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, ., • GEOLOGIC mar.reK 
Of 

PROPOSEl'l GtrADAWJIE MOl.lN'l'AINS NATIONAL PAm(, 'l'ElWJ 

On .JUly 20. 1865, the D&~tI!!ent _ed 1'ts r{jlW~d ~t 

of ·~t/h\tl~ ~rlm1Ilg the fl$tilbUsbw""t ot' the Guad~ Motm1itUM 

Nat:im!ail. Pam;> tm Iin_ of ~el;y 11,,00 iW1('tW, in _st!!lm~. 

The ~Iled park, BitootOO about 100 m:I.lea mst; of El h,eo ed " lIIilell 

. swthwellt of carlf.ibad, lIlev Mmdoo, :1.0 easil:y aece8l!libh! 'by ll\OtGr 'Il'Illbicle 

:Pendblg hlIislatlon. if' enacted bo ltl'l, prel!ent f'I:lom 9 ~ anthol"1ll:\19 

&cqui1<itiClll·by domltion. ,urchl!ule, u:c~ 01' other _0 or BO!l!e 12.000 

~8 'll'hieh mMld be added to the 1961 Pratt dOl1ation (lITorth MaJ!:ittrim 

Galiyon) at '9'32 acr<!ls now adi!iJ!1eterad ~ the N&ticMl ~ Seni.oe. 

•• :&\in8l'lt scientistl1l W'ld clmllflne.ti;mbt!l consider tnt tlIe __ ~ 

wi'fiMlll the ~lI'Glfill. iWntainBa ~iutiCill of' I'lcenicaud s\l:i~inc relil~s 

Wbicl!. .~tY 11; &Iii an outst~ adt'Iition ~ the Natimmi P&'d; System. 

i'he scenery· is beautiful tmd diversified NpresentiJIg t/0i!I.lIl of' thfll fiWBllt 

Dt~ l:&mI.ecapes in the wole C)f' thE! ~iIltern Umited States. The 

Pe1'lll1ml _1m lli!lestooe l!!tl1mtaiml c~ the _lit ~iw·1bId 



• 
The Guadlll.h8pe Ruge reslJ!lji)les a h~e ",," with the sheer thIYe!Jlbtd.wfoot 

cliff' of El. C6l)ita. v!eible tor ~ than 50 m11e!l~ lI!1tv.&.teIi at the 

wrtex. GuM ... l. Peak, tM ~lIlt pOint in Teli:&s. looated ehINI; a. IllU~ 

'lWl-th of! Elt'l«tltte. 1I'i.l'le8 te «1'1 ehw&ti.en of 6,151. teet ~ sea ~l. 

Ai> t.b.eban t:4' ' .. 'lf6111i:eftl .. of 1m ... l!l!IOtmtillins the e1e'V'atitm is li\lIout 

3~"O t_t. '!'he.~ &'0 ~~ tor the most pe;rt bttt ~eJ'.M"ent 

8~da exist 111 SOIM! of the deep&~ellml,VODS of tJiearea. North 

~ttt1'iell: ~ within the &mat\'lld 'lirMt CMtaitls $XceJ)ltlOl11l1ll «lologic&l 

'~of ea!Ltorou and har~d trems 'and bl'Wlh species. Iii 801M cues 

the pllmt and liIll1ulallll_l8«es ve c~~ ~ carr;r<Wer fi<miIl the P1eisto~ 

-, ,"1I1!ille ~''IdW:lll ~t~ ~ywell tlu)1,r IIcientific ~.etues.' 

"'~ prop:wed natiill.Ml JIlU'k also ~ins BignifiCMt illI'ChfJ1)l.oj;ieM. 

.. ;,WSm.\l'(!6a irl4icatDs lmiml oc~iof)ft of the _ ~Qt hut 6.000 

; -:~s, &nil ~PB fII'Ilttb l.lmg(;r. Past fhtM.ngs 'ar<!l evidenee of the need 

" ":.ior~tmtimled tweheol~ study. Sj.o!mil.'/b ~lorer8 :f'b8t tayeraoo '\;be 

',~al area fi;iB the tht& 0f the ~.iIlldo ~itioXl in 151«> but it w.1I 

<~nnti1 the wift!it of t;b/!! Ullited States militl\U:'7 I'llqIeditiC1W in l84, 
that &rlY detl\i1ed 1mmr~ of tbH.J&l'at!> wtU! ttXtq\iil'll1d. 'l'M htt.l'field 

, ~l mas GII'tabliflhed in 1859 &1d _ fltt its WIflWsta.tiOM _ l.oe&ted 

at illle M!ith of Phle ~ c~ wi:tbiR the progoliled ptU'k ~ ~tll 
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4eacl'i'ilt#l the· G~~~llI!I &!ll he c'iJslll3.'Wli tha in 18;0 

~11!.;'19811~' .1~ ~ San Alitcldo 'tf} El Pu@ 1n (I~ w!~ hl$ 

~t:l~' on $he tl'Ait~d 8tfIitelil &n4 ~ Bf.Mliuy ~efl:lml. :r:a 1854. 

_, ... ~ ..... Fo»e &nil. lde ~ ~~ III ~Ii! fe'll e. ~ ~ 

1t.'Im"'1'M.~ t1.Pn idSh'li1m1 t'U ~ 781',. a ~» 

'~;iiu·.;al.· ~~ e.e~ thtI ~ !!!!!I!'ljring ,the firtlt lI'eal.'lI' 

~~el'llilltll!lIAl. c:ihSM"'Wlt1o!lIJo Hifl b<1i'6thw~ n. F. S!lumard.lat6r ~1tI1!;i 

~'j;,{i'!(ithlit fO'$lIliJJl collected IImd called att!mtlon to tbe faet thll.t they l"ellembled 

of tn'll Pe~ Systfllll tb.IAt had previously been eetlibllf!hllt'i b 

i:}~:j~ope rather tlum CarbOllifel'O'Gfi tnwll. 

