
.. M1aot Ult tofW.11111 ,etllt. TlltM .. ta - .... u 
ca1C11htll tllt llltorptlan utHtch•t oh,Tl 1ftd U,. 

r1il1th1 t11t,.,1 coniucthttJ 'a !Tl. Ca ••nt" ,,. J 
1 10·1 c11 1:11"1 ,-1 c"1 •t 1oo•t to u • 10·1 c.1 1:11·1 

s 1 1:"1 
It lllS't; tlM 70Cl't oh .. h Cilllplrlbh to 

11~~tc1 t111:j'l .~o"~ftt•tt1 ~ t• ao1td1o of IDaYt & 

IQ eel cm s ~ • R_., 1119 sc1tur1119 tH«ts Ir 

obHntd •!lectre tncruaed ~ to to • 10·3 c1I .. •1 s' 

c'1 It UIS'C. TMw •Usy,...nts ' "d1cau t111t r1dl1 

the llelt tnnspor-t In 1ettn pl11ton1, wlltrl 1e1tttr1n 

ta Ht.Ir to lie -n. h grnur t...,, u. htttc1 co 

dacti •ltJ bJ ..... tlwl• • ftctor of z It IOOll'C. 

r1dt1t1ft "'It trt•l'°l"t 11 pl'Obtbly ti. doltt .. •t , ­
-t sf tile total tlM,..1 ClllducthttJ c • ~ • ; 
ltl ICIU-r1ch ••ga.11. TM C011SIC!lltnct of I 11rv1r c 

tlwlt • llrver i.per1turt dlfftrt"ct .,,t ulst 1crou 

.. .., bo~ before con•tctton u" ukt phct. 

Dec Of leef'HU.n lnenJ..oa. DeU for DlmUraJ.n.inl th! 
Ap ot P1'•ctur1Jli1 lJl • Ceatber--.l l\raa 

tor• lc&.t•h (Dil,.rm.Jt of c.a Lou, ln.c Scat:• 
Ulii .. rmh7, !tea<, Oil 44242) 

.. &laa Clk (llop.utm11t of C.010117, Int Sta<a OD!• 
.... ,.,, ltollt, Olt 4'l4l) 

t_,.racaT• llrf•r•ioa..1 &t •ballow to m:Nleratc NpU.. 
brre ._ obeo....i .-.Uy Jn boraholH 4•111.,.. la 
1•ther.l •ru• .. The trren lou re•ult !raa thllnal 
d:U.cru11U.l'U 1n•r•ted "' H- a914/aT t\iot .... ,., 
lawao1Ua1 •hallow. hadaoatal, ar •ub-hor1Joatal trac­
tuT•• or ,.....,.1'1• aoa.e•, Ir• a d••P .. r~1c.al, or 
aQb-••ftkal l•.Ur-fracuar•. rt.ald data fn:. • 
...-r of •rohol•• 4rUled la tbe _,_ -
t!M:r.al UM La licar•eu&• C..Eral .Amrie.a, 'ft:r• 
-llff to • .......i-toaal, t.IM-de..,.int ••h~ -•teal -.1 of Eba •-r•t..n fhld .i .. 1 •ucll a 
ftunre Of'O•-· n.. oolut1- of tllo -el la &1.,.. 

byT1 • T •(wl) (z,y,o) 0 • erfc(lu+L-sJ/o/Cn) 
( ZU&9• oact 11.ackvdl, LHl) 

-··· • - l/.t!C ? 0 a. ct.. c•perat"r• af th• bot f lvl.d in tM fuder• 
tr.ctW"•t 

• 1• tM Hloc1tr '3i th• U .1dd .ovtn1 thTINlb the 
f ractur•t. 

M 1• thl ua• itf dle flulcl b coa.uct 'ltttb. • unit 
anaof ncl; 

C h tu ba•t copaelty of th<I b<>c tluid; 
I 1• tho tbenal cDDductlYlty of th• n>ck: 
Ir. lo tho tllor.ol 41ff,..lY1<1 of tho roe&: 
1 18 tM daptb of tM bari~tal h'•c.ture or pe,..,bl• 

IDa•; 
Tca.a.t) 1• ch• t-,.racuu at • dht•nc• 1: frcm tbs 

leed•r-frac:tun, et. • depth. 1 and for- • t1-
t dew:• lo-v••.S.on o f the fnctun 1yua by 
the hoc n .. u •. 

