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GEOLOGIC AND TOPOGRAPHI AS OF UNITED STATES. 

The Geological Surw~y is making a geologic map I 2. Contours denne the forms of slopes. Since to tJle observer evpry f'haracteristic feature of the I subsides the shore lines of the ocean are ('hat.~ed. 
of the Unit,ed States, which is hein~ issued in purts, COlltOHrR are continuous horizontal l1u(-'::;, tllf'y wind lanuscape. It should guitle the traveler; serve As a result of the of dIe 8uriaee, marine sedi-
called folies. Eaeh folio 1m-Judes a topographie I mlOothl:{ about ::omooth snrfaces, Teecde into all the investor or owner who df'sirps to ascertain the of the land, and 
map ami maps of It sllwllDf(-'R. of ('olIutl'Y, reentrant of ray.ine~, :lllU in pas:'<ing positioll uud lmrroundings of property; save the o('cupieJ. by such 
together explanatory and deseripti\"e texts. about These of contour engineer preliminary SUITf'.VB in locating road13, Todes. 

THE TOPOGHAPlIlC ThBP. 
('urH'S nnd allglt'~ to forms of the landscape elIl be TUilwllYs, awl irrigatiou reservoirs and ditehes; Roeks expoi::led nt the surface of tilt' land arc acted 
traced in die map and &.::elch. provide edlH'Htionalmat.erin 1 for 8chool13 and homcs; upon by air, water, i('e, animals, and jllants. They 

3. Conto(JT's ~h01V the approximate gTade of any aud be useful as a nwp for local reference. are p:radnally hrokf'n into ii'agnwnts, and the more 
The featuT'f'):l represented on the slope. The altitudinal spl-we llPtmC'eIl two ('ontoUfl:3 solublE' parts are leacht'd Ollt, leaving tIlt' lef's soluhle 

arc oft.hree distinct kindi::l: (1) is tllG SflIlH', whether tiley lip a ditf or on It THE GEOLOOIC MAPS. as a m~idual 'Vater was]le~ residual mato-
fa~e, called pl(Jteaus, vallp,Vs, hills, gentle slope; but to n on a gcntle I rial down tht:' :wJ it is eventlUllly carried 
and mountainf'; ealletl tdope ol1e mu~t go on fl steep ::;lope, and The maps rcpl'esenting thE' geology show, by by riwm to tlwocean or otl¥r bodies of' ~tanding 

tIle: tiwrefore ('011 tours are far apart on gentle slope::; I color", und eonventionul l:iig>Ils printed on the topo- water. UsuaJly its jourlwy iFl not continuous, but 
works man, called ('ltT/I//'(', HS i and neal' together on steep ow's. j gTllphie bnse map, tIlE' distribution of rock masscs it is temp01mily built into river bars and flood 
boundariC's, and ('Itit's. For a flat or g.'cntly undulating; eountry a small' on the FmdilCe of the IBn(l, Hnd the stmcture plains, w]lere it is e~lllcd alluvium. AIIllyiaJ 

Bdi(f-SII are mcaf'ured froUl mean 1 contour 111tf'nal is usea; fi)r a ::;tpep or mountain- ' sections show their nnder/:.'ToUll(l rela.tions, as far us its, glacinl deposits {collcetivcly known HS 
b,;1t levcl. The ht'ights of many pointl"! arc urru- ~ OliS COlll: try a large illt.f,rnll is The, known and in such detaillls the )'!cale permits. amI eolian belong to the 
nltcly dcterrnitwd, and tllOSf' "hieh are most smallcl'lt interval used on the atlas of the Kl~ns OF ROCK8. and the luyer if' eOTllmonly ·with 

nre given on th? map in figures. It is Their uppel' oceupiE'd hy the roots of 
the plevation of all parts Rocks are of many kind'l~ On the geolo,e:ic map COJ1BtituIl' und i'ilLh:-oil~, the :-oill' being 

the outline or form tllf'y n1'e (li:::1tinguished as igneous, sedimcntal'Y, ;tnd distjnguis}led h,Y n notable admixture of' 
10 indie-ate thpil' grade or Btecp- tllOse Colorado, til(' may he 2,)0 feet. : metalllorphie. matter. 

is uonc h;r lim',., f:'l1('h of whieh is tlmwn For intermediate relief contour illteT\'uls 01' 10, :l0, I 1'{Jc/:s.-Thesf' are roek':l which have I l'o('A"8.-In tlle ('oursI.' of time, and 
throu~h pointE of eguHI dcnition above IllPan sea 25, ;)0, and 100 f('et arf' Ilf'cd. , : and e0n.,olidated from It Rwte of fllsion. : by a variety of pro('essf's, rocks may become ,e:rf'ntly 
112\(·1, t.lH' 111tittulinal interral reprcl'elited thf': lire imlieatetl hy hllle I Through roeks of all molten nHltf'rial Ij()1:l I dwnged in ('ompositioll lind in texture. 'Vhen 
"'p~LCe betwcen liJl(;,., lwlng tlw l:3ame I lines. a stream HOWl"! the E:'ntire .\'f'ur tlle line is from t.illlc to timf' f()l'ced upward in: the newly aequil'f'd chal'uetel';sties arc lllore pro-
e<1('h W<Ip. These Ijn('s Hre eallf'd cOJI/our8, thc : drawn unhrokcn, hnt if t.he ehnnnf'l is dry <l part. \ fisburcs or ehannd" of Yal'ions .'lIHlpel::l aUfl I::lizei::l, nOHneed dum the old OIW" such rocks are called 
ullifiJl'lIl aititildinH1 rlf'Lween eaeh two con- i of tli(' year the linn il"! hroken or dotted. 'Yllt'I'f' a II to or to the I'lnrfaef'. l{.(wk., £imlled by: lIu:taJJwrpl,lc. Tn tllt' of meian~orphjsm. 
tOU1'~ i., callet! the Illterval. Contours <lIld I stl'('Ulll Hillk., and rcappear" at tbe surnwc, thp l:1Up- the of' the molten mass within tllcl:1c I the suh"tunep8 of a- rock if'. eompo.'lct! may 
clevtlt;u!lS arp printed ill hl"0'Y11. I pORed unuel'gronnd ('Ollrsf' i" f'-hown bya. hrokpn ~ dllllll1cls-t}lat is, hdow the surf[\('p---Hre ('ulled I enkI' , illto n~ew ('ombinationd, ('ert.ain .,uh"tanees 