~!~~:~islitOt··Mtil 1890 tbat fw."thlW S~MIlt geologic atudies were 

~~,ia!ld'~9" were bued 011 Ii bdef' visit by 1.'an' dur1Jlg thfe.t ~. 

i901ud III{CIWI m 1903. Gilf"ty ud Niehardaoo of the United Sttl.tes 

~lOlllCil. SUl'V&y 'OOrlted in the /!!rea. Girty's 001lecUO!i8 p:t'()Wt'1 ellpec~ 

c~):§\~tftl1 in the Uto:.l'iiU!.tim they yielded. lU.ch!:'!:l:'dBC»l,,'0'0 the ~ CaRittm 

S;.:;;;'to'the _i1le .lliIIestone fol'lllblg the S1&,p1l1l of Guad&1upe Peak ';1h1oh is 1'WIf 

::1.tit~~~PtiS<Sld as its tn>e loC&l1ty. It '\flitS in 1929 that the inte~tnt1on 

·'; ...... A .... CBlpitim ll!!!elltoJlie illS lit ftIIIf deposit wo &lll'1O\1D1!~ 1m :iBte1'Pl.'etlltion 

",k!;;:4id:e1It~ ~lRed I!I1d II\tlcepted 1Ii!lC$ that time. 
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of' the field ~ 11:1 1934 and 1935 retmlti1l{g in ~lcal 

:~)telllad,mt~Ll Paper 215 ~ publUhed in 1948. 1'h@ b1iJk or the 'WOrk 

1934 Ud 1935. ~ed bV l!Ii!Mt1oRJ. 'Iro1'k at tliMs dur1rlg 

iU!Jij'f'deC&di>. King's p~ of West Texas and Southeutem 

, , . £a,the April 1942 iellUib f3iE tJile Bulletin 01' the Alienee 

.......... , or ~trolet1l§ Geologists 111 l1uite CQI!lpletely ~ uti 

'··~Of'!Il8Si,oruL1 ~ 215. Nation of the WOl'k on the Palet;;8oo1.;,gy 

~'p,.ml1m sequence, by N~U and otli&l'S pl1ibUllhed in 1953, tIOlliplet&s 

a~~OO'JLediplEmt of the Wljor S~!!1 d_ upon in tbilll lIIlt'iiltch. 

t:I~~~,,~~l,sb!l1tl <lavems ~'e fonned in the <lapi tl!ll! limestone 'lddeh Emtends 

~ftJlte:jc'l1 ,~ E1 C4p:\.tIm lUll! G\i~ Peek as one &m!\1 of ': thI1i 

lAued;awm>lUltlll McruAtMltU _ IA dose lNfJ1m.ti()l'lllhlp exists betlreom the 

llOs" tlCl1'1. lit.ra.t1grapiRy and tltnetm:oe 01' 1'(J>cks in the :pl'O,LWsed ~upe 

1~~tl8 NatioWal Park and those of tM Clarlliblild ~v@ml'l 1I1atlc;w Pa:tk. 
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the $E:lU>1'aJ. area. within litdch the proposed ~ Mo'i:!Utaina 

ill dtuated iii ~:rh\iB by lIedimelltary ~ 1)1' the r~ 

~:bIg a total. thiclmeliB of' as I!IL\!cb as 12,000 teet, these roclts 

. 1n .~ ~n Hllges in mme p1&cea &nd in l6w phdlUl in other8~ 

. other pllMI<ill!\l. they tore '!Jurled 'ilhel!'0 they alt'Q ~ only by 

"·c". total. expGlled thlclmesl'l i·1f abmlt 4,000 fe~. 12110 IIYDtem 

,~~lc ~fj of 'lmWlul CClli>lllerlt;r ()~ as red beds 

~i.tietl lind 1!iS ~1tt!lS in othel's but in ~t to rocke of 

!.1fIl'l1',~1$ eleell'lwl'e in North Ml!I1'i(;J!l. the syatem in U'l!illt T0l:'U is of 

~,:tI\1~laW:tweet;.that the h~ flef,!uooce :i.n Weflt :i'emll i8 -l.:r ~ 

.1'1., .. ,,,,.1' 11111 llWeat thie!mesli! Wbldl 8<l!WGflts that deposition 1!J0000tilii'lllld 

tlae lIllitil!'0 p&n\)d ltitb '£lilt ~ intel'f'!BPtionu ~ t.l1e l'emlsyl.'II'II1l!e 

~lIIiC.~-Ki!!l(;l pOints out that 'Wo llumdse 1m ~ly ool'ilf'illi!ll\ld by 

. i~ tlw ~ine etl'atl!l.&1lt:tt1.Ulg the U\9st T0lt1U1 h~ 1Jeq_ to 

~S1'tllLQii'!l·· .. 0lIl ~l!1I!.l footing VIi th th'B g!:"Gat Pemu.n seqU0W11J111 cd:' liMl/(]lie Wld 

"filllrtlw' PGim;1I mit that in wuw of the l'lUlg<l!s. erlpecUllly tt'l1fUli the 

II!. t'~l!' co~r of Mellolloie l1IlIld Cl'!!roll:oic l'ocli:ll l!lw bll!l!m ~ed. 

l'~ ~s laid '\)&l"e om thillir crelftll. Wid on Il!lruJ~ h!.cliruld 

j;illto~~s • NeIi\r the Peoos 1'Iive:r. tlw Pel'lldl\U'l :rockll ))all!! b~th I!. v~ 

~1l1!l1l'<2f '!'rlliU91liC and Cl..rt;ac_ rocks, 'l'ihieh tlIi'e oVi!lrllidn in ttml by. 