Pr•l.taiaarJ r••1r1lu •i.iu••t th.at the uctoa1i:: nent 
that 1eaer•ud l)Jealn1 of t.._ h.acture •Y•ta. at 
*-':lit_.., vcc:uned •bout I. l-' a tol yun •1a. 

Cr•vttt .!!!. lurf•r• U-"IUO!! 0.•H., !!. l!!!. ~ 
!I.!!ll C.oth•fU L !!!.!!!. 

!• I• Cr•nndl ( C.dL fo t1ll& Stn• lhHv•nltt, Lant 
lie•r fll. C. I UatnL& 90140> 
1. Z. l •t (WWT"•nc-• krlwh7 1.lb1rat 11: r7 ... rkal•J· 
C&ll!or~.t• 94120 ) 
c ....... ,...11 (C:.lUor:nt& SCU• lllll'V U'llltJ, Laas 
lloaell, Cll Uforai& 9111401 

Pb\lr pref"tH 1r•,.it7 amt • .,..and arder lw•l• 
lDI •urY•JI wre urrted aut annual&J a:t tbs Otru 
h 1•~ C.othenal f 1•14 fol" ths purpo .. qf i) rr~ 
vlliln& lida.-.UOQ abou'- c .. ,oul r:t'1.mi.1•• 1111 th• 
a•atbem11l reHtv•l r. •• U otau lab1 tN la'lr&IMI r 
,rlYtCJ Mp lllf U'I• fld4• 

S.ve11it7 peraaocntly •011U1Mat.t 1t.ttloit.1 Wl9P:9 
al"r"Up1.d. u.atna t he looptq t.cha..tq~ wt th • lA 
Coi t • • loabu1 Ci •t•r. Dau ftn recturw:t bf 
tUnd1td ;1rar•hir•• ca abt•ln Dll"t'-••d .uat .,u1u•t •r .wt tJ .,,aluea. th• .. ,~ 18 loa of trw ab••rvlld 
iir.vtty v•1"9• -... al c:h• order of 7-t l atrr~&la 
fa r ••U.r• •un•1•· Sc:...t.aTd ••a&ut-nc error• 
for aa &.ad avWual J•&r •n &bouc: I &trrQt•h n 
:he 95 ~ttnt i:oafld•nr• •~•l· PT•C1•laa of 
ob•erv..t na..a.1u bU'Ml9a t-. 1••U •• atiaii.C l 2 
•lrrQl•h· Ch•"I•• la 1revlt7 ip.l"Hd1111 l~lO 
•lrra a•h u• c harh •11n1U~•"C• 

Crav U:y Hid 1urhr" e d.v•-i. to11 rftaa.a•• OY•t 
tm. d.llpl•1•d Lara• chan.t•• Haoel•uJ vi.th tn• 9 
J~a• 19IO 9tctor1• Hrt.hq...aru Ct\.•6. t). Th• Udd 
L• l OE"•ted tn a aone of intea.H 1ft•t•l'MM'k 
arclvltJ ""91r.b followd t h1• eartbq\Yb• cr .. lcy 
LDt:r .. ••• of up to 10 a1.-r•d• aad 1uD1 &d•11it• af 
the anl•~ al l 5 cm Ml9re obHrvM. S...U •••18•1r 
ch•QC•• l• 1r•vit7 1acl 1...rtu1 •lttY•Uoa obHrvM 
P" .Lor c:.o u.. .. rtbquM •uaa••t tb• t•Mrvolr l• 
be Laa rec:taar1ed ~, fT••b•r ud coohr weer la 
r••pO•• co toatiaeecl praducUoth Tb• ,o•1U•• 

l•••n -11 lo ''"" te .,.. ........ 1 d-lU•r 
cs. 91. c• •.H•f•• ... a...u. 