The Illannpl' in wJli('h ('onrOIll'." I blue lille. LakeR, m:-HshpR, and othnr liodie's of I ;ntnl.~i,'('. ,ri:wn thp roek a fi.%11l'c with I Hilly be lost, or npw substanee.'l may lip auded. 
fOrill. awl grave i1:3 f:;llOWIl ill tilt' wutcr are alBo shown ill blue, by appl'opriflte ('011- I ~Jlaral1d walls !lHlSi::l is callpd a: There is oftcn n complctc gradution from die pri-
Hnd eOl'rpsponding contOllr Illap (fif!,'. 1). I Vf'ntionHi I ·w}l('1l fills a awl irregular ('ollduit I to the metamorphic fbrm withill a sillgle 
,-_______________ , I works of man, sueh Hs.rofld~, rail- ! tJlC lnflSI::l is ternlt'd a ',"'"hell dle eOllduit.':l for: mass. 8uch changes transform sandst.one into 

I roads, and tOWIlS, together with hOllndlll'lPs of town- : molten traWl'l:1e l:1tl'atiiietl rocks tllCY often I qwutzitp, lilUe~tone into lIInr!)lc, aud modify otller 
countips, aJl(I f;tat.cd, HI"(' printed in blflck. :::1f'ud off parulld ht:'dding phtnes; : rod,;.s in va1'ious 

oft.he. UllitCil States (exduding: the l'oek mHsseR filling fi&mres are called; From tjmf' to in geolo/:,ric hif'.tory i,!!;neous 
/ : A18Hka and islnnd Pll8spssionp-) is nhollt :~,O~;;,OOO ,~iIl8 or sheds whell t1ili, HIl(l faeeo-' and Redimentary ro('ks haye been deeply buried 

I squlll'e miles. ~\..mHp dmwn \ Ii/Its when occup.vin)!; Iurgt'r prnc1ucpd by and latf'r ha ve hepn l'<lised to tile sUl'fiwe. In this 

The .'lketeh 
hills. 

il::l fmm its top tmnud the 
the map eaeh i'paturr8 il:> im1i('ah:'U, (lirecO y 
lwneHth its po"itioll in the skekn, hy contours. 
The following explanation may mah dearer the 
TIlHIIllPr in which eontouri::l tlplineat.e elevation, 
forUl, Imd grnde: 

1. _"- contour indicates a cert.ain height ahove sea 
lcw!. Tn tlliR ill1l8tTmion til(' ('ontoll-I" intpn"ul is 

I to tllf' Reale of 1 miln to dIP I the force propelling tllC nwgmas llpwaril \l'"itlliu of pref'sltre, UlOVe-

o,020,000 square int'hcf'. of papPI', and to uecom- I roek inclOf'ure!:l moltcn lllatprial ('0011:3 with their original structure 
modale the map the would Ilped to lllelll"!Ure II the resillt that intl'l1!"oin' rod.::s Bre 
abont 240 by 11-)0 fcpt. 0[' gronIlll talline texture. 'Vilell the the sur-
::;uriiH'e \\ould be repl'eRPnted a Kqunre inch 0[' I i;.we the molten mllteriul pOllJ'cd ont tln'ough tllem 
llHlp f:illrthee, and one linear 011 the t!,Tolind I is ealled fw)((, and la.YIli::l oftcll build up volcanic 
would lip rpp1'ef<entp(l It linear illch on thf' map. ',mountains. IgneoHs rocks thus fOlltlE'd upon the 
This rchltioll hdwPcll in nature alHl ('01'- I surface are eallE'd ('.riJ'111:J1·1'« Lanls ('001 rapitlly in 
H'epondi.llg dif'tanep on t.hE' map is c,llled fliP .w'ule : tIll' ail', awl a{'quirf'1t or, more oihm, It par- I lamina:' amJro'omate{" 
ofthc III tflis ease it i . ., "1 mile to ~1Il inch." I tiaIly erYRtalline in their outf'r part)'!,I·structure 

lIwy be pxrll·f's,.,rd also hy a fradio;l, : hut 'arc lllore fully l!I:'ystalline in their inner pOJ'- : I;clt1'sfoNil?l. 

of mica or 
with their 

thp l1Ulller:ltOl' if' a IcngtJl on the map I tions. The ollter parte of laya 110ws ump.lIy I As a rulE', the olde",t roeb arc most altered 
and tll<' d(·mollllnator t.b~ ('ol'l'f'f'-pontling l(·ngth Til t-:xplo~i\ e adion a1'com- 1 and the young-er fonnatioIlI'l hn\T ('seapcll meta-

in the saIlle unit. Thul:3, 1113 there ell1l...,ing ~jE:'djon.':l of'dust., I morphism, tlilt to this rule there are important 
arc iIlehps :in a rnil6, the seale "1 mile to Thpse materials, ,yJH'll I pxceptions. 

