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METHOD

<S1te Se1ect1on | o

| A profi]e across the San Jac1nto fault near Anza, southern €alifornia
'v1s chosen: to 1nvest1gate whether a- 1oca1 heat f1ow anomaly may assoc1ate w1th
an act1ve strxke-slxp fault.. Thjs spec1f1c.prof11e~1s se}ected_for the. |
follow1ng reasons -

First, the San Jac1nto fau1t is near]y half way between two other major
"Estrnke-sl1p fautts, M1ss1on Creek and Els1nore—faults,_of the san: Andreas fault
itsystem 1n.southern Ca11forn1a (F1g. 1). It is w1shed that, 1f 1ndeed fau1t1ng

. can create a heat flow: anoma]y, theithermal contr1but1on from the Mission
Creek and E1sxnore fau]ts would have been near]y equal ‘to each other and an
“'-’anoma:]y- wou}d be symmetm_c with respect.to the San Jacinto. fault. To the north,_.
' in-the CaionvPassFSancBernardino-Rtverside.area@etheibending'of the San -
Andreasﬁfaultt:and;Banning-Mission.Creek_faolt-can‘compljcate.further the
v'fthermal regime.]rIn other words, one would like to treat'the:fault-related
therma] reg1me as a two d1mens1ona] prob]em for ana]ysis befare the relation -
can be clear1y demonstrated | ' | |
| Second, the tonalite of the southern Ca11forn1a bathalith as descr1bed
1n the Geological Maps (Santa Ana Sheet) by Ca11forn1a D1v1s1on of - dnnes and
Geo]ogy and by Sharp. (1967) appears on both sides of the San Jac1nto fault.
L1tholog1ca] s1m11ar1ty can minimize the effect of refract1on across media - |
of different.thermaI conductivity and poss1b1y the effect of d1fferent rad1o-
act1ve heat generat1on-rate F1e1d 1nspect1on 1nd1cates, however, that the
San Jacinto Mounta1n on the northeastern side of the. fault trace is rugged
and the rocks. appear re]atlvely fresh. On.theHsouthwestern,s1de,the topo-- -
| ~ graphy 1sasubdued>and the rocks.appearvfairly-weatheredtto an unknown depth

axtent.



Thfrd, three: measurements made by Henyey and Nasserburg (]9711 on the

.southwestern side of the San Jac1nto fault trace show a. possxb]e anonaly of .

7‘0 3 u cal/cmzsec. It is- 1mperat1ve to extend the1r prof11e further away and,

in part1cu1ar, to the northeast side so as. to ver1fy the ex1stence of an anoma]y.

‘Onceathe'proftle had,been.se]ected, the“sitesﬂwere chosen on the compromise
betWeen the;budgetedqdrffiing cost:andlthegregionai-localvseparation of heat .
pfﬁow:valués;n‘Attention'was paid-to~avofd sites~withv1arge locallrelief'and
:'t::spr1ng act1v1ty Ideal s1tes are not readi]y ava11ab1e because of the environ~
d,".mentai 1mpact of dr1111ng a 4—1nch boreho1e on the w11d11fe, destruction of |
‘suspected archeo]og1ca1 sites, re51dent1a1 development and perm1ss1on to. dr111
51x holes wererdr111ed=to ~100-m~each;' Coring was.attempted in each -

1borehole on1y for the bottom 10 m.. Rock‘chips‘werevcb11ected‘at_3;3'm inter-

-va]s (10 ft) The ho]es were cased with 2-1nch PVC p1pe Thesannulus between-

the p1pe and well bore- was: backfi]led.w1th the rock ch1ps ’ -
S1tes E3 and EZ at distance of 16 and 7 km, respect1ve1y, from the fault

trace were dr111ed 1nto the.tona11te on the San Jacxnto Mounta1n (F1g

Table 3) Rock ch1ps 1nd1cate the rocks are fa1r1y fresh at depth be]ow A0 m
S1tes w1 and. wz were a]so dri11ed 1n the tona11te as shown on the geolog1ca1

map but the rocks. on the surface are fa1r1y weathered. At site W1, the rocks

rd

'appear weetehred throughout the IOO.m‘boreho]eo< However,. core recovery was -

.goodc The'hole'colTapsed before therPVC pipe was instailed Rocks at s1te
'l_wz appear to have been weathered only to a depth of .30 m - The: recovered core
-conta1ns 2. streak ‘of fresh pyr1te. | | |

