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SEISHOLOGY OF, THE lmSTERN BASIN AND RJ"'GE PROVINC' E r " ' " u, 1'1{1 L ~1fl':!inY I!EI'OI(T ON T!IE ~IAF!C-ULTRAMAI'IC BELT 01' TilE ~~ t ) IJTlIlI'ESTEnN 
Ryall, Alan, Seismological Laboratory, Hackay School of Hines, :; III/H ,\ KI: Vi\/}A FOOTHILLS, CALIFOllNIA 

n vers~ y 0 eva a, eno, eva a 'g)QIJ'~------~--------~--------t-~~~'ITI>('~l''')vy--~a''non-~~~~~~I~~~~~'U~~' ~~'~~~fc'~~~~~------------------~--,I" " 'S n, ,eo 'ogl.l:a C,lCllces, nlvcrSl ty o· Californi it , 

T~is p~per summarizes results of recent seismolo~ical rescareh by, Salltall;Jrilara, California 93106 
the Um.vennty of Nevada. Analysis of the distribution of slnall e ur t h,. ~I<lri c iI/HI L\ltra>llufic igneous and mctaigneolls rocks with associated 
quakes for 1970-1973 indicates ' relatively high seismic (lot:enti"l [Dr 11 IiIO! t1~,,'di lllell ta r)' rock ~; are exposed between the 'rule and Kings rivers as 
number of areas, including the northern Ot~ens Valley, F:ls hlal<.e V{d,I" '.I', Jliwllll, e s'l tremli ng septa h'i thin the Sj erra Nevada hathali tl',. Much of 
the ~Una area, and a zone in the Reno-Tahoe-Carson City urea. Tin ' rh h h(d ! i~; appurenLJy C()lIlposed of u partly metamorphosed ophiolitc. 
"seismic cycle" in this r egio n appears to be :11: lenst "L've r ,, '1 " "I II'IlI ' I .. ,, ! II 111,llIdc'" ';I!I'I',,'fll.ll l i :' ('d t e ctoniCi ,' dllnit C' and hal'7,iJlIl'gite t;.ith meta-
long, and Ilftershock .1ctivJ.ty continlles for about il century (01. '1(;1.'111)\ ,n 1,,1:;, 111,' <I I h ," ; , UI' I' I' I"in hy l:tllilltlUS 1 ' :"I'<l ,~ellit:u , t.l'octolitv, anol'thosi.te 
large earthquake. Focal nte chlln :b) lIIs [rolll the northern fJt.il' IIH ViI ,l ky I I, ,llId !' ,iI :.fIl 'I', " 1!1c: ! ""I i :11,'1"<; dlf:e C (lillph~ x , "IIIi l i Lc, hOI 'liI>! e nde tUllal i te, 
the Oregon border arc consistent t<lith regJonal extension 1.n L1lc \li{H-,g:':E mq,IJ..:l s :ill ( L. ()lHIIIO ll l y I'd 111)\"1)(1), IHd .llkenltol'h),l'c, lliL't ;I<.:h c L't, anu marble . 
direction, and larger events generally involve r:Lght - lntc l:1l1 uJ,l.fque ' :'IIII:tI I "~Cl Ie: i soc..linal fo ld s Hitll'in the ophj,o lite have Illodcrate to 
slip on north-trending, east-dipping faults. Refrnctioll prof.l.J.e B 1n.] 1" 1 " I (.'l ~ l' l )' l,Jun ging ilxe s und generally northwest striking axial surfaces. 
cate sharp discontinuities in crustal structure t~est of Rc no and ntll'LII -' l;'1 I'dl q~r. ". ' II j,; d tl)' 1111) top is to the east, The ophiolite is in tectonic 
,,~st of Lo~elock. Teles e ismic P-residuals SUggL'st tlte presen ce ofa I' enIlJ:t .:' !: VI!'1t 111 1'. 111 )<' doforllll'd metasudimcntary rocks (pelitic , calc-
h~gh-veloc~ty lithosphe ric pla,te striking northeas t and dipping HlJul.It ,. SII i :: :II<:, 1' ~;'llnlili! : .i, c :<nd vokalticlastic ) along its eastern margin. 
east under northern Nevada. Strain recordings at Hilla emu Round 1-1n1111 " lIo l' nl> l ('q ,, !v g:th hl'!J allci diorite: " e l'u intruded across this contact prior 
tain strain rates of 1-2 x 106 per year, in general agreement l'li th 1 1: 0 c/I,pl !I,:e lli c nl" or qUiJnz c.li,orite of the Sierra Nevada batholith. Simi-
es timated spreading rates and geodetic measurements :ll; the P l'<lV J. llce. I lil r ilIafi c j n! I'U S i VO Tocks cu t the ophiolite and metasediments in sev-

