
U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!( !(

!(

!(
!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(!(

!( !(
!(
!(

!(
!(

!(
!(!(
!(

!(

!(

!(

!(

!(

!(
!(!(

!(
!(

!(
!(!(

!(
!(

!(

!(!(
!(
!(!(

!(

!(

!(

!(

!( !(
!(

!(!(

!(
!(

!(

!(

!(!(
!(!(

!(

!( !(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(
!(

!(
!(
!(

!(!(!(!(
!( !(

!(!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(
!(

!(!(!(
!(
!( !(

!(

!(

!(
!(!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(
!(
!(

!(!(
!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(!( !(

!(!(
!(

!(

!(

!(
!(

!(

!(!(
!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(
!(

!(
!(

!(
!(

!(!(!( !(!(!(!( !(!(

!(

!(
!(

!(!(
!(

!(
!(

!(

!(

!(
!(
!(!(

!(!(!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(
!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(
!(
!(

!(

!(
!(

!(

!(
!(

!(

!(
!(
!(!(

!(
!(

!(
!(!(
!(!(!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(!(!(!(

!(!(
!(!(

!(!(

!(

!(

!(

!(!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(
!(

!(!(

!(

!(
!(

!(

!(
!(!(

!(!( !(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(
!(

!(

!(!(!(!(!(!(
!(

!(
!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(
!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(
!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(
!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(
!(
!(

!(

!(

!(!(
!(

!(!(

!(

!(

!(

!(
!(
!(!(

!(

!( !(

!(

!( !(!(

!(

!(!(
!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(!(
!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(
!( !(

!(

!(!(!(!(!(!(!(
!(

!( !(
!(

!(
!(!(

!(

!(
!(!(!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(
!(!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(!(!(
!(!(!(

!(

!( !(!(
!(

!(

!(

!(

!( !(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(
!(

!(

!(!(!(!(!(
!(
!(

!(

!(

!(

!(
!(

!(!(
!(

!(
!( !(

!(
!(

!( !(

!(
!(!(!(
!(

!(!(!(
!(
!(!( !(

!(
!(

!(!(

!(!(
!(
!(

!(
!(
!(

!(!(

!(
!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(
!(

!(

!(

!(

!(
!(!(!(!(

!(

!(

!(

!(!(

!(
!(
!(

!(

!(
!(

!(

!(

!(!(!(!(!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(!(
!(

!(!(!(
!(!(!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(

!(

!(!(
!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(!(!(

!(

!(!(!(
!(!(
!(!(
!(

!(

!(

!(
!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(!(!(

!(

!(

!(
!(!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(!(!(
!(
!(!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!( !(

!(

!(!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(!(!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(
!(

!(!(

!(

!(!(!(
!(

!(

!(
!(
!(

!(!(!(!(
!(!(!(

!(
!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(
!( !(!(

!(

!(
!(

!(

!(
!(!(!(!(
!( !(
!(
!(

!(

!(

!(

!(

!(!(!(

!(

!(!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(

!(

!(

!(!(!(!( !(

!(

!(!(

!(

!(

!(

!(!(!(

!(

!(

!(
!(!(!(

!(

!(

!(!(!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(
!(
!(

!(

!(

!(

!(
!(

!(

!( !(
!(

!(!( !( !(

!(

!(

!(!(
!(

!(
!(!(!(!(!(

!(

!( !(
!(
!(

!(

!(!(!( !(!(!(!(!(!(
!(
!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(
!(!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(
!(!(

!(
!(

!(

!(

!(

!(
!(
!(

!(
!(

!(!(

!(

!(

!(!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(!(
!(

!(
!(

!(!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(!(
!(
!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(
!(

!(

!(

!(!(!(
!(

!(

!(
!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(
!(!( !(

!(

!(
!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(!(!(
!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(
!(
!(!(
!(
!(

!(!(
!(
!(
!(

!(

!(!( !(!(
!(!(!(
!(

!(

!(!(
!(

!(

!(!(!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!(

!(!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(
!( !(!(!(!(!(!(!( !(!(!(!(

!(
!(
!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(!(

!(

!(!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!( !(!(!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!( !(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(!(
!(

!(
!(
!(!(
!(
!(̂_
_̂̂_
_̂

Bari

Bologna

Sarajevo
Florence

Zagreb

Milan

Turin

Genoa

Rome

Naples

Palermo

Tyrrhenian
Sea

Adriatic Sea

Ionian
SeaMediterranean

Sea

Sardinia

Corsica

Sicily Sicily

Albania

Austria

Bosnia and
Herzegovina

Croatia

France

Hungary

ItalyMonaco

Montenegro

San
Marino

Serbia
Slovenia

Switzerland

Vatican
City

15°

15°

10°

10°

45° 45°

40° 40°

#*
#*

#*#*#*

#*#*#*
#*

#*#*

#*

#* #*#*

#*

#*

#*

#*

#*

#*#*#*

#*
#*#*
#*

#* #*
#* #*!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(
!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(!(