The intent of dr1111ng at E1 on the northeastern 51de of the San Jac1nto
fault was- to prov1de a counterpart to s1tes AN] and AN3 of Henyey ‘and’ Wasser-

burg (1971) on«thefsouthwestern side of the fault. . The Mid-Cretaceous tonalite



fhin’the‘v1ctnity but;tovthe northeaSt’oftthe,fauTt=isrtnaccessible-to the driTT
truck. JThe-Pre-Mid-CretaCeous metamorphic;rocks near the.fau]ttts also in=

| actessib]e;f Site~ETawas driTTed'onTy because'it was‘not possible to find an T
.ideaT~sTte Rock ch1ps and cores 1nd1cate the borehole has. penetrated only |
-the sed1mentary rocks thch were: der1ved from the nearby pluton1c and meta-
Tmorphic rocks.. o ‘

- Site NT is Tocated about 25 to 30 km from the Anza profile. It orovides .

- ;”a measurement of how far tbe anoma]y may pers1st to the north- if the anoma]y

’.'ex1sts The s1te coqu have been Iocated on the northeastern s1de of the

- fault as a. supplemeut to site El 1f the tona11te on -the northeastern side
'.were access1b1e Loca] re11ef aTso precTudes an. 1dea1 s1te to be Jocated = -
1”there on the northeastern s1de of the San Jac1nto fauTt. | |

' Temperature Measurement

Temperature 1n the borehoTe was measured w1th a therm1stor probe The
therm1stor ‘has a nom1na1 reSIStance of 10 000 ohms at. 25° - The.t1me constant
- of the probe-cab]e assemblage 1is MTO S.. A Wheatstone bridge is used to

aneasure the: equi11br1um res1stance of the therm1stor | |
The equ111br1um temperature 1s converted from the measured res1stance

through a ca11brat1on curve of the type,
YT = a+ s.rnR+_~f (mR)? - )

'uhere T= absoTute~temperature,iR'==resistance' -The'calibration constants

ia, B. and vy are- determ1ned for the probe and cabTe assemblage in the temperature
, range from 0 to 50°C at 5°C 1nterva1s w1th reference to a quartz thermometer
'(HR 280)- The maximum d1fference between the observed and f1tted temperature

is 0.004°C. The resolution is 20.001°C and the accuracy»1s:be11eved.to be ~0.01°C.



-y

' Lead wire resistance»and shant4resistance~are;automatﬁcaITy compensated
':through the'userof.a'4-Conductor cable : Thefcurrentpthrough*the thermfstor' |
| T at equrl1br1um 1s 1ess than 10 uA (or equ1valent1y, m50 uw) so self-heat1ng
effect is neg]1g1b1e

The depth of temperature measurement is’ determ1ned with pre-determ1ned

mark1ng on the logging cable. Stretchxng 1in- the cable is con51dered negligible

, f;fbr our maximum 1ogg1ng depth of IOO.m._ Thertemperatures,ln.the borehole

',zggwere read at 5 m 1ntervals

.ca11brat1on constant Cis then obta1ned from

. Conduct1v1ty Measurements

A d1v1ded-bar apparatus is. used to measure thermaI conduct1v1ty of

: o rocks The copper-bars and. samples are enc]osed t1ght1y by cylinders made of -
;Astyrofbam, of wh1ch the d1ameter 1s at 1east 2 5 t1mes greater than the samp1e p
"d1ameter The upper bar is. ma1ntanned by c1rcu1at1ng water at 30°c and |
'the 1ower bar at 20°C Therefore, sample temperature 1s ma1nta1ned at- 25°C

'r,and rad1a1 heat loss. through the cy11ndr1ca1 surface of the styrofoam 1nsu1ator
| can~be~further>reduced; A~hydrau11c pressure‘of 100 bars is. app11ed ax1a11y

: to the bar—samp1e-bar assemblage to reduce the contact thermal res1stance

Each sample was. coated w1th th1n f11m of s111con grease before its being |
1nserted in. the apparatus for measurement | ‘

The apparatus is ca1ibarated w1th a circular cylinder made of fused

o_

s111ca.(d1ameter = 5.5 cm, heightH' 3.87cm. Temperature is measured at

| two pos1t1ons in- the upper bar CT -and Tz) and 1ower bar (T and T4) A

j
| TZ-T3 XK SRR - (2)
TR

where K is theaknown,conductivity_of,qued Silica;-f'



