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Earthquakes, Ac@we }«au!tg, and Ge thermal A 5 - . work in Februisry 1974 ‘J,m a sma!l spcﬁc;al»
; ol purpme array south of EI Centrd. This net»,

ih- th‘e !mg?&:ml Vaiiey, Qahfc)mla . » R , ' : - , work is, part of a coqperative. efforl-be-

B e T oo 5 : tween the U. S. Geologlédl Survey an d the
Abs(ruci‘. A de/lse@el&mogruph network inf the imperial Valley reclorded a series ofl Cdlifornia. nstitute. of Tachnology (Wé)j
_earthquake $warms along thé Imperial and Beawley faults and a a’zﬂuse pattern of earth- | tech) to investigate (i) tﬁe relation bet
" 1qmakes.along the. San Jacinto Sault. Two knoln geolhermal areas are closely associated” microearthquake ucuvny and known geo-
with these earthquake swarms. “This vetvmm rpatters! dembnslmtes’ that seismic slip fs ‘thermal fields, (ii) the location of* active
ccumyg along both the Imperial- Brawley and San Jacmtofaulf systems. B < faults as determined from thet distritjution :

. " of-micr arlhquakes, and (iii) the tectonic g
The “impcrml Valley rcglon in southern. ', ude 6-have’ uu,urred alongtha Sdn;ldclnto processes as @ basis for earlhquuke p?@ f )

+ Califorpia has sustained.morg madefate to - fault since 1890; in agﬁldnmn twp, éarth-  liog and hazard rcducmon " This teppet .
small cariliquakes thar -any other section” |guakes of ngdgmtude 6 in 1915 dnd one  sumrarizes the rt:sults obta e{‘,! frorg the, |

. along.the San Apdreas fault system, The iearthquake of mdgmmda 7.1 in/ (940 have network forits fiest year of operation Gune
7 California Institute of Technology catalog  oecurred along the Impegfal fayiv(2).  ~ 19?3 through May 1974). Details con-.y
of carthquakes in southern thf()l‘ﬂld_ from | ’ In April 1973 a l&ssfation ¢ismograph cerning the atray and a catalog of earth-
1932 through 1972 shom #"defise pattern -[network was instalfed i in the perial Val- Guakes for, this péiiod are gwerr elsewhere |
of earthquakemthh 3 nfagmtu of 4 or )ley to lmpmvc th r;sol‘ggl 0 of earth-  (3). g [
: grcatcr within ‘the lmpehd! ey and quake locations i thi region of known Figure | shows the locauono all earthy

.along the San Jdcmto fault fto the north- <gt:othermal rbsourccs a:?}‘hegfﬂ%cmmc ac-  quakesrecorded at four or fiiore Stations if

west (l) Mine earlhqudkcs %bove nmgn1~ ! divity. Four- smuous wcrc added Lo the net- the network for the period- considered;

: | Many earthquakes with mdinitudes of 1 or~ |
fess are included, but, beoatse ofihigh noise ™ |
levels in. the cultivated sections bf the val-

