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'I'I ~ c a n t c ash d e pas 1 t s • Trre-seU±tnerrt·'.3-ra-nr-;e---+~"ITIIr----+--,mC1W',~~""I (~lb~"~·I~'''~1 ~o"I~: -l<Nr.,", t~· u~r~,"""C-, ~l nIl~.s~' t~o~rCCyC-,--.cN"e"-\~'--'Y·o-r-'-k--------------
.'iil Cre ta c e ou s to Pl e i s toc e n e , nlthoup;h niaff,e n et l c e f feebl I. y, IOOl /, 1111<1 (lepnrtllll' lIt u ( Ge o l ugy, Col ulIlbia lhdven., J ty , llI;d 

I:' ll" :II: 1M . g r eatly e nhan c e color contrasts s o that th e 1'1Cl1 (!Dt \:'1'111 :,: ",,, I" , C:Ll.' I'II p. n ,I;ty, ~III.'l e lim of CCJlnp<ll:IIt! ve Zuology , lJal'VIIl:d 
i' .. ,I- C ~. fossil ass emblages a re seen in l~thified Cr etaceoll s ~" CI ; iv""Jll. y , CiJ lI, i.> dd ge , N'lHfW ci,u :Jetl:fl 02138 Ii l,r ... ec ~ l iocene layers. Co mmonly s eve r a l succes s ive gen e r ntl()I I:1 Ii: 11" ,)(:eHIl o r evolution l'{ecoun t lJ for hffll ori ca l changes in th e earth's 
), I;jl;l ::::»i=== burrowinp; activity are seen in the same sedi me n tary un l !' , I :,', I>lrr ()r<~ lIt co nce l'i: f1 of l'voltlUon lll'Y l'l'OCeS BC' f: >J honld le ad to 

:;~,:" tl IP~'I! lf'i:: j, >oo!:!!"' ·CSU , II 1I 111 'ti~I" "I " ": " "I! IIC't
l 

II" '''''', IJ (I~ II'I () i' Id ,flfl l .. r HI,: fe r ilp lll l'. cou' (\ l n t io n , 
r, • - 1, " I! ' Ii" ,,) IIl" '- i\, "I n~f: " II , " I r ('d: PI'O i' Il UlIIJ I Y lIw res ults of 

.1 111.! d Y , :; iP ' ~:II: c:; EFFEJ:TS OF \QLCANISM ON \'lATER CHEMISTRY, DECEF'rlON WJ ANIl , AI,Il'/IB71'To' .'.II "Jln l !'I,' ,'lJH'C i. lltJ lJ fI I II t he ') lI ly t, voln t ionnry mode l that \~e can 
~,! .l,'+ , US U U) H. Elderfield I Departrrent of Earth SctOJ1Ce S, Urdvr~ rr;l ty of I"Hl; , ' i ( li.ll' l1 el)" 1 J.d l:1I(:e, lie con:;l, hn Hpee1es to be discrete biologi ca l 
<,'1 ,'"rh"a:a:_ Leeds (Great Br itain) , ; 1~ 5 , He c l al ill Util I: [; 111 : 11 "!J :l:i l c 1.11 ](" " do not gen e nll, lyexhibit ' 

' ~ 1
1m

'" C - Analyses are presented of \\'aters fran crater l akes 01,\ DeCepU,?l\ ]81.a:',1 ..I flC<lI lt <I t ['[; C t I onn.l. ehallge t h ro ughuut t heir bIoc: ltrons ("phyle tic 
11 'I ~ =- III ~ and fran coastal sea \Vaters l'/hich .... \':!re collecte~l dUX'lJ,\9 ,a per70cl () l ,:, 11["111") , Tldll Huggest" t ha I: th e s t r atigr aphic di stri butions of 
i'i , t t z fa = intense funarolic activity and increaslll9 seisnu.c act.lvl t y PLl,Ol' to Its are 'h e l e, g I U lilate r m~ da tu of bJ, oil tr a tigra phy (as they have 
~,c,: ! J ~,i,li =a:W th2 1969 eruption. M3.jor-ccrnp:>l1el1t analysis slxMs clll SWll1p~, (:H~:O 1:(" , lr ,ld lt f>J" Il .ll y ). ilnd Lh at til e 0 PIH! l ian s t r ate gy of analyzing ove r-

~ i\~' saturated \>lith silica and all waters cont.o',l.n hiqh I t;vo.lG u1 llL~t)iJ',U l"'~1 !Ica l, i' l'il U t y. It ,,1.13 0 j mplJe s th a t firs t occurrences cannot 
'J \, i~ slightly m:xlified sea \~aters. HO\o,Bve.r, cr~tp.r-:-l /;lkc "u ten) dlC d~ I II, :' 1d, ; 'iI: l'I,ng" ZOllt'fj j f) s tll..!. Lhe Ilppr(l;tc lt mos t consiste nt \~ith 