;;'(te,I!CI!i:oil!l rookstlm.t f1tmii tl1e CI\P of ~<!!ntJ;y $l~ bitth pla1u. the 

T-oward the eaat, the hiP pltiins b~ off 1» f'ro;yed~ 

~I~~~ and. l,M the lower iia\uil.(!JQ N!!l1<m beyond. the p~ J'Oclta fI.'[IpI1!u 

. . H&1'1II they dip tOJ;1!I.:M the l'llit1»s 1111 tltey do 'II'IIlst ~ the l'eool!l. but 

~.·j:Jpp'l)l!jLt0 ilJr 'II'IIlstwrd dir~i<m Il!I!d IlItl!! SOllll!ll'lhat l.mJer ml31t!. 
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tbilf b~@l' ~peatba based on KiH6'swol"k u e. bIlc~$ the 

fiO~'!Y of' the i!!ld!adi4i;e ~ ~ aNa. is p~ m ~l' 

'.rl!w :f'&l1~j> ~II &f' lomtl pology ~ is til!lum :/l':rom the 

tt£ell.l.'II~ dlll~'fI>i;lo!!l \'ltmt~ in ~ Area :t!l'Ireiltiptioo. l\~·b 1m the 

.'lId~!iI )'lCAmtMitS NatiQlml Perk, dAtal! 8ept.er 1963: 

U!rh& GMif .. l,W'!I ~MmJ prelilent e, il~ ~_ 

. of t1w ~ ca:PUIlIn 'ba:nic;;to ~ and its e~ 

~~~Ud back'"'ll'eet' Il!!n'a dl!l'Plts1ts. '!lila f'llw dhplllY 

of th\ltliUi~ fe.eles of p~ si!dilll$ntfl(:gb'ell thI'i UN 

its ~ 11ic1Gntifie lIigniti_e od ~ it. 0:1" m.lt~ 

BtarJdiq :i:rrt.eJIl"el!ll; 'Ill) the 'IIOr1d' iii< Gtra.ti~el'S and 

.'pa1~~:l.st8. The world's beot kMliin :fossil ~fs 

taM ~ mthirl tlWI l'ltgien. The capitan, the greA'tilililt 

of' the l"eef'lI» hu bean d€tllenbed by- Dll'. ~ N~ ci 

ths k;wr!clm I>fttiijewu of lil),tum1 lIi1iltGry WI t.!w llWst IlJXtiensi Vlll 

i'<lIl.'lBU ~e 1'e&i' 00 reeo:r«. 

"'!'!Ie _trolll:<lg i'Utor in tltti ~lIliti<m of the l'{)c'Iu! ot 

the ~ !b.;nt&rns ~>egis;n Wi! tbh'l :p:re!1luee in II!. ~'t!I 

. . pti-t of ~. and NMQ MerlO!) M' 8. lliIlrll1e bMin ~wi; 

the ~ ~od. A ptl)'tim of' ths,1:; bllu')in. the ~lamu'e 

1Idil1. ~1.sing JilCI'IlW lO~OOO I1Hl'lll!!>N mIlliS. '1mB the mjor 

ifl'tkl.&ne\ll in the f_tioo c:f' the YOl!!ks '!f1:l;h whicb w.a ~ 

iBi:$Nl3ted. This billsm 'Il'&1!! 3.'~hly oval in; $blllM 'tdth .a 

• ehliu:mel to the open sa s1 tue.ted 't» the aooth'!ret¥t fit t~ 

~61dti>n. 

'7 



• d~ate:r, 'lrell-atratifud ~llIilIs of ~ DelawM'e 

J~a;s1n I!il'4dlt l6It1'il1lw.lly 1l:lto the thicker u.d W)!'(I _siva lnlWl 

the !'e0fB. !he llQttel> 8tli~as lre~ lmUt in thl!I 

'JJ1~Ill~m'@r _t,,!, _!eng the p0i'i~ €If the bss:m. The rtlOst 

~Bllive t!Jlf 'these. the C'apitlm ftef 1> :t\m!led .Ill. nl!IrX'CW but 

effective ~1' wldeh ~d in the :form fY1: .(II, e:iut Mrae­

JSh,,~ 35tl to Iioo I!!Ues ~ the baBift·8~. The Cfl]dtl;m 

.. ' " is wall ~1Ia4 1M> a d1~ <4 *MIB ~O mw ~ the 

il.~t fI~'t'a.thllg G~ Riil«e :rra ·the lweI' l&nds 

·ot -the l!'Il.'emmt De:tlit'wa~ BlMliJt. '.8i.e older J.l!'jrl;1o.l1 of tJm 

ean 'bill Stml at thlll ~ 01' WIAlmlt ~ tmd hi I'>t1im' 

,cafJYMlII in (l1U'~ CQ'II>em/l NntiOll!&l l1m;k .. \Uld McKittrick 

;ii':"::C_~ a'lie»h\vlJ e, fine ~8ure of the Illi~ :tmrt of the 

i,:,".''''''''''''~ ud 6f the ~.titmal ~ :f'rliIln fOl'e~1'ee:1' bfJda to the 

.:_"tme~Se1'tl--et~ ~e Vomll ~h1efly ;rl1llllpooslb1e fur- the ~lfth 

.of this lmrriw. QIld O)thi!lr ~~ 'IlCOltnwt$d their 

l' mrll!t11 tG the atnfflt_ Md a.id1ild :lA t~~ uti hcldillg 

'BMpe. the CtWitml is similAll' to ~ell;mt~t1iJy ~1e1.' trelllfl.! 

m the Pa.eiti@. 



" • • A3eoo:i,.1d 'lfith the reed' ~ Qft thiek~ed, IIlteepl:r .., 

.w.tng ~f.II tlu:tt I'6~S_ relll'Ysti!lllzeti ~ slopes 

,f~ ~ ~tl"'ly de&'b watrut aM li!dvtm~ in 

·Of the~:r~. 'fhlil P'~tb of the ~tlm reM' 

ifttS\c1ll:)l"e in l:\ horilWllts.l t:hIm 'ftI!''Ilicll1 t'lireoti_ ani'll> 

~~~1y'. the:n1&f' g1le'ill l6rgely i!m its C\~n tIlIluB. Amtltel!' 

lliPtll'tli\1l'lt· f'i!lII.Mfl O'ttb0 tlOni!l b~ tile Htlt' and tht!l t\We-

l't.aits ilJ'IIhe ~8(IJlOO &f' 131'3<11 blo~ of lfflck 'll'hieh 

40ft the s~o iB :t'l!'On't O't the 1'<IIti' IDlt'l _1'0 

1jI.'IOl'l[lb:t$t~1d ill the buil! deposita. These blm,&uiI Qs well 

i:lf·!&t1I~ mdmiae fYt ~.l1&!i!l ~ see!l to wl1lUt~e 

·.the ~ 1Of.' M(jfi'f,t1'1<tlI: ~n at'l its nearlly 'IlieiDi'tly. 

