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•  Magnitude	
  5.6	
  	
  
•  Date-­‐Time	
  Sunday,	
  November	
  06,	
  2011	
  at	
  03:53:10	
  UTC	
  
•  Saturday,	
  November	
  05,	
  2011	
  at	
  10:53:10	
  PM	
  at	
  epicenter	
  	
  
•  Time	
  of	
  Earthquake	
  in	
  other	
  Time	
  Zones	
  
•  Loca>on	
  35.537°N,	
  96.747°W	
  	
  
•  Depth	
  5	
  km	
  (3.1	
  miles)	
  	
  
•  Region	
  OKLAHOMA	
  	
  
•  Distances	
  34	
  km	
  (21	
  miles)	
  NNE	
  of	
  Shawnee,	
  Oklahoma	
  

63	
  km	
  (39	
  miles)	
  SSE	
  of	
  SIllwater,	
  Oklahoma	
  
68	
  km	
  (42	
  miles)	
  ESE	
  of	
  Guthrie,	
  Oklahoma	
  
71	
  km	
  (44	
  miles)	
  ENE	
  of	
  OKLAHOMA	
  CITY,	
  Oklahoma	
  
Loca>on	
  Uncertainty	
  horizontal	
  +/-­‐	
  10.5	
  km	
  (6.5	
  miles);	
  depth	
  +/-­‐	
  2.8	
  km	
  
(1.7	
  miles)	
  	
  

•  Parameters	
  NST=189,	
  Nph=192,	
  Dmin=26.7	
  km,	
  Rmss=1.06	
  sec,	
  Gp=	
  29°,	
  
M-­‐type=centroid	
  moment	
  magnitude	
  (Mw),	
  Version=C	
  



Geology	
  of	
  Oklahoma	
  
•  EARTHQUAKES	
  IN	
  THE	
  STABLE	
  CONTINENTAL	
  REGION	
  	
  

Most	
  of	
  North	
  America	
  east	
  of	
  the	
  Rocky	
  Mountains	
  has	
  infrequent	
  earthquakes.	
  Here	
  and	
  there	
  earthquakes	
  are	
  more	
  numerous,	
  for	
  example	
  in	
  the	
  New	
  Madrid	
  
seismic	
  zone	
  centered	
  on	
  southeastern	
  Missouri,	
  in	
  the	
  Charlevoix-­‐Kamouraska	
  seismic	
  zone	
  of	
  eastern	
  Quebec,	
  in	
  New	
  England,	
  in	
  the	
  New	
  York	
  -­‐	
  Philadelphia	
  -­‐	
  
Wilmington	
  urban	
  corridor,	
  and	
  elsewhere.	
  However,	
  most	
  of	
  the	
  enormous	
  region	
  from	
  the	
  Rockies	
  to	
  the	
  Atlan>c	
  can	
  go	
  years	
  without	
  an	
  earthquake	
  large	
  enough	
  
to	
  be	
  felt,	
  and	
  several	
  U.S.	
  states	
  have	
  never	
  reported	
  a	
  damaging	
  earthquake.	
  The	
  earthquakes	
  that	
  do	
  occur	
  strike	
  anywhere	
  at	
  irregular	
  intervals.	
  	
  

•  Earthquakes	
  east	
  of	
  the	
  Rocky	
  Mountains,	
  although	
  less	
  frequent	
  than	
  in	
  the	
  West,	
  are	
  typically	
  felt	
  over	
  a	
  much	
  broader	
  region.	
  East	
  of	
  the	
  Rockies,	
  an	
  earthquake	
  
can	
  be	
  felt	
  over	
  an	
  area	
  as	
  much	
  as	
  ten	
  >mes	
  larger	
  than	
  a	
  similar	
  magnitude	
  earthquake	
  on	
  the	
  west	
  coast.	
  A	
  magnitude	
  4.0	
  eastern	
  U.S.	
  earthquake	
  typically	
  can	
  be	
  
felt	
  at	
  many	
  places	
  as	
  far	
  as	
  100	
  km	
  (60	
  mi)	
  from	
  where	
  it	
  occurred,	
  and	
  it	
  infrequently	
  causes	
  damage	
  near	
  its	
  source.	
  A	
  magnitude	
  5.5	
  eastern	
  U.S.	
  earthquake	
  
usually	
  can	
  be	
  felt	
  as	
  far	
  as	
  500	
  km	
  (300	
  mi)	
  from	
  where	
  it	
  occurred,	
  and	
  some>mes	
  causes	
  damage	
  as	
  far	
  away	
  as	
  40	
  km	
  (25	
  mi).	
  	