Tlllo -·k VH ··•••Tttlll bf tllo U.S. D.p ........ 
ef -•IJ -•• C-.roc:t ... Dl•ACOJ-761t'OOll'9. 

tMl f1igw, Ct•vh y and .._,...t It• i " th1 Cnc.1de a.. nq• 
~ '•dfic llDrt;;;ctt 

DllWID D. IUCllWU L •"d .IOlll STU1£ (D•Porl-l of 
c...t.,. 1c.ol Scltlft<u, Southern llothocllst Unlworo lt y, 
0.1 tos . r.... 752751 

MllUI'. l'lllUT ond GtllAU ll.AC:X (Dr- hCNrt-l of 
C...l"'IY ond " l"•r•l llldustrln, IOOS St•l• D"I•• 
lutldr..,. Portl••d, o...,... '7101) 

Ellt SCllllSTU •llCI ftlU -SEC (llHhlllflOfl °""'"'t-1 
of loturol a..ources, 01,.,.1., llHhl"'lton '850' 1 

her tM: Ntt t b y .. rt an utCMlve -.t f1011r ,ro­
qr• r•u•f tlnt lft JOO Mat flow ... 1ur-.nu fws Men 
c.arrl1d OtilC In t"9 t.uude '-"11• o f thw 1J1c:Hlc. Jtarch­-t. TheH <lot• ceoiblM.1 •Ith recent au pull llshod 
lor the to I lfornl• ond lrlt lsh Cot ...ti I• ;oort Ions of 
the C.tud• ..,,.,_•I raw '" almost CG111P l•u p lctuf'• af 
llUt 11- lonvlhwho •l""I lho Cosude ...,99, Very 
hftl' the,..t gredhnt '""' helt fl- .. 1,..s or• f-4 
In tlltl Orop ptrl of die C..sucle ....... Thlor• ...,,. 
ur-ts ..... on [•II •ldth ot 10-)0 ..... ond l·I l .... th 

:-.:.~~1:: ~;:~:1:, ~~":!·t:'d~~· "~~':.::i to 
tM yfd nrty af ,.t . !tinier. 1yer•9• 9,.df1nt1 •r• 
""'""'l•tely •J-SD't/lm - llal rr ... •olue1 tro 
IOllrD•l•Uly 70•!!0 -·l. llor1h of~ .... " ~"" llUt 
f1aw ••luat r•ng• Mtwnn 50 •nd 70 ..... :z wlctt tm-
11,.,..r 9r1cllonu of oppraal•toly H't/i... This 
,..U•m ._,. to N cyplc.ol of the C•oude ...,,. 
Into lrltl•h Cot...,to. c.c .. sln drilling In tho 
•l<fnlty o' thf'H of the ureto¥Olunoet. Mt . L•nCft. 
"'· ttaocl •nd Mu91r "'unc.aln 6-artltrat• cn.t the 
ctte,..i ct.Incur of the valC-iif'Oet d•o.n41 on tM: l n­
dl•ld""l volc.o" lc •n<I hydrol09lc uttl"I •nd hl n ory. 
In t•nen I M•t flow h cont It tent •hh t"4: S to It 
Hc:rute In the .-.1111t of Qu,ltam.1ry vo lunlt•.. Th• 
dl"""cl-• llUt n ... dlongos r.orr .. poncl to ••M• 
"""'" rotH of ...,tc.onlsa oho clU1n9t1. Hut "'"' u11 
- - hurpreled to Incite••• • lttge s""vo lc.o"tc 
- •-• In 1he Dr_. Cuc.ode ...... Thh -~ 
c.ftmber I• either nae pr .. •t ln tN l'IOrthlm llfMI of 
tho tucode .. "O• or Is .. ..., suWuft. cOfts lst lng only 
of lsolatod tocol pockets which tr• hot •-th to l>o 
p,1rtf•l ly .-,1un . A"-lytl• a( ljlravlt:y dill f rDlll Cen­
~ r&I Dregott out llne • 9nwlty 1nG11i1 ly wti l d1. ""' be 
•UOC JHfld •Ith • •9111 en.mer •nd 1l'laliiil no 1wch 
9r•wh:y .. nD111111y Sn 1;"9 W.th lNJton pert o f t he tn,&d• ... "'. 