If the radial heat Ioss for the standard and sample is 1dent1ca1, the

:‘:conduct1v1ty of a sample k] is then given by

-.Ak,"l‘TZ)*(T"T’*)c
L N PR PO

where~h‘fs the thickneSs of the Sample "The”sample disk has been cut to make

1ts thickness be as close: to the thickness of fused-s111ca ‘standard as

'.possxble. The d1ameter of samp1e d is sllght1y less than that of "the -

o standard; Hence, k, in Eq 3) 1s regarded as. the. apparent conduct1v1ty

eﬂ'The true conduct1v1ty k of the samp]e is corrected,us1ng steady-state heat

conduct1on theorj, from the apparent conduct1v1ty by
| k = Lk1 - ks) S - | . (4)

| To saee: the 11m1t in u51ng Eq. L3) and Eq. (4)j the conductivity for dtsks
of fused s111ca and crysta111ne quartz (cut. parallel t° the c-axis) Qf“A |
the same herght H but sma]ler'd1ameter was detenn1ned Repeated measurements.
' through mount1ng and d1smount1ng the styrofoam lnsulator 1nd1cate the errors 3‘
f 1nd1v1dua1 measurements for fused . s111ca are + 2% wh11e for crysta11ne

.‘quartz the error may run. up to + 7% Because the conduct1v1t1es of rocks

lie between those of.fused.s111ca_andxcrysta111ne quartz, the arrors for rocks

can be'linearly interpolated. However, therﬁameterof-rock samp1e~isf

- greater than that of the tested standards, therefore, the actua1 error should

be 1ess than that given. by 11near 1nterpolat1on The vaIues reported by |

Ratcl1ffe=(]959)-for fused.sn]1cauandrcrystall1ne‘.quarti is,used throughout the

‘calibration of the apparatus.. ' | | |
Because cor1ng was 11m1ted to reduce the cost of dr1111ng, attempt has

been made. to determ1nevthe¢therma] conductivity from the rock chips. The

chips. are placed in a;plastio container which has the same height as the



reference standard of fUSEd sxllca but 1ts d1ameter is sma]]er. The void in-

- the conta1ner is f111ed W1th water and covered w1th a plastic 1id, The

measurement procedures are the same as for the rock d1sks -The dat_a re=

duct1on procedures fo11ow those® descr1bed by Sass et 1 (1971)"with modi-

fication.

Frcm Egs. (3) and (4), the conductivfty ky for‘the plastic container and
'a:'the’water-rcck miXture-is determined: The contr1but1on of the top and battom

Tids: 1s then str1pped, us1ng the relat1on »

2t Hept

4oz g E2e o

'where t = th1ckness of ]1d and.kp conductiVity of'p1astic,<and'k3:= the
conduct1v1ty of plastic wall and rock—water m1xture ‘ |
Thescontrxbtut1onzof,plastxc-wa11 1S~rem0ved,‘us1ng an equation sﬁmiTar
to.Eq.~(4).. | o
“ g - % G w) A
*d .where w = wa]l th1ckness and k 1s the conduct1v1ty of rock-water m1xture

4
The conduct1v1ty is f1na11y obta1ned from

R S N

where kw onductivity of water-and ¢ iS'the«porcsity of'the rock-water

~ ~m1xture The poros1ty is. calculated as the rat1o of water vo1ume, converted

| from,the;mass of'water"added"to~the.plast1c\conta1ner»assum1ng a density of .
1-g/cm3;‘to(the‘inner-vo1ume of the container.. |

‘ The conduct1v1ty of p]ast1c used in Eqgs. (5) and (6) is determined from
a stack of plastwc sheet, u51ng,qu LB).A The conductivity of'styrofoam used

inﬁequation‘(3).isﬁdetennined from the needle probe method. Care was taken to



ve‘avo1d me1t1ng of styrofoam around the. need]e heat source. The values for
':p1ast1c and styrofoam are on the same order of magn1tude reported for p1ast1c

‘fv'and styrofoam 1n genera]
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o RESWT

E _ Therma] Conduct1v1ty A
| The resu]ts of" thermal conduct1v1ty measurements are presented 1n Tables |
1 and 2 for core samples and: ch1p samples, respectlvely Corqng,was‘11m1ted:

- to the bottom 10 m'in each borehole. - Someacores~are too distorted for making -

