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Till' n'.lL n\kwful b~rr~ of ="Uld .1I1d ~iLl LIt.]1 \Ol1 )0:('(' in tho" L~dI3I1d ... (:()n ..i~1 fl~' 

11i00Ij'ri{ll~ 0 ..11 ..IffUJ;ll.d,lkd 1)11 rin-r Ilnnclplai;l:oi ~tld 11('3' ttw ,.,tlOr('~ of "h"I)(I\, 
l,lhi" ,(tIt! ............ 1'11(" bl.l('~ ]..\4'1:- of i'Zllill( ("l.:J On.2,Ulalt'd .1.:00 (IIrr"L~ Utal ;tI'I'\\ III 

,W:UHpl' all)ll! Ih,. "'I''' ..ml'' .IIlO n.';,r th ....· 13k,· ~"on'~ In pl~H·t~. I)etri(wd "'-lump... 
.11111 lo!!l'\, '"'11'111''1'1.''' .)1 ~h .. ~· .tll(t<'llt {on..':,' ..... C:lll 1)1,' ~q'l\ ItHtn. SOOl(' 01' OH.' 

Ilurl/ullt;,1 h:UHIIII~ III thr' sr.tJilllrlll.~ prob<1LI\' ""pn':wllb ,Ill'til'llI ~~iJ~ Ul.tl 

r...·i:J,~u;'lll~ "':lIlk hdOlI ~j k'vd "",hl'U tlw ,lrrOlm tt)ur.-;c~ ..lulled. dl·po..:.itiILg tll\lt(· 
.....·rllnll·nIIHfT the ..'lrf.]{'('. 

:'I'wr,'ll lliJ ,\~lb, ~'H.'h ;,(~ Uli, OIlC m'dol fJi('kin~ll. ('..all l.H' 5e(~" frurn 1-9~ ill 

\\r~INI\ \orth l).J..Ot.I. On'r :i.-)ll Imlhon harrds III' oil h.a\,(' ~ j"lf bel'n 
1u'otlul,,·d. ,111,1 ;ulol.1I'1 67(1 HulJmll harTf'l,. 01 r('TO\I'l'ahl(, <:rod" vil rt'Sf'n~:-. 

rf'.In:llU III III" :=rOlillo. 
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:"'ll"lIhnd HllllC'. nl" ~IUllllllt ,It '-=.,·ulll\d Hullt· 11' .Iboul ..1 Imll'" ~H11h 01 'hi' 
to'" JI n' :-','l\lm,.1 Hllt!i'. \hlJllt ~ 1111Jt'~ 'CIU"I ,.f I.J~ II t.1ke Iltl' I,..fl IfHt.. UJ IhC' 

Tt\:IIf. \1 Ih., h;t...,· 01 ttu- bulk 1Ii'11 ..illl' IIi ['uad} I' .tll 1'''('I'llcnll·'IJO~urt·0\ 
"I\'ld 1'1"(1 "",,'I,LI.,I'· lh.ahl'd d:J'''') IHll'fbl-dd~ \\lth \\hllt· I.'l\t·~ of ..:Jl. Till' 
fIlli-.", 011 top t,l ".·Il!llll·' Buill' ,In' liard. \0\ hll(' 11Il1) ,'13""';1111"", Ttw}' \\C'I"(' 

rtt'PO:-lh"'CI III In·sh'\\.lt,·, I..k,., dll!ln~ lilld TlrlL,:l.(\ tUllt ~bolll 10 JnJIJIOII 

~"";ll~ J:!U. Fl)~"IIII...h hH'I'lJ~'1l l"lIlld "ll top ,)1' till' bUlk. bill Ihq nrC' .-<:•.HL:t' 

loJ,,;.' llt'c;W<ll' lhl' (IH:.k. ... h:H" h''''11 Ihorlllle:hl~ 1J1.rk,·d l.t.'1 lJ~ l·ulh... ('tor~ 

\bllllJ,1111 t·h;Jn,Jufl\ ()1·C!I( .. In Ill,· ~l":l,\'rl rw-\ll 1111' r;,J •• 11) ....·"r vn luI-' 1)£ ,hi' 
hultt·. 

fhl'Vllhrt' HO" .....·\l.. !t \ .. II<Jl1.11 "('tllonnl I'dn.. rhl' Ir;1\f-ln \o\lto ha:- tunl' \0\0111 
hlld It \\,rli hl)..l" ht.... tlllll' lu \"~Il lh ... Tht'ud"rl' Uno:':I·\·I·11 '\,)hl'll~l "t'tlu.JrLilI 

P:'ll II lH"r,· ~11l" uf tit.' 11l('~ ~'l'IJIl' h..JlJlaJ\d ... In th{' I n,tN1 Sl;lll"~ r..1n 1.>(' 
.... "'\·11. l.Jadblld .... .]fl' lorlll"c.J IJl .1 :O<.'IHt-.Hkl diJ1I3k l'lhl,rt: UC'l ']1'UOn:l1 hr.:lV\ r.1Ul.~ 

I'Ollpl(·J 'Wllh J tu·k 01 .'~~~131lo()t\ t'all:oo' rJ.fJlJ t'ruSton uf relali\'l"I~' j(I(( 