\?W;md intermittent, ‘instrurmental - probee
lems, coverage is’ nat uniform ffor earth-:
‘quakes with magnitides less than about 2.
The rfjost striking aspcct of the sgismic-1 |
ity pattern is the linear concentration of'
epicenters in the central part af the valiey.:
These epicenters ¢oincide, clodely with-the
northern segmentfof the lmperiul fault and
extend northward through Obsidian Buttes
at the southeastern end of. the Salton Sea
'in a diffuse pattern nearly caincjdent with,
the inferred tocation of the Brawley fault:
(4) Mgt of the activity along |this trend |
| wecrrdl Jin.a series of four ehrthquake:
* swarps between 20 June and 17 July 1973,
. A second, more djffuse paltem pf epicen-
ters extends from the ca:tn(ra!/p ¢t of the:
valley to the northwest along the San Ja-:
cinto fault zone. Also npteworthy are the :
low fevel-of activity east of tha. lmberiaf
Fatilt- and the absence ofemthqud kes in lhc
Vicinity of the Sand HI”S fault, Smttemdf
: ) carthquakes- ocqurred ﬁear the| Traperial.
~AL/FORN/A *and Slerra Juareg faults in Baja Qalifornia; |
CALIFORNIAL" buy, because thdse even#s are ofitside- the:,
‘ network; (heir: locationd are pdorly. con- |
“strained.. Exc‘ﬁpd for the swarms {h June:
and July 1973,) the scismic. adiivity de-
veloped ina fairly umﬂ)rm m nnbr awithio
time. J :
Thﬁ swarm sequence Legdn on ZIZﬁu
wnh a series of rlhqu4kcs of magnittide
2 to 3 along a’15-km stretch of the Impe-
PR L N L rial fault justnorth oi,th{é boeder. [This ac-’
Rt L i 2 . . . . tivity is nearly-coincidert with the s,urfaclii
Fige 1. Lo&auon ‘of earthquakes in ;,hs Irrperiélj\’al ey region with rgw_ed to major faults'and ge§: break of the 1966 ﬁdrlhqtdkﬁ of magmtade;

.

{thermal gnomaliés. The smallest and largest earthgpakes plotted Fave magnitudes of 0.5 and 4, 3.6 on the lmpenal Aault (31.] On 21 June;
spectively: Solid trigngles rr:pms1 £ locations of seisograph stations id the Impsria Valley ne sejsmic: ac@,\uty was obsdrved 25 kmvio the® |
“iwork; open mangles correspond to locations o | regional smsmugmph stations Known geo- h hoa shock fllﬂ Nitude 2.8 fols -
~‘thermat resodfoe dréas are indicited by capitalijetjers as follows: B, Beawléy; D, Dynes; £, East north with a shock of magnitude ot -
" Miesar' @, Glufnis; H, Heberand §, Saltgn Sea, Spn maries of the gcophysncal nnd geoioglcal ceuing towed 4 minutes later b)’;ﬂ ShOCk of magni-,
Cof ihe ‘tmpsi IVaIlay and Salton trough re.gi (7 17,22). Pl . tude 4.0, bot}; of which were located about:.

106 AR . - ' PR e . iaﬂltﬁth voi.;




o swgrmf appear to b'cy.d

N
: oic}y,; telated to.
: o b

8 km north of Brawley. Activi‘%jropp‘ed
to'a low level in both-areas after 22 June
only to be interrupted by a 24shour flurry
/o earthquakes in the vicinity of Obsidian
Buttes 4nd the Salton Sea on } July. Fi-
nally, on 8 July, 4 swarm began near the®
northern end of the tmperial fault, par-
tially h]img the gap ‘between the first two
swarms. Actiyity in thig aréa had generally’

: iubSlded by ll July
wnlmucd in%all th
,approxnmalely 17 July: .

“The Shock ol magnitude 4 in - the
Brawléy swarm was the largest earthquak‘e
recorded in the network during the year,
although three additional edrlhquaku of .
miagnitude 4 occurred just Siltside the net--
work (ope along lhf}‘f}dn Jacinto fauit zone-
and ‘twd in @d)d Callformd) The relative

_ numberjof shocks of a! gwcn magnitude$o
those af.a larger magnityde.i in the swarms.
is essenfially thé SdmedeJh:ﬂ reported by 5
Hileman et al.(1; 6) for earthquakes in the
lmpcndl Valley region between 1932 and
1972~ T ;

N The omposite focal mechanism. based:
oh, 30 gvents from the.swarm north of
Bra\!zle) shown in
swarm, jactivity: involved - predeminantly
right- ld%&,rdl slip on planes nearly pdrdllcl
wn!h1hq hmperial fyult. Left-lateral motion
“on con)ugdtc faylt planés, however, cannof .

swarin aréas until

ut sporadic activity 1

) magmauc préuiscs Swarmsin Jhe: oceJns :
jlg 2, indicates that the:-. rusudlfy ocett i crustal spreddmg cent&;rs strain.as semmw slip in the, impe?m alley
v