4.f}cy11ndrica1 disks Fractures in. some cases also prevent disks from be1ng |

n\ifmade.‘ For examp]e, there are only two acceptable d1sks made from 10.m

ln5tcores at’ s1te wz The number of samples shown on Tab]e 1 for each s1te
| refTect grossly ‘the cond1t1on of cores.. . |
There appears to be no- systemat1c var1ation 1n thermal conduct1v1ty for
 the cores samp1ed A few re]at1ve1y Tow va]ues appear ‘to. correlate v1sua11y
.aw1th cracks in: the disks - For- this. reason, one value for site £2 and three
values for s1te EB are. excluded from the calculat1on of the mean value for
.. each hole. The standard deviat1ons for 1nd1v1dua1 boreholes range from 4 to . _‘}
d8% of the1r respect1ve means...f’”' | o |
The chap samples were measured at ~3. 3 m (10 ft) 1nvervals At site
;7'E3 the~conduct1v1ty tends to 1ncrease s]1ght1y w1th depth whereas at. other
‘ s1tes there appears’ to have been no systemat1c var1at1on at depths below 33 m
(100 ft). Errattc values appear occas1ona11y in the measurements of chip
}samples.' Sampies w1th va]ues above 7 or- be]ow 5x10° -3
_twice;_ If the two did not. agree w1th1n 5% of the1r mean, the values were
: d1scarded Random checks were also. made for samples w1th conduct1v1ty
'-values Iy1ng between 5 and 7x10 3ca]/cm [ sec.'
| The conduct1v1ty values measured from Chlp samp]es and core samples agree,

in general well w1th one another For s1tes E2 and wz the mean vaIue of

_ch1p samp1es d1ffers from the average of the means for ch1p and core samp]es

n

cal/cm°C sec were measured, o



) by'iessibthan12;4% “For s1te»53, the dlfference is 6% However,“for STte;
‘7:W1;>the dffference 1s 16 8%. Th1s large dxfference is attr1butab1e to poor
. sample preparat1on fbr cores. The tona11te at s1te WT is. fa1r1y weathered i
‘th'and the edge of the sample d1sk ‘was always worn out dur1ng saw1ng and pol1sh1ng. .
‘thhe 10w va]ues reported for the core sampTes were the consequence of h1gh
contact~therma1 res1stance between the-copper bar andvcore d1sk ‘Hence,
:'the mean conduct1v1ty fbr ch1p sampTes 1s used in the est1mate of heat fTow
| For s1te ET the cores were not suttable for mak1ng d1sk The mean .-
.hlnconduct1v1ty for ch1p samples 1s therefore used. At s1te N1, the ch1p samp]es |

,were not measured and the compar1son w1th core samples cannot be made

- ;}GeothermaI Grad1ent

Temperature versus depth profﬂes are presented in: F1gures 2 3 4 5, -

o Jand 7 for s1tes wz NT Nl, ET E2, and E3, respectlvely, ordered from the

southwest ta’ northeast across the San Jac1nto fault.; Four measurements were.“
. made 1n each of s1x weTTs form June, 1979 to March 1980 The measured |

grad1ents vary 1ess than 4% at 1nd1v1dua1 s1tes fbr the’ depth range of 50 to |

| :']00 m. Because the measurements were made both Jdn: the wet and dry seasons, jlz-‘.»*

the effect of seasona] groundwater fTuctuat1on on the geothermal grad1ents
; appears to be neg]xg1b1e in those 31tes The effect of deeper c1rcu1at1on and

- secuTar var1at10n in. the water table, however, cannot be assessed for the -

L present depth and durat1on of observat1on

Geotherma] gradnentsoshown on TabTe 3 are the slopes of a stra1ght 11ne.”
'Afftted by the Teast-squares method to the temperature-depth prof11es from.

.50 to 100 m at 5 m 1ntervaTs.- A steady-state three dimensional topograph1c4
‘_correct1on (B1rch, 1950) assumxng a Tapse rate of 4 5°C/km, has .been app11ed,:

- This topograph1c correct1on amounts to about 1mzv The means for four

T 12



‘l.temperature-depth prof11es measured at d1fferent t1mes are used for the

*f‘yhrcalculat1on of heat flow at: 1nd1v1dua1 s1tes

The’grad1ents are 11 15, 27, 27, 19 and 17 C°/km at the distance of

'l'z!t-éog’-S“ 1 0 5 7 and 16 km from the fault trace, respect1ve1y (negat1ve R |

Aand posxttve s1gns are for s1tes to the southwest and northeast of the fault;

respectxve]y) For comparison, the grad1ents reported ear11er by Henyey and

'“-1if; wasserhurg (1971) are 23, 25 and 24°C/km at- the d1stance of =13, -4, -1 km,.-