..;("(IUHI~Jlb For "',JlI\fJ~'. ")II ~1rlp()l'<1 frOlllllllb Ju .. u~ tIl<' P,J...,-t j{) \t',"lr"ur ~ 
I.:,L<: fllk·J ~Ill,' o( IJIt" lOlU('\ .. to Jrplh .. of 'O("l'ITal kll.~ 011(-,·1. R''1iLSlanl b~l'r.~ 

of Ilardi, :'.Jltd:-IOlH.·... or ~tlrl;} \ Ih{" r"ti lon.,~) fal> mtl.H' of Iht, bulft'b. Tht" 
hl.w:k band:- ..lI'1· lae;llll(' ('n.3l '\urlh lhlt.f\(il "a~ aJl t·sluu...~ll·d ,~.;O btllion lon~ 

of lignit('. liU;;I'st rn('I'H 01 1~lIltt' III tht' w"r1d, Tll(' ~mlf"llb. t.h&1 can lk
"l'Cn from 1)11' U\l'I'luok Jf(' IU.1 .... ly ~.1) ~lId~ol)(,~ of th ... Palcocen,' agr 
~("nlint,1 HIIHI' Fc)m':Jholl, JhOll1 60 nlllll()l1 H<V''' t)ld, \ ft'w n\i1c~ to th<.' 
1I't· ... I. III,,· ..,dJlIll'nl~ <II IIIf' .... Iaghll~ ol(kr'" OI~ll(, Riwr FQlm<ttlon art" lnc.11"\· 

yl'llo'-\, Nolin 1.11,' 11I;1l1~ pWl'l'~(l1 ~trlflr:d wood UI Itw ",aJlI){ Ih(" oH:rlouh.. 
This pdrifk*"tl wood fmlllrtl ~ II(:n fo'lU"'pl1o ~nd Logt< \1'rr<" bunr-d bcncalh ~Ib 

.. ltd rlay:. '\Jld UIl' "'ood t:elbl \oH~n' n'pl.a('(xI by mIUfU.l5. Th,' It'(~~ thoat 
fonll~d lhe ~:ltiftcd wood ... t"n: 'e't~1 y !tmul.:u 1<. th(' Sr-q\Joia tf"t"1'::' {owld in 
COiliforn ..... today. 

AU(lIU1~ ,'n.a.! \":1I1.s.. T",,'o UllnlOlg r:o,al "'('til.' (1111 l>t' Sl"t.'n Ltl Iht' 'tt~or.ll Me3. 

UHr bo a h'w rllLJe. lIorih (lj 1·<).1 In lh(" Sonlh ~ lilt or Tht.<.n3tHt· Roo~vt:1t 

'\.1hunaJ "t'1IWJn~1 P.Jrk Th(· 0111(:1" J~ ('I('\',:n mtle!'o .'uulh ()f 1l,'Ifidd on L, S. 
lJ~hlo'i3" A5. toru 2-1 Illile~ \11,,:-1 ul) ~ra ..:1. h the hglllle \'rlO ~wl) bUJ'Tl.". 
thl' on:Tl~ Jt~ m.nlt'ri3.ls slUlnp dOw)) ;UJlJ wll.p~'. COIISlJera.ble ~;II and ~mt= 

.'UuokC' 4\1(' =:iHIt off dnn,,~ Ihi' b\trn.UI~ prO\'eL'l. Llgnite \'("ill~ JiI<t the~ 

bunll"d d Ilru~ prel1l",1nnr 'imr~~, bakin~ ;u'itl f nang the- o\etl~ iJ~ lnah~ri.aJ. ... to 
.1 rcdd\sh I)I'OnJlwlor. T}II· re~lt~ m,,'rnilll.l$lo('(!U~· n.~rerrtd 10 a::s ··-'COrLa." 

bill !ruc :orona 11< .. "'Jlc:wi<: rod.~ L1p11lr \'t~in!'\ nlill) be ignited b~ Lightnmg or 
pr,][fJe (m:;; :md onCt' ~r1ed Ihe) bum fnr lo~ JX"-"ods of linloC if suffrcienl 
oJ..y~ell IS 3\:uLahk, 

Frybu'1: Oil Ftdd, 0,1 t.... hl·l.J~ pn,n!llCcd frorn rocks 01 PcnnS)l\'.1nian and 
O~do\·K'l.:ln agr j2:'0 10 :>110 mahoJ\ ~·(·.. r.., old) iu thl' f'l'bu't Oil Field, 111 ... 

.1Il	 ",e1b Ul Ihl.>l IIdd .IrC :1":'0 tlllh;1! ,}~ l3.'7~I) (etl deep, !'urtll Dalol.a I,u mOre 
lhall 1500 pn>llul'iJl( well,:;.. 'le~raJ pipe IUIP;S. ftJId thf> future- iJI prollWl~ for 
IlodrodlClntea.l industnl"~ 

'n 

"'!tal W.I!- uncI' J Ihlfll:UIt J(Hlnu'\ un horsrbad.. i:- no"'" an r.llj,)!.,blr.. -.:.(~cnIC nd(' 
01\ \or~h D.... l..ul.l\ InoJ("HI 11l1(·r.~131<.' Iltgh\\",,~ 9 .... Thr trntl "baJla.nd ..... W<!~ 

dN'lITd fr(llu tilt' T'n'!u'll «"nil "nI3""']1~ II'rn's" mC31111\{!' Ilt,:rJIJ~ "had terrain." 
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I;; J)C'ad-[('1' \l()r~JIlc. The .1fl..':41 frO'1i Cr~,,1il( S(lnn::~ to f:lc·",('bnd t~ J ... ,lo<j·I .... • fll 

"pollwlt'" tnOf;une 11i,,1 rOl'lll~1 whrH Ihirl, la~'.~r~ ot ~13('ial dl'brr-'Qllld. ~It. 

d;1~, .:;r;1I\'1:I. ,md hUIIIJcr:;--l~ illg ()on top o( L)w 1f"C :'ihlnJ(H-o do'" II .... Ihe .C'4· 
,ndh'<.l, Noh('l' 1111' 13~(' dC'pf('_""nll!\ In thl.· d..;ul')l·(· cnvr;jln,· ..ud•.l!'> ltlt· .. 1\(' 

III \\hk'h 111f' lown of Medma ,.~ 10'3(."(t 1.J,"~I· dt'prt'~""ons ~1I(·b ,.... th,~ ('OJ, 

fonnf"d k hf'lf'(, 1~C' blot:b or In' fl\dl.~ •• II(Jv.\llg Il,,,, mt'r1YIJ\t, !«~lInt'lll:" h,l 

ct)lup~. In ~~ner.ll. l;uJ.'· dl')n~sif)ll':; fl'.':lllt('d n-hrr(" Ihr If'<<" ~'3~ Ihll;J... hill.. 

wh('re It W;lb Ihol. 