‘of the
avs,t(h’e
cading
I Val~
ted in
read-
s than.

suggesuons lhat lig’ 1tcctomc regim
Gulf of Cdllfotma ‘extends, as- far
'/Salton Sea and that one or more sp
i centcrs may exist under the Imperih
lf:y (17). Fhe swarny pattern illustr;
Fig, 1, however, indicates that such:
ing_ centers are more subtle featur
the 1deahzed plclurcs showing hotheast-
. trending zonds bounded by notmak faulls -

(17). One-can&asxl\y imagine;. for esimple,
_that the' swarms near, Brawley gd the

" Brawley ‘geothermal . anomaly a‘i% 2550+
en the

-ciated with a spreading center bet

Impermi and Brawley faults. The Himen-

sion of this.spreading center perpemtlicular

: | . 1o the' faults, However, is only about o km,
|Fige 2. Compqa:te foca[ mechdmsm ror 30 - or less than half the crustal thtck%e% .
fevent$ in'the. 21-22 June swarm'8 km ngrthlof . thig reglon (18) Thlb. together -

Brawley ‘on ‘an ¢qual-drea, lowcrph;:m»sphcrex Comesﬂ(e fduh-pldnc soluhonﬂ"’)rwcms .
projuction. Solid, erul&{s represent compressiofal :
ithe swarm, suggests fo us tha

p w,we first motion? dpen. curc!qf\qugesem “dit
.naTon Two -fadlt-plade solutigns- are plotied 'ing of the’ Spreadmg ceffter takes.p

(sol and_dashed; lines).to i:%gy the rangeiof  diffuse zone of en echelon strike:sh fdum :
possible “fault-plane solutf for mdmdydl (le,dky transform fdulls’) rather tha dlong
" short normal Jadlts pf;rpi:ndmula
lmpenal and Brawley faults.
"The: ‘pattern “of seismicit
“above emphasnzes that release of ;e

\:vcnlsm the swarm.

H
o
J

tonu,

is presmtly occuﬁ’mg alongtwo zoigs (1) &
narrew.zone thal comcxdcs’thh th 5Impc .
riak fault in thd central pant of th

-and éxtends n nhwarzi beneath-

Along mid- -ocean’ ndges and swarms an the
continents usuqlly occur in areas of"recém
or'current -volcanism and géothermat ac-

ivdile;
tivity (L1). Clusters: of mlcroearlhquafces

sidian, -

t be ruied out! Composuc focal mechanisms for ‘earthquake swdrms ure’ regarded ‘as _ Buttes and the| Saiton. St dlong ihz in-

for-the lwo southern swarms show, snmllar
but lessiwell developed patterns?
Hypauenter solutions for earthquakes-in |
the swarms, as-well as other carthquakes
¢ located| within the . network, give focal
. depthg between 5 and-14 km with an uncer-
_tainty of roughiy =#5 km (3). An inter--
-pretatign of aecondary P wave arrivals ob-
served on most, stations from shocks in the
swarm [north of B)’ gvley, however, sug-
‘gests that these carlhquakes may actually »
occur near the base of the sedlmcnls\at
depths of 4 105 km (7). i
Earthquake swarms are relatively com-
mdn in the Impertal ¥alley. Rlchlcr (8)'has -
- described several swarms mcludmg one.
~near -Brawley in . December 1955, ywith
hocks up to- magmtude 5. 4; Brune and-Al-
en (9). fecorded up'to75 mlcmear(hquakes
per day near Opsxﬂxdn Buttes over a; day
‘period lin July! 4966, Recent activity. in-*
~ cludes b mlrtor swarm if Augus( 1974 at
, the not h&rn end of the lmpcrm{ fdul[ and
) thE"‘maJor swarm in January ’1975 near
V,{Brc{twl Cwithe shbckb up to magmtude 47
“{10Y that received  wide coveragcf in the
,n{:ws,media The Imperial fault is capable -
of producing both carthquake swarms And
large earthquakes (magnitdde
"pamed by normal af[cmhoték