J. l. "UPl'Ulltll (School of OCHllO'Jr&phy, On<]Oll Stitt 
Uiihe"!ty, Corv•llh, QA 97331) 

•· II. CWCll (School of OcNnography, °"9"" Sutt llnl· 
•erUt1. CoP'Yall ls, OR 97331) 

&. tClllWID (Northwest Geo!lftyilal .r.saocl1ta1, Inc •• 
Corval lh, Olt 973391 

N. Wl'£RL£ {School of Ocft1101r•phy, lngon Stitt Unl­
••nlty, torvallls, QA 973311 

To •Id In HSHSlll9 tlle 910lh•rMI potenthl of tile 
C.1~1 ~"'Je and - Platt.tu of norill-central C.1t­
fON11a, tlM ~ystcs Group 1t QregOll i ute Jn h ertlty 
N4e toul f1eld 11..-9nttlc -su•-•U bt-.n 
CO'lS ' 1nd 42' 00' N l atttude ind 1za•45• and 122•15• 
w longitude. 

A bnwd low•&mplltudt nt91tln tl'KllMly , trendt119 N 
15• w, S"'JglStS th• 819 Y•1l•1 hult ZOii• 111&1 uttnd 
u hr nortll IS Tfimer "°"""t" ~nutll the quntr111r1 
1olc:.inlcs of the - PlotHu . 

}pectn 1 1n.1 lys 1s of Ult •er_g,,.llc "'Clllllles pn>­
• lded 1ourc•·dept11 111d deptll-to·oatt1111 cal cul1ttons. 
5111 llow .. gnetl c -ra·bot\cll <leptlls In four of the 
,...ions "'re int.rpretecl IS Curla-,..tnt lsot!M!,. 
dept111 . Those ,... t ons .. 1t11 11t•1ted Cur1e·po1nt ho­
tllt,. depths ..,,.. ( 1) S«,..t 5pr1ng llcunu tn '"d Ill· 
UClllll LI•• Beds -t &l'Hs , ( 21 "°""t Sllau.a 
,,..., (3) the Ilg Yalloy 10Ut1t1tns 1ru, and (II •• 
lrH nor-theist of LHttn Ptak. Ass,..1119 • Curlt· potnt 
temDtr•Wre at 580' C, tll• eltvat2<1 Cur1e· point depths 
wl tlltn these irets , u sh&llOll H 4 to & bl BSL (be low 
su le.el} tn tlle ! 19 Volley llcunu lnt 1reo •rid I to 1 
kJI ISL !n tllt Seern Spr\119 "®nta In, Nttton11 l••• 
Btds llllnOllent, "°""t Sllastl, and nortllust of Lunn 
Ptak areu, Imply nM:l cel teoiper1Wrt gr&d1ents 1n 
ucess o1' 7o• t/lall end lleat•flOll wa luu grelt•r thin 
120 r1t11.Z. A ftftll sMllow region, 1n tlle Edd11 "<a.I"· 
tltns &rt&, llld a 4 to 5 bl BSL bottaa•d"tll •nd ..as 
•ttrlbutad to • lttllol oglc boundu·y. 

c. A. SUMllEIG (0.p••· PllyotuJC:.oh ul re- Knioa 
Stat• 'Oa.twr•tty. Lu Cnc••• ..., ...... 18001} 

P. ~ (1.uaAr and 11..ne:ury IuUtuu, Houatoa., 
teua 77051) 

1M •Wea be•t flw Mtkod: ILu Mn ucd to ••Cl.aau 
.. ot n ... ill - 1Dtertor of .... Calou4o Plauau 
(&094 potau) - • ., .. 1-diotdy edjecnt to tbe 