'1J~1W1Ii tlie ~itm:l :roaf 1n the lIl1i1elif 01:' legooo!i'!l ti'i!lII., 

4~tift~lftIJ1i; ~. ef el/j~t$ ~ tI~ltou:l .. O\lIlI::ty 

:.the ~ ttl!!I!lfore~f' ~it!l" Th!!111® ba.eko.reef'. 

W.~~:\la1eillts ~ifl't pr~tmtlY of d~tiil with ~ 

ub'lidllad fine~!lI'~ allmdllttme •. VeMthe:o- \'iMind ·aw reefg in 

the ~l!l'd,q:ll' 3li.Une wlft;tel"$ iif the' ~U'~ these d~itB 

:,:~~le ~d1y tate 4!ove.:por!teo. The n~:mef lqotmtill. be~ 

.• '8 well diepl8;.yftd :1n ll'My ~laCliIll! ~ Gtll'lI.Ial1ip0 1Ii*~ anil 

~···f ...... tIf the wdtlJ of this gt~ tlIf rociks~~th0 '.l.'aru!ill Ud the 

Yatell&~{UM bl!! s@m :1n the McKlttrta COOl;)IIIm ~1!ill!.. 

9 
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i!i:,IB'I!l'lti()l'l. ef the Gueilnl~1!I1'I 'here 'Pro)lOsed ft:tr iaclusicn 

National Park S7Btem 00l1ts1n1il ~ exposures of' _st 

. P&~ W(!ks d~Bitl'ld bI tlw Il0l.e:ifare Duil'l. AU the 

.'tl~w of ~1'd &I:ill! GuadI'!J.1l\'fS 't1llle e.l'6 wpased in the 

I/!!l!l~ms f6'tllt f!~ t:I~ the ~e on the wst. 'l.'bue 

~] ... til'llll\!btp of the two I!lQin N\l)fs (Goat &!fll8 and C$(¢.t6m) 

'"(weu' basm ad shelf eqm.va.lJintfl is el<!ar~ 'll'illi'bil.e to the 

~~p.'''' ud~ with but llttle blt&1'»I'etatioo. to the ~. 

;'~:i,l6jl'ln"'~!1 in North and SWth MeKittrick Cl!n;V'onfl 'Ql'e .:t­

and ct· bltarelSt to IICiotiml'l th~oot the 'WI)l"Ui • 

. . . the ll'alillU'Itmble displa;y 01: deep,..lfa.t~r ll&gj.n d~!llts. 

t':reef '&lid l('lI!sf' t'llhls~ Mil (Ii' llhaJ.l€IW_t&rshelf' s<lldimente. 

fol'lll$d at thlll seJ!tetime bllt differing beMUl'JEl 0-1' M:f'.t'w­

in the env~lIIl1i!lntll in Widell they IWigiil&tiiJd .. that 

.tbi'll ~JI, its geokigill B:ig!dfioo.noo." 

10 
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rectiit deeMes MV4!I lW4d~ e<mllida,bl~ 'f?It'~IUl in d~~ 

~U~till:1 eo:nd:1tiooll uuiil!lr Whillh 'IlheeeltibWl>tE'l1i Pe~ __ ~ IiWd 

1t't'!~,s11l1!1 Il'JJ!: too !!~ ~. ~Ili.mil, tM ~ 01' the 

~.w~~e l~ood.wJ Nillitlooal ~'k .. were ~d. ~ _lilt ~l'tel; 

ql~i$ lllis is 'fllltiti4l!1i ~ P,El\~nI1!0f Q.~ . .yl t~. ~ 

~i!il!IIIB a:lr.dwi! e,t in tl!is 1It~ &l'0 'IIab'ed Bitlly _ ~IB of 

1iw~:cPE~tlf'lrJl1(J,Slh ,,~ *oo~ sm'I. ~~,; The tellowUg 

~~:gt;l\J ~W1li the JlOl'tt ~1.;Obs.lI'\l'l!l;tiorus ~ ~!l in 

lout~t1ttt'&p1If.eal.l:y ~\'d. 'IIlitlm'lt» 'l'OOka Ql\\d fusst!tu 

~& llQl!1s1' ~Uiii:lJil ~...to.-l~ l3.1DnlwMs al'lIi 

~\81.\run;OOlllee>~. (2) t'M rim etthI'J bulin .. ~ired by ~i'J 

!l'ji~l!md '1nmkIJ (j;f ~~~ Ufll'llva 1iI.l!e1lltoo1t and deltml.i.te~ 

.t\ alWlf' _11& _!I.'3d by l1Pt'lOlWlm'ed .. tllila~b~ dolaite~ 

~M. m:td.ew,:99:rl.tel'l" 

ol'l~ .. jle !O'1!I$f's ('}f' the G!mt'l~e ~~ and sim1lu fwlu:U 

~ ~lli!ls .. ~le Gl'4lO~~ North ~dg lIiM 

~\l.1~. 6M."0 'f8'ffY l/!i\leb ~ 111t bJ!;il!Ig ~ to tI~ buins. 

ft\iIlqu;&h~ry ~ Will QstlO@iat:iOill ~0stl!J ~ e~oal 8~. 

11 
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~ ~4il Basin &lIt'" ~«lld>ml'ltly i'ilte..g1"&imed. €!fiT( 

~,"~l@ilBtl:me bd f!lUtston!Jj~ end b1acl!r~ fiE1e~d s;;mdy 

!loth·~ ciff l"t'ltlkgen~ Ql'aa~H'ied 1ft th~ • 

bodi~. ~ly ~t ~a. 1m most plS;Cl!lil truase 

ie.:I!WW' ~tlwoowJf'ossUs. Ntit~ld )elee~" I!Il&\ll 

itAl~ g;!l1/.!~~ and ~~.tleid bmehillig.Cils oem;!!" lIJ}&fflel;y 

ie;i5ElM~llefJt UmeSttml1lB (Bone ~ end Ch'en;y ClU!.Vtm :f'~lI'l&tI.tillW.liI) 

«1i1<1l~ m the dlliq\'\Gl)t1'.l&. LCeQ;JJ:y .Qb~t ,~idll! 

