broke numerous windows, f u r n i t u r e  t o  
some extent.  Shook down loosened br ickwork and t i l e s .  Broke weak chimneys a t  t h e  
r o o f l i n e  (sometimes damaging roo fs ) .  F a l l  o f  corn ices  f rom towers and h i g h  b u i l d -  
ings. Dis lodged b r i c k s  and stones. Overturned heavy f u r n i t u r e ,  w i t h  damage f rom 
breaking. Damage cons iderab le  t o  concrete i r r i g a t i o n  di tches. 

V I  I I. F r i  ght general --a1 arm approaches pani  C. D is tu rbed persons d r i  v i  ng motor 
cars. Trees shaken strongly--branches, t runks,  broken o f f ,  e s p e c i a l l y  palm trees. 
E j e c t e d  sand and mud i n  smal l  amounts. Changes: temporary, permanent; i n  f l o w  o f  
s p r i n g s  and w e l l s ;  d r y  w e l l s  renewed f low;  i n  temperature o f  s p r i n g  and w e l l  waters. 
Damage s l i g h t  i n  s t r u c t u r e s  ( b r i c k )  b u i l t  e s p e c i a l l y  t o  w i t h s t a n d  earthquakes. 
Considerable i n  o r d i n a r y  s u b s t a n t i a l  b u i l d i n g s ,  p a r t i a l  co l lapse:  racked, tumbled 
down, wooden houses i n  some cases; threw o u t  panel w a l l s  i n  frame s t ruc tu res ,  broke 
o f f  decayed p i l i n g .  F a l l  o f  wal ls .  Cracked, broke, s o l i d  stone w a l l s  ser ious ly .  
Wet ground t o  some extent ,  a l s o  ground on steep slopes. Twis t ing,  f a l l ,  o f  chim- 
neys, columns, monuments, a l s o  f a c t o r y  stacks, towers. Moved conspicuously, over- 
turned, very heavy f u r n i t u r e .  

I X .  Panic general. Cracked ground conspicuously. Damage considerable i n  (masonry) 
s t r u c t u r e s  b u i l t  e s p e c i a l l y  t o  w i t h s t a n d  earthquakes: threw out  o f  plumb some wood- 
frame houses bui  It e s p e c i a l l y  t o  w i t h s t a n d  earthquakes; g rea t  i n  s u b s t a n t i a l  (mason- 
r y )  b u i l d i n g s ,  some c o l l a p s e  i n  l a r g e  p a r t ;  o r  who l ly  s h i f t e d  frame b u i l d i n g s  o f f  
foundat ions,  racked frames; ser ious  t o  r e s e r v o i r s ;  underground p ipes sometimes bro- 
ken. 

X. Cracked ground, e s p e c i a l l y  where loose and wet, up t o  w id ths  o f  several  inches; 
f i s s u r e s  up t o  a y a r d  i n  w i d t h  ran p a r a l l e l  t o  canal and streambanks. Landsl ides 
cons iderab le  f rom r iverbanks  and steep coasts. S h i f t e d  sand and mud h o r i z o n t a l l y  on 
beaches and f l a t  land. Changed l e v e l  o f  water  i n  wel ls .  Threw water  on banks o f  
canals, lakes, r i v e r s ,  etc. Damage ser ious  t o  dams, dikes, embankments. Severe t o  
we1 1 - b u i l t  wooden s t r u c t u r e s  and br idges, some destroyed. Developed dangerous 
cracks i n  e x c e l l e n t  b r i c k  wal ls .  Destroyed most masonry and frame s t ruc tu res ,  a l s o  
t h e i r  foundat ions.  Bent r a i l r o a d  r a i l s  s l i g h t l y .  Tore apart ,  o r  crushed endwise, 
p i p e l i n e s  b u r i e d  i n  earth. Open cracks and broad wavy f o l d s  i n  cement pavements and 
aspha l t  road s u r f  aces. 