ri- C5'6t pdaU) wlcll m r.u-to1 rualto• 
1) '!be late.Ur of cM p1'to• bi! e •• llMC 0.. er 
UtU --• 11. •.J ll'llJ. !llirrwal ,.ttutoul• 111 doe 
-r..i. o11.1cti - -s,_uc 1111tU• .... •• :rwc 
..... .-... .... to t:M •anll'• ..,rfoc• ......... •f m ,i....... 1) 1lloo Mrlfu el - ploU• a-rally -
rup c~u --•, llM• n ... .i.. ..... ci.....i u­
.,..,. 1a !Mt.a • .. un _,,., poH1'1y by t.toral 
tr.-•ht of h••r: lar:o the plateau Utho .. Mr. frim 
utpbortn1 luta •• laa&• ad 110 Cra:nd• pnr¥1acu. 
le tM aortb. Mwwr 1 tM 1laua.a l.8 ttt.nallf lMU­
ti-it!Wih fr.,. adjac•nt oreu, ll t1'e paru of tllo 
rl&t•au ... t .. u... - 1-·· Ila•• flav (<4& ..,-s rr 
l l.D. Ml.., tlle ••) ore -ral la tbe -t -
miet &l'e (oc:•U' l11i 'at.ala. '!bll ••HI tfbtc.Jl ...... U.. 
u....,, i...c n .. (>66 --• or l 1.D • .- die -> 
•n •re~ i. the eut ad mtt an 1a Calnacltl, 
- llnico, - ... ur. .VI.-. 'lllau Up .... fl"" 
uuo C<l'lutn -• of tllo Hi-Un trdlcs-al -
u .. -...-u ... cllS. ... 1..i •• ._ .... a. ... ta 
.- ... pt.u•• - flair. o ... .,. .. 1.is tlMI 
•lM.eau an n-lat .. t.D aaa:mtic ccnrncU• of ~"t 
iota tbe plota ... 11.i....pbano, -fHt lly ourhe11 
"llc.m!a•, n Of Ebo 19 local1<1H -n bolll tt..il­
ticaal - oUlca h•• f1- cm be do flood by a loqm 
_. c-...uuar: .. t.a ... , , tM •au-•1: 11 INtt.•T ti.. 
!J,111: for 17 of tile onu - better thoa 201 for all ., .... 
A hat """ -.ty lo tbe ~r-&< Plala• 

w. •· cosro1J1 1r:...1oa O.pa•~t. 11111 .... 11cy at llrrth 
-.... craa.1 rotu, m 51202) 

D. • · E'IU.Sal.L (lnllt • .1&<'1c>al.turo ODd loturd -re .. 
11111 ... r•lty •f .. br .. u, UncoLD. a 61~11-05171 

Pl" ... C fl- - 27 t-r&WH &ro•U•t -­
Mllll t.Micau ua...toua beet flow •• hll:!l •• 140 91 
.-2 •ad t•peracun 1racUau raa11A1 fra• 60 l ..... Z 
ta 110 1 kr-1 nc:-.l.1'11& OT"al' an •r•• of •a.Jae 4000 D 
I.JI South 0.1mta and hbraeka. In pl'niou• Tqioru •f 
Ello •-ly, w ottrl...,ted cha hi.ah heat flow <a "''"" 
flov la tlw "DaUta Aq\llfer Wtch uftderll•• the aru •t 
44Jtha raaalq froa 700 • 111 tbo .... to 300 • la tboo 
... c.. ._...r "ta ff'OS • uw Mat rlov hal1 ._,.. 
kno•, le~ruto ladU.u t'llllt cbo i...c .... ru U.. 
NJ.- tho !Mkote and l.o prollobl7 •• ot lo tho fre-
.... ri&a 11o-t. Prdialael']' ..... n ........... cai­
aa.la~ .. rr• HCS.t: .. tbamal caaiftc~i91tle• &ff a'-1 
101 IM •' lor all 11.tholoaU: uolu ln tho l11rtot1 ..U. 
Yo '"'"""" ,_ ,.,oollo1Utioo for the heat oaurc•: (l) 
r .. loul 1rouadvatar flow J.n an uar•cornt1ed aquUar 
._., the cap o f t lNi Prec: .. brl•l'I .udac-•, ar (:z) hitb 
ndlloactlw• hut 1ti11rat1.oa In the cry•Ullta• u ..... 
~c . C.Ola1 tc&l Uta do :.at taYOt tt..• uUtaa.c• af • 
COGt:IDUOU• &q\l lf•r lza .dae Pal.,t:oic rocka 1D Cbe UM• 
IDtfiner the U ta at 1 smt 11.-.nt.1.• ud: tlNi pa.Ht~• 
• ai&t.&nc• at A d.., •qulfcr la not diaCO\Hlit.t. tleU 
a tbe Pr .uabr tan l'OCU ar• al.o fw &Ad are coa• 
fl lctlq, 1. a • • _.. eourc•• .r•part &Tan1t•• ud 
o cbara n part: 1cftlau. Tbl paH lble atataDc• of 
~i.io .... 1o.cchl•7 llo-• n>•ILa hM Jnurao<Jnc 
~llc1tloG1 for t h• utur• i>f the: b&1.._t a.Del for 
.coaa•tc: 1ealo11 1;Gn•1d•ratlan• 1UCb •• ti\• .. cure• 
tia• o f hydroc.artmu and tbe occurrnca of 11111tMnal 
remurc•• · 