, un ineh" is pxprps"ed by consolidnted, hrf'eriaf', ulld : rORi.\fATlO:;,,[S. 
Three s("liI(*, arf' used on atlas sheets of the tuftk Yoleallie f'jPuta may fall in of water i 

Oeologicul Rurwy; the smalle::;t is or may be carried iI;to lakes or seas amI f()rm: :Fol' Ilwpping rocks of all 
SPtiilllf'otal'V rockt'!. I the art:' di\~idC'd 

" 'l·ock8.-The,se TOcks are II ti{JII.~. A sedimentary formatioll contains 
ground to an inch on the nwp. OIl the of the or ol(ler rock., whi1'h have it:" uppel' and lower limits pidler rocks of lllliforlll 

a squaro incJl of Inap Sllrtilcp hroken lip and t.ile of 1\11i('h han~ hcen ! eharaetf'r or roeks morp, or lpb!:l lllliformly val'if'd in 
n1l011t square mile of eart11 f'ul'faee; on s('ale calTif'd to a diffeT'f'nt. awl deposite(1. I ('h1u'adpl', as, for example, a. rapid aItf'maLion of 

about 4 l"!gnart' miles; alld on the beale The l'hif'fugellt of' tnm:"pol'tation of r()('k debris is shale and limf'stone. "Then tht:' from one 
16 miles. At the bott.om I water in Illotion, includi.ng rain. f'treaIll.'l, and tk~ kin(l of l'o('ks to anotllf'r i8 f<OlneLi1Hf'l"! 

sealE' if' expn's;:;ed in three WHyS- : 'WHter of lakel'l and of' tilE:" Rea. The matpl'ial" are lllP(','f'S,u'Y to bnJ cOllt.iguons fOl'Innti.ons hy 
line miles and : in part earried a" solid partielf''', and the: an awl jn Kome eHi::leR the d~,,,till('tioll 

m'e t.hen l:3aiil to bp lllcehani(·nl. 8uc·b I pntii'd,v on tJw conif-line(l f().'lsik 
:"::nl(i, and day, whidl arf'IHter consoli- : 

illto ('onglolllerute, sHndl:3toIlP, ll11d shall'. [11 \ either contuiniug tllC BalTIe kind of igneous 
smaller portion the matcri.als Hre earrit'd in solu- I rock OJ' A 
tion, IlI)d the :no then enllf'd if : BH'tamorpllie eonsil'lt. of ro(,k 0[' IIni-
forhlCd with t.he of life, or chplllieal I f(Jrln dwraetCl' or of rocks hllving (·owmOll 
without. the aid of life. The more important rocks eh:wli'tPl'isties. 
of chemical and organic arc limc~tone, chert,: "~bpll f(II' s('ielltinc or economic rea80ns it IS 

a dpgl'ee~()f longitlLde; eaoh gypsllm, salt, iron ore, pcnt, and coal. Any I dpsirablp to }JIld Hl<lp onf' or more 
contain" OllC .... folll'th of It I olle of t.he d('posit.s WHy he lbrmed, or : I:3f)('ei:llly of It varied formation, 

and lwlow tlip hif.!,"lier contour. on t.he scale eon- I t.he different mnt.er"ials nw.v in I Budl parts fll'e ({/e,ltba.~, or by some ot.her 
at 1;'50 feet fill'lsjllst below the of the terra~e, : degree. arcas: man)" ways, producing a grf'at appropriate t€rm, as Icntil8. 
\vhile that at :WO f~'pt li('s ubove terraee; there- of the corrcBpowling are about 4000,: ~\notber tranf'porting agellt is nil' .:iJER OF ROCKS. 

f01'e Ill1 [lo:nts 011 tIlt' tefl'lH'e ure ~JlOWll to he Illore 1000, and :l.,)O s(jlwrE' miles. I wind; amI It third i8 iee in motion, or 
than };iO hut l('"s dlall ~OO ti.'et <1/)o\'e sen. The The atlHs shpdS, parts of one llIap: The 1ll0:::1t eharaetpri:-tie of the wilHl-liomc or coHan Gel)logic lime.-The timE' die roeks 

hill is shlted to 1)(' (iiO feet of t.hc t!nit('d Htates, po1itieal. houndary dCpOBits is 10f'f'O:, a [jne-,!!;ra.illPtl earth; the most clwr-, \\'f'rt:' made i~ (ii, ided into bt1laller 
lines, sneh ad t11OI"ie of 8L<J.tes, counties, amI town- ' aetel'isti(' of !li'posits ii::l till, H lwterof.!;('neolls time di'visions are ('aIled c)JOchI:J, and still Rmal1f'l' 
ships. '1'0 el1('h : .. l1lf'et, :md to thc (pwdrnngle it. : mixture :)Jul pchhlf's \\'iUl cby or SUJI(L The age of II rock js expl'cf'-sed by 

nUllllJ0-l'ed, and tho.,;p the name of f'.ome wf'll-known: ~('{~impntarr rocks are IIsually made of bYf:'rs naming time intelTal ill whieh it \'"us fornH,d, 
being made lwu\'if'r. town or fl'atnre within its limitR, and at t.he I or beds whieh e.an be e:lbilv sq)aratp(i. lan'l'b whell known~ 

