THE STATE AGENCY FOR
GEOLOGIC INFORMATION

MISSION

To inform the public about
geologic processes, maleri-
als, and resources in Ari-
zona and assist citizens,
businesses, governmental
agencies, and elected offi-
cials in making informed
decisions about managing
Arizona’s land, water, min-
eral, and energy resources.

GOALS

B [nform the public about
geologic processes,
materials, and resources
in a timely, courteous
manner.

B Map and describe the bed-
rock and surficial geology
of Arizona.

B |nvestigate and document
geologic processes and
materials that might be
hazardous to the public
or have adverse impact
on land use and
resource management.

B Administer the rules,
regulations, and policies
established by the Arizona
Oil and Gas Conservation
Commission.
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Earthquake Hazard

in Arizona

Larry D. Fellows
Director and State Geologist

In the last hundred years ten
earthquakes have each
caused more than 50,000
deaths. Last year strong
earthquakes shook Turkey
(twice), Taiwan, Mexico,
Greece, Columbia, and
southern California. In the
first Turkey quake, 15,000 to
20,000 people died. After
each California quake the
Arizona Geological Survey
(AZGS) receives telephone
calls from concerned or po-
tential residents who ask if
anything like that could hap-
pen here. To respond to
such questions and assist
those responsible for hazard
mitigation, Philip A.
Pearthree (AZGS) and Dou-
glas B. Bausch (Arizona
Earthquake Information
Center) prepared “Earth-
quake Hazards in Arizona,”
which the AZGS published
in 1999 as Map 34 (de-
scribed on page 5). The
Federal Emergency Manage-
ment Agency provided par-
tial funding. The
Earthquake Preparedness
Program in the Arizona Divi-
sion of Emergency Manage-
ment, Earthquake Hazards

Reduction Program in the
U.S. Geological Survey, and
Arizona Council on Earth-
quake Safety also collabo-
rated on the project.

The Earth’s brittle, outer-
most portion has broken
into a number of huge fault-
bounded plates that are
slowly moving relative to

one another (Figure 1).
Movement between plates
causes stresses to build up
in the rocks. When stress
becomes sufficiently high
the crust ruptures along
relatively weak zones
(faults) and an earthquake is

(continued on page 2)
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Figure 1. The boundary between the Pacific and North American plates
(bold red line) crosses southern California and northern Mexico just west of

Yuma, Arizona.
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Earthquake Hazard continued)

generated. Earthquakes re-
lieve some of the stress, but
stress commonly builds up
again and triggers recurrent
fault movement and earth-
quakes.

~ In places like the Pacific
Northwest, plates are collid-
ing head-on with one over-
riding the other. At the
mid-Atlantic ridge, new crust
is generated as plates are
pulling apart. The Pacific
plate is sliding northwest-
ward relative to the rest of
North America at a rate of
about 2 in/yr along the San

Andreas fault system, which
extends from the northern
Gulf of California through
southern and central Califor-
nia.

Historical earthquakes
in Arizona. Earthquake
hazard is assessed by study-
ing historical earthquakes
and mapping and character-
izing faults along which
movement has occurred in
the past 2 million years (the
Quaternary Period). The his-
torical record of earthquakes
in Arizona dates to about
1776, but records are sparse

prior to the late 1800s.
These early earthquakes
were documented only by
reports that described the
intensity of shaking that was
felt and the type of damage
that was caused.
Seismographs, instru-
ments that record earth
vibrations, began to be
developed in the late 1800s.
Useful recordings of Arizona
earthquakes date to the
early 1900s. The quality of
seismograph records im-
proved throughout the past
century. Magnitude esti-
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Figure 2. More than 20 historic earthquakes with magnitudes greater than 5.0

have occurred in or near Arizona since

1850.




mates are a measure of
earthquake size. With each
increase of one unit of
magnitude, ground mo-
tion increases by 10
times and the energy re-
leased in the earthquake
increases by about 32 \
times. )
More than 20 earth- {
quakes with magnitudes
greater than 5 have oc- k
curred in or near Arizona
since 1850. All of Arizona
has experienced some :
ground shaking (Figure \

O

2). The magnitude 7.4 &

Sonoran earthquake of
1887, which was cen-
tered about 40 miles
southeast of Douglas,
caused 51 deaths in
Sonora and extensive
property damage
throughout southeast-
ern Arizona. Substan-
tial damage occurred
in the Yuma area as a
result of the magni-
tude 7.1 Imperial Val-
ley earthquake of 1940. The
Flagstaff area experienced
moderate damage three
times during the early 1900’s
because of magnitude 6
earthquakes.