X I .  Disturbances i n  ground many and widespread, vary ing  w i t h  ground mater ia l .  
Broad f i s s u r e s ,  e a r t h  slumps, and l a n d  s l i p s  i n  s o f t ,  wet ground. E j e c t e d  water  i n  
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l a r g e  amounts charged w i t h  sand and mud. Caused sea waves ( " t i d a l "  waves) o f  s i g -  
n i  f i cant magnitude. Damage severe t o  wood-f r a m  s t ruc tu res ,  especi a1 l y  near shock 
centers. Great t o  dams, dikes, embankments, o f t e n  f o r  l ong  distances. Few, if any, 
(masonry) s t r u c t u r e s  remained standing. Destroyed l a r g e  w e l l - b u i l t  br idges by t h e  
wreck ing o f  suppor t ing  p ie rs ,  o r  p i l l a r s .  A f f e c t e d  y i e l d i n g  wooden br idges less. 
Bent r a i l r o a d  r a i l s  g rea t ly ,  and t h r u s t  them endwise. Put p i p e l i n e s  bu r ied  i n  e a r t h  
complete ly  out  o f  service.  

XII. Damage t o t a l - - p r a c t i c a l l y  a l l  works o f  cons t ruc t i on  damaged g r e a t l y  o r  de- 
s t  royed. Dis turbances i n  ground great  and var ied,  numerous shear i  ng cracks. Land- 
s l i des ,  f a l l s  o f  rock o f  s i g n i f i c a n t  character,  slumping o f  r iverbanks, etc., 
numerous and extensive.  Wrenched loose, t o r e  o f f ,  l a r g e  rock masses. F a u l t  s l i p s  
i n  f i r m  rock, w i t h  no tab le  h o r i z o n t a l  and v e r t i c a l  o f f s e t  displacements. Water 
channels, sur face  and underground, d i s tu rbed  and mod i f ied  great ly .  Dammed lakes, 
produced w a t e r f a l l s ,  d e f l e c t e d  r i v e r s ,  etc. Waves seen on ground sur faces ( a c t u a l l y  
seen, probably, i n  some cases). D i s t o r t e d  l i n e s  o f  s i g h t  and leve l .  Threw ob jec ts  
upward i n t o  t h e  a i r .  

Comparison - o f  M o d i f i e d  M e r c a l l i  (MM) -- and Other I n t e n s i t y  Scales 

Modi f i ed 
Merca l l  i Rossi  -Fore l  Japanese European 

1 I 0 I 

11 1-1 I I I1 

I 1 1  I 1 1  I1 111 

I V  IV-v 11-111 IV 

V v-v I I1 I V 

V I  VI-VI1 IV V I  

V I  I V I I I -  IV-v VI I 

V I 1 1  V I I I+ t o  V VI11 

I X  I x+ v-v I I X  
I X -  

X X VI X 

X I  ------ VI I XI 



APPENDIX 2. Desc r ip t i on  o f  Hagnet ic  Tape Format f o r  Earthquake I n t e n s i t y  F i l e  

[B lock ing fac to r :  50 records (90 characters  each) per  tape b lock ]  

Tape p o s i t i o n  F i e l d  

1-8 Earthquake date (UT). 

9-15 

16 

17 

18-22 

23-28 

29 

30-32 

33-36 

37-40 

Earthquake o r i g i n  t i m e  (UT). 

Number of  hours t o  subs t rac t  f rom 
UT t o  get l o c a l  zone t ime. 

I n t e n s i t y  (MM) assigned t h a t  was 
no t  l i s t e d  i n  source document; 

I n t e n s i t y  grouped 1-111 i n  source 
document was reassigned i n t .  111. 

Geographic l a t i t u d e  o f  ep icenter  
i n  decimal degrees. 

Geographic l ong i tude  o f  ep icenter  
i n  decimal degrees. 

East o r  west l ong i tude  ( f o r  
p o s i t  i ons 23-28) . 

Earthquake magnitude ( e i t h e r  
mb, MS, o r  ML). 