~ral loca l it ies along the belt. U/Pb age determinations on zircons 

PALEOCENE GEOGRAPHY OF SCXJTHERN CALIFORNIA 
Sage, Jr., Orrin G., Environmental Studies Program, 

University of California, Santa Barbara, California 93106 
Paleocene strata of southern California reveal stratigraphic sequenccs, 
conglomerate clast and sandstone types, sedimentary structures, and 
paleocurren t patterns, that allDl-I reconstruction of Puleocene geogra
phy. These data indicate for Puleocene time (1) a contiguous series 
of braided and meandering rivers flowing soutlmestinto a nortlmest
southeast trending lagoonal-shal101" marine environment; (2) offshore 
sub-marine fans and channels ~ sloping southwesterly into a nortlmest
southeast trending basin; (3) pelagic sedimentation in deeper portions 
of the basini (4) marine transgression and basin deepening through 
time, and (5) a nearby source area of moderate relief to the northeast 
and east; composed of acidic to intermediate plutonic, gneissic, and 
acidic to intermediate porphyritic volcanic rocks. 

A dis tincti ve Imler Puleocene facies, trending north~lest-south
east, has been displaced about 40 kilometers by right-slip on the 
Whittier-IUsinore fault system and at least 60 Idlometel'S by l e ft-slip 
on the f'onlibu Coast fault systcm, Palins pastic reconstructions by 
others inclicate that probable Puleocene source rocJ\S once existed ~lith
in the Santa Ana t~ountains--Pel'l>is Bloc]( basement complex, ' Paleocene 
geog raphy indicates this source complex extended northwest\'la:rd into the 
Coast !lunges. later faulting along the San Gabriel-San Andreas fault 
system has moved source rocks and Paleocene strata to the soutlreast, 
nortlMest, allll I'rest , 

Pre - ere tuceoulJ l'oellS of sllll:Llar cOlllpolJi tion to T'nlf!ocen c conf~lolll
crat e clasts, and to inferred Santa Ma Mountains-Penis InocJ~ source 
complex, are fOlU1r1 in Sonora, Mexico, 'rhese relations Ilueges t approx
imately 310 kilometers of post-lnlcocene !':I,ght"sl.i:r on the San I\ndreus 
fault system, 

troll1 a hornblcnde tonali te that lies between gabbro and basalt zones of 
thc ophiolite are concordant at 170±1 m.y. Whether the tonalite is 
part of the ophiolite or belongs to the later intrusions remains to be 
resol ved: The op~iolite is evidently a fragment of tectonically cm
placed mId-JurassIc (?) oceanic crust. ~Iafic intrusions that crosscut 
the ophiolite and the juxtaposed metasedimentary complex may represent 
an early st~gc, of arc plutonism that preccded large scale cmplacement 
of quartz dlonte plutons. 
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I REGlONIlL HEAT FLQ\>/ AS AN INDICATOR OF GEOTHERMAL RESOURCES 
Sass, J. H., Lachenbruch, Arthur H., and Munroe, Robert J., 

U.S. Geological Survey, Menlo Park, California 94025 
A geothenllal resource exists ~Ihere a local concentration of the earthls 
thermal energy can be exploited economically. The quantitative defini
tion of a "resource" is, of course, subject to the evolving state of 

I the energy market and of the technology of geothenllal energy extrac
tion, Basically, what isneeded is hot rock (at least 200-300°C) in an 1 appropriate hydrologic setting accessible to a drill. Detailed re
source investigations are justified not, only in areas of late Quater
n~ry felsic igneous activity, but also in older rocks \'Iith sufficiently 
hIgh observed heat flUl'l. The resource may consist of heat concentrated 
near the surface by deep large-scale ground-water ci rcul ation or by the 
~hallo\'/ intrusion of magma. The Basin and Range province is character
lze~ by relativel~ high heat flo\'l (q) of 'I> 2 HFU (1 HFU ;: lO-G cal cm- ? 
sec 1 ;: 41.8 nM III Z), It also contains at least t\'/o sub-areas ('I> 1000 
~1112 or larger) \'lithin \'/hi ch heat flo\'/s are greater than 2.5, and a few 
Isolated localities with heat flow exceeding 5 HFU. These localities 
drc attractive exploration targets, even though many individual heat
rlO\" ttteasureillents lIIay reflect local ver'ticill \'later IIIDVClllent with only 
d slIla11 aliioullt of stored and extractable energy. TIle larger areas \'/ith 
q > 2,5 HFU should be explored on a scale which will allow detection of 

Iflore intense thenna1 anomalies (q ~ 5) covering areas of 100 km~ or ' 
less, 
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