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The Strength of the San Andreas
Fault:A Critical Analysis
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1. INTRODUCTION

San Andreasififg (SAF) TIX, narrow’iheat flow
anomalyh & \W/csd, #RAECHAMEL, BIWTIG /T4 10Mpa
ERBEHEOLNS. INIEEREDIOOMPat KELK £ 5.
(San Andreas heat flow paradox)
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2. BACKGROUND (1)

= SAFOEREDERAFER (Figure 1) IciItiB=Hh & UL
narrow’xheat flow anomalyh‘7ix <, EE#E{FH#Z0.2 (EE&
BED1/3) UTTHBIENKHENS.

s FDOEOBANZILIFEL VW (San Andreas heat flow
paradox)
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Figure 1, Heat flow measurements in a profile across the Mojave
section of the San Andreas fault, (after [Lachenbruch and Suss,
1988].



2. BACKGROUND (2)
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Figure 2, Stress measurements frem the K'TB borehole, Germany.

After Brudy ct al, (1997).



i 3. MECHANISM FOR A WEAK FAULT
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3.1 Solid Lubrication (1)

kaolinite, montmorillonite, chrysotile form of
serpentinite & ( u=0.2) DMIEBICHNIE, BVREE T2

BHalEhEns.

SAF REICIEZH D,

(Figure 3) .
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3.1 Solid Lubrication (2)

« HFEWERILOME SN VY ¢ u=0.55,

s KEODclayldEIbICK2HDDEKSTHS.

s FXlcl&EZE2ED clayTHETWTS, BE LRICHSHER
B Tsweling (FEE%E) D Snon-sweling GEREENME) (723
fe&, 2O ulE0.4iC2D, &9 =3 [Morrow, et al.
1992].

= chrysotile form of serpentiniteld &2 TH ZE[Reinen, et
al. 1991172h%, SAFICIE (BED) 7\), creeping section
ICIZ& < HB. creeping sectionlc D W T [F&ik

= (creeping sectionZfr< &) claylc & 216 u O ATEEHEIZ{E L)



3.2 Elevated Pore Pressure

= pore pressure TitBAT B (&lithostaticlTIE WWINEDL S B.

= pore pressureld, KEKHE (hydrofracturing) DIBEZER
=, mINERAZBZIS5NEW,
- (R/NERADNES W) EITNPIERE CHEREICED

= Lapusta and Rice [1992]IC &5 ETIL

= low permeability®¥E DlayerH WiB = 2B L TWT, ABZBIE
hydrostatic/eh®, AERIElithostaticZipore pressure

= high pore pressurelg¥ > ML TFv—INHD
FXHEZEBRICHCT DIFEL L,
» KEEHIFR TDboreholeF—4% M5, pore pressureld&EIC

hydrostatic ¢, #RzdDhigh permeability 7z &,
¥ —fiboreholel3E < TH 10kmA (Fig.22:H4)

=elevated pore pressure CIIFBATER T ZS.



3.3 Dynamic Weakening Mechanisms (1)

seismic slipPFDHFERFIZ TIT 2L DB AN ZXLHEL
RIBENTWS.

shear melting

dynamic thermal pore pressure enhancement
acoustic fluidization

opening mode displacements

dynamic lubrication

silica gel lubrication

SlipRDBIMIIS N2 D72 TEHDT, EFEADL DR TE

2

Shear melting*¥>clastic dikel&, L 77 —X.

silica gel lubrication(d, slipEREHEWRFICERH/NE < &R
5EVWOREBREREHAT SIcHICRIBES T

DL DL, EmHICEZS5NILHD.



3.3 Dynamic Weakening Mechanisms (2)

EDHEF/TH, FILEREITBSE
LY,

B8 IFEEER D Byerlee’s lawZE(CfiES &
95¢&, 100MPaDEABETHAES
Nax97Eh, SAFTIEZTOMPalY
T.