27 JUNE 4975 .

Tateas in the Imperial Valley (the Salton i vailey to the northwest ﬂong the

promising sxgm in’ geolhumal resource . ferred location of the Brawky faujt £ii) and
prospeclmg(lé‘) ' “the. pmdder and hlslorxcahy more active
Two of the known geolhermdl resource ~zone éxtbnding from the wntra! parZ of the
noda-
Sea and:the Brawley geothermal dreas) are *.cinto’ ‘fault system (2). The re uvdy
sclosely associated with: the:- carthquake broad zone of aftershocks thal ogcurred
swarms (hat occurred in- Jun¢ and July."] afler the Borregor Mountaid earthqt%;ke af
The Salton Sea geothermal area m;:ludeaa ¢ magmlude 6.8 in 1968 (19} suppagts the”
site of  recent | volcamism! - the ‘Obsidian _evidence .presented here that the San Ja-
‘Buue‘. rhyolltes cruptad belwcen 16000 “dintb fault is a wider, more comp!é}a faul
s.md 55,000 yeais ago (/3). A swarnt of mi- . zogd than the Tmperial fadlt'and sgetions.
icroearthquakes: was also recorded under - of the San Andrcds fault. m central Cali-
ithe, East Mesa geothermdl anomaly- i " foidia (20).. .
Uune 1973, on} g tight array of six pqrtdbie ] depcndelﬁ cvxdcncfé for A nAry
‘&elsmlc stations of the University of Cali- Jof cﬁntmumg ngfu fateral deformation!
fornia at ' Riverside (/4 Mosi" of lht:se Jalong the Bmwlcyﬂaull inear Obsidian "
'earthqudkes however, w%re too smallto b - Butfes is provided | by . rfzpml*d‘ tri-
5rec0rded on four or ‘moye stations jn the “ang tation n@cdsurcmen!% .atlhf, soyth gnd
lmpcndl Valley network. To dale ’tﬁe;e is, iof the Salton Sea between) 19
no. evidence-of Ymcroeartqu’udkc amvuy - des nbed by. bavggc A (21?
‘associated w1(h the Dunes-and Glamis geo- imedsurernents show thtgt*th:; benighms
thermal anomahcs in the \nclrhty o{; !hc wAlamo, 3.7 km. northeagt” of Obsit
iSand Hills fault'(/5). ¢ £ 08T Blte, has been rf‘_ipvmg 1g {he sout
I The commpn ocdurrence of edrlhquake asteady” rate of 0.5 cm/yedr with fespect
swarms in aetive sp‘:reddmg ceritcrs along- to the. benchmdl;k on Obsidian Butte. Both
mid-ocean ridges, the frequenl Swarms in . ihetscnsmxc and tndnguldtwn wxdwcn for
prcsumcd spreading centers i the north- 7 cohtinuing! dnspldumem notth of xﬁ‘: i
ern part of the Gulf of California (16), and  perial fault suggest 'thal stfain is au:umw ‘
“the close: asgociation ‘of swarm ac!mty mx lating along ihe.Banning:hlission, ‘Creek
the Impenal Va ley with “geothermal | faulf between Desert Hot Springs,i where
anomahes and thel Obsidiafy; Buttes vol- - an carlhqudke of magnitude 6.5 occurred’|
cafiic area ar,efall onsistent wnth earlier ~ip 1948, and the Salton Sea. Altholigh this
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{L-A LD (Lymphﬂcyte Deﬁned) Typmg"A Rapxd?};

o

Primed Lymi}hﬂcyies EA v : :

: ¢ H LI
“stretch of lheﬁ" Banning-Mission ¢rﬁek
fault has had no ear lhqu‘ka above mg\gm-
tude 4since at least 1932 (). it clearly Has
the potential for- produung modcrule
cdflhqu&l{cs in xhc future.