".respectmvely The gradient 15°C/km at -5 km. 1s s1gn1f1cant1y 1ess than the

'J":grad1ent 25°C/km at -4 km. Because the grad1ent at s1te w1 (rs km) was
| obta1ned for the depth range from 35 to.-5Q. m, the qua11ty of the data 15 not,” -
;:sas good as~those~at other s1tes - The grad1ent at s1te w1 1s hence 1nfer1or to
the. value at 51te AN-] of- Henyey and Nasserburg and. 1t cannot be: used for
-,quant1tat1ve study | |
_Heat F1ow | '_ D o |
The products of geotherma] grad1ents and conduct1v1tnes g1ves the . heat

3ff1ux at 1nd1v1dual s1tes (Table 3). Conduct1v1ty va]ues measured from the

"”u”jtfcore samples are used in the ca]cu]at1on of heat f10w except at w1 where the

»x;vyd core | d1sk sampTes show h1gh contact thermal res1stance and at E] where the

cores are not su1tab1e for»mak1ng d1sk samples.

Six heat-fﬂow values obta1ned in this. study and three values by Henyey

;,l:n_and Wasserburg show. the. heat f10w in. the study area of the southern California ..

- bathollth is Iow ta normal, from 0 65 to 1. 87 ucal/cm sec ar. 27 to 78x10 -3 w/m
t.Those va]ues are typ1ca1 of the heat fTows in the Pen1nsu1ar Ranges ‘The“
'd1str1but1on shows clearly the heat f1ow 1ncrease toward the San Jac1nto fault .

(Fig. 8). The values are 0, 65, 1,; 16, 0.8, 1.87, 1.72, 1.76 yeal/enlsec at

the*distances of =20, -13,--5 —1 and -1 km, respect1ve1y on the southwestern -

side of the fau]t wh11e they are 1 40 1. 18 and 0. 94 at the d1stance of 0 5,

7,16 km on the northeastern s1de, respect1ve]y



It is-nofédrfhat,heat f1§Ws“Wéré'determined-for-debth-be]ow,110 m by
'Hgnyey and.Waéserburg (197T),~bnt in'this'study.the depéh'range'is-from 50 .
-ﬁo TO01m. 'fheir:geothermal_gradients for 10-m interva1$tappearfto;increésé
 inght1y~wi#h depth'fdr-depth-ieSSJthan-IOO'm;.?Because-the conduCtivity
daté:were'hot,reﬁdi1y,a§ailab1e,;it is not clear whether théré is a system=
‘ atiC'vafiationxin fhe 10;m'interva1 heat flows. |
 , uilt;isxfgrfher‘notedvthatgthe heat;geﬁerationlrate was not measured.

. The difference in heat generation can contribute to variation in heat flow.

14



'DISCUSSION .

The resu]ts of th1s study 1nd1cate heat fTows 1ncrease toward the San
- Jacinto fauTt. In the foT]ow1ng,the magn1tude of heat fTow anoma]y over the ;
 fault will be'defnned, then its 1mpl1cat1on on fault movement discussed. |

Heat Flow AnomaTy

In the work oy Henyey and Nasserburg,(1971); a possible anomaly of
‘; 0.3‘pca1/cmzsec Was defined:for a513-km'proff1e to the southwest .of theTSan
f-'Jac1nto fault near Anza [t was. qoestionedvthen-for lackrof data that the
anoma]y m1ght refTect in part the reg1ona1 transition from- the Tow heat-fTow
‘ Pen1nusu1a Ranges to the h1gh heat-fTow Immer1a1 Valley. New values at sites
- El and E2 1nd1cate heat fTow decreases northeastward'to the-TmperiaT.VaTTey
. Therefore, the ex1stence of an anomaTy over the San Jac1nto fault can.now be
ascertained.
As. noted earlier, the qua11ty of data in the shortened borehole at site

W1 precludes the heat-fTow vaTue there- from quant1tat1ve est1mat1on of the l
anoma]y Because sxte El is located. in the sed1ments der1ved from pre-Mid-
Cretaceous metamorph1c rocks on the northeastern s1de of’ the San Jacinto fau]t.
Across the fau]t,_the.area is presumably. tonalite but covered by alluvium with
unknown thickness. It is not_clear~how much heat-flux refraction across the
dissimilar mediavcan contribute-to'thevrelatfvely Tow value at E1 (1.40 com-
pared»to 1. 76»aca1/cm25ec at AN3) | Furthermore, the=radioactivevheat prodoc-
tion in the metamorph1c rocks may d1ffer from- that in the plutonvc rocks. The
unknown d1fference enhances the uncerta1nty 1n the eva]uat1on of the anomaly |
Site E1 is so close to the fault trace that it may be more susceptible ‘to the.
effect of long-term deeper water c1rcu1at1on in the fault zone even though

repeated measorements suggest.seasonal effect -is negl1gnb]e, For these reasons,

15



the-valuebatfsitefEldisvalsoetentatfvefy;ekcludednfrmn'further quantitative:’
. cons1derat1on ” | » _w . | | |