  

•  FAULTS	
  	
  
Earthquakes	
  everywhere	
  occur	
  on	
  faults	
  within	
  bedrock,	
  usually	
  miles	
  deep.	
  Most	
  of	
  the	
  region's	
  bedrock	
  was	
  formed	
  as	
  several	
  genera>ons	
  of	
  mountains	
  rose	
  and	
  
were	
  eroded	
  down	
  again	
  over	
  the	
  last	
  billion	
  or	
  so	
  years.	
  	
  

•  At	
  well-­‐studied	
  plate	
  boundaries	
  like	
  the	
  San	
  Andreas	
  fault	
  system	
  in	
  California,	
  ohen	
  scien>sts	
  can	
  determine	
  the	
  name	
  of	
  the	
  specific	
  fault	
  that	
  is	
  responsible	
  for	
  an	
  
earthquake.	
  In	
  contrast,	
  east	
  of	
  the	
  Rocky	
  Mountains	
  this	
  is	
  rarely	
  the	
  case.	
  All	
  parts	
  of	
  this	
  vast	
  region	
  are	
  far	
  from	
  the	
  nearest	
  plate	
  boundaries,	
  which,	
  for	
  the	
  U.S.,	
  
are	
  to	
  the	
  east	
  in	
  the	
  center	
  of	
  the	
  Atlan>c	
  Ocean,	
  to	
  the	
  south	
  in	
  the	
  Caribbean	
  Sea,	
  and	
  to	
  the	
  west	
  in	
  California	
  and	
  offshore	
  from	
  Washington	
  and	
  Oregon.	
  The	
  
region	
  is	
  laced	
  with	
  known	
  faults	
  but	
  numerous	
  smaller	
  or	
  deeply	
  buried	
  faults	
  remain	
  undetected.	
  Even	
  most	
  of	
  the	
  known	
  faults	
  are	
  poorly	
  located	
  at	
  earthquake	
  
depths.	
  Accordingly,	
  few	
  earthquakes	
  east	
  of	
  the	
  Rockies	
  can	
  be	
  linked	
  to	
  named	
  faults.	
  It	
  is	
  difficult	
  to	
  determine	
  if	
  a	
  known	
  fault	
  is	
  s>ll	
  ac>ve	
  and	
  could	
  slip	
  and	
  
cause	
  an	
  earthquake.	
  In	
  most	
  areas	
  east	
  of	
  the	
  Rockies,	
  the	
  best	
  guide	
  to	
  earthquake	
  hazards	
  is	
  the	
  earthquakes	
  themselves.	
  	
  

•  The	
  magnitude	
  5.5	
  April	
  9,	
  1952,	
  earthquake	
  centered	
  near	
  El	
  Reno	
  affected	
  most	
  of	
  Oklahoma	
  and	
  parts	
  of	
  Arkansas,	
  Iowa,	
  Kansas,	
  Missouri,	
  Nebraska,	
  and	
  Texas.	
  
Damage	
  from	
  the	
  10:30	
  a.m.	
  CST	
  earthquake	
  was	
  not	
  extensive,	
  but	
  many	
  people	
  in	
  the	
  epicentral	
  area	
  were	
  alarmed,	
  some	
  to	
  near	
  panic.	
  Por>ons	
  of	
  chimneys	
  fell	
  
in	
  El	
  Reno	
  and	
  Ponca	
  City	
  (intensity	
  VII).	
  Bricks	
  loosened	
  from	
  a	
  building	
  wall	
  and	
  >le	
  facing	
  of	
  commercial	
  buildings	
  bulged	
  at	
  Oklahoma	
  City.	
  Also,	
  plate	
  glass	
  
windows	
  were	
  sha9ered	
  in	
  the	
  business	
  district	
  of	
  El	
  Reno.	
  The	
  total	
  damage	
  amounted	
  to	
  several	
  thousand	
  dollars.	
  Ahershocks	
  were	
  felt	
  on	
  April	
  11,	
  15,	
  and	
  16,	
  July	
  