s%y With

Abstract. When human lymphocytes are cultured for 910/ 4 a’ays w:lﬁsmullﬁtmg cells
[ a family member; 1%] ering by a single HL-A haplotypé they hecome ‘primed’" 1o rec-
“ognize specific HL-AED (mixed lymphocyte culture) antigens. Thesp-primed lympho- -
es respond s[)emﬁcal y and ra{ndly when “restimulated”": with cells of a person that
cpntain the same LD antigens as those of the pr:mmg%aplotype Specific HL-A LD anti-
gens can he detm‘led within 24 /murs by this- pnmed LD typing. )

Iy

i o
chcctiun of u.l‘rbnspiuntcd tissueor or-  in less than 4 to 5 day§
un'is initiated when the graft regipient’s  ceeds the limits for cada
mupe system recognides genetically con-  vation. (ii) Although M1
ofled **fokeign®” antigens on. the ‘grafted  tify individuals that are
ssue. In hymans a single genetic region, LD antigens, it does not indicate’ which '
’ lled HL-A or the major histocompati-  specific LD antigens the 1wo persons bear; ;
blllly complex(M HC), appeirs to contrdl  therefore lymphocytes from afl potential . .
_the majority 'of strong antigens imporiagt ~dondrs must be tested inp MLC with tym-
‘in gmﬁ rejection({); Minimizing anngcnw phocytes from all potential recipients, This
disparity between donor and . recipjent  last.problem would be falleviated by an
{matching) for the; MHC increfises the “LD typing’" method (ahalogoys to sero-
probability thist the transplant will survive.  logical typing that has been done, for blood™
Two methodsi are commonly used for ~groups and HL-A SD ant :gens) that would
| detecting antigens associated with the ma- - identify specific LD antigens. Because LD %
‘| jor, histocompatibility complex: i(i) sero- typing would preclude the necessity.of the
togical testing for HL-A SD (serologically  récipient and potential donor being present
dchncd) antigens, apd (ii) mixed lympho- in the same MLG-testing laboratary at the. . |
cyle culture (Ml C) tests that define dis-, same timey the LD type ol any potential
‘pasity: at’ an HL Al LD (lymphocyte de- ‘vns§uc donor could be determined; and the:
fined) locust (or at several loci): In MLC donor organ or borie marrow could:be sent:
tmts, lymphocylc.s from.one individual (the  to an*LD malched recxpﬁem at any ce,ntcr
“responder’ ') are cdllurcd for 4 to 4 days in the ‘world.
with “stimulating” lymphocytes from an- One approach to, LD! typmgéﬂas been:,
other individual. Ta; {prevent their protifer- ‘MLC testing with sumulatmg cells homo-;
ation, stimulating cells are tredted with mil- - zygous for an LD hdplotype (5). Such'cells’
tomycin C or x-mysibefore they are mixed. should fail to-stimulate cells of’ ll’lleld;gd[S
‘When the stimulating cells are from unre- bearmg the' LD anugcqs of the: hoin®+.
lated persons or famﬂy members whose | zygous hdplotypc smce[no Torengn apti’
tribution 'g{,uﬁgm;r'gnfglg;g;;;gﬂ;og;cggjmkn" Lo MHC.is different from that of the re- gens. are presented. ‘LD | antigens; can"be.
Hadley and Johnston find thay with.a' ponder the unlrcdled lymphocytes pro- ldemlﬁed in this mannér, but 4 homo-
{ﬁ""ﬁ“i‘:ﬂf’,‘r‘;‘L‘femt‘g,'zgi‘:;ff“\f,‘l'[‘;l"“rf;ﬁ" fgﬁ;gf liferater this proliferatiof js gssayed by ifi- _ Zygous ¢ell donog,must be found fpr every .
strike-slip. fnotion” glung “planes tréngling nwlh- " corporation of tritiated thymndme into the  identifiable LD ha'illolype' rdre LD haplo-
2“}{“2;1‘@“}‘"5‘65’0,,,m Res. 5. 6593(,9?-,0) proliferating cells, AILSD and LD loci are ; types will be particularly diffigult to obtain
- BeL. Ward, Geothermics 1,3 (1972); J. Combs and closely linked genetically, and within fam- - in homozygous form. Moteover, this test
L. & P Mufller, Geothermal bnergr’ Resources; ili o ! Ch | .
Production, Stinnilation, P, Kruger and G, Otter,  ihicg they are inh rited as a junit, mlledfa also. requires several'days. In other ap-
. Eg“g(;"f{g"'du"” Press, gm"“’“‘*’““‘ '973)‘ haplotype. However since the SD and- LD proaches to LD typmg anuserums are used "
13, L. 1 P, Mufllef agd D. E, White, Geq/. loci' are gcnetlcally eparable (2), both the  (6) in.an attempt {o defineiLD serologi-
14 "f"‘éﬁﬁ;b‘f’},"gﬁ . Hady, EOS me Am, Serological d!\d MLC teits are nccessaryfm; cally. - However, it is an clear whether
) Union's4, 1213 (191 the evaluation of it ¢ MHC relationship  these anu@.ard actually- -detect the LD anti-
hctwccn two mdmd als.. ~ gens. i :
(} (rdnsf)ldms bat een SD matched per- We . have dpvcloped an LD. typmg
sons; who are nov‘tlatéd the frequency method, destgnatcd fmmed LD typing.
and: seventy Qj rejucuon generally have ~(PLT), that seems to have some advan-
" tages over these other ‘methods. (9 PLT
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. Pasadena, 1973
. W, Thatcher, 1 A Hiteman; T. C. He nkﬁi'(l?a
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6. The b value (the stope o{ the frequency m.sgnnudc
rétation) - for curthquitkes of magnitude 2 and
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0.80.7The b value for dll earthquakes ofmdgmludc
3.5 und greater in the tmperial \!.xl!c) rcglqn from
1932 through 1922 is 083 (/).
71 The seey
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LR /\Ilnn‘ Ball: S"ﬂmml xSm