. Exclud1ng values at Wl and: E] the heat-f1ow d1str1but1on as shown 1n'
'F1g 8 appears to be " asymmetr1c about the fault trace,g Because~the~San Jac- )
1nto fault 11es a]most half-way between the M1ss1on Creek fau]t and the |
E]s1nore fau]t, the heat-f1ow d1str1but1on is expected to - peak over the San .

fJac1nto fau]t and decrease away from 1t if fr1ct1ona1 ‘heat d1ss1pat1on 15

"(:symmetr1c about a: s1ng]e fault and the contr1but1ons from the M1551on Creek

En[and E1s1nore fau]ts are equal to each other However, reg1ona1 heat flow
- var1at1on can d1stort the expected symmetr1c d1str1but1on
The mean for three values nearest to-the. fau]t trace (AN] AN3 and N])

is taken as the peak value over the fault So the heat f1ow decrease from a

L peak value of 1 78 to "0.94 uca]/cmzsec over a d1stance of 16 km on the- north- -

.»eastern s1de of the fau]t and to a. 65 uca]/cmzsec aver-a d1stance 20 km on
the southwestern s1de From the ava11ab1e data a]ong th1s 36 km prof11e,
background value cannot yet be determlned und1sputed1y o |

In the area close to the ETSInore fau]t many unnamed faults have been |
zreported on- the geo]og1ca1 map’ (Santa Ana. Sheet Ca]1forn1a D1v1s1on of Mines
and Geology) Large-sca]e groundwater c1rcu1at1on may have reduced ‘the regional -

'tvalue“ M1crofractures or cracks shown on the cores recovered at site W2 makes

' ’.one wonder about the effect of water c1rcu]at1on on the measured va]ue there

. Scattered water we]ls 1n the area suggest further that the ef fect cannot.be -

d:\51mp1y d1sregarded if the va]ue at s1te wz is. to be used quant1tat1ve1y F’r;._
- lack of suff1c1ent 1nformat1on to evaluate the qua11ty of the heat f1ow va]ue
’at wz ‘the m1dd1e po1nt between ANZ and W2 on F1g 8 w111 be used somewhat :

'arb1trar11y to def1ne the anoma]y pattern as. out11ned by the dashed curve.

.16



The heat flow d1str1but1on as outlxned by the dashed curve seems to be

'_jsomewhat symmetr1c about the fau]t trace The background value st AlL0

| *]:;pcal/cmzsec The anomaly has a peak vaTue of O 8 ( 1, 78-1 0) uca]/cmzsec and '

halfw1dth of m7 km Because s1te N] is ~30 km from the Anza prof11e and has u:‘tﬂ

"aessentxaTTy the same peak value, it may be- stated that the anoma]y pers1sts

| - aTong the fault for at Teast 30 hn

The area between the dashed curve and background vaTue as. shown on F1g 8,
“_trepresents the heat f10w anomaTy per unTt fau]t Tength Its va]ue 15 approxx-v

‘ifmately 1 caT/sec per cm of fau]t length Assum1ng the anomaTy has a w1dth of

40 km, the mean.of the anomaly is a. 23 ucal/cmzsec,‘wh1ch is about one third

\“ftof the heat-fTow anomaly assocrated w1th ‘the San Andreas fault zone, 0. 8

Ll¢tuca1/cmzsec, assumed by Lachenbruch and Sass (1973) for the Cal1forn1a~Coast
o Ranges over 2 width of ~100 km. ' |

Imp11cat1ons of the AnomaTy

Var1ous conceptual modeTs can be bu11t to exp1a1n the heat fTow anomaly

" which is essentiaTTy descr1bed by a peak of 0 8 ucal/cmzsec, halfw1dth of -

”5:7;,7 kmy and mean anomaTy of 0 25 ucal/cmzsec over a: zone 40 km w1de along the |

