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San Andreas Fault System

The Hayward Fault:
e Sub-parallel strand to the
San Andreas fault
e ~10 mm/yr of long term
slip
e ~20% of the San Andreas
slip budget




Q.
)
Q
S
O
b=
-
(O
G
e
S
(O
=
>
a ,

H




The Hayward Fault:
e Part of a through-line of
creep along the San

Andreas system




1868 M7.0 Earthquake
Since then, no >M5 events

- Characteristic of the Hayward fault?
- 1906 Earthquake shadow?
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Alinement Arrays

San Francisco State University
Fault Creep Monitoring Project g«yswﬁm

* Project of the USGS and San Francisco State

“‘\ ES; Univ. since 1979
\ *"\f} i (creap)
;,,fjffﬂ ES, e Small aperture survey networks
IS , =%~
&g 6|\ o -Span dozens of meters across the fault
._I:‘r'"/ 8- \ ﬁl
e \,\ * 30 sites on the Hayward fault
LN

0S A \&,
A0 = 0,-0; 1‘&
tan A8 = U[(1S-ES) \
u = (IS-ES)tan A8 \

http://funnel.sfsu.edu/creep/




Variable Creep
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Fig. 2. Cartoon depicts variation of creep rate along the fault through time, Dextral —— Time of:
data further described in text. Details over the past 20+ years suggest a rat: {m cr::r -_ ﬁ o Large regional
variety of possible interactions with earthquakes: 1) minor events (M-4) on the — . Misor lecal earthquake
fault, 2} moderate (M4.5-5.5) regional events causing triggered slip, and 3) = ss earthquake moderate regional
large regional events accompanied by significant regional stress changes = .8 Mz3.5 earthquake
{M:=6).

From Lienkaemper et al., BSSA (2011) _



Hayward Transient Slip Project

e Objective: Detect new and characterize known transient slip events
on the Hayward fault.

— Find missed events, either due to spatial coverage or depth

— Use known events to determine suitability

— Determine slip and depth extent of known events
 Data set:

— 172 ERS & 234 Envisatinterfs (and counting)

— 100 scenes and 98 dates

— 2 overlapping dates
e Simultaneous analysis using SBAS

— Produces 18 year time series of INSAR measurements
e Why SBAS?

— Unknown deformation pattern

— Ability to combine different satellites in one set.



Southern Hayward fault — 1996 event

e Fault slipped backwards
after 1989 M7.0 Loma
Prieta earthquake

87 35

e 1996 creep event
occurred as right-lateral
slip began

 |n 1999 creep returned to
pre earthquake rate

37°30'

37 25’
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Figure 9. Alinemeni-armay measuremaents, Hayward Fault, sites from km 50 fo 70.
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Fault slipped backwards
after 1989 M7.0 Loma
Prieta earthquake

1996 creep event
occurred as right-lateral
slip began

In 1999 creep returned to
pre earthquake rate

1996 event detected on 5
Alinement arrays




e Fault slipped backwards
after 1989 M7.0 Loma
Prieta earthquake

e 1996 creep event
occurred as right-lateral
slip began

 |n 1999 creep returned to
pre earthquake rate

e 1996 event detected on 5
Alinement arrays

ault, sites from km 50 o 70.

] _



Southern

e Fault slipped backwards
after 1989 M7.0 Loma
Prieta earthquake

e 1996 creep event
occurred as right-lateral
slip began

 |n 1999 creep returned to
pre earthquake rate

e 1996 event detected on 5
Alinement arrays

37°30'

* Analyze profile near
Camillia Rd.

37 25’
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Swath Averages

1994 1998 2002 2006 2010
e Years
Fit lines to each side of the profile
| i : .
! . The difference at the fault is the
-2 1 : . amount of creep.
| ® L -
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I o @ 1°°. s Effects of method
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rd — 1996 Creep Event
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rd — 1996 Creep Event

100
Smoothing: 0.25 year window
80}
Clear break at 1996 event
@
o OO w*o'
=
E . >y
3 ® e
o 40 . o’
2 A, A
5 2%
L Q ° °
20 o®? ™
L]
° U
®
O-a. . ﬂ
_20 1 L L L L L L L L
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Time (years)




ard — 1996 Creep Event
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South Hay eep Event
120
Smoothing: 0.25 year window
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eep Event

120 .
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. Near-field | g:0.25y
Q‘..
- ,_P.-“ y SBAS rate: 3.4 mm/yr
. slope: 3.9 £0.6 mm/yr ,.
E 6ol | Alinement ar. rate: 4.5 mm/yr
g
= 40} | SBAS shows:
i Lower creep rate
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Fault creep (mm)
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{1 Smoothing: 0.25 year window
1 SBAS rate: 3.8 mm/yr
| Alinement ar. rate: 4.5 mm/yr

| SBAS shows:

Lower creep rate
No post-1996 slowdown

Near-field better matches

1 Alinement array rate

Time-series near event is noisy




extent of 1996 event

From 11/11/1995 - 8/16/1996

Spatial extent roughly
matches that inferred from
Alinement arrays.

Possibly more slip deeper on
the fault to the north.

Slow slip deformation must be
disentangled from
groundwater.
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n Hayward fault — 2007 event

M4.2 earthquake
preceded 2007 creep
event by days

Creep event detected
at creepmeter CTM
after 12 days

Apparent on four
Alinement Arrays
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Figure 8. Alinemeni-array measurements, Hayward Fault. sites from km 0 to 50, labeled

by km distanca.
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M4.2 earthquake
preceded 2007 creep
event by days

Creep event detected
at creepmeter CTM
after 12 days

Apparent on four
Alinement Arrays




Northern Hayward fault — 2007 event

Figure 8. Alinement-array measure ments, Hayward Fault, sites from km O to 50, labeled

M4.2 earthquake
preceded 2007 creep
event by days

Creep event detected
at creepmeter CTM
after 12 days

Apparent on four
Alinement Arrays

Expression of event
varies at each site
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Hayward fault — 2007 event
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M4.2 earthquake
preceded 2007 creep
event by days

Creep event detected
at creepmeter CTM
after 12 days

Apparent on four
Alinement Arrays

Expression of event
varies at each site
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jard — North Profile
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N. Hayward —

Middle Profile
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e SBAS creep
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Smoothing: 0.25 year window
SBAS rate: 3.9 mm/yr
Alinement ar. rate: 3.6 mm/yr

SBAS shows:
Possible decrease in creep
before 2007 creep event.
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N. Hayward —

Middle Profile

Smoothing: 0.25 year window
SBAS rate: 3.9 mm/yr
| Alinement ar. rate: 3.6 mm/yr

{ SBAS shows:
Possible decrease in creep
before 2007 creep event.
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Fault creep (mm)
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Fault creep (mm)
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jard — South Profile
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Conclusions so far

* Transient slip events are evident in unfiltered SBAS time
series

— Both short event and longer rate changes
— Possible because of 18 year time span
e Block offset creep rates can be slower than near-field rates
— Steep slip gradient with depth
— Implications for using Alinement Arrays as model constraints
e SBAS reveals subtle creep variations

— On South Hayward, deeper slip resumes before shallow

— On North Hayward, both Alinement Arrays and SBAS show
creep modulation with ~10 year period
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