i::; not to lIumlJ0r 1111 the eOlllours, and sides ana corners of' f'nd~ sheet the numeR of' wIja- : are called simla. H.oek; deposited in la.reJ's~ Hre The l:1E'diment.ary fornwtiollt'! depmited durin,!!; a 
tilVIl the ac('cntullting and Ilumberillg' df eertaln cent shedd, if puhlished, are printed. I sHid to he dtratified. I period arc grouped together into a The 
of CV('J',Y lH'lh one-BlIJl1ce, for the tbe topographie : T}le :'<urfnee of tlle parth is not fixed, as it SCPUlS I did::;ions of' a systcm are 
heights of lIIay he as('ertaine(] by eounting: mnp are and·eultllre I to be; it vt:'ry slowly riscb or i::links, with rcicren('{l: 0[' iormatiolls lesl::l than a series is 
up 01' down from a !lumbered eontour. I of the quadrangle represented. portray I to the ::;ea, oyer ·wide expanses; and as it rises or l 

f(Colltiuuedonthirdpageofoover.)' 



or st.ra.ta accumulate the I planes. Suitable conihination patternf'( are nsed i Strllciure-8edion slied.-This I'lhcet exhibit" the I 
that. are older, and the rela- for formatioIlt1 known to he of :,,;Cdi-I! TchHions of ille fOT!llation~ beneat.h the surDt.cc. In I 

may he determined by m':'ntary or elifl\ shafts, and other natural awl 1tniIi-
1 

of 
Thif< l'elatioll;:;hip hohlR , The p,ltt.erns of cuch arc printed in yariolll, <.'ial the relat,ion.'l of di.f1t>rcnt beds to one, 

On tile rif!;ht. of the sketch, fig. 2, tile scetion is 
of sehis:s whidl llre trarc:rsud by masses 
rock. The "ehist!:l are llllleh contorted 

of int,ense di"fUl-Lmucc; in suell I colors. 'Vith the pat.t.cms of parallel hIltS, colon3 ! IlUother secn. Any cutting "which exllibits i 

tlw hedB have been rcvcrsetl, and' are .used to indicate age, a parLiruhr color those is el111cd II ,~cdi(JlI, and t.he slime 
oft.('n diffiellit. to determine their relative agc'E : assigned- to eaeh The by term ii? applipd to a diagrrHll t.lfe rcla-I 

from their po:::;ition~~ then or the remains! formations a.re ronsiBL of two or more tions. The ,nrangclllent of ill emth i" 
Ill1d imprints aud indieate 'which I letters. If the age of a f()rlnation iM known the, t.hc eartM:;; structn!'e, awl a. section exhibiting this i" b 

of t"o or mol'(' iR the oldeRt. I symhol includes the Rystem which is a .arrHl1gement i:::; cHlled it d/l'ur:h()'e wdion. I Fig-. 4.-lLleal ~ediom of strat:t, ~h()wing (a) Normal faults 

8t,ratitied rocks often contain the remains or capita.l lettf'r or monogram; the symbols; The geologist, i" not limited, howew1', to the l!.wl (b) a 11111181 fault 

imprints of plantR and anilllall:l which, at the t.ime,' are cOl1lpoRf'd of small INters. The names of the I nntural and lntitieiul cllttin.e;s, for his information inferred. Hl·nee t.lwt portiOll of the section ilf'lin-
the strata. 'vere deposited, lin'd in t,he sea or were I SY!:ltf'lllS and recogllizt'd SPl"ip-s, in (from, concerning the eart,h'l'l "trndnre. Knowing' the tiltCI'! whai is prohably true hut iR not, knowll by 
\vashed from the land int,o hlkf's or seas, or were \IlCW t~) old), ·wit.h the eolor HlHl to I manuel' of formation of 1'0('k~, and traced 1 obscrv!1iion or.well-founded inti:;l'Clll'C. 

hllried in '~ur1ieifj,l (leposits on the land. 8uch, each system, are giw'l) in the preec(ling Ollt t,lle relation:::; HmOllg the bed:,:; on the he i The sedion iJl :2 shows three set" of forma-
ro('ks, tire cu.ned fO!'lRilifcrons. :By studying fos:::;i[:::; i I:'UR,F~\(:E l"OJ01:-; can mfl'l' theIr rel,ltJ~-e n.flpr they pass! tions, dil"t.,ingni;.:;llCd lmde1'gron1Ulrf-'bt~on!'l. 
it. has heen found that the life of each period of t,he I benc.Jth the SUlt:WC, Clln dr;m sedions i The of seen at tlw left of the 
earth's hil:lt.ory was t.o a gJ'eat, extent different from: ,Hills llml valleys ana all other "lll'ihce forms have i sellt.ing the st.ructure of the eart]1 to a ",,,,,idemble 
thnt of ot.hcr Only t.he simpler kinds of I been pro(l1kl'd For examplf', dq)th. Sueh a sedion whnt won[d lw These "('llilllPntary RUHta 

wlwn the oldest, fossiliferous, most, yalle.ys llrc the stJ'ctlm" in the side of a miles long awl the r-;ea, formill(! It plat~[tll, 11l1<l 
show,", that a port,~ou 

m~.":;f'd from a lower 
The l-'iruta of t,his 8Ct nre 

rocks FrOIll time to time more I, t,hat flow t.hrough the])] t,t'c fig. 1), trw allu vial T[lis ilhistTUted in 
('olllplex dcwlope(l, and as the simpler ones plllins hordering llWTl." streams Wf're built up hy 
lived on in modified fUl'llls life became more yaried. the strf'ams; :-;ei:l e1ifi~ arc madc by' 'the eroding 
But. <luring f'llch there li\'ed peculia.r formf:'., adion of wavp,';, and s:md spits ure built up hy 
\vlli('ll did not. in earlier timt"':l and lUI\'e not iOl'lm thlli'l con!'lt.itute pHrt, 
eCl..i:::;ted !:\illcc; the.:;;e are (;hrll'(w[eri8rie and of the 
tlley define the llgf' of auy bed of ro('k whieh 

are found. Other typcs pnsRed Oil 
to period, and thus linked tlU:' 

a ('}min of lif~ from t.lH' 

Fo~sil 1"('rtlains found in 

ing of a marine or 
double hills being worn 
and being filled Hp 

.\11 p:Jrt::; of the hnd are 

i 011('(, eontinlloU", but, t.h(' crests of the al"('hes have 
bf'PIl ,remored by degT1Hla.tion. The bed8-, like 
tho,,(' 0(' the firl'!t ~<~t, art' eoni()rnwhle. 