I
t UHf (30 to 2,420 ~g/l), suggesting a significant volc..<ll1lC souro :'! t or U.,:", ,,' da tuin planes , 
'1/ ~1~ !, elements. I:» (1972) h a ve argued that phyletic gradualism, the dominant 
f~ ~ tl~'J:' J~ ,,' l ionar y mo de l of pale on tologis ts, does not represent a maj or 
~~ ' nl !l.i~ '1$ "' ; [ Of the evolutionary process, ' All efforts to ' correlate rocks 
'f! ;ii!~1; t'; 'I "s tage of evolution," either of whole taxa or of selected 
:,il !f' M~!: ~ ~ J- ' ,rcs, a re pred .icated on the acceptance of this model. ' As a 
'j · ' i l" ~ : 7'" ,: Iatigrilphic strate gy, "stage of evolution" seems to rest on \"eak . " (' l; ACTIVE LOW-TENPERATURE ALTERATION OF ARENACEOUS SANDS IN 1\ NEI\R- J Y 
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': ' !~j~ r; \J SURFACE GEOTHERHAL E.'NVIRONNENT IN THE ll[PERIAL VALLEY OF CALI FORNI/, "r 'f 
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',1 1,' ~r,"f";l l i I',"; t i ' n erred phylogenie,s are unimportant in biostratigraphy. They Elders, Wilfred A., and Bird, Dennis, Institute of Ge opny s CH .~ ' 1 ' I 
' d ' I,n I tt e specific temporal information and do not significantly 

II: :, ~,igh~J ~,,; Plane tary Physics, Universi ty of California. Rive rs}' e , "Jse bios tratigraphic res olution. 
~Ii Ii California 92502 

:: ~ ;};~I: t Ext ensive alteration of sandstone s by geothermal brines at s ha llow 
'I f~1 ' de pths occurs near the Algodones Dunes at the southeastern margin 01 
:' , ,{l~ the Salton Trough where a posi tive gravity anomaly is accompanied by 
, 'JI! , ~ , ve ry high te~lperatlire gradients near the surface (l12

0
C at 114 me t c5 J! 

',,' !,~h, ~ i f 105 ( ~ • • 612-meter de ep test hole encounte red a temperature ma x mum 0 r 1'9~~1 ~t 290 m, \~ ith a negative thermal gradient' b e low this depth. I 

~
w: i,,~,t.'I~1l, The rocks recovered are terrigenous de trHus of the Colorado Rh'( . 

~i! De lta, primarily medium to fine arenaceous sands and silty sands, lilt : 
~ : ~~ pebble granule and clay size fractions together comprising ,about II. 
~ ' :,~I.!; of the' section.' Four distinct sedimentary facies are present, delt al; 
~ , ~'! J s and channel-fill b each-dune and lacustrine facies. Below 240 ID (t" 

~~., ,'rt/l!'I,,~,,1\ " 11 d h th hw( ~ se diments ar e typica lly delta ic whereas at sha ower ept s ey , 
:~ :~,,'!/I)Jl be en modifi ed by beach and eolian processes, 
1 f'l l Post-depositional alteration from unaltered, poro\.ls, red sandstof;l 
!i '~.'f~ to dense, vitreous appearing gray quartzite is evident in three j l,i; lji intervals' 110 to 115 m 148' to 154 m, and 240 to 300 m. In the 
~""';lf,'i:' II! incipient' stages this aiteration is characterized by syntaxial gro" O 
~ tl" I" ~l of OJinute , pyramida l qunrtz crystals and the reduction of hematite tP 
I f 11 ' pyr He , I n more advanc e d stage s this is accompanie d by epitaxial 
I ' ' ~ growth of quartz and by cuhedral overgrowths of albite on detri~al 

I !i:I'!! microcline. The porosity and permeability of these sandstones l~ wr/ reduced almost to zero and the density and seismic velocities are 
i 1{;}11 grea tly increas ed. It appears that when hot geothermal brines Oligrdl ' 
I ! :,: J:li ing laterally through the aquifers encounter colder rock, the ~on9c;; 
I j" ~!, qLle nt precipitation of siUca r enders the rock impermeable, TUB, n 
I ' "H porous sandstones, this geothermal sys tem 1$ essentially self-scali , , ':l1 
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,:L'UlIlIAN POI.AR I~ANDERING AND BEHAVIOR OF EARTH'S NAGNETIC FIELD FROH 
~ : !nED ROCKS OF THE GRAND GANYON SUPERGROUP ARIZONA 
I: ston, Donald P., U.S. Geological Survey, 61h E. Ced ar Ave ., 
Flagstaff, Arizona 86001; Gronllnl'!, G. Sherman and McKee, EdWin H., 
U, S, Geological Survey, 345 Hiddleficld Ro ad, Henlo Park, 
~lifornill 94025 

I lo'Ker and middle parts of the Grand Canyon Supergroup of J;'reeam-
II age consist dominantly of red siltstone and sandstone. Basaltic 

c' i1[e flows OCCLlr near the middle of the SLlpergroup and they mark 
' (~ of the Unkar Group. Th e lava flows are 1.09t.07 b.y. old by 
, 11"Sr method. l~e infer that most of the Unkar Group 1700-22/.0 m , , 
" ,III1S deposited in the interval 1.4-1.1 b.y. ago. ' 

OrIented cores \~ere collected at stratigraphic intervals of 1/3 to 
' I. ross mos t of the Unkar GrOLlp, and in overlying Precambrian s tra-

hogressive thermal arid alternating field demagnetization has ' 
' lied stable magnetization, Loop-like and OScillatory patterns 
~ ~pear nonrandom emerge When stable magnetization di rectionH' are 
..J, tcd in stratigraphic order. The patterns are evidence tha t the 
'1 ry magnetization was acquired nearly contemporanous1y with depos i 

, I of the rocks. The record reveals intervals of: tillle whe n the 
',\ 'S field wq.s fairly stable, for Hhich poles were calculated. The 

";I'c ning uns table intervals are charac terized by excurs ions, and by 
:,lations along great circles that occaSionally approach pOSitions 
QC-reversed polarity. The field was predominantly normal through-
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