.aially ~ter18tie 0f thG :!"i1!l&~ed 1~5. 

~~'&" all' of theSE! toeetls .&we elllllG1lt'ti~ iruiig:e00t,m, to 

)iIr];Wi!!Se BaIl$Ja; {!el'l.~ they do·JISt 3hw effeets aflllfWtil!lg 

At the llIlll,pn fIJf the 'b!W:l.n t ~ ~a 

~!.\oia $lid ~t.\} ~ tiasi-'i f6r ;seWli'al !!Ailes. 

¥~!Ii~I1~ ~t ~ti'l>1e$ of ~ fiUld~u b~Gli'tItbJ, 

:~1*~· ~B" 6M uther i'assili; 1fte thOse of thril !r&~. 

aJitJi.Y ~. ~ ~ ~ 1lj\t1ll the hBin b~ the .!!itlft 

G~t. at tht'! mugm. ~bly by t\ll'biM:t.:r 

'fhe ialllu ~Gf elfl!~10' l1mimtone t'lItwnd ~ 1IIlige 

1mlI:b:l ~ltle a hOOrd of the e'lt<ltlatiu llIf thlll ~s ~ 

th~ W~ derived, and the Wflll~rese1'VGd. sili@i'f'lool> 

~l:)'tmlli.\l.eniltl 1"00lilila thay !COntain 1II101!!!}ly m>~ dm.tGl. on 

":M.jil'ft's1i~:v l\1nd qmmt!tat1ve ~~!le f}f the!lll.\jm' ~. 

"~$lS. EulI 11r.lll\ntt»lW ~ !!<lle~rds lm ~ <ltf' 

s~ f!1t Nat &!;t;!':lt~, &'ld lntel't/011:hlg ~1Z_ mam 
~l'JfiI ~ of :t'EI~f' s .. dbients. ~lb<4tlMl,ti &!;poslt1M 



~l!IS &:fa ~-etl 1!t "~1eB of the 'buh1" 

'l!!l1d $herlf' ~ltOOS at wOOGsllliw lmri_liJo l"o\f'~ 

.~. in ~ell~wll ~~d ;m the CliWimn ~ 

~. t'Eitf$ 'Wi; 'i\il!'$ ool1t~ed in oth<1lX'S by 

.~o~U\l!'letl :z'.oof'IJ Ql'e (l~l'Ied of' (1) 

. ~ of Wdw ~ m 81'ftth »08itim,. (Jjl) biool!wtle 

~l1:e,., limO; (3) lIli~y/lIt&ui.n$ 11lumtonel> ~ eh~~tie 

-, ...... - :&'usU :t'6lllfs ~ the &'0OI~1!I Heatt'!. 'i'h-a 

~I!ltll&u> t~ of 'the wet lilI!este!le is ttl-l:r the 

~t.·ftIJJ1!InlUlM:tieB1 of t;h$~:Il1eJ. s~till> e~ 

.' ~l and "l&m. ~M1j9 TM» emimim shIN t'liM! 

:~~.GUIIl ~ ~1>fic1ll!iU¥ fi~~dJ. ghG3ts of 

i~~rJI.1il' ~gelUl.'il'al.lw vilili'ltle. n 1& dolibtflll :li' ~ 

~LD ~%r dl:ws MtI!t~llIte iii ~ lilml1\)w 

.... ·'\I'II!!l ~tj!!itiw~ ..a».~ ~ ~ldli<t'Mnt lilt' tlIbf10 

Wi ...... " lilliii>tiltr, §i'iJ!lI other ll'Of.ld:'a. str<'lll'Atolitetr lUli1 t.~:I" 

L!d~I.k*I:l.irj', jIj~n aJ'1l1l11llS" BlW!l1i!1'1re 1;:eyIlI~:l< and ~ 

(t) ue the· ~et ~@'I.m11d0X8 of the Heia. 



::;-- ~-,:-;:, e- -x:'-,·; 

-", < ;<--"' 
~"",. -'-

"' ,-

v~~t~ookINld. Ij;lN~iY .. t6..wl'lital> ~b t,,*t'lJ~ 'lrlthlimt 

!ilhel'<1< Qre t~1:l t~lIt lIlllIill P1J!:td!1 ("lrnt:UJ. It) :t!'<!l~IJ • 

. ,few ~0d ~ \WJl'011li1 in the ~<!llri> dmfmSioml J> IIIwl 

frl1i~rs Em~ t6!' Sem'GIS or lnm~ 01: miles ~ the 

Mllm" All m: the l'ei'lII ~ by rigid OOtl>ll'€itifllll!l1 

I'lk"Weu .. which ~tlRd iIl!i:lst :rre..pi.dly ~ the 

1'llllln'j~1~b (mel. lri'elU lilasinw:."d ~ver thatr lllM~ t~ d0l'OlII:LtIJ. 

·and .t1f!.tiso:)f' t'ee:f IP'tli~ Wo!>l'lil 1J!!llt!~<mt~ eontroU0d 'by the 

ff:lfflij!'GlmJ. wb:llidetlce. fa Gae' fljf the ~il!!r Nef's (Goat 

P!llii'~h valli eSBfIlnt:!mlly ~l!» and the W<et did. not ~ 

h~1'd. A»pn:rently the lIIl:till C'l' reef: fG~ 

(.;It!~ ~ with BtlbElidenClfJ. G~ or tbe «l'~t CIll»:lttm 

the ~I!il' hand" WWI :Pl"~"l1!>\tl;y hoo'ittOi'llt& and basin .. 