(.~ Olth:r Cbclal T0IX>"~r<lplt~ Cnrllf\<U't"l1 ~'Ilh \ HllI~I'1 LlaCl:11 '1 OflO~I;lJllll 

'i1l... r111q:: Ill .. d ...... lIl.· "VprO'tuual(' hOlll'lfbrv Iwl\>\o''''('1l Itlt' (,kin, lI"m' "llh,lw~ 

~1J.('J31 I.HIII::;t·;tp'· 10 lhl' WI·~r illlIl Ihi' ~olln~N. more rttAAl'tt ;!bn.lll:uu!I'o(.'ap'" 
1(1 ,I,,· ('.10:;1. TI.,· lila III r('a~ln 1'01 Ih(' dlif"ft'rK'(' 1__ n·LJd I~ ,h,11 t'1'\1:-I01I hOJ .• 
hl''1'1\ ~(11I~ on (or et IUI~"I P"'I'II,J 01 tUH(' III tl,(' f~kh:1 ,lr.':),. V..ub.. l"l~ otLuul .. 
Ii HlIJr\'(,l lll(I\lsi.tl'lfJ ,' ..ar ... To ,,,(' (".:1<.1, ,,.h("fC' ('ru:-l'f,n h;1'" b''t'n III url}~r""'" IIllh 

.,bolll It'll Iltvu..... n'J ~ l·ar ..... I Ill' hi.lI", h:l\'l' not ,,_·r ljl'_;rl ttll ..n ,10\+ I; "I'Vrt·...a.hl,· 

l::! \1('h.I~nlll' l..:tkl' rl:lIu, Til,· 0.;)1 "r.·a M"untl ~'I'lIok('n ,IIU.I \ld\I'lI/,lt· rf":"llltrrt 

\o\-l.rn \o\:.ll'r "':l!'> d",,,III 1I:d ..JH'3J ,,1' fhf' M,'" ""lll'u " .;:Innrl ... it''''' IIllln" l'a~L I)f 
\fdq'uw, \\ h.·ll Ih(" I.,,,,, rtrall ...·"1. ,h(' S)lh ,II,t1 d:l~:- I It:. I h.HI bn'J1 dq'Cl:-llf,1 
.)11 It I' flt..u" wl~n~ l·'(po.;rn. J.3J..t" S('\CU'U",.t ·llllInll.llll~ r,,'sult III fbI 
t0f.'IIg:r"rh~ b.,~a.Il'ol(' flu' w;,ll'r,\aln l'oIlh .flUJ d~~ fill In tlu \·.,lIl·,:-llu,1 ""t'Il' 

IlIt·.. ·1\1 bl'luI'C' Ill(" 1;J..(' ('O\l~n-d Ih(' 3rf':I, 

1,( l"dJC'r Sllllil PlJin, Th,' :IJ'"(~J. lor ''''l:~'t'r~,1 IllJln, ,WIUIllI T:ll'jJ('ll 31wt Ih~:-Oll b 

fin I III pl\Cf'~ rolltfl;{ In tllh('r:- .1l~.II·\'(.~n,.... I\('r(' ~llrf,f('I' L~ :'..lud, Thf' s,lI'd "oJ:

flcfH)~t(-d b) .ctr(,3Jll~ Ih:11 f1"ttt'd 011 In" 1)( :::b,.u.l k"f' winch. '" 1"'11 II 
('\'I:ntn311\ loeltl-d. "t';o"vll ...,J 1M t'(lUap~' 01 tll(' Ulrrl'ine; 1Hi.l"·nal~ f)falll~I'll' 

VI:f\O roor 1ft 'h,' .:\I',':' .-,,<1 v. alt'l f1Vv.~ (II\I~ In Ih«' Inan" pollioie- .... ~t'lll\" 'II \hi" 
'l1'l.aLl h.l... ... ~ tll"l r'~IlH .11-.(' h~hC'r III dlc..cr:i\\'f-d !.;ohrl .... thai '" I"L'~ .HI' ",,111,'( 
tl.<tn (hI' ()"(~<I11. Whll(' In'a..; 0\ ....tll .. ~)t'h oJ~ ~Idl\IJI\ ~,lIpl,~I ••';1(1 1w ..,.....n on 

111!.l1l:", ot Ih(' laJ...C' bottoms wh{'n thl:'Y ,j'-C (If". 

17 JiiUn~s Rjvel' \',;aJlC"y, Thf' h'ghway l.:C'O.~ the wUlh-tn:rtdll''tg J;~.rnt's f{lv("r 
"aJlq' It jamestown. TJI(' James Rn·t'T f1n"'b U) if ~rg(' v;lllt'~ that wa~ rut 

during lhr fer 4.~~ b) t:13(:.aJ mdt ...... ~II'r, When the ""311'r Ilu\>\ottl al rt~ 

m3yimun\ dl.'!I:'ha.Jt;c, th~ va.Uc~ "fill:< fuU I.) 1>.,lh haJlk...c. N"slllt~ tn a m·t'r a.~ 

brgf.3.... rhl' pre!1ent da~ lowt;f "'i~ssippL JiUllC'5 RI\'~r 31 m,l~ 260. 

16 Ground 'lor"lll('~ 1"1(' 3rf;..a ~own Ln green "ll 1111,: m31JIC'I~ '-~ f1.3( tTUUOO 
nooralllt· lhat fonnoo herH,..;tth Ihe- nlfH,jng gl.ar.ll~r 1('1"_ II \1; :,mrt3n-d lYkllll1y b~ 

lill. l) mr:((Ufl' of bouJdt:rs, ~r ... \oe,l (lnd sand io ::1 ~rolJndm.:J~' of S)1t ioI"d da~, 
Tht' 1111 t!' g\~Ilt'rany cpull'; (mil and ("ompa('t bc.::au!'lf" lht' in p;l('ked ,I .t;) II 