!(

!( !(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(!(!(

!(
!(

!(!(

!(

!(!(

!(!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(
!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(!(!(

#

#

#

#

#

#
# #

#
# # # # #

#

#

#

# #

#

#

#

#

# #

# # # # #
#

#

#

#

_̂

Lithuania

Belarus

Germany
Netherlands Poland

Belgium
Czech

RepublicLuxembourg
Ukraine

Moldova

Slovakia

Austria

Switzerland
Liechtenstein

Italy
Slovenia

Hungary
France

Romania

San
MarinoMonaco

Spain

Andorra
Macedonia

Albania

Portugal

Turkey

Gibraltar

Algeria
Morocco

Libya
Egypt

Western
Sahara

Russia

United
Kingdom

Ireland

Jersey

Croatia

Malta
Cyprus

Tunisia

Bosnia &
Herzegovina Serbia &

Montenegro

Celtic
Sea

Irish
Sea

North
Sea

Balearic
Sea Tyrrhenian

Sea

Adriatic
Sea

Ionian
Sea

Mediterranean
Sea

Black
Sea

Red Sea
30°

30°

20°

20°

10°

10°

0°

0°

50° 50°

40° 40°

30° 30°

M5.7 and 5.6 Amatrice, Italy Earthquakes of 18 January 2017

0 250 500125
K ilo m eters

_̂

30°

30°

20°

20°

10°

10°

0°

0°

50° 50°

40° 40°

0 500 1,000 1,500250
K ilo m eters

Prepared in cooperation with the 
Global Seismographic Network

Tectonic Setting

Seismic Hazard

Epicentral Region

                                                                                                                                                                                                     T ECT ONIC SU MMARY
T he Ja n ua ry 18, 2017 M 5.7 a n d M 5.6 ea rthqua kes so uthwest o f Am atric e, Ita ly, o c c urred a s the result o f sha llo w n o rm a l fa ultin g o n  a NW-SE o rien ted fa ult (o r fa ults) in  the Cen tra l Apen n in es. T he Apen n in es is a  m o un ta in  ra n ge tha t run s fro m  the Gulf o f T a ra n to  in
the so uth to  the so uthern  edge o f the Po  b a sin  in  n o rthern  Ita ly. Geo lo gic a lly, the Apen n in es is la rgely a n  a c c retio n a ry wedge fo rm ed as a  c o n sequen c e o f sub duc tio n . T his regio n  is tec to n ic a lly a n d geo lo gic a lly c o m plex, in vo lvin g sub duc tio n  o f the Adria  m ic ro -pla te
b en ea th Eurasia  a n d the Apen n in es fro m  ea st to  west, c o n tin en ta l c o llisio n  b etween  the Eurasia  a n d Nub ia  (Afric a ) pla tes b uildin g the Alpin e m o un ta in  b elt further to  the n o rth, a n d the o pen in g o f the T yrrhen ia n  b a sin  to  the west (the la tter o f whic h is in  turn  rela ted to
Adria  sub duc tio n  a n d ea stwa rd tren c h m igra tio n ). T he evo lutio n  o f this system  has c a used the expressio n  o f a ll differen t tec to n ic  styles a c tin g at the sa m e tim e in  a b ro a d regio n  surro un din g Ita ly a n d the c en tra l Mediterra n ea n . T he Ja n ua ry 18, 2017 n o rm a l fa ultin g
ea rthqua kes a re in tra pla te even ts, a n  expressio n  o f the east-west exten sio n a l tec to n ic s tha t n o w do m in a te a lo n g the Apen n in e b elt.
T he Ja n ua ry 18, 2017 ea rthqua kes (09:25 U T C M 5.3; 10:14 U T C M 5.7; 10:25 U T C M 5.6) c o n tin ue a sequen c e o f da m a gin g ea rthqua kes that in c lude:
- T he August 24, 2016, M 6.2 c en tra l Ita ly (Am atric e) ea rthqua ke, whic h c a used a ppro xim a tely 300 fata lities, a n d severely da m a ged the to wn  o f Am atric e.
- T he Octo b er 26, 2016, M 6.1 c en tra l Ita ly ea rthqua ke, whic h was itself prec eded b y severa l ho urs b y a  M 5.5 ea rthqua ke. T he M 6.1 ea rthqua ke resulted in  da m a ge to  n um ero us b uildin gs, b ut n o  fa ta lities.