that i;lIl!I entm M1't of r100f d~POBltim ~ed 

~.lm.~ 'll'hi);EI it @X'~ V>1Irtieally &btmt 1.~300 feet. Aeiere'· 

thfJ lNlef' front WIIB l'QPid €t~'e!l with the ~te of 

~91tll mmedie.t0l:g' beh~ tJia l!'<l\$ts ;1;'&'0 tWJl\Pl)lIol1d OO!' ~ 

!!'\'let' det:l1itul'l, f.fhoo:'~ tM ~t~ bf/llll~ m~W.­

~en_s, MIl. uwally ui%folJllillf/WOltil. and 1t ~«I1l 

~.gs!1:'J\!!~!i1i! &Iii lNld Illand~s;, The mf,Ytttlllll1ne fO'lbrlc of 1lhe 

16 ~ly t.ha l...,Bu1t tY£ ~ttltUUl;;ttiM, :!rnd tlm 

t~ ~f thlil !<.If£dm~ ~ b~ eb1:l.tel'ated. 'l.'hel"fl ill l!\0 

dellOO thlit the Ilediment 'l<!'U a PJ;':!.ISli'Y' jiI:!'Il:c1pitatl1l t>'f:dolmltit~ 

it is ll!l/}l'eprobllbl1!Jl fl1lll.i> it 'l!U},1'! II; pJtec:ip1t4te 01:" ei!Ue:i~ 

D:l.flt1'1'butiom!MU ~s of fOBUilfJ in thia ~"i.ru."t'l 

that ~Q ~l'Oiml\ll'it, Wlltlil ~ble f{)l!" o~ro'rj ""'" Q jjhoort; 

b~d 'Iih$ 'bMin ~l> e« too Wl1l10ei@;i;ed '1iO~fttIMJ. 

i1(lI~te ~ the.f!hldf WIa.'tel'B _lffl b'tJPIWBl!U.ine _2' 1a1'l!fe .~"'. 
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• 
t/l{l!miil{tl.! ~l!l,tel;v l'ielrl.lm tll.l!! C&':9itQl1 b!1n'iel' ~ 

,dl~1'id' by Nl'>id f~eietll e'li!mlge£l Wlay :I:"rom the l'~t 

~i'teiilt1!cG:l is /Ii"l.W!il. t.'il> facies chM~JJ in lI, ~1ll!0t!\;"'If<il 

'r.t<i12 ~mtl.tim1 bah:ltad tlw capitan l'OOf' in 

a'h:i~tl the :<'<MIt' ,"l'&~,lr. FieMlmdi labo1.'at(llllY B\.Udi®1l 

, .. iire fo\w ~1~1Jl11l th'llfol~lilg orv.ro.' of 

(1) If'@ei''-del'i.1red c"u~<illi1te (co·· 

itn iilQa1:'l;v IIDl1'mal l\l!I.l'ine ~a:i"il i1!ll1Wdia.taly bel!irul 

i},:il~1S;:lll'i;e ftre1eu dflpontad (pImBib~y by ~) all 

,.i'tfl11:<&! (3) ml6tioorY;'!il;lllllil!16 ~te i'mei'll1l!" 

~~J~2.~~t~id il!m'g&n'\eull;v .. II e-ell!eium cll!J:'booate it! 

,~~1!!il"'11 1ltlillliT dilri?umae i'raAl too ~f'; &ld (Il) f'il1e~ 

·.)(litt~:~li!Ii! ~ ~trul0 iIlltel"bei!d<1ld .. 11 til. I!mn.ydl':l:te. 

~l'IiiiM.l~1l ~ fGU).l(t ~.n ~l'01j'l; elf tlleQel:!:' dol_tell. 

~a~~~§~~t~ @f vx1,uwl'y'~edimGnuary fe~tureJJ ~1ated to 

St.l't,ct\lreS ()t).uaed b'tJ tmilidity cUX'1'l'lnt2 and 

~a:uEii)'\ilIj dei'o:tm&tion. BUell. rul sluli.'!l fl')J.da" intreat:t'ata1. 

mad grMt stID:m!U'l:ne slides. i1!J."e e]}Ul1d~11t f.md 

~ of' tfiellle Gtruetul('GIO: m,'$ th!1> re.sultlil ,0£ O'1I'e:l'~ 

;;;~" ,!.'\;,., lilasin 1'l1bj1ea. );>Ol:rh!!rillil 'by (l~a~mz ~lld by 



• 
'c~IPO!l:i.\;fj or :rt:"Dl~~de!'ived 'k,uib:lI; SIlI)'11 cle&y.'ly tlmt the r<\1ers 

"ll't!:tItP.rMmt Ii>t!,:g~'tul/'e!J\" 'IiI.~tely l'elI1;ching llfuovc 'l'l"4\W 'I.llilm'l. 

m;:~:ttllll'Wnt; in the b!il!flil3 ]J:mel!t.tll'll!tl3 ti!.l!lcreases a"'ifQJ;J" :fl~ the 

,fine~lf:I!&ll~ limoot@lWIJOO' thlC llillliSt1im:l.'c B&IlJ.n have been 

"l\'tllWl'IllI. parllll;tpD 1I!.S mWlUM 5" l'ti.u:-ewt 9 IiUld ]Jtl$JJ!ib~ 

~GlOll_~lt quut,11; SantWtmwB have :aJ..ao l'.l~:tf'el'ed fllight 

\~i ••. :.Ll;'lI"l'l, iIn»f.)f!sihl.Q 'to det~M a.t tIDieh sta!!:e e~tiOlt 

JJ'1attcned tosaila on bedding ~ oj? 

;tnd1eB:t", tbatllOllll!! &£ theIltOll\l1aC"!;j,~ was el:llllpJ.et(1)d 

i;:dl~~jhB Ql:leatb the lat)tt ;f.'l,z;t'J-1'. All of too ~st<)l!WS 

l:;~.l~"illIW lii~(~ya:tmJ.Ul:Nld. aM 1!rilllal'Y t-eJttm-ell in the f:l21Sat­

l~lt;lf,ll~e m)lt'e (11' mBa 191Ylitcl·W~$d.. Xt liira:-,r,IlIll'te!iy, be; 

,iI/&l!!.":g'5tl.\llizm.ti{111 tm2 l1"&fJulted in a eOl;'a'senmg ()i' 

\t~~ell:t'lil<'Ol) but,. whl.l!j!'\il i'NlfJa texturem l,eX'''' orig:islly 

:~~filQlIi'/;j,e pa.rtiel;!lll. tl;.~ hrul b<1l1!:m !ll. :iilroi£iffla~iil'e 

i~IIh1;ti'VG'JlY OOtIJ:'SI!l t'ietritlllJ. fabl'ic t.o !1l. m.'jlli1tliU.lli\e 

.. ~t thcl!legimml 6t:1.'e.tigl."l:1J?hlr of the !'>IJl'IlIifoo. ilrY$'l";<8l.a 

rU~:b.Wi,si:iE,.tn United states!>, end the local e't'JJ.1.'aei;<lristieB 

il!lS' ·mw If'ot.llilih withi!l MId ~1aool\lt 'to the Dela~1li'\1.'e 

the, £olJ~:1J'lg lml00ee$ll'~ie .:.:c\,'ielUllions: 

'~'«)gl'a:pby of t.he l®.d nurfil.e<1l t'/atlS;JJ:;dUetl. and the 

t~lity eIJ: e~r:Ltel! ill the shelf' area l\!~'M'!;lS tbat the 

'M: :!;aita;)..- Pe~ t:b\W!I .fas g600rdly warm llllld. dry. 