H1o\'oo o ..... r if. Tile ground rooumt' I.~ modiflt:d u) pine-- by nll"ltwatcl' 

hellch~~ .~m :J~ 1hl' Jame~ and Shc:yen~ R.v(:'r "alJ,')~ Bdw("fn Tow('r Cit) 
and Jan~sto,...n IhN'C' are nUlllerOll~ mt"It\l,all'r ff('u(:hcs of all ";7_~ Lh3.1 CIVl'\,"l 
Inf(,f'".sb1(' Iligh""a~ 'H. 
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t ,;\IUYJu \1tnt·, 110 IOI\ft'r III upt"":IllOl\. \ol1h ~OI! rn~t"~ fmm Uclfu:::ld ((,I·.Ii.....'i~ 

lit"',. ("rt) and II'~ mllt's \"C'sl 'rial' h~rlllt·!'l r:n lh", p.u1 lit I'/ortlt Ihkutil 
t;Vnf;lln m:mntlll rntn~r.Jb. 1.IJ:111k ~a~ 1I11t'(' IIwl\·d <Iud l.urnl'tJ I(,J\U'~ 3 
UraUI\Ult' n{,h .J.~ Ih.ll "'.... ~ furtt!t"( 1'~1( '·1'oo..",d (·l,,(·v..h(~n· It,) .').Irilrl lhc- ur;ilHum 

I) \)ldtln~n 0)1 F.dd. 0,1" bt'JI~ vrutlun·d ll'()m /"o('k .... oj l'....nn~I".Inlall ~t" 

(abo\d 1;)0 Illal"w "('ar~ ulJ) Ul thr nlckm~n Oill--.c1d. Th., welL-, heft' .lle:b 
IIHll,h <t:-9100 f"d j(.t"p. 

In l)H'kUl.'C;ln., (I. ... VI lllaln ot!Jf'r \orth D:lliot.a t'ol\unuOllte~. U\du~1f"\ I~ 

do~l) h<,:<1 to ~'''IJogy. ~,~mpl(,5; III I)lr~U\:oIl»n M~ Ih~ lh!'iOn Cia) Prud;.ct... 
(.oJnllaHY whl("h 1I~" cla~( of lht· (,nJdrn \ .aJlI·~ l-onn~lion and lh~' Uu~~ 

f)ullIi,.uoo l.()ll\pany wh .... h nunul.1clnr("s I~nrlt· bnqut'lln" 10'1(" v( Ihf.~· 

(OftO pbnb ran b(: arungt"d Jo('JJI)-, \nottae'f n311"lplt- III' et gt'vlogy·r("l.atl'<l 
mdu~f) II;;, Ihe brick plJ.nl "I IldJron, S"\'t:r31 lour...tr(· olJ<',~'cd dally al the 
pbnt. 

Gla ... ~1 C.,>lUJlal'l':d with \jo~la('ial TOI)~raph,.. Hr sure 10 lIolIC" Ih(" (hang.. 
(rom rdali\-'pl~ smooth land fast of thr ~lls.~l.m Itl\lcr to rel.lll"el~ mOrl' hilly 
land Wl~ of thC' riv("r. Tht nver mark)! lh~ boundar" bt'lwe~1l an .area Ihat 16 

pfUl1,inly Ihe rt'Sull or iIIcl.J<,1n of the ~bci(-rs (,~ast ~f III(' ri"t'r) .md an Mea 

Ihat i~ of pfl."'"~I3rL31 ur~ll\ (~f'!1 or (hi' n"tr). Th(· hlll" to thr- ""est o[ lh(' 
~13nalfXl ,arra <ir(" 1:\I"g.-r and C'Ofnnl(')nl~ 'Mther apart, Bould(:f~ lhal w(',('\' 

bro~h( from Canad.l b.v (he,;lu:Jer~ :uc pn'~'nt 0)1 bflfl. ::.ideloo vr lhl; n"fr and 
J.11.hvu.;h Hun: 3rt' ~'all,'rl'Ci <tn'a:" vf glin.,,1 di"ro~~ls '".1:'" o( Ih~ rn.·r-r, the 
.Mapl· til Ih~ hllb In Ihe 3~a'~ duc t.llljr~l~ to thl' nong)ll('ul hilb lh~l ""ert' in 
<"'l:\:Slelll't bdorr- 111& glac1t'.r ,:o\'el'\~ 'h~.. 

tI Glanal Ikmlder~ At 'hI' r(~s( 3r~a I 'l nlil ...~ l!A:4 of (;I(':n Ullin, noh('(' the 
bou)dt'r~ IIL.11 "l'I'l:·tT ;alht",l',d fn>nl IIl:~hborin.g fwldlii Th("y <1rr. fOWlded from 
Ira\(lln~ in~de- Iltt' ~bcier from n:nlral l.anadJ, Thf'~ MC' "lg'nc"ou:;" (I1~r)) 

rol,:~!1 bt'Ci1n~ Iht:v w,"'(' fornwd lIe hoi I\lVhl~n malrri<11 that roole-d ::Iud 

"i01~ If ~ in;:wd~' Ih; ,'arth (ju~ ,,~ bVl:I cool'4 and 6Qlidifir~ Ollh'dc of \"okJ.noc,~ 
today). 

10 ~lrn;nI'all 0,1 CUlHp:UI) Rdlller). "'orth of th(' higtlw.ay ~t the we.:'(:( ed~r o( 
\hJldan, this.. I)n.. 0" th<: two Ic(jn('J;t..s III I~Orth Oakot~ (the' other 15 al 
"'iUi~nn) pr()('e~s much of tIle;' ojl prod~Nt In thr- Shft. TUIU'"~ UfO' g:JV~n 
'fo)lo'a~ t11l'''1l~11 Frul..,) (rum 10 ullliJ 2. Groups largN than 12 r(XJui~ 
ad"vlcr nutlce. 