‘:efault trace For s1mp1e str1p—source models (Henyey and Wasserburg, 1971)
'.one can vary - the w1dth ‘depth, and d1str1but1on of fr1ct1ona1 heating to meet
‘the character1st1cs of the anoma]y “For more sophxst1cated models ~such as a-
; br1tt1e se1smogen1c Tayer over a duct1Te han space (Lachenbruch and Sassy
'T_1973), one: can a]so vary certa1n parameters to f1t the observatTon ‘Nonunique-
- fness in the 1nvers1on of the data. needs no. 111ustratwon of var1ous models to
“1nterpret an anomaTy wh1ch is not yet unamb1quous]y deflned | | '
| Fau1t1ng mechan1sm proposed by earthquake study ‘and’ tecton1c cons1derat1on1

shou]d meet the energy constraInt 1mposed by the anomaTy The question of how A

T


file://'/ilOO

much the observed short term earthquake act1v1ty may represent the 1ong-term

tecton1c process wh1ch create the anomaly adds the t1me dependency factor to

"S_'the a]ready'complex study of fau1t1ng mechanism.

| Before an acceptab]e exp]anat1on is g1ven -a cruc1a1 quest1on to ask is
"what is the un1que nature of the- San Jac1nto fault wh1ch possesses a local
heat-flow anoma]y An anomaly s1m11ar to the character1st1cs described -earlier,
Sif 1t ex1sts,.shou1d have been recogn1zed over other ‘major strxke sl1pfau1ts The
nSan Andreas fault zone is. relat1ve]y narrower in the Ca11forn1a Coast Ranges
nand w1der in the southern Ca11forn1a reg1on part1cu1ar1y near the latitude of
Athe study,area. The heat generat1on rate is 8 ca]/sec per centimeter of the
length of;the San Andreas fault zone in the‘Coast Ranges (=0.8 ucal/cm2sec x
100 km) ;‘For thejSan-Jacinto'fault»zone,'whfch is~onevof the three-major
faults of the San Andreas fau]t zone in southern Ca11forn1a the heat generat1on‘
"rate is 1 cal/sec cm. |

: In terms of the frequency of moderate earthquakes (6<Mk7), the San Jacinto
fault zone 1s probably the.most act1ve onezln-the southern CaTifornia region
(A11en, 1975) It accounts for on]y 1/8 of the total. heat output, assum1ng that
the generat1on rate of 8 ca]/sec cm- holds throughout the San Andreas fault
system.' So,.the-observed anomaly resu1ts from concentrat1on of heat generation
near‘the San Jacinto'fau1t. It is not necessary to invoke a model to have
higher heat generation. The absence of a peaked anoma]y e1sewhere is due to the
1ack of reso1ut1on of the 1oca1 value from the reg1ona1 h1gh heat flow.

Geologic correlat1on across the San Jac1nto fault 1nd1cates the rate of

‘displacement averages about 0 26. cm/yr since P11ocene t1me~(Sharp, 1968), in
. contrast with 2.44 cm/yr est1mated from geodetic survey across the San Jac1nto.
‘fault zone near»the:Borrego'VaJ1ey (wh1tten, 1956). .The d1sp1acement rate.

estimated from the total seismic moment for events with magnitude greater than

18



| tthreevduring11912§1963 averages'T S*cm/yr (Brune"TQGB)‘:”For nine“events with

) ,~magn1tude greater than 6, Thatcher et a] (1975) obta1ned a vaTue of 0.80

. q'j‘cm/yr for the 1nterval 1890-1973 (or 0. 46 cm/yr 1f the fauTt d1mens1on and

~r1g1d1ty assumed by Brune are. used) -If all data are acceptable, the present‘f
rate of d1sp)acement appears to be. h1gher than the average rate in. the last 2
mey “The~t1me-dependent_rate-of_djsplacement poses a prob]em_mn the'modelllng'
‘.ment1oned earT1er | t -. 'T ‘y . _.}. VA'_ ._ N |
) On ‘a smaTTer scale, the San Jac1nto fauTt zone has a]so exper1enced d1f-
'.ifferent Tevels of se1sm1c act1v1ty at d1fferent segments The segment betweenv"
ta po1nt mTO km to the northwest of Anza and. a po1nt m30 km to the southeast of :
~'Anza (Fig. 9) has been 1dent1f1ed as one of two s1gn1f1cant gaps 1n se1sm1c
.sT1p aTong the San Jac1nto fault zone (Thatcher et aT 1975) ; The-other gap-
_*T1es between the Caaon Pass and R1vers1de These gaps are character1zed at
present by compTex fauTt zones h1gh act1v1ty of m1nor earthquakes and ab-
.sence of asetsm1c creep They may mark the’ s1tes of next moderate earthquakes
:(Thatcher et a] 1975) However, the segment between R1vers1de and Anza has