The horIzontal ~t.rat.a of [,hc rest upon 
the <,roded cdgp,'l t.he bpds of the 

,'let at tht' left of the spetton. The O\Tl lying 
~t·d.iotl at thE' frollt and a df'pOfiits are, from their evidpnt,ly 

\ tluUl the Hull the 
The figure represents a landscape which is cut. and strata must. have 

J"O(.k. off sharply in t.he foreground Oil a vertien1 planc, I uf HlP ol<li~r lwds 
so a:::; if) show the underground relat,ioIlI:l of the and tllP aC:(~1l111111Hti()1l younger. \\~hcn 

roekB. The kinds of roek are indicated by appro- youngf-'r roekl" tJI1lR rest upon an prodcd imrh,ee 
priate symbols of liIle~, dots, Hnd dm~hc:::;. These I of older rocks t.he relatioll lwtWPf-'Il tIl(' two L'> 
symLols admit of much vaJ~lJtiOIl, but the following; I au 

H ure generally used in "sedions t,o represcut the I il:l all 
commoner kind~ of rock: ' The 

I 
scinst;:; and 19neOlt~ rod"b At Rome 

W11:::;S 01' il'! dpposited upon it.. adioll of .ail', waler, (lnd iee, which WCHr - --=--~~~# I tH\(lsed ClllVIOIl'< of 'llOltCll But the 
~1,1l l",[ory til, ,ciusts nne ph(", .. d I" Hlitl 

~~t::'_ llltlllblOn of 1.L,Jl(OUR 1'0 k:-1 ha\p BOt 8imilarly, the time at whieh metall,orphie rocks I them down, <lwl I'!tl"PilHH tIte WHRle material 
,vpre forllled from the original maRse!'! is SOllll'tlllles to the :::;(;H. As tIlt' pro('P:-1S on the flow 

Shaly jiH'~~(<llJ~~ I 
the strata u{' t.he H~t()lld set.. 

shown hy theil· relations to ndja(,f'uL 1.(mnationH of 'water to t.he SPil, it, (',1ll not eanied helow Sl'-ll Thu,'; it. is i~\"idcnt a c:oll:,:;id~l·ab[c interval 
'of known agc; but thc Hp:e rl'cora~d on the lllap is levpl, awl the Rva is thereful·~·('nllpa the ba."i('-/evd 
tImt of the original IWtSSl'S and not of their meta-I of e.TO!'liCln. \Vlwn H large trad i:::; for a lonh.~ time 

lmdisturhed by uplift OJ" :::;llbsidel1ce it, is (leg-ra(lte[ 
twd paft.crn,~.-Eneh format,ion i,y shown ,n~nr1.v to hase-leycl, and tllt-' eWll 'Kuriiwe tlnlB 

on the map by' a distinctive combination of eolor II produced is ("dIed a penrplu-in. If the tract, is 
fl.nd and is labeled by n spel'ial letter nft.er\vards uplifted the peneplain at tlw t.op is a ,I 

clap8e(1 bet.wpell the fOrmat.':'on of the schists and 
! the h<'ginniug of deposit-ioll of t]W"St.rllW of'the 

1'(,(,011<1 $.t. Dllring." t.hiR int-en:::l thc i'lc:hii'lts su£:o 
('ak"reou~ .andst.ones 'fel"(~d IIwtll11l0rphism; thE'Y were t.he scene of erllp-

ti"e' llethit.y; lmd thpy wpre (1ecplyeroiled. The 
I eontnd between the 8('('011(1 nud thinl sets is another 

I 
record of the former relation of the tract to sea lewl. 

Symbols. and colur.~ as-s-igftn) t() the. f'od;; ,~yst/Jms-.. 'l'Hl£ VARIOUS GROLOmC :-;HEE.TR. I 
fil,,"sil'ean,lbelldediguoou"rocb. --_. . - I· ·1--- ---,,- A Te!Jl nmp shows the arens ' 

1 
:8 Color for "erlimentary formations. On the mar- Pig. 3.-Sylllbol~ n~cd in ~e('tioIl~ to r('pl'e~ent, diITerent, killd~ I 

Sybu,m ~ rock", which is t.llC t.o the map. To of ruckR. the 

--- - -- - a.nd The platean in fig. 2 pl'csents toward the lowcr ! the 

"",'o,,to,.,mt',', it mark" a time inr,crYal het.ween 
ff)nnntion. 

its letter symhol t.he reader shoultl that. lnnd an es('arpmpnt, or front, which is mHde up seet.ioTl 
('0101', pattern, al~d symhol in.t1u; If'gen<l, wht. re he of sawlstoneR, forming the cliff's, all(l sha.les, ('Oll~ti-I gronnd along l".eciioll line,. nnd the from 
will lind the mone and uelowript.ioB of th(, fiw- tnting the af'! showll at, t.he cxt,r,eme If'ft. of the surface of any mim·ral-produeing or waLer-