Dynamic weakening mechanism
i, FBICTREEG D WIEEslp

REZET D, MEOHRENKEL

BBE, BIR (XANWZXLHEIK K
SICED) INNETEMNMEZADIET
Zh, EBRIEZ 57> TULV7RL
(Figure 4) .
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Figure 4, Earthquake stress drop as a function of seismic moment,
from [Abercrombie and Rice, 2005)
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3.3 Dynamic Weakening Mechanisms (3)

B IEBEE DI ADNS FNiEFigure 4 - EE=EbE SN S,

Lapusta and Rice [2004]l&, EFHRFICKE<FHFXS
Byerlee frictionZz{RE U, #HEDB & R255WERDHH
72w 7 EmDINEFRTHREDF WVWEBDICEN > TWL < £
TILZRIEU .

BEDOSWESD COBRMIBAITEIEERLD/NSWEXLZOD
T, WHBETHIH IR TTE,

dynamic weakening mechanismic® Lapusta-Rice€®7 /L
iICHwell developed faulticBRE T 2ERMNR L, I DEH
FEXEFRET S.

BRI L - WIEIRE, A% b KSR — L ICHIRD S 2, Lol k
ERRITINSBRHETHEXINT dweak patchh dd 5D H 7?7
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3.3 Dynamic Weakening Mechanisms (4)

thermal weakening® 7" /L Tl&, BIRTIG D FEWNEIRICRE
SNTWBRENH S,

WT/E Droughnessid 7> 7 %)L

XroughnessD ZERDI L & 72 > T 5 L DI H > 72

meltid/\y FRICATH T 21FT T, BEFHIRD THSARL
THDD.

roughnessh 5, fault slipfFdDdilatancyh FREE= N 5.
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4. ARE STRESS MEASUREMENTS ON

CONSISTENT WITH THE WEAK SAF
i HYPOTHESIS?
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4.1 Absolute Stress Measurements from
Boreholes (1)

= Cajon Pass borehole TDI5 1 DELH]
« EEINDINIE (SAFIFHEEITN)

« BTN fzDIZCleghorn fault (SAFDOXZKIE) DIt Him

Shear Stress Parallel to San Andreas (1MPa)
-60 -40 -20 0 20 40 60

0 v v ferey oy

LAt 20t dum S dd

500 4--—-mm- N S {

100Q 4t ——1- o R S - 3o

1500 4. f.e-e

Depth (m)
»
=1
°
=1

2500 +f---—|-

13 t
4' ‘ 7
(&
o —
4
DR
3000 - - - f7 S I
/s
3500 o} ') I 5 T
il | 1

4000




& D EHETR T

C

Ztl
Cajon Pass (O)

T899 5,

a

%

=

FTHIMN> THED,
5

ps

N

DWThH /3

C

[

BMNODKF (Figba) &, Byerlee froction® ks

%%Eﬁé%lﬁu

Fk%

(Figbb)

4.1 Absolute Stress Measurements from
NEFENS.

Boreholes (2)
SAF(ZCajon Passfd

7135
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« weakXWiBTld, WiBHE~F/NME
THDO, strongBMiETIEo,&T
AEVHINESLES. u=0.6DH,
VIE60° LI FTH 5.  (Figure 7)

= FEAYTAILZF T, SAFHS
20kmB A xW=60"TdH 3 (Figure
8) . —strong faultz /R~IZ
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Figure 8, Stress rotation adjacent to the SAF in the Mojave scctor,
Data from Hardebeck and Hauksson (1999).

4.2 Stress Orientation Data (1)
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» JEHVTAILZ=7 T, locked faultic D W TIFW=60°" (F

4.2 Stress Orientation Data (2)

#956°) T, creeping faultTiEW >60°
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Figure 9. Orientations of o, in Northern California (data from
Provost and [Houston (2003)}. Solid lines are the means of tie data
for the region of locked faults and of creeping faults.
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4.2 Stress Orientation Data (3)

creeping fault : & £ D FIHYR L

N - TILYT 4y 70D 7FHAD K S % decoupled
subduction zone TIFMEFREI N TWS.

WTENEFE B DIREEICAD 552 DDiFHE

pn EEILADDIT/IHE W

s velocity strengtheningh velocity neutral’2¥& TEH 11T L)
%

FiRdsubduction zoneTl&, MLAHIAT A Z T (Clocaliz AD
ERT 2R, EEIDANNELRD, decouplingh =7z
EFBAEINTWS,
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4.2 Stress Orientation Data (4)

= SAFTIEMmADREMEII BRI N TWS
A Irwin & Banes [1975]

SAFDILEERTlEGreat Valley formationlic & D 75> A5
VHERESNTED, impermeable cap& U THEEE.