II \h.;j,:lOun RI~r VaUey. The l"~slbouml (roncler can slop a( .a re.'d are.a just west 
o( '\tandan 311d vj~w fl1~ \ti$S(l(1rl River ".. Un in wllie'. L.II1:~ cities of BHIT13rck 
and f\.bndan .are si(ualed. Thi~ Ia'lc v..J1t:~ \\~3" cu1 during the J~ Age when 
Ihe-~bcier damm~ tht many strf;a.Ill!J that nowed llorthealillotard .. 1 ,hOlt 11I)\l~ 

'\1) .a ~!lLlt, .ill tht" "'.Iter in th(" <drums. ak>~ wi1h meltwater froOJ Ihe 
gla(le-r. was diverlrtl .!Ilulhe-.:l,"'ward aJo~ thp t.dg(' of thf glader and the 
~aJlcy wall cul 
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l'ClIdlll<1ll",1 1)1\'ltll-, 1'11'\allUll 1-t'){J ,d'U\I' "4',1 1C"\ .. t Tht- COnlIlU·nlallJt\lc.lt' 
11O~ hdw""'n 1I111f"": 27c; 3M :!j6. Tl.t, .In·.1 n~ (11 ttlt"JnkJ~·I:-tlf:lil~." "" till 
Rl'd HI\'I'r ~1{ lh~· \ortll 10 lIud'jon (;a\. ~t':\t of 1111' c.lR-'K1(', tlr~t1nae.r I.. 

'il,.HIlhYo<trJ hI Illf' {;ull of \\1'\.f("O 'la Ih.' j.1me.. :lIttJ "l....-.>IIf"1 Itl\"t'r ... 

k..J.IIlt'~ J .1 .... "'1.111111 (>1 til("' ro.ad .. I [lUll' 2H:~ ;) It'h lIul.·'C '''~:-:l 01 \ all.· ... Lit y "tl~' 

~·\.,I;d h~h ,'ulIK'al hlll~ \...uo"o n .l~ l....I.llt· .... nl'"'~ ~~rt· r(Jrllll'1'l "" ht'l\ wall'. 

Ilrmnl 1II1~, hoh·~ 11('.010 ,ht, r'd~(' nr ,hi' ::b,-wl (kl)olJ:-II,,~ ~,'a\d .lnd "-nil. 
"h~'1\ Itw If't' L\l~Ht'tl. Ih.· ~Ind <)Ilc.l ~I"",d ...Iulflp.....1 ')O\l\fl in form th4' ('oruc;.l 
11111 ... \lore k~ml.:... li.· 4 I~ ..... I"ullln...) ~ :mh _oulh ot IIII' rh3d at rmle 2$:). 

:"'I!I\·.~"IIIII' ({IWI" \.lllq Tht· h~h"oJ~ ('f'\I ....O;' ..... lhl' ~hl·~I·.lJlt· Hl\,('(' ,·"Ikv .11 

\ '1III'~ rlh_ TllL.., \all('). hl'd' till' J\Jnll'~ II H('I \.dlt- ... , \0\''':-0 1'01 dun~ tJw 1('(' 

\gT b\ .) lu~(' ny,'r ()~ 2,1;1\"1;,1 n...llMo"II·r. \i.All~ ....Ill .. y ... III .... Ilrlh Ibkol:1 lltJt 

Yo'~'((' cui h) nl~II~'.111"r C(Hlli\11I "nl~ ~llall .. 11'l ,1111" t(lfl.l~ that 3rl' I.H 100 '1lwll 

In haH CIII -;m"" l..l~(· \,,,UI"'" 

~1I1;l11 k.J.IIH' norlll of l'lj!hwa~. 

\1 .. 11 ""',lll" tn'llrl'> 

I\(';~dll'''' In lin... 11111'. ,,~l ..n· 'o('''l'''r31 L.".1f'h('.. or lilt' ~1:'(·I.l1 1..1J...I· "\::3.s.-.,) I . 

\hhulI~h IIII') M(' nol l·on~l)('u()lIl' lrom 11.1' ro.ltl. thl" ("3U tH' ob~'nt'(t ~ .. 
"L4·p·hl... .. D!04'!I lo .... ard th.· ""t·!'l. I"hf') nlar~ IOmlt" JI.m'hnt'''' .)1 I,a~c A,::.I.ov.J' 
J.1Il1 4,.·:\Il·IlJ 11I>rt.h·!'.I,.lllth h ..H ~·\"'f.. 1 hnndrt'l.I,l1,k .... 1.11....· IlIh\lt-m 11I':,H.:1 ...,,_ tllO'\ 
olr!' ....1I1n1"0 .. ,J 11131nl~ Ilf ,,",VIII ".w.l ~fa't'l l,hal .~ 11.!:iI'l1 1I11'U1I~IHIl)1 IIH' H,.,tl 

HIVl;r "alll'}' 

\~"'S.''lJ1 L.k( PlJlfl. Th~, \(r\ \'1;11 100JlJ r'~1111 F:II~o .........1 l" lillie- :12~ 11'0 Ihl' bk(' 
plam I•• itl n''''tIltt'd ,,,,In'l\ til(' :,:,bp;al I,:ll.., A~;a~"I'J .lnulI('(1 (~('.~otr-12) I.aht' 
J\{a!'o.S1L .... a~ H.III~x1 .,flt·t a ~WL.""''' J.oolQei~1, 1.. (Jw... \t_~~i1J .. ..... hQ::l(' rl$('Juh 
lIUi.... I1;:; Ill( 13>11 (.·(·lItUl·) pqpuLan/J'l:1 th("' kl("a (If Ihl' 1('1"' '\gq,. 

c=J S:\l\ll ... t.Ajl'\ f\CTh 11), 

L.\J\.t. rLJ..I·\ (:"In:~. 12 ~ \IJ 22) 

o L=:=J OF.\u·!C'" MORAII'E (NOTE I:;) 

(,1\,Inl. IIILLS A~D Rr/H;E, (NOTf,IQ) 

PIU-,(;LACIAL OEPOSITS 
{ -~ ~irl'l'E RIVER FO ~,L\TIO~ 

. . . .1 (LDIESTO!'I., ~LA Y, A~[) SANDSTONE) 

GOLLJE" Y.\L1.FY FOllMA110'· 
(SAI'LJY CLAY, CLAY ANLJ .sAI'IlSroM.) 