I£' it is to find flU)' formn- I the sf'etion. hroa.d belt of lower la,nd is tray- I b~aring stmtmll which ::lppear,-l in t.he f.\pcLion may 
tion, its name in the and I ersed hy se\-eml ridges, 'which nrc f:;C'C11 in tb'sce- be measured the s~'~de of' dIe lll<lp. • 

its color lllld p:lttern noted, the Hl'<;fiS on the tion to cOl'rf'spon<l to th~ twd of sHnd- sllcet eontains a 
map corresponding ill color and ,paUern may he stone t.hat rise,'; to t.lw 8-urfiICe. upt.urned 
traced ouL. of this bed fOt·lll tlw ridgf''', and tIle llltenl,,,,,,,,lte 

'1'118 legeml is also a pll.rtial !:lta.tement of Hw I vlllkys follow the outcrops of limestone and 
geolo~ie history. In i.t tlw formation" are arranged reous sha[c. 
in columnar form, grouped jll"illlnrily "Vhere the of thc strata Ilppenr at. the 
orig~n-se(limelltary, igneolls, and (::1l1 be measured lltld the 
of unknown ori~in-and w-it,hin earh group they dip below t,lic surfilec ('nn be diagram. 

o Red-pllrplc. 
are p[aeed in the O1"der of age, so iill' as kllown, Thu!'! t.heir underg:round can The thicknesse,,; of formations 8re given in figures 

at the top. that t.he int,eJ'seet.ion of which ,'ltate the lC<lst. and lIlensllrcm-ents, 
1flap.-This nHlp It bed ,,·ith a horizontal plane will t.nke is called I and the t.hickness each is" shown iu the 

minnn.ls and fihowing the idr£h:. The inelintlLion of the bed to ihe hori- ,('olnrnll, is drawll to it seale--usual1y 1000 
A Brownish-red. t1lCir relations to the topographie featurf's ,md to measured a.t. right angles to the strike, ' feet to 1 indl. The or<1er of aecmllulation of the 

the formations. The formation;"! whieh is I sedimellt;;; is shown ill the columnar HT~'angelllent-
appeJ1r on areal geology nwp an; usually ,,,howil St.rata ayc cnrH,d ill trough,'; and the oldest formatioll Ht tllC bot.t(Jm, the youugest. at 
on this map by f':lintpl' color The areal arches, such a.'l nre sl:-'pn in fig. 2. Tlw arches arc l t,he top. • '-' 

Patterns composed of parallel st,might, lineR arc geology, thus printed, a subdue(l hack- ealled nnt£dineR nn<l the t.ronp:hs .~yl/(:lhu:s. Rut' The intenal!'l of t.ime which to events 
used t.o represent sedinH'ntary formations depoRited ground upon whieh t.he areas of produdb·e forma- the. !'lall(Jst.ones, shh.lef'(, and lim~st,olll:-':::; wpre \ of uplift and Hnd interrup-
in the sea or in lakes .. Patterns of dots and cirelps tions may he empha8-ized by ~trollg colors. A mine ited benG1th the ",en. in nearly flat. shp('ts; tllUt iwlientf-'d graphieally a.nd by 

Gray·1Jrown. 

reprcsent alluvial, and eolillll fOl'lllatiollR. symbol is printe<l at eaeh mine or quan'.Y, aeCOlll- a.re now bent and fol<led i." thai force" h:wc 
Patterns of triangles and are lIsell for igne-I panied by the name of the prineipal mineral irom time to t.ime causcd earth','; ~urfaee to I 

ous format.ions. )'Ietalllorphie rocks ot~ unknown mill:d or stone q.u'~ITie~. Fo~ regions where t.h.ere wrinkle along ccrtain zone". In thc 8t1<ltl1 i 

origin are short dashes Hrcgularly , are Important nllllmg llldustrle" or where micsttln are hroken a(~ross and the pa.rts !'llippcd PHst.
1 placed; if rock is the dw;hes may be I hasins e~i~t sp(;eial JlH~,pS. ,H·e prepared, t.o show ~adl ot.her. ~u('h breaks are termed faulLH. Two 

armnged in wayy lines parallel to the structure these ad<.htlOnal economtc features. kinds of faults are shown in jig: 4. 

CHARLES D. WALCOTT, 

lIirectol'. 
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DESORIPTION OF THE EDGEMONT QUADRANGLE. 

By N. H. Darton and W. S. Tangier Smith. 

. GEOGRAPHY. I Laramie Mountains eastward through Wyoming, 
across the northwest corner of Nebraska, and for 

Polrition and extent.-The Edgemont quadrangle many miles into southern South Dakota. Pine 
embraces the quarter of a square degree which Ridge marks the northern margin of the higher 
lies between parallels 43° and 43° 30' north lati- levels of the Great Plains, and presents cliffs and 
tude and meridians 1-030 30' and 1040 west longi- steep slopes descending a tllOusand feet into the 
tude. It measures approximately 34! miles from drainage basin of Cheyenne River, one of the most 
north to south and 251 miles from east to west, and important branches of the Missouri. From this 
its area is about 871 square miles. It comprises basin northward there is a sllccession of other 
the western half of Fall River County, S. Dak., basins with relatively low intervening divides, 
with a strip of Custer County on the north and which do not attain the high level of the Great 
a little of Sioux County, Nebr., on the south. Plains to the south. It is in this lower portion 
The northeastern portion of the quadrangle lies on of the plains that the Edgemont quadrangle is situ­
the slopes of the Black Hills, but the larger part ated. 
of it belongs to the Great Plains, although these .Drainage.-The northern portion of the Great 
plains are lower here than in the greater part of Plains above described is drained by the middle 
adjoining portions of Nebmska and Wyoming. branches of Missouri River, of which the larger 
The district is crossed by South Branch of Chey- members are Yellowstone, Powder, Little Mis­
enne River and it all lies within the drainage souri, Grand, Cannonball, Morean, Cheyenne, Bad, 
basin of that stream. and White rivers. On the summit of Pine Ridge 