umtAC'f, nm l.ITllCllP-, UD lifj:1'1.4fi 
Tllc:mlc:I 
Ill: ....._ld Prl 0... 10 '" 
"'-Icier 
,..,1 _..., Lunar aocl 'i.....~ lnat 
I . '· .. ._ !llT 

ft• Ori1i=: of Pu itive .,"l~•r Cuwi.t? Mcwlle1 
IUl!.c•tit t ;i Gn.t• u• lru.-

c , a. u.un 
.l . 1. WATTS 'beth •t: 'l..D"c•Uoh•ttt C.oloclc•l 01111r­

••Cory ~f c:.;Lr..tii i • thtih•rllty. Palhad11, ... fe1d; 
10960) 

!tlie 1r H itp •~l1 ••.oci•C:.ed •ith ---.et•la :r..,.• 
it 1 ••n•ici-. f.nd i.cet&>r (Jt ltec:h th• •chaaical pro,- ~ 
• rc:. i u .>f , and t A• lilat:t'illuiicta ot So.Id• 1c:tb& 1Jn ar 
• ld1h, t1'• cotttln1nt1l Uthaepher•. lh• louper f!S"" 
Jt'nhr 4nom.al7 cinr th• .Upin. and ...,,eLachian _..r t\ 
caicu it chtucier i. Nd .,, • 1•n•rell1 a1,_cdc 1ra.- ('" 
ity •10it• 11t1 icb 1pen1 tb• -.xintdn1 •ad: •nac.htM ~ 
for.had lluLe e... la coattHt1 tlii• hlnt•l'lad ~ .. u. ('\ 
(Po au lo of tu • tr• ,,,.. .... <d pl dft of tl>o ..,, ... 
lachl1at) at• ch•r acceri.Md by • 1•ttei·dl1 .,_cl'lc 
1rewi. ty "b Lat-"'. W. ..... ht•t'1r•ud thh 1nrir:1 
1eou l1 C0!.1 1111 • •• nidcnce for- fhman ot the e-c: ir 
111u l H thot "'•r• ~ l'lrf•C:• {t:0po1r•phiel •ocl ,._ ,.--....., 
1111rt.c-e (buth d) t oad•. lh• ua11ltl.1111 of thh ""'tiilati." -h.­
repn11•t • t h• i nr.qr•t•d 1u•ity ethet of th••• (\). 
l oa11b llfhich iftc had• • o"bd~t•d c:nattal blod:• .,biliud ~ 
iturla1 CQnt lnc"c .. l cotU.ton4 tbwever, 1hce tbdl ......i. 
lllDc'll •u tlDt • hGUic•"' ly r•pn••nC•4 11' th• ...... "-­
ulo. c0pa1r•p l't1, •It •ild,r.ioe.al burled load h r-.lll"" 
to 11pl•ln lh• loup1• r anOM ly. 'lh• ••ht en.c • qf c:tth 
laed H:pila i a& .t.1: (l) Cru1ul block• bne bed \Oii 
nlhf t hroup .. c tb•lr triletory, (%) Mol•••• ,.u.la1 
er• aot 4Htra,ii•d dea. tl9elr t'H,.ctln m1iat1la. h ... 
..._ erM.4, mcl C ]) , Proteroaolc 1uti.ir• :aa.•• et.ow 
tM ,_. ctt•reccerlnLe pa1ltl••~•1atiff 1r .... ltJ 