Comments 

Pos i t i ons  1-4, year; 
5-6, month; 7-8, day; 
(e.g., 19800131 = 
Jan. 31, 1980). 

P o s i t  i ons 9-10, hour; 
11-12, minute; 13-15, 
seconds (i mpl i ed deci  - 
mal between p o s i t i o n s  
14 and 15 ) ;  (e.g., 
0130100 = 01: 30: 10.0). 

5 = 75' meridian; 
6 = 90' meridian; 
7 = 105" meridian; 
8 = 120' meridian; 
9 = 135' meridian; 
X = 150' meridian. 

U (unpubl ished 
i n t  ens i t y  ) . 
G (grouped i n t e n s i t y ) .  

Given t o  two decimal 
places (e.g., 37.35). 

Given t o  two decimal 
places (e.g, 117.90). 

E i f  east;  W i f  west. 

Genera l ly  as pub l i shed 
i n  Un i ted  Sta tes  Ear th -  
quakes o r  -UT 
H i s t o r  o f  t h e  Un i ted  
d ( z g 7 r  

Earthquake f o c a l  depth i n  km. 0013 = 13 km. 

Dis tance f rom ep icen te r  t o  c i t y  
( o r  l o c a l i t y )  a f f e c t e d  i n  km. 

0150 = 150 km. 
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APPENDIX 2 (Continued) 

Tape p o s i t  i on 

41 

F i e l d  C o m n t  s 

E i f  east; W i f  west. East o r  west long i tude ( f o r  
p o s i t i o n s  47-52 ) . 

42-46 a t i t u d e  of r e p o r t -  
n decimal degrees. 

Given t o  two decimal places 
(e.g., 34.15). 

Geographic 
i n g  c i t y  

Geographic 
i n g  c i t y  

47-52 ongi tude of repor t -  
n decimal degrees. 

Given t o  two decimal places 
(e.g., 118.15). 

01 = I; 02 = 11; 03 = III...; 
12 = X I I .  Blank = no t  f e l t .  

53-54 M o d i f i e d  M e r c a l l i  i n t e n s i t y  a t  
r e p o r t i n g  c i t y  ( I  through X I I ) .  

55-56 S t a t e  code. Numeri c a l  i d e n t i f i e r  f o r  S t a t e  
(see appendi x 4)  

Name o f  r e p o r t i n g  c i t y  (or 
1 oca1 i t y  ) 

57-84 City where repor ted  i n t e n s i t y  
occurred. 

85 Locat ion  o f  epicenter.  A = A t l a n t i c ;  C = Canada; 
M = Mexico; P = P a c i f i c ;  
Blank = Un i ted  States. 

86 Record may appear t o  have 
an uncorrected er ro r .  

E 

87 

88 

Blank. Blank. 

Source ( a u t h o r i t y )  codes f o r  
i n t e n s i t y  data. 

6 = Report by B o l l i n g e r  and 
Stover, 1976. 
Quar te r1  Seismolo i c a l  

c = d l +  
H = E a i t h  uake H i s t o r y  of t h e  

K = Report  by Carnegie I n s t i t u -  

-- 
b t e s .  

t i o n ,  1908, 1910. 
N = Report by N u t t l i  , 1973. 
Q =  

S = m i s h e d  r e p o r t  by 
- _ - _ -  

Abs t rac ts  o f  E a r t h  uake 

States,  l 3 3 3 T i .  
Repor ts  fo r  -+ t e n i t e d  

Nina Scott ,  1965. 

e g i c a l R e p o r t r ,  
W = Month1 Weather Serv ice 

Blank = U n i t e d  States 
E a r t ~ s ~ - 8 0 .  
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APPENDIX 3. D e s c r i p t i o n  of P r i n t o u t  Format f o r  Earthquake I n t e n s i t y  F i l e  

STATE - 

C I T Y  - 

I NT - 

N LAT - 

W LONG - 

DISTANCE 
FROM SOURCE - 

REF. CODE - 

S t a t e  i n  which earthquake was repo r ted  ( f e l t )  by residents.  