Being part of the Black Hills and the Great not far south of the escarpment is Niobrara River, 
Plains, this quadrangle illustrates many features which rises in the midst of the plains some dis­
of both, and a general account of these provinces tance east of the northern end of the Laramie 
will be given before the detailed description is Mountains. To the south are the Rio Grande, 
presented. Platte River with two large branches heading far 

GREAT PLAINS PROVINCE. 
back in the Rocky Mountains, and Arkansas River, 
which crosses the plains to the southeast and 
affords an outlet for the drainage from a large 
watershed of mountains and plains. Between the 
Rio Grande and the Arkansas are Cimarron River 
and numerous smaller streams heading in the 
weStern portion of the plains. Between Arkansas 
and Platte rivers is RepUblican River, rising near 
the one hundred and fifth meridian, and an ex­
tended system of local drainage in eastern Kansas 
and Nebraska. 

THE BLACK HILLS. 

The streams which flow down its western slope are 
aftluents of Beaver Creek to the southwest and of 
the Belle Fourche to the northwest. Rising in 
shallow, park-like valleys on the plateau, they sink 
into deep canyons with precipitous walls of lime­
stone, often many hundred feet high. The lime­
stone plateau extending southward swings around 
to the eastern side of the hills, where, owing to the 
steeper dip of the strata, it narrows to a ridge 
having a steep western face. This ridge is inter­
rupted by water gaps of all the larger streams in 
the southeastern and eastern portion of the hills, 
which rise in the high limestone plateau, cross the 
region of crystalline rocks, and flow through 
canyons in the flanking rocks of the eastern side 
to Cheyenne River. All around the Black Hills 
the limestone plateau slopes outward, but near 
its base there is a low ridge of Minnekahta lime­
stone with a steep infacing escarpment from 40 
to 50 feet high, surmounted by a bare, rocky 
incline which descends several hundred feet into 
the Red Valley. This minor escarpment and slope 
is at intervals sharply notched by canyons, which 
on each stream form a characteristic narrows or 
"gate." 

The Red Valky.-The Red Y.alley is a wide 
depl'ffiBion that extends continuously around the 
hills, with long, high limestone slopes on the inner 
side and the steep hogback ridge on the outer side. 
It is often 2 miles wide, though it is much narrower 
where the strata dip steeply, and is one of the 
most conspicuous featur~ of the region, owing in 
no small degree to the red color of its soil and the 
absence of trees, the main forests of the Black 
Hills ending at the margin of the limestone slopes. 
The larger streams flowing out of the hills gen­
eralI y cross it without material deflection, and 
between divides whi~ are usually so low as to give 
the valley the appearance of being continuous, but 
in its middle eastern section it is extensively choked 
with Oligocene deposits. 

The hogback rim.-Tbe hogback range consti­
tuting the outer rim of the hills is usually a 
single-crested ridge of hard sandstone, varying in 
prominence and in steepness of slope. At the north 
and south and locally along the middle western 
section it spreads out into long, sloping plateaus. 
It nearly always presents a steep face toward the 
Red Valley, above which the crest line rises several 
hundred feet, but on the outer side it slopes more 
or less steeply down to the plains that extend far 
out from the Black Hills in every directibn. The 
hogback rim is crossed by numerous valleys or 
canyons, which divide it into level-topped ridges of 
various lengths. At the southern point of the 
hills Cheyenne River has cut a tortuous valley 
through the ridge for several miles, and the Belle 
Fourche does the same toward the northern end of 
the uplift. 

General features.-The Great Plains province 
is that part of the continental slope which extends 
from the foot of the Rocky Mountains eastward 
to the valley of the Mississippi, where it merges 
into the prairies on the north and the low plains 
adjoining the Gulf coast and the Mississippi 
embayment on the south. The plains present wide 
areas of tabular surfaces traversed by broad, shal­
low valleys of large rivers that rise mainly in the 
Rocky Mountains and are more or less deeply cut 
by narrower valleys of the lateral drainage. 
Smooth surfaces and eastward-eloping plains are 
the characteristic features, but in portions of the 
province there are buttes, extended escarpments, 
and local areas of badlands. Wide districts of 
sand hills surmount the plains in some localities, 
notably in northwestern Nebraska, where sand 
dunes occupy an area of several thousand square 
miles. The province is developed on a great 
thickness of soft rocks, sands, clays, and loams, in 
general spread in thin but extensive beds sloping 
gently eastward with the slope of the plains. 
These deposits lie on relatively smooth surfaces of 
the older rocks. The materials of the formations 
were derived mainly from the west and were 
deposited, layer by layer, either by streams on 
their flood plains or in lakes and, during earlier 
times, in the sea" Aside from a very few local 
flexures, the region has not been subjected to 
folding, but has been broadly uplifted and 
depressed successively. During earlier epochs the 
surface was even smoother than at present. Owing 
to the great breadth of the plains and their rela­
tively gentle declivity, general erosion has pro­
gressed slowly notwithstanding the softn~ of the 
formations, and as at times of freshet many of the 
rivers bring out of the mountains a larger load of 
sediment than they carry to the Mississippi, they 
are now locally building up their valleys rather 

Ge:ne:ral features.-In western South Dakota 
and eastern Wyoming a small group of mountains 
known as the Black Hills risea several thousand 
feet above the plains. Having abundant rainfall, 
it constitutes, through its vegetation and streams, 
an oasis in the semiarid region. The hills are 
carved from a dOle-shaped uplift of the earth's 
crust, and consist I rgely of rocks which are older 
than those forming the surface of the Great Plains 
and which contain valuable minerals. The length 
of the more elevated area is about 100 miles, and 
its greatest width is' 50 miles. 1'he hillB rise 
abruptly from the plains, although the flanking 
ridges are of moderate elevation. The salient 
features are an encircling hogback ridge, consti­
tuting the outer rim of the hills j next, a continuous 
depression, the Red Valley, which extends com­
pletely around the uplift; then a limestone plateau 
with infacing escarpment; and, finally, a central 
area of high ridges culminating in the precipitous 
crags of ~arney Peak at an altitude of 7216 feet. 
Two branches of Cheyenne River nearly surround 
the hills and receive many tributaries from them. EDGEMONT QUADRANGLE. 

/tlian deepening them. 
Altitudes and 8Iopes.-The Great Plains prov~ 

ince as a whole descends to the east about 10 feet 
in each mile from altitudes approaching 6000 feet 
at the foot of the Rocky Mountains to about 1000 
feet above sea near Mississippi River. The alti­
tudes and the rates of slope vary considerably in 
different districts, particularly to the north, along 
the middle course of Missouri River, where the 
general level has been greatly reduced. West 
Denver the central plains rise to an altitude 
6200 feet at the foot of the Rocky Mountains, and 
maintain this elevation far to the north along the 
foot of the Laramie Mountains. High altitudes 
are also attained in Pine Ridge, a great escarp­
ment that extends from near the north end of the 

The central area.-The central area of the The Edgemont quadrangle in its northeastern part 
Black Hills comprises an elevated basin, eroded in presents some of the characteristic features of the 
crystalline scMsts and granite, in \which scattered Black Hills, while in its southern portion the 
rocky ridges and groups of mountains are sepa- topography is typical of the Great Plains. Chey­
rated by park-like valleys. The wider valleys enne River is near the line of division between 
are above the heads of canyons of greater or less the two portions. North of the river lies the hog­
size, which become deeper and steeper sided as back which marks the limit of the Black Hills and 
they extend outward to the northeast, east,' and which is succeeded on the north by the Red Valley. 
south. . Still farther north, not far from the northern mar-

The limestone plateau.-The limestone plateau gin of the quadrangle, is the Minnekahta limestone 
forms an interior highland belt around the central slope, with its low north-facing escarpment, and 
hills, rising considerably above the greater part of finally, near the northeast corner of the quad­
the area of crystalline rocks. Its western portion rangle, is the beginning of the long inner plateau 
is much more extensive than its eastern and is of the Black Hills dome. South of the river the 
broad and flat, sloping gently downward near its country is mainly rolling prairie, broken by two 
outer margin, but being level near its eastern inner lines of low cliffs. 
side, which presents a line of cliffs many miles long The rocks are horizontal for very short distances 
and often rising 800 feet above the central val- only. The general dip is southerly, so that the 
leys. It attains altitudes slightly more than 7000 higher and young€l' formations outcrop successively 
feet, in places' almost equaling Harney Peak in to the south, and the greatest elevations are found 
height, and forms the main divide of the Black Hills. in the northern part of the quadrangle, where 

• 

the older and harder rocks outcrop. The normal 
slopes, however, have been so modified by erosion 
that the lowest points are not toward the south but 
in the central and eastern parts, along Cheyenne 
River, to which all the other streams of the quad­
rangle are tributary. 

The lower slopes of the Black Hills are charac­
terized by bare rocks and generally thin soils. The 
rocks of the quadrangle have, therefore, a marked 
influence on its topography, the three chief factors 
governing the physiographic development of the 
region being the hardness, the attitude, and the 
thickness of the formations. 

The quadrangle. includes a considerable part of 
the southern portion of the Black Hills dome, the 
axis of the uplift passing a little east of and nearly 
parallel to a north-eouth line through the center of 
the quadrangle. Normally the rocks west of the 
axial line have a comparatively low dip, while those 
east of it are inclined at a somewhat greater angle. 
This simple structure is modified by minor fo~ding 
which has caused local variations in the dip. 
Most of these minor folds have steep westerly and 
low easterly dips, and are roughly parallel to the 
main Black Hills axis. The most important fold 
occurs in a low donte more than 20 miles in 
length, near the eastern margin of the quadrangle. 

While the main Black Hills dome and the minor 
folds have had a marked effect on the development 
of the 'physiographic features, they did not have so 
great an influence as the character of the rocks. 
There is no structural break corresponding to the 
marked contrast in the topography north and 
south of Cheyenne River, and since the Black 
Hills structure does not cease with the hogback or 
the Cheyenne, but continues unbroken over the 
entire quadrangle, the changes in topography must 
be ascribed to differenCes in the character of the 
rocks. 

Relief.-Tru. rocks of the quadrangle vary 
greatly in hardness, ranging from extremely soft 
shale and chalk to resistant quartzite, and the 
topographic forms are due largely to alternation of 
harder and softer layers. The softer rocks, espe­
cially where they occur between the more resistant 
formations, are characterized by valleys, while the 
harder strata tend to form uplands or ridges. If 