Znlc kK bpore pressurehilithosphericlcifi< &> TWLW 3,
o IKERRZE T D AEIFREERL

B Allen [1968]74 &

« WEECE (velocity stableREEISEEFD) DEFEE
= FflcchrysotileBZ [ 1uid w 1&0.21C

W3 Hcreeping faulthtweak TH s 2 &R UL TW3S,
s felEUZENnElocalGtBIC K Z2HDTH B

=SAF(&, weak#icreeping fault section% bR Z #1astrong
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i 5. THE HEAT FLOW DATA REVISITED

» BRET—Y OFIRIFIELWH?

s JEROBREDOHRIIEREBD ZRIIRE L TWBD, EBED
A RY IS episodic.
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5.1 The Broad SAF Heat Flow Anomaly (1)

A

= SAFRVWOERET—% (Figure 10, 11) TI&, anomalyh’
narrow Cld7& < broad™, Mendicino triple junction

(MTJ) Z#8BZ2 5<%,

Lachenbruch and Sasy (1980)
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Figure 10. All heat flow data in coastal California, plotted in a
profile across the San Andreas fanlt, After Lachenbruch and Sass
(1980).
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Figure 11, The same data as Figure 10, plotted along strike of the
SAF, The origin is at the Mendicino Triple Junction.

21



5.1 The Broad SAF Heat Flow Anomaly (2)

= Lachenbruch and Sass [1980] (LS80) : 2 DDHEEM
= Slab-windowE7 /)L
MTJ®DE A ICone-sided spreading center®‘'&% b, 7./ X
77 hoYBENLER. EE20kmTI1100CHS, BRET—
FEHD.
« brittle®7 )L
detachment L TEWWIFLE. SAF_ETEIRTILSI/NEDY, SAFHS
N3 ERELBESRITNIEG SRV,
E L5 HIRFEELFE.
= broad anomary(ZSAFB&KICERED

22



5.2 Is Conduction the Primary Mechanism
of Heat Transfer?

WTKOTRNbEEXICHESL S 3.
EFHIRR T IEEVKBER DA,
hot springMEE—# T KIC K 5 Bk D ngE 4

DMEOERTREBETILHMEDNTWSD, EEROHRD
FRIF/NILARNTH D, RAEF10%E. KEARORESE
NELRD, REBTIKERKDIIANELEL S 5. RKEDL4~
SBkmTILRELNENNS K BRDEBEE TIEDLETH S D.

Hegben Lake earthquake (1959, M7.3) Tl #E#%
2 7 AEICOBkm3DKNEREMNSHUHE N, D10
EDEDKHINIMERICLDEE7X10JTRERSSNICET S
&, SCORELR.
MEEROKICKDEEEIETIEID S 5.
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5.3 Deep Fault Structure, Heat
Generation, And Fluid Circulation

SAFDEEDFENEIIERE2~5kmETH>T, VILNTHY
JL—U1 NDOEENHHTHS I ENS, D Ebmib
DEEBHAICKE T DE Y TARY M ELBHDTIERVWZ ED
TEEIN5.

K DRWNGZFRICH DI NIE TIIRFNER D, BARA
~ MDCarneras fault " FX v ~k ®Damxung-Jiali fault I,
IB3~BkmDWedE B3 TYa2a—RYFS5A4 MDveinhP RS
N, BUKBEROINLE 7R > TWS.
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6. CONCLUSIONS

HMEDEBIRICAS LOBRBFVWEZ DK AN ALIEE
LY

IBADT—INS5HY T7A I ZF7 DL, K Ucreeping
sectionZ R SAFOBENF W EMbDh > T,

creeping sectionlc d % SAFOD borehole 77— 4% H 5,
broad/tanomalyh@BH 5N, BEDSVETEIC K 5 EERE
MERTH D &EZRE,

LS80IC KB ETIVIF R ICRIES N TULRL,
EBINEBZIRE UIERDEREDRERIFIRD TH D, By
TARYNDHTEANKETDERET D&, FIHICKITS
KEFRDIKIC K DEEENRE SN, broadanomaly &
HESHTH .
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