• 
'~Pl!~l~ ~Il l:Il1~tlJ ~t westam T~ 

f)f;", .. ~ .. sl!l'&~el'll New lmloo; _iliI(; ~f ~'klilhl.y c1_~ 

,iI'I~_!:'Mm qwi!l!'fllt Slll!:ltdl!ltoo0, ll!MIi;; M' wMch is .~. 

Wil~~'fl~~ WIld fiwlt,e~ within thlll r~ ~ 

~f~~~i'i sUt; to fine SIiII:1d. ~t l.ln'gel!'p ec&tt81'<!i1lg. 

'l!\\)l~:t":_IMI"i •. :t'l'<IstedgrAirui ~ ~ .. but ~y 

(*OlI~lt~;e onl;v I!I. iieg.U!tlb1e ~ G:t the total 

Beyond a diatMee o£·tm or tlmll'ity ~ 

the Dalawere BU1l:!./.> tM IlItmdiltCite ~ll;g' 

)!eC~IIJ'red belll!.'Wle of films of l"OO ~~de IIlltClfllili 

~1.E!1Zli' ~tl!. 'l'<V&M'd the ~ of thlli buill 

. tUms 0f" 1_ arldl!l ~ yt!lllDwilJh$'bflIwllg and 

the bl\ifjm ilhe il'<In mdd~ Mil lmd~,g~ NdiB .. 

i'i1t!attj!l!n~ bGli!lgcooomlttllltea in SfJfII;tt~ ;tm:I;oeB ~1Il~ 

~ li'~ruml olmJgliIl!l~~l:y &1'e ooft'elate4 

k~·''i!.\".~ldlJitnt in ~ ~"tw of ~c _tt .. d~itoad 

tW!f~~e' •• il~u _d a. nlatmd ~ in t;he ~ " 

~;tb<l' at tblIJ tble of ~n'lti<m. E'If1dellt~·t!w!l'l.ld 

~i,\'I!'41W c4.a1ted ~,Il fA atlr~ oxidizing ~§ 

!tl\&dU!t 8~tlB lilt the 'Mm1l:!. 11'/4'& dQM11;ed 

~lUaj!.q e'l1rommnt. Moat !!if the ~iI MUld. in 

~,'J;_~l1tl<Yl> '11M solltad. @l/l il'l. ~:et ~ hiJ!:Ire 'bl!lI!lU 

. ~ the Pt»>Alimn'IJIW. by the. vi!\d. It ill ~l'lt 

ii!i..l~1.e ~ toull~!ltand the >m.U\>_ llJllFead. 

li/~b1.tliknt'J$:!i ~ ad lMlt of' ~ogniEiib:h!! 1I~R7 

~lt.;m th& sru'll1sto'ue. 

1'1' 



~fl of the Nl\Ifm !Wi baDin d~ite <tloee]y 

~1llIlI]l'l em>t~eG'l1J!l ~ I1lf the T~ 1Il~ 

~1I'1I1 Hea:r;heNj> &id they &I<'>ll fltrlek~l;v 

Wb .ft)>\l)illilil of Mgh l&titlldee. 'rMs !l~estfl t'hrlIt 
... \ 
Pam","" ~ ~ the D~!!I~e »twin _l'~litIliP 

. ··fit· & 01r_~6al~. Ptln'lMfm:roofe - &1<"0 

~';:8Ihl~_!l. Jt\:».'!li of the De~ nuu. indicates tblll:t 

~tlJ1-~ Si&$S ~ IOIllII:ld.illlllli d~pt(h of Ii>ll~ 1..800 

':·:i~ ~sion is in ~ mth .,v1d~e0 t:lrull.t 

''OO'~1ll1 _trws _ ~ ~0'l!I; ll1.Utlh of the 

~"'::!iif:' tlw basin. 11m sMlf SotlU 1'1_ proHbly lI!Yt 

t1lilWS· tt f;w 'te1:lfl of h<!!it ;!!~. 

1Ul'l,_ d~s1i;1ll of 6'f>\\~tl9l'l in the iiIhltlf' P~0 

. M iat1ml;i1;tent 4li1' ~~Bhlill~ ~ 

~~i!ll_tm'tl fl:m!l.the Da~ BQsm. 'Md ~m\l 

~l~'''t''ll' ~ I1I.!lI; ~ ~l;v at. thGl flcmth 

·~sbl (~~)~ 11\ r.eltttfb:m*"l' re~ 

~'lmlt3Z em. tlw ~ Se!!t. Ae~t1tm 

Ja"9:lI''liIftlt!1ll'1i in t1w il.QtJul of' too DelmI~1'.I Brul1n ~ 

.. hi flJilWt ~ the ~' lIWaIW. ~ h~VOll ~5d 

~!;l't!!fl. :Mil.:lmd t~ g~tioo. Ao_h>tion I'If 

Ni~~ 'llati1ll'l! 100 ~li! ~ W!UI l,1l\'l9sibl;y 

lljll!>'ie ~ ~1ml!itilW>'Iliml c>f' t:l:!.1ll ~:!M) pe~1e 

.::.~rm.t0l!l ;jJedi~1fI !!leM' th<l1 'buil'll ~. 

