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PART 1 
Mountain Building 
Along San Andreas Fault 



E 
E 

E
 

E 
E 

E
 

E 
E 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

7
 

(u
 

cr) 
0
 

0
 

0
 

* 
m

 
(u

 
0
 

7
 







SA 

HI IH' 

J, M iJ' 
1 km 

0 

/ - 
50 km 



IJJ 0002 00s 1 000 1 00s 0 oos- 000 1- w oos1- 

8E 

Jrl  - 
W W  

6E 

OP 



100 
km2 

a 
Q) 

c 

t 

2 
.- 

50 
3 

r" 

a 
H 0 

A 
a 

13 * km-Myr 

iJ 
I F  

/ 
/ 

/ 

20 " 
Yr 

0 5 10 15 
Fau I t-Pe rpe n d i cu la r 

Shortening 





Kev 

40 
km 

30 

20 

10 

0 

I 

Total Shortening 
Estimated From: 

Fault-Perpendicular 
Convergence Rate 



40 
km 

30 

20 

10 

0 

Key 
Total Shortening 
Estimated From: 
0 Topography 

0 1 6 !LE!=& 
Yr Myr 2 3 4 5 

Fault-Perpendicular 
Convergence Rate 



PART 2 
Elastic Microplate Model 
of Southern California 
San Andreas Fault 
Strain Accumulation 



begin 

elastic strain buildup 
interseismic period 

elastic strain release elastic strain release 'I I earthquake : 



3-D Screw Dislocation Models 
strike 
slip 
fault 

deep 
slip 
rate 

locking 
depth 

0 San Andreas 

@ San Andreas 

25 mm/yr 20 km 

20 mm/yr 15 km 
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Mojave segment 
San Andreas Fault 
Optimal 25 mm/yr 20 km 
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Mojave segment 
San Andreas Fault 
Optimal 25 mm/yr 20 km 



Dislocation Model 

J 

Mojave segment 
San Andreas Fault 
Minimum 20 mm/yr 15 km 



Resid I San Gabriel 
al Velocity Field Mountains fixed 

\ 

1 \ I 20km I 

Mojave segment 
San Andreas Fault 
Minimum 20 mm/yr 15 km 



San Gabriel Mountains residuals 



Sierran microplate 
fixed 



west Mojave desert- 
North America 
CVV 2.8 +1.8"/Myr 

east California 
shear zone 

North America 
fixed 



west Mojave desert residuals 

west Mojave 
desert fixed 



PART 3 
Los Angeles Metropolis 
Shortening and Thickening 
Thrust Fault Strain Build Up 
Aquifers and Oil Fields 



oblique Mercator projection 
about pole fit to Mojave 
segment of San Andreas F. 

residual velocity field 
SGM fixed 

Mojave segment, San Andreas F. 
best 25 mm/yr 20 km 



Residual Velocity 
rel. San Gabriel Mountains 
locking San Andreas F. removed 
permanent GPS 

trilateration, campaign GPS, VLBI, SLR 

95% conf. limits 
San Gabriel M. rigid 
San Andreas F. dextral slip 
contractional belt 5 mm/yr, 10 to 40 km 

after 1994 Northridge 

before 1992 Landers 

Vent u ra basin narrow 
San Fernando valley wide 
Pasadena narrow USC 
San Gabriel valley ? 

profile Puente Hills thrust 



Shortening and Thickening of 
Metropolitan Los Angeles 

Residual Velocity Field San Gabriel 
Mountains fixed 

Mojave segment 
San Andreas Fault 
Optimal 25 mm/yr 20 km 



Residual Velocity Field 
San Gabriel 

Mountains fixed 

Mojave segment 
San Andreas Fault 
Optimal 25 mm/yr 20 km 
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2-D Edge Dislocation Models 
deep 

thrust slip locking 
fault rate depth 

0 Puente Hills 8 mm/yr 17 km 

@ Puente Hills 4 mm/yr 17 km 
Sierra Madre 4 mm/yr 17 km 

shallow locking depth? 
aseismic creep? 
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2-D Edge Dislocation Models 
deep 

thrust slip locking 
fault rate depth 

@ Puente Hills 8 mm/yr 5 km 

@ Puente Hills 4 mm/yr 5 km 
Elysian Park 4 mm/yr 5 km 

@) Puente Hills 3 mm/yr 5 km 
Elysian Park 3 mm/yr 5 km 
Sierra Madre 2 mm/yr 5 km 

but seismogenic zone is deeper! 
1987 Whittier Narrows 13-1 7 km 
1971 San Fernando 0-15 km 
1994 Noflhridge 8-19 km 
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Research Outstanding 

more permanent GPS data at more sites 
spatial variation 
inteseismic velocity 

3-D dislocation model 
complex fault geometry 

3-D geologic model 
minimize in ela s tic s tra in 

low stiffness of Los Angeles basin sediments 
Hager et al. 1999 
Ventura basin 

viscous 
temporal variation 
in terseism ic strain 
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How is north-south 
shorten i ng accommodated? 

undeformed shortening belt 

100 km 
E 
x 
lo cu 

by east-west lengthening 
+25 ’f/ 

belt length >> belt width 
E-W lengthening >> N-S shortening 

by vertical thickening 

co’ +, 
belt length - belt thickness 

vertical thickening - N-S shortening 

mainly by vertical thickening 