'.exper1enced four moderate earthquakes dur1ng 1890-1923 w1th a. totaT d1sp1ace-

: 'ment of. m130 an- and shows a very Tow Tevel act1v1ty of mxnor earthquakes as

'compared to the se1sm1c1ty for the rest of the San Jac1nto fauTt z0ne’ (Fig. 9)
- Hence the nature of- fauTt1ng or d1sp1acement aTong the two segments to. the-

northwest and southeast of Anza is qu1te d1fferent The Anza heat fTow prof1Te

j;~]11es near the boundary of those two segments and the anomaTy extends northward

for more than 30 km-* 1n the segment show1ng earthquake reTated dxspTacement

‘It 1s not cTear, however whether the anomaly appears over both of the two seg-

' ;.ments
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CONCLUSION

ane measurements indicate heat fTows 1ncrease toward the San Jac1nto
'_fault The shape of the anomaly and the background value cannot yet be undis-
:puted1y def1ned Hence the va]ues c1ted in th1s report must be regarded as
,tentatfve‘estimates to descr1be the conf1gurat1on of the anomaly

| ‘Heat generat1on rate per un1t length aTong the San Jac1nto fault is
jnml/S of that a]ong the ‘San Andreas fau]t in the Coast Ranges The existence
'-of 2 Tocal'heat-f1ow anomaly is attr1buted'to favorable ‘conditions. for con-
centratIng heat sources. rather than higher heat generat1on rate a]ong the

.eSan Jac1nto fault
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= TABLE 3 Héat'?1uxestcross ﬁhé‘Sah'Jacinto Fault

Latitude - 37' 00"  32' 30" 34’ 06"  42' 15" 33' 36"  28' 40"
BN e | |

Longitude = . 25' 30" 30' 12" 37' 45" 53' 22" 42' 55" 50" 43"
T116°W - o o S . S v

site B g2 B N W W

Distance*. -~ +16 47 +0.5 -1 -5 .20

‘fgohdﬁgtivitY?* s, 54 s) - 5,19,(6){,5,19}(8)+1e,3§,(7)*;5.53+(10) 5.92 (2)

*7'efaaient7'7_~_;*}. Y 19 a2 15
. i oc/km_ ; - . : - ) ) . : E ) o

- Heat_F]&x L . o QL - ' o
- 10 Wm . 39, 49 s 72 - 3 2

10 cal/emsec 0.94 18 1o 172 0.8% . 0.65

- *Distance to fault trace "+ for s1tes to' the northeast of the fau]t and "-* for.
sites to the southwest of fault. . ,

**Numbers in parentheses 1nd1cate number of samples measured

. t Est1mate from. chip- sampTes.
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| FIGURE CAPTIONS =

 FigeNe. . o

L L I N O A 1

“'17fGenera11zed geo]og1ca] map a]ong the San Jac1nto

fau]t zone (see Fig. 9.

for:its 1ocat1on) ~Solid circles denote new heat flow va]ues and.

L eiTemperature prof1les measured at d1fferent t1mes
,f;Temperature prof11es measured at d1fferent t1mes'
vzﬁszTemperature prof11es measured at d1fferent t1mesﬁ
‘ﬁ]ufTemperature prof11es measured at d1fferent t1mes
.“Temperature prof11es measured at dxfferent times.
’1.fTemperature prof11es measured at d1fferent t1mesf

*'ﬁ,?'Heat f10w prof11e across. the San Jacinto fault

s triangles denote data from Henyey and wasserburg (1971)

at s1te NZ;
at site Nl
at s1te NT.

vat s1te E1.
jat~s1te_EZ;"

at site £3.-

D1stance to the north- .

east of-fault trace is. positive; to the southwest it is negative.

" Dashed curve ‘is- the best: estimate of the anomaly. Open circle is the

middle: point between AN2 and- W2. Solxd c1rc1es from th1s study, tr1-‘3*

angles from Henyey and wasserburg

| Ep1central d1str1but1on (from Thatcher et aI 1975) (Left):'.A11'ep1-““ :

- centers within the rectangular region are 1nc1uded ~(Right): Epi-
. centers not associated with the San Jac1nto fault zone and after shocks
"are-excluded. Abbrev1at1ons C.P. = Cajon Pass; RVR = Riverside; .

“y5g§fjst1t1on Mounta1n

S

. 'S.J. = San Jacinto; A = = Anza; C M. Coypte Mountain, S.M. = Super-
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