S<;NTI~EJ. BUTI1; FORMATION 

(l.IGNlTl. SANDS AJ..... O SHALf"':,; 

l'O~G{J~ .H\ :Tt "'ORMATlO:"" 

(LIt,; .... IT..-, ~ o\ ..... u!o' A~D ~HALfS) 

CA.:.'i\ONI(ALL E-'U}nL\nO~' 
.~.".-f---c ----J

(~ANOSTOf'lES. Sn.TSTOr-;ES .\~O SHt\l .•.S) 

IIHt. CREE" H)RM,ITIO' 
(:-\'\.'Ijl)STO:\ES ..~I"O) \wu~~r()f'\l.l'-) 

~ 

~ 

"J', 

~ -' I fQX IHLI.~ VOItM ..\ noN
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SURFACE GEOLOGY OF NORTH DAKOTA 

The pre.lcc A~c.· ruck formiltlulh that can he (,Cell if! w(,.· ... lcrn Norell D..tklll,1 C(Jn~l!>t malllly of ~Jlh[ul'l.:~ ~nd 

,.lT1d,,[onr:~ In(crDrddl'd WHh layer ... of ItglHCl.' Lo•• 1.Ind rL~ddl"h "scon,l " Nongl.lt 1.11 \1..'cllI11Lnl'" ..1ft' Ol.:'lbll.ltt'd on the 
TIlJp h~ the lllh:d ,nea!:.. Whcr(' the 'ictllTllt:nr,,; ,1!"L wdl-c'poscd. J5 Hl thl' b.ldl.U1ds !le.n ."k·t1orJ.. thc Lly~rlrlg Crre(l J~ 
rcadl1~ 'ippart.'or, Tht: prc-h:(' Age ,edlt1Wnh ,",Cft.' dCPO~HC.'d bv ,UH,lCIll n .... er ... 'lnd "1n.',lm ... tltl\"mg trolll the I{tld., 
MOUnLlllh d\lrtn~ (he youthful "[J~CS 01 thC"'l mOlltll.II1I~. We .... thulllg of t!lo')t. newl;.' Upll((,:d Kuc.k\ MIHIIH.un.:
prOdl'tl.:d :\.Ind <lTId Cl.1Y due II..... , W.1ShLJ ("1~[u..ln:l onto til<' pLl1.h. Ir I!> the ......· s..ll1d ... .tlal d~\' .. du( \"<" \e,- rod,': III 

W~C;tl'Tll Nl)uh lJ.llul3, At tllnes. whdt. LIllI;, dq'o'Hlun W,I' gUlll~ on, phHH'l £n:w m ~W.HllP' ,lno wUt." J.\tcr 

,,:ulIvcrrcd til IJgnuc, Some of thc' ,J.\ .. c..0I1C.11!1 '~)"I'II') 01 '~Ic..h dl1n~~ .1' ... n.1\1 .l.Tld Cl.ltll .. ht:I1 ... p(.·rrlhul \\'f1{ld ••'I'd 
n:ptitt" ,HId mammal \leh:ton~, Mo"t u( che' ,.Illd~ ..I1Hi (1.1\' c:\p(:')('d III \),.t."<,rnll onh i),lkuLI \\' ...'Tt' JC}Jo"'i{t.d dbollt 
61 mlflll>1I ycars "go. 

I...H<"L when dll: <If ....1 dr,lIn{'~ 'lnd \.\.{~ ,uhlL'cr trl l..'ro"lIOl\. LilL harder. 1TIUTt' rL'\l\[.IIH '1(iI ..d, ullf) Illl. ,dh 
r...'m.tllled ,1', pr(ltL'CtlVt' l<JPS o( bu[[u th;1{ (orulca rt ... rhe: \o((,'r "II" .lnJ d .. \· ... \.... ('rl.· (:rodt:d ,t\.\.,I~, PMd) blldll'~' 
\'r{)~lOn h.l~ been gOlllg Ull Illlll.h !ong(·r In fh ... ltllgLKJ.ltl'J .11l';l\ of wcc"rt.:rl1 ;'\lurth 1),llllCd (h.ITlln chl g!.ILI.lh.d ,Hl:,i'" 

of L...l'[l:rn Norrh D.\kot:l, .Illel pan!v hec,llI't rhL lOlllp0.,UHHl 'lnd {IU,tll[\ n nond.l(l.d 'l'dlillCllC ....ITt: dlffL'rl'TJ[ 

frolll dw C,()I1l pl>'1116t1 ,111<1 lill,dny (If gl.~l.l,ll 'I. {hlllL n(,. rill l.ind ... <.. 'lpt'" of \'\ <:c"Ct rrl dl~d l·,,,,.. ~..:r\l Norrh ll,IL)!.} dl(ll J 

lI\Jrk"dlv, '1 bl' /]111'1 III lhe... llJ\p;I.\CI'ltLC.I .Hl:,l~ ..~r\ L'llllrrh Thl' rolilt oi U'USIOIl of till. )urTOLJlldlcl~ LlvI.r"lld },-l!l(I ... ,111...1 

cby,>, '\}ll'jL'JS dlC,' hili ... Ifl tht.~ gLHl,tll'd ,11'(.,1' .m.: prllTl,"J!\ r11L' , .... 'ult of dwnplng (11 \L.dIlTlI,.·llh b~ till' ~I.ltl(.:r" 111 
:!t'nc.r,11. dh," llIHlgJ.lc.l.tl hJll"l ,lrt.. Llr~I.'r ,llh{ l.tnhcI l!>.lrl jh.lIl ,ll'l the"l' III {he Sl.lt I.Hl.d Ml',I' Till' ".111(,,::. lIf lh ... 

nOllgl,IL131 .In,l, ,lrL' jrlvn: Illcr!l,lfrh (,ll"\'l'd bl,.'(,IU,\C {hC'\ o.ITl till' rl' ... ult ll( sm,~]J .llllilun r ... uf W,l(( I LrotLIll:. (be. .lrl,1 

[or 7Jl:H1V 1Jldllon~ o( } ('ilr' TI", v'llk>.., (J f till g1.11.'1 ,l[ l d ,lrt..',I' \\ l'f(' L U l 1.>\ ;"11 ge: aIlHHI!H ~ tl ~ \c" ,'l! ~ r du\ Ili 11, \\tC)l l 
durtng .lI\d "lILt' tlh' lu Abc,.1 ~honcr {lIll(' 