16 ~.'( •. ~)6 



• 
~t1om8 iu the 'bash lI.'1Hk8 <..'OWibt of elt~ 

• dek-~ ~$1 rioh :1& bi~ l!In!il algal (1) 

!.1~l>J'&l!I'·&niI. ~""Il!O~ :bmd!Qra~t cOl1tain:1q ].&88 

~'I(lig_~U _t:ter ~ wl~1>l~ ere qa:ttl'l ~!d~ 'At! 

;"~~~SX;l!!&tiD.l~ hi _tat of' ~ TillA\t1;lIJl" s,.e»t 

·~f.yitv ~ of. ~~ . 
• uat ~'" the :t'css!b .$£ th~ basin ll'(I_ ~ 
'-I!h! mid llmsea of ~~ Maufl!'{d.atGd~ ull. ~ 

iIll'd.4a" b:qt)~~ ~ ~ (1) ~llIg awl 

~_ ~d!'J. 'l!w _Qida ~ ~ fl.'ft~ i'll 

iIt~_tIiI fIIf' ttl& d~ ~ Oi.f.' the lIum II l!II.ld. tmI.lr 

_~t!l.lUM ~ th. bft1l!UI~. ~ the ~ 

.:.1M'.""'" ~m'lld b the ~Illm. th&.v iHal'de f!helli!l of 

~~~I.!l!ltl_i._~ ~ Ulmd ~r tid IIlvi6.e~ _ 

~~~l.lw ~ml~ ~r irt!llQS ~ty'. 

ifill·:t'ClIIdl.· ~~~1¥ddvs IMiM:H ltN l'liI !lind 

«m.d1t.i_ i!o'It • bub ~ ~ 

M' ~ hlfilWm b!M:tu ~Jlit.. 



"fleCl1'valtilliji ~e, ~ ~ ~s. _Iliw ~1I!9 

!a14r~1J (1). ~. bM~" bryo_l.I, 

~rm~l> $1Il @tbeil' ~ 0e~Gd '!;he ~ 1» ~t 

~~:I.!llil.aw'l. e,M.ted tlleb lIi!!:el~s 1» tll&~aeu Upsits. 

lIl.,:Limty tmd ~&t!IIre ~ rr- tl1e basin 

the ~t1tm :pana of t11& shelf. The e:W,lll 

!!lQ!atlL!'J,¥l oo~ YeM's tmd ~ 'basin d~llIi'tll ~uts 

i£ui .In .. ~ of' I!l~;mt &e.p _tera iIlflI.V haw ~tWd 

i"4"{"'t .. __ ~d ~lJilil''1U!l;tift of 1il!.I1I ~_ 

~:/SlleltriWl2IJI of ~Mte5. lIhietl.y ~i4s. 

f&'1'(t Il~'ified &'1d @thu'tl'il1le ~ ut; 

'"wah. Tlwyw_ oot _ve~llistat,. awl 



• 
Fon' th& _t ~t. the ~ ef' the 1ih0..1.f' ~~ 

. aYlII ~ly :f\:mBU1f'~ 1n tlilJl; ~~1U lflill't Qlltl 

.. " .m:«_UU'~1l 1Jl t.h!l ~ J)!Et <)i' the colllilM" 

.. ~1.11 is .~ pa,rt;1y e. ramdt at doU:.mtiution and 

,J·",e~lZQtioo. 'l'hooru &'0 $ 1'$'11 g!!!8~od!Jl. 

.,l!Jn'lelrl.~ u. s~dm. .mil pel~l'~de. t!"'~ f!lf: 

1Itld3 &It;c "0'!.U" :in the ~ mw. bWlin ~9a. 
~ - -

~a.l OOMdltimw. ~tw to 00W1poritia 

;:!. •. 4Illl~ii!Lts ~8te ~t'.r ttJr the ~etarlatic 

, '~.to ".f the liMIt' l'13cl!;1l. G~ll Wdcbcb~tm-il'It1ea11y 

ll'~t.1m·~ b0IilIl lB~aU¥l" (~lI" ~~. 

Q';!Jll~~iar.lll1iI. and ~id$) &'t'fiJ v~ Pl'arl;v re~at!lld 

the sbtil.f :f'1l.IDl!U1. Fwmlimls !!1M.. ia tM 'bedllof 

~lU!ll't.m ~" d$Hycladae_ flJ&;ae llIl'I.'I I'lilYtnldent m tile 

J.i;:I~\'lm.i~e _0 iIi1tooditlille]y baud the llmlluI and Nelli 9 

illi!KW t'lo Hat <IIl!ttmd i'&:-~ too ~0 of the Dek~ 
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• 
r& .. $\~ with:bll tl!.e ~$~ ~ Mooo.tlld.!!m We.timlmil P~k 

~'~imd:l.ell. qW.te htensi~~ a ~ ~t of: ~tioo. 

~",&:t,",~ll)~ s~M;~ &'Ad ~lt'1U'e Q:f th0 :t'OOks t!IJ: th~ 

D01l:~iw tMr:lg ~V<'IW~ !!IDEe lr:ookl11;le dail~ <Iff' 

. ~ .-<Ill'> ~thr Iii\'!I!ii!.M. Fol' ~'&le9a 

~ ot th0 ~~ and seille 'IIM!1d ~dE! 1~­

~."~ efi'1silt tJui lNIll~t2.llm ft1f' lI~l!It~l"~tUJM 

a(tl'f,illr8lll t:eem tN<l ~ I!IIlml\{jllllllllllil'l:, Vi~'I.\1nt.o l!'on'1;lr.jSF· 

VI_ ""--"'_ ~_t;B \1>1' g~ {lltld ~gl!'I.eial> el1,matic e,r. ~5in&\l'ld e6tl>l~ ~ ~ve!l ~.tle of 

-~~ ~ll1ted to th;:, l».eli: li)f' inf'fflJ'lll'at1& <m ~aieal 

;{~~i.t11!1lliJ in H1GIi;.!GIt tl;l tl\m- ;de'g!),d_ti~ f§t tM h~ 

;~ p~'I01ty ~f dll,w, il~ miident. with l'e3}1O})ct; ~ ~e 

--~ the ~C»J' J~h 1lIY~ ot 'lihe ~. 
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