City i n  which earthquake was repo r ted  ( f e l t )  by residents.  

Modi f i ed 

Geograph 

Geograph 

D is tance 

M e r c a l l i  (MM) i n t e n s i t y  assigned t o  r e p o r t i n g  c i t y .  

c l a t i t u d e  f o r  r e p o r t i n g  c i t y .  

c l o n g i t u d e  f o r  r e p o r t i n g  c i t y .  

( i n  km) t h a t  r e p o r t i n g  c i t y  ( o r  l o c a l i t y )  i s  l o c a t e d  f rom 
ep icen te r  o f  earthquake. 

Reference ( a u t h o r i t y )  f o r  one o r  more o f  t h e  repo r ted  parameters 
(e.g., ep icenter ,  c i t y  and i n t e n s i t y ) .  

EARTHQUAKE SOURCE (corresponds t o  p o s i t i o n s  1-15 and 18-36 i n  Tape format-see 
appendix 2): 

YEAR - 
MO - 
DA - 
HR - 
MN - 
SEC - 
N LAT - 
W LONG - 
MAG - 
DEPTH - 

Year earthquake occurred (e.g., 1970). 

Month earthquake occurred (e.g., 01 = January). 

Day ( i n  UT) earthquake occurred (e.g., 23). 

Hour ( i n  UT) earthquake occurred (e.g., 24 = 12 p.m.). 

Minute (e.g., 59). 

Second (e.g., 09.4). 

Geographic l a t i t u d e  of ep i cen te r  i n  decimal degrees (e.g., 39.90). 

Geographic l o n g i t u d e  o f  ep i cen te r  i n  decimal degrees (e.g., 105.10). 

Earthquake magnitude (mb, MS, o r  ML). 

Earthquake f o c a l  depth i n  k i l omete rs  (e.g., 005 = 5 km). 
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APPENDIX 4. L i s t  o f  S t a t e  Codes Used i n  Earthquake I n t e n s i t y  F i l e  

[See columns 55-56 i n  appendix 2.1 

01 
02 
03 
04 
05 

07 
08 
09 
10 
11 

12 
14 
15 
16 
17 

18 
19 
20 
21 
22 

23 
24 

Alabama 
A1 aska 
Ar izona 
Arkansas 
Cal i f o r n i  a 

Colorado 
Connect i cu t  
Del aware 
D i  s t r i c t  o f  Col umbi a 
F l o r i d a  

Georgia 
Hawai i 
I dah0 
I 1  1 i noi  s 
I ndi  ana 

I m a  
Kansas 
Kentucky 
Lou is iana 
Maine 

Mary1 and 
Massachusetts 

25 Michigan 
26 Minnesota 
27 M i s s i s s i p p i  
28 Missour i  
29 Montana 

30 Nebraska 
31 Nevada 
32 New Hampshire 
33 New Jersey 
34 New Mexico 

35 New York 
36 North Caro l i na  
37 North Dakota 
38 Ohio 
39 Oklahoma 

40 Oregon 
41 Pennsy 1 vani a 
42 Puer to  R ico  
43 Rhode I s l a n d  
45 South C a r o l i n a  

46 South Dakota 
47 Tennessee 

48 Texas 
49 Utah 
50 Vermont 
51 V i r g i n i a  
52 V i r g i n  I s lands  

54 Washington 
55 West V i  r g i  n i  a 
56 W i  sconsi n 
57 Wyoming 
74 Panama 

75 P h i l i p p i n e  Is. 
80 Mexico 
81 Baja  C a l i f o r n i a  
90 Canada 
91 A l b e r t a  

92 Manitoba 
93 Saskatchewan 
94 B r i t i s h  Columbia 
95 O n t a r i o  
96 New Brunswick 

97 Quebec 
98 Nova S c o t i a  
99 Yukon T e r r i t o r y  

A-7 