All ull\Jorth Ual.d}Lt, \.xn:pl I{)I rhl. '(lu(hWt'\' tllJ,Hr\.'r. \"',l'" \.()\'lrLd b\ g,LtlL:r .. ~l'\ll'r"I,1111IH.\ dlJr1ll~ t1h II.'" 
A!!c,' {h.l{ cndcd .~hOll( 10.000 ! Cdr, .I~(), \\fhcn rill gJ.I(!\.·r .. 1I1f.l\('d 0\1,. r [hl pn bLH,I.,1 ,urf.u.l (lin LMfll,.d wit II 
dh'rtl \/.I'I[ qll:mnUt:' l.)( ro( ~ ,wl! "1)11 rh.lt {!I('\ piC \...t:d 'dp ,llhl p ...d\'l'rl/l.d 1I1(IJ ,\. 1111'\.hlYl' \...no\-\ 11 .. \ (111 \Vdt~ r n()Wlll~ 
from thc I(C,' r1qH>"Iltl."d fo;llH~ .111<.,1 gr'I\LI 1\{·1l0\\ ,II"L,l' nn the nup ,utd c\f\l'd l.lf3l' v,IIlL\'! lnn ...... n ,t, m~'I(""d/l'r 

rn·nchb. Wht'n till' I(l fin.tll\' ~roppt:d IIll.IVll1~. It IH<:I!cd dlld dnl!'l-'","d u" lo.ld {Ii "'Cdlllll'IIT III .11(',1-. ,hU\\'1l ,h 

d~,ld-lt(' mor,llIll" 011 chI.' llUp !brc)\\ 11 .II(',I~I. \0 IJweh ,c...dul)l.'ll( fc...Ill.11ilCd 011 wp \.d' the H:I: eh.lt tl lIl\llLltui. lnd 

n:t,Inl...-d rilt' fIlt.' Illng. of lhl JCL' (or \4.'\,('1 ,j I hOLlS.)l1d y..... , ... W!llll dH Itt' hn,dh did llH.h, rhl' O"'L'! h, lnG m:Ht'rl •.I" 
"hlllqwd Mal ,ltd tOrt~lIllS dcq> pOI huh-, ,lIHI gCI\(.'r(dl y ,I ven Irr(,~lll.'l "Iurf.\u rh.1( h.\~ nor (h.'II~',cd "llll'" rll thl' 

prl.:'il."llr d~t 

In 'oille ,ned' l\hc)\"n In grnll on dlL fl),\P', ,Itl;dll'r .lImnJllt of '>CdllllL'flt J.l(\ll\l,J1,Ift.:J \.)1\ rilL .... urt,llC ofrlH 
~l.lflt'r. w'nk J.lr~cr ,lmo\!nr, ()f \.l'dlllll.'flt .-!(UI11l1bcc"d rH.,1f dll' dgl' of .mel brnl,.'~th tli\. ghc'lt'r. In phH~"'. lo()~ 
.tCCUIIIU 1.11::1011\ ur ro( l dl·bl'ls plh. d \.IP H {ht. ...·d!:w I)f tltt gtH Ill. rl.'l\ultm~ III ,\f[';-I' .)1 \.'-;pt.'ll.llh hlll't 1.1Ild. Arr.:~I'" 
\.... h~·rc thL Itl' ckpO'iltl'd c"l'dlmc.:lll ,,11 If\. h.t,>c l~ l{ moved <If()l~g ,If ...' 1(·", hili ..... but '\[\11 r,~rhn fullmg. The..: till III ....ulh 
.HC"!'. 1'\ ~...:n<..'r.~Ih. h ...trt.l ,lnn COlllP~Ct hL:\...\lIS~· 11 \\< ... ~ p,l(kcd 11\ (hL' 1((' th.l{ mo\. ... J vVel It 

hJ)<dl~ ..\~ thL kt. Age eJ),h'd. 1.lrg\. l~l..l'''' ""'l'rt.' d,llIlIllc.'d .lhf,h! 1)( rhr.: t1l1.. lnn~ ICl' bn:clll"C dl(, prt.:gLu.IJJ 

dr,l1n ..gl· rOll res, ,,,,,111 l h h,ld b~cn J)Orl!l'\t,l(cL \'lfl'TL ':;[111 l:h>ll,.:d h\ ILl. Llrgl' qU.1JltHit:,> cl ~,lIld:'l. slh~, 'lfld c1~y\ 
W""f<; dCPOSIU:rI III ria'"'' L,ke, b} fi .... IU3.lJy rl\'l.r!:i til,\I flO\,\lli Illtn them. '1 ht: w.Her c\lc.nruJlly drclllll..'d OU( when rhL' 

let m...:lrcd filrthtr bacl .. \Ill'i br(l~HI. flu L')..p:IIISL·' of I.Ik.e pbll\'" ,hown Itl billt." un dl(' m.lp) W('fl' Ide LJrgc..:Ioor uf 

elK'sr h til(: Ag..l\i517 J.lle plain III ('''''{L'rIl Nordl Dalo:,l. ~u"'<;ll h"',Il.h ........ l,m bt.' "cell tod ..1Y .dong fh ..." forll1cr 
... l1of<.'11I\c\ uf rhc" Ltlt.', 

.\.tud .md h""~l\·cl. ~d()n;; wah l~f(Hi]lJ \".-Ito. ,In' ril ... Illl ')1 llnpOfUllr llHfllTal rt"\ourCt:~ ,1")llu.lll'd WHh rh\.' ~I~ll.d 
...edlr1lt':ltf~ of North f),lloLL )1ll,lll .1ll){H,ITH,> ot (l'r.1Il1It·qlLltll~ \..1.1\'''. rtpr.IF boultkr, Jnd \UdlUlll sulph.lfl' .Irr ,1)..,0 

t.l\....Cll Frolll thl' gLH I.d \~dlll\Cl1t\. Ml11rf.11 n'$Ollfll" (()Lllld In tilt: l1l)llgJ.I ... I~ )t.~dl.tnCIH~ ll\cludc [hl' h~nHlc' c'()..II~ ,1IH,t 

,1' ....U( I.ned ur:·llllll1ll,. 1I1£h gr.ld ... <..bv~ due .lrc \I'\l'd 'n rill' IIIJIHlL'<.lllll.. of ('I-f.tlltl(~. 1< UILHOlft'. hl·I\[O!lIlC. put.lc"h. 