- T he Octo b er 30, 2016, M 6.6 c en tra l Ita ly ea rthqua ke, the la rgest even t in  the sequen c e to  date. T his even t c a used 20 in juries a n d left m a n y ho m eless, a n d c a used exten sive da m a ge, in c ludin g destro yin g the Basilic a  o f Sa in t Ben edic t.
Sin c e the August 24, 2016 M 6.2 ea rthqua ke, a n d prio r to  Ja n ua ry 18, 2017, the U SGS has repo rted 75 even ts o f M 4.0 a n d la rger, in c ludin g a M 5.6 ea rthqua ke within  a n  ho ur o f the August 24, 2016 sho c k, the two  la rge even ts o n  Octo b er 26, 2016 – a n  M 5.5 even t
at 17:10 U T C, a n d the M 6.1 ea rthqua ke at 19:18 U T C – a n d the M 6.6 even t o n  Octo b er 30, 2016. Bo th Octo b er 26, 2016 even ts were at the n o rthern  en d o f the a ftersho c k sequen c e o f the M 6.2 August 24, 2016 ea rthqua ke. T he Octo b er 30, 2016, M 6.6 even t
o c c urred b etween  the two  prio r la rgest ea rthqua kes, a ppro xim a tely 10 km  so uthea st o f the Octo b er 26, 2016, M 6.1 even t. T he Ja n ua ry 18, 2017 ea rthqua kes o c c urred at the so uthern  en d o f the sequen c e, a b o ut 15 km  so uthea st o f the M 6.2 August 24, 2016
ea rthqua ke.
T he c en tra l Apen n in e regio n  ha s experien c ed severa l sign ific a n t ea rthqua kes in  rec o rded histo ry. T he la rgest in strum en ta lly rec o rded ea rthqua ke within  100 km  o f the 2016-17 even ts was the Ja n ua ry 13, 1915 M 6.7 ea rthqua ke, whic h was n ea rly 90 km  to  the so uth-
so uthea st o f the Octo b er 26, 2016 even t, n ea r Avezza n o . T he 1915 ea rthqua ke killed a ppro xim a tely 32,000 peo ple. In  Septem b er 1997, a Mw 6.0 ea rthqua ke 35 km  west-n o rthwest o f the Octo b er 30, 2016 even t killed 11, in jured o ver 100 a n d destro yed a ppro xim a tely
80,000 ho m es in  the Ma rc he a n d U m b ria  regio n s. T his 1997 even t was pa rt o f a series o f ea rthqua kes kn o wn  as the U m b ria -Ma rc he seism ic sequen c e, whic h in c luded eight even ts o f m a gn itude grea ter tha n  M5.0 in  a two -m o n th perio d b etween  Septem b er a n d
No vem b er o f that yea r, in c ludin g the even ts that sub sta n tia lly da m a ged the Basilic a  o f St Fra n c is in  Assisi. In  April 2009, a Mw 6.3 ea rthqua ke 60 km  to  the so uth-so uthea st o f the Octo b er 30, 2016 even t, n ea r the to wn  o f L’Aquila , killed at lea st 295, in jured o ver 1,000
a n d left 55,000 o r m o re ho m eless. T he L’Aquila  ea rthqua ke resulted in  sign ific a n t la n dslidin g in  the lo c a l a rea , a n d wa s a lso  fo llo wed b y a vigo ro us a ftersho c k sequen c e, in c ludin g 5 o ther even ts o f M 5.0 o r la rger. T he lo c a tio n  o f the 2016-17 ea rthqua ke sequen c e is
predo m in a n tly in  a ga p b etween  the a ftersho c k sequen c es o f the 1997 a n d 2009 even ts; the Ja n ua ry 18, 2017 even ts a re just to  the n o rth o f the n o rthern  exten t o f the 2009 sequen c e.

EXPLANATION

_̂ M5.7- 1/18/2017

_̂ M6.6- 10/30/2016

_̂ M6.1- 10/26/2016

_̂ M6.2- 8/24/2016

Earthquake Magnitude
( 3.5 - 4.0
( 4.0 - 4.5

( 4.5 - 5.0

( 5.0 - 5.5

( > 5.5

Earthquake Depth (km)
!( 0 - 69

!( 70 - 299

!( ≥ 300

Seismic hazard is expressed as peak
ground acceleration (PGA) on firm
rock, in meters/sec², expected to be
exceeded in a 50-yr period with a
probability of 10 percent.

EXPLANATION
Ma g ≥ 6.0 
!( 0 - 69 km
!( 70 - 299
!( 300 - 600
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