16,	
  and	
  August	
  14;	
  an	
  earthquake	
  that	
  was	
  felt	
  (IV)	
  at	
  Holdenville	
  and	
  Wewoka	
  on	
  October	
  7	
  apparently	
  was	
  unrelated	
  to	
  the	
  April	
  9th	
  event.	
  Homes	
  and	
  buildings	
  
shook	
  and	
  some	
  persons	
  were	
  awakened	
  (V)	
  at	
  El	
  Reno	
  from	
  the	
  April	
  16th	
  shock,	
  which	
  occurred	
  5	
  minutes	
  aher	
  midnight.	
  Felt	
  reports	
  were	
  also	
  received	
  from	
  
Kingfisher,	
  Oklahoma	
  City,	
  Tulsa,	
  and	
  Union	
  City.	
  	
  

•  Minor	
  damage	
  to	
  a	
  building	
  founda>on	
  and	
  plaster	
  (VI)	
  at	
  Concho	
  resulted	
  from	
  two	
  March	
  17,	
  1953,	
  earthquakes	
  about	
  an	
  hour	
  apart.	
  The	
  felt	
  area	
  included	
  
Calumet,	
  Edmond,	
  El	
  Reno,	
  Minco,	
  Okarche,	
  Peidmont,	
  and	
  Union	
  City.	
  	
  

•  On	
  February	
  16,	
  1956,	
  a	
  shock	
  at	
  Edmond	
  broke	
  windows	
  and	
  cracked	
  plaster	
  (VI).	
  It	
  was	
  also	
  felt	
  strongly	
  at	
  Guthrie,	
  Oklahoma	
  City,	
  and	
  Pawnee.	
  Southeastern	
  
Oklahoma	
  was	
  disturbed	
  by	
  an	
  earthquake	
  on	
  April	
  2,	
  1956,	
  that	
  produced	
  thundering,	
  ra9ling,	
  and	
  bumping	
  noises	
  that	
  were	
  heard	
  by	
  many	
  ci>zens.	
  Buildings	
  
shook	
  and	
  objects	
  fell	
  at	
  Antlers,	
  and	
  many	
  persons	
  were	
  alarmed	
  (V).	
  Minor	
  effects	
  were	
  reported	
  from	
  other	
  nearby	
  towns.	
  On	
  October	
  30,	
  1956,	
  an	
  area	
  of	
  about	
  
9,500	
  square	
  kilometers	
  in	
  northeastern	
  Oklahoma	
  was	
  shaken.	
  The	
  maximum	
  intensity	
  of	
  VII	
  was	
  reported	
  west	
  of	
  Catoosa,	
  where	
  a	
  slippage	
  of	
  the	
  forma>on	
  
caused	
  an	
  oil	
  well	
  to	
  be	
  shut	
  down.	
  Minor	
  damage	
  occurred	
  at	
  Beggs	
  and	
  Tulsa;	
  and	
  isolated	
  felt	
  report	
  was	
  received	
  from	
  Electra,	
  Texas.	
  	
  

•  A	
  broad	
  area	
  (approximately	
  31,000	
  square	
  kilometers)	
  of	
  southwestern	
  Oklahoma	
  and	
  the	
  adjacent	
  por>on	
  of	
  Texas	
  was	
  affected	
  by	
  an	
  early	
  morning	
  shock	
  on	
  June	
  
17,	
  1959.	
  Slight	
  damage,	
  consis>ng	
  of	
  cracks	
  in	
  plaster,	
  pavement,	
  and	
  a	
  house	
  founda>on	
  (VI),	
  occurred	
  at	
  Cache,	
  Duncan,	
  and	
  Lawton.	
  Houses	
  were	
  shaken,	
  
buildings	
  swayed,	
  and	
  many	
  persons	
  were	
  alarmed.	
  A	
  smaller	
  earthquake	
  on	
  June	
  15	
  was	
  felt	
  by	
  many	
  at	
  Ada	
  and	
  nearby	
  places.	
  Dishes	
  were	
  reported	
  broken	
  (V)	
  
and	
  a	
  trembling	
  mo>on	
  was	
  observed.	
  	
  

•  On	
  January	
  10,	
  1961,	
  a	
  mild	
  shock	
  was	
  felt	
  in	
  La>mer	
  and	
  Pi9sburgh	
  Coun>es	
  in	
  southeastern	
  Oklahoma.	
  Thunderous	
  earth	
  sounds	
  were	
  heard	
  in	
  many	
  places	
  (V);	
  no	
  
damage	
  was	
  reported.	
  Another	
  earthquake	
  on	
  April	
  27,	
  1961,	
  awakened	
  many	
  (V)	
  at	
  Antlers,	
  Coalgate,	
  Hartshorne,	
  Leflore,	
  McCurtain,	
  Panola,	
  Poteau,	
  Talihina,	
  and	
  
Wilburton.	
  Once	
  again,	
  thunderous,	
  deep	
  rumbling	
  earth	
  sounds	
  were	
  heard	
  throughout	
  the	
  area.	
  	
  

•  An	
  October	
  14,	
  1968,	
  earthquake	
  caused	
  minor	
  damage	
  at	
  Durant.	
  Walls	
  cracked,	
  and	
  glass	
  in	
  two	
  structures	
  broke	
  (VI).	
  The	
  press	
  reported	
  that	
  a	
  5	
  foot	
  tall	
  
adver>sing	
  stand	
  fell	
  over,	
  and	
  canned	
  goods	
  fell	
  from	
  a	
  rack	
  in	
  a	
  supermarket.	
  Slight	
  foreshocks	
  were	
  felt	
  at	
  Durant	
  on	
  October	
  10	
  and	
  11.	
  Intensity	
  IV	
  effects	
  from	
  
the	
  October	
  14	
  shock	
  were	
  also	
  noted	
  at	
  Caddo.	
  	
  

•  A	
  magnitude	
  4.6	
  earthquake	
  caused	
  some	
  cracked	
  plaster	
  (V)	
  at	
  Wewoka	
  on	
  May	
  2,	
  1969.	
  Intensity	
  V	
  effects	
  were	
  reported	
  at	
  several	
  other	
  towns	
  in	
  the	
  region.	
  The	
  
total	
  felt	
  area	
  included	
  approximately	
  33,700	
  square	
  kilometers	
  in	
  eastern	
  Oklahoma.	
  	
  

h9p://quake.usgs.gov	
  



Focal	
  mechanism	
  is	
  es>mated	
  for	
  this	
  
earthquake	
  by	
  quake.usgs.gov	
  





Source:	
  quake.usgs.gov	
  



Plate	
  tectonic	
  mo>on:	
  The	
  cause	
  of	
  
earthquakes	
  



Some	
  details	
  
•  Approximate	
  energy	
  release,	
  3.8	
  kt	
  (kilotons)	
  
•  Number	
  of	
  5.0	
  to	
  5.9	
  earthquakes	
  (globally),	
  	
  
approximately	
  800	
  per	
  year.	
  	
  
•  Approximate	
  Plate	
  mo>on	
  rate	
  is	
  14.3	
  mm/yr	
  
along	
  a	
  direc>on	
  of	
  245	
  Deg	
  East	
  of	
  North.	
  

	
  
	
  

Model	
   LaItude	
   Longitude	
   Speed	
  
mm/yr	
  

Azimuth	
  
(cw	
  from	
  

N)	
  

N	
  Vel.	
  
mm/yr	
  

E	
  Vel.	
  
mm/yr	
  

Plate	
  
(referenc

e)	
  

GSRM	
  
v1.2	
  

35°	
  49'	
  
60"	
  N	
  	
  

35.83333
3°	
  

96°	
  40'	
  W	
  	
  
-­‐96.66666

7°	
  
14.33	
   245.44°	
   -­‐5.95	
   -­‐13.03	
   NA(NNR)	
  



Richter	
  Scale	
  





h9p://en.wikipedia.org/wiki/Richter_magnitude_scale	
  







Varia>on	
  of	
  earthquake	
  shaking	
  with	
  
increased	
  distance	
  from	
  the	
  epicenter	
  

From:	
  Geotechnical	
  Earthquake	
  Engineering	
  By	
  Ikuo	
  Towhata	
  



Varia>on	
  of	
  earthquake	
  shaking	
  with	
  
increased	
  distance	
  from	
  the	
  epicenter	
  

From:	
  Geotechnical	
  Earthquake	
  Engineering	
  By	
  Ikuo	
  Towhata	
  