"',lle. pl'trokulll. ga" :lnd "'lIl(uf, W,.ltt'! 1\ ,IIsn Llll'll frnlT1 ell(.. nOllgl.lll.d 'l'(lllHL'II(\, but II 1"1 ("tHlllllnnly nllnl.'r,ilt/cJ 

,Ind ot pt)()rl,:f yu,dJr\' dUll (11M !nunJ III dll ~.J,ll.l,ll ~nllrll\.rlr,>. 



PLCISTonNL SEDIM'·.Nl'S INCLUDIN<' TIll .. (lUTI'ASH 
AND LAKl SLDIM[NT 

CJ (.NOWI' srDI~lI:I'ITS, MAINLY SILTSTONE ANI) SANDSTONl 

CJ MLSOZOIC SWI~lI NTS. MAINLY SHAll 

i'AlLOIOIC SIDIMI.NIS. MAINLY ('A~OONt\ns 

PRECAMBRLAN ROCKS. IGNEOUS AND METAMORPHIC.. CRYSTALLIN! ROCKS 

~~:-'~-"-J-I_-r~=·IB=:.=:-~=R~_1!-"'~;-(~:: MJ}!~d MO~; I U:L Af\oO GA~ 
H~r.lIr\f.J·N-"; 0': ! I' R~lI:D IN "",or;,rH l..>AKor... 

If\! r AI·,I 1 1)1 :':1' Ml1F R 

I,(:IIMI; vr ll:' i_ I A~~t. or DIJ\lO~~I.I':?S

I Mli -C'[-\=l ,~',f~E r~

_J H[ A,3~ AT ilJ (..00 PM 
lH:.CL,V &[R 31 

CALr.!'<U,\R of TilE FAltTll'S HTqOH) 

Wl. may nc[u:r t.ompn..·hl'lld til\.' lllllllCnSH} ot gC<ilogh, tllnc.: b) (h,l1l~ll1!! lh 

'}c.Je ~o .l" [0 hfln~ l( wHhm llll'l1[,ll gr(J<"p. Tht,' (1hrwt' rt,.lgfdlTl ;t'prc-.c..'H, lfh ~ 

hllhon year') or tilt' L".Hth· ... hI" on (()T1lpn..,,~d 11110.1 \l1IglL )L.1T rill. l'.LrllL't htl. 
(orm~ dill nut .ipflL.IT un d~l L'.\nh linn] btl, III M:\~ of rlll' llH'lgm<H: \ l"lr ,1111.1. 
un(11 snmC{II1l,,' 111 No\clllhcr. hfl' w,,~ )tlll Vl'r\ prllnlfl\'C iOI1l' lC'lll'd Ilr~.tlll"'I1l\, 

etc.l. Pnmlll\'c Illdn tirnvl..:d (1) l.1fth In dw mld~! Dr rhe Ill. A!!l. ,tt ,lbollt J(I 20 
p,m, Oil Drl.l:l11bn 31. Ltlf ETi.t<;111l dl\co,,·cn.:d AIIIL'rJl..1 ,tt 1"0 \I..UJlh{ .. bl.t()lL 

ImdrllghlOJJ D('n'1l1bl.."r J) 

Thc gbCl.\1 -;Cd1ll1CIH'" of Nonh Dako{:1 ,If(' dlf III pkhTru.. l'nc ,tgl' ,l.lll 

f)cccmb4..'r 31), ,md (hl' non~l~n.11 s<,dll1)(,'111<,.tt ttll' <;llrl.I«( 1Il tht l.. I.. ... (trn p.lft (I( 

tht: \I,ltC Wl'rc c1q>o\Jtcd 11\;11111", durtng (n'LH...l"OU'" <lIH1 ft:rll.lf\ uml ,1.ltl 

DL'Cl.!'llbc.:rl. Ar gTL·,.Hl.r dL·pth ... ,lfL' ..rod..... or PaII..'OLOl4... ,Igl I Lilt.' NU"'Ullhcr .Intl 1..111) 

f)cccml",·rj. 111nl.."~h.)JH~ .Jnd Inlldstul'I..... (rom whIch otl ,lnd ~,l" ,\1"1.. prpdu( 1..'0 

1. NOrlh Dakota JUst before Ihe Icc Age. The main drainagc rQutes are shown on 
tlus block diagram whICh also depiCT> the subsurface geologIC forma [Ions. The 
loc..lt1on~ o( th(' Streams shown here .He specutuivc, but they reflecc our 
knowledge ,hot droinage w>s generally Iloreheasrward. Most of the land ,urface 
was probably reLUlvely sn"'od,. parncularly III the eastern half of the state where 
mudstonc~ of Cl'ct.lceous Age were cxposed (green arc:Js}. SlInilar scdimco[!'i a.lso 
covered thc southwcSI corner of the Slate. There mav have been somc badlands In 

(he western pan of lhe state where sands and sandsmncs of Teni.lry ~gc were 
exposed (orange areAS). On the extreme castern edge of the state, some limestones 
of Paleozo,c age (blue ...e..) and <orne Precambrian granites (purple ...ea,) were 
c,posed. 

3. The glaCIer had melted back to rhe I,osition< shu""n on the above block dJagram 
by "bOllt 12,000 ycar.. agu. As It me ted back It left frolll several ten; to several 
hundreds of feet of gravel, ,ilt. and tal lying On thc older, nonglacial rock 
fornla(lon~. W.HCI (rom the IlIelullg ice cnntmued to cut v,lUeys such .is rhe James 
.Ind Sheyentle valley' In the caStern pare of the statc. 