ndary P wav umv.lls follow the Iuil dt-
4 cpnstant intervat of about 2%seconds at
up 't 60 Kk, Both sets of arrival havc .
velocities ofiubout 6.0 km/sec ;
terpretation if-Le of focal depth it is ksumcd
-that the fater arrival i$ refiected from Llnr
and then critically reflzcted at the basement-sedi
nvent mwr“ . Gravity uad stismicl refruetion
dul.nndlg te thut the duncmar) it uch as
6 km thiek in the centgal part of the valley (S
Bichler, R. L.'Kovach, C:*R. Allen, Marine Geol-
ogy o[lhe (;ulj aof Californty, T. H. van Andel and
[Ameri wAssociation of Petro-
oir 3, Tulsa, Okla., 1964),

I\){Ultlgb (Fréeman,

% 9. L N. Brune 4o u}l Ser:mol‘ Soc.
A 57,277 (196

0. Preliminary -analys a from\the Janudey
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“teeh {personul communidation) shows h lidear dis-
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nh uakes aldng
the ‘Sand Hill§ fault dear the (Jlamls geathermal
:anomaly durigg a ruordmg perigd between 26
-t February and 5, Mareh 1966.
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_beer’ ﬁ?uch greater t
ween siblings wuh
moreovm’ most um‘
dre sSD @cntlca! ar
“tésted by the ML€
evndcnce (hdl MLC
LD anngens may b

an:in transplanty bed
identicall MHC’s {3}
lated individuals who

matching -for HL-A

the succlss of a transpiam “4).

{Two majoi ObSld

15 prevené the wide-

spredd use of MLC tesis: for, transplant

mutchmg (1) Thtx res

e LD dis arate when'-
assay. There is some

useful for predicting

ult cannoube obtamcd .

appears to recognize LD, (i) Results are.

" obtained in less than 2 days, usually within *

24 hours., (i) Even very rare LD haplo-
types can be conveniently typed. This o
method is based on the:finding (7) that.
lymphocytes stimulated in.a primary MLC
exhibit an accelerated secondary responss )
when stimulated 14 days later. =~ -

e PLT cells gre prepared in MLC; cells of

individual A are *‘primed” by mmuldung
sClEhCE VOL 188