Geologic studies of
young faults. Geologists
contribute to the under-
standing of earthquake haz-
ard by studying faults that
may have generated prehis-
toric earthquakes. In Ari-
zona, earthquakes larger
than about magnitude 6 to
0.5 have probably ruptured
the ground surface. Evi-
dence of these surface rup-
tures may be preserved in
the landscape for thousands
of years.

Geologists assess the
paleoseismic history of a
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This map shows the

general locations of the

eight faults in Arizona that have been
active in the last 15,000 years (solid red
circles). The map shows nine locations because
the Hurricane fault has ruptured in two areas.

fault by making detailed
geologic maps, measuring
displacement along the fault,
and interpreting strata ex-
posed in trenches excavated
across the fault to estimate
how recently rupture oc-
curred and how much slip
took place. By using these
data, geologists may be able
to estimate the size of a pre-
historic earthquake and how
frequently it has been active
(recurrence interval).
Geologists have identified
nearly 100 faults in Arizona
that probably generated
earthquakes of magnitude 6
or larger during the Quater-
nary Period. These faults
are not very active, how-
ever, when compared with
the San Andreas fault. Al-
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though the most active faults
in Arizona have ruptured ev-
ery 5,000 to 10,000 years,
recurrence intervals of
50,000 to 100,000 years are
more typical. The fault that
generated the 1887 Sonoran
earthquake, for example,
probably had not caused a
similar earthquake for at
least 100,000 years. Geo-
logic studies indicate that
rupture occurred on eight
faults in Arizona within the
past 15,000 years (Figure 3).
Earthquake hazard
summary. Geologists and
engineers use knowledge
about the distribution and
character of earthquakes
and young faults to assess
seismic hazard. Earthquake
hazard levels are low to

moderate in most of Arizona
(Figure 4). Potentially active
faults that could generate
magnitude 0.5 to 7.2 quakes
are scattered throughout
southeastern and central Ari-
zona, including much of the
Phoenix and Tucson areas.
All of those faults have low
slip rates, long intervals be-
tween rupture, and have had
little historic activity. Be-
cause of this, these areas are
placed in the low to moder-
ate hazard category. The
major 1887 Sonoran earth-
quake proved that large,
damaging events can hap-
pen, but they do so infre-
quently.

Although seismic hazard is
low in much of Arizona, it is
significantly higher in the
Yuma and Flagstaff-Grand
Canyon areas. Yuma is des-
ignated as having a- high haz-
ard level because it is close
to active faults in the Impe-
rial Valley in southern Cali-
fornia and northern Mexico
that have generated numer-
ous magnitude 6.5 to 7.0
earthquakes during the last
150 years. There is a reason-
able probability that damag-
ing levels of seismic shaking
will occur in the Yuma area
within the next 50 years. To
make things worse, parts of
the area have potential for
liquefaction. Liquefaction
happens when the ground
shakes and causes shallow,
unconsolidated, water-satu-
rated deposits of silt and
sand to temporarily lose
strength and flow. Structures
built on those deposits com-
monly experience major
damage when liquefaction
occurs. During the 1940 Im-
perial Valley earthquake, for
example, liquefaction caused




bridges to buckle and irriga-
tion ditches to collapse. The
potential for liquefaction
damage in the Yuma area is
increasing because urban de-
velopment is extending into
low-lying areas adjacent to
the Colorado and Gila Rivers.

The Flagstaff-Grand Can-
yon area is considered to
have a moderate hazard
level. Although the area has
not experienced any large,
surface-rupturing earth-
quakes in the last 120 years,
quakes in 1906, 1910, and
1912 caused damage in
Flagstaff. Much of the area
was shaken by the magni-
tude 4.9 and 5.3 Cataract
Creek earthquakes in 1993.
Swarms of quakes ranging
up to magnitude 4.5 have
shaken Grand Canyon Vil-
lage during the past several
decades. The area is broken
by many faults that have
been active within the past
few hundred thousand years
and have potential to gener-
ate large earthquakes. Aver-
age intervals between
ruptures on individual faults
are long; a large earthquake
likely occurs within this re-
gion on average every 1,000
to 5,000 years. Because of
the frequent historic earth-
quake activity, together with
the presence of many poten-
tially active faults, those in
construction and emergency
management should give se-
rious consideration to earth-
quake hazards.

Figure 4. The State has been
subdivided into four categories to
show interpreted earthquake
hazard. The categories are based
on rates of historical earthquake
activity, number of potentially
active faults, and the estimated slip
rates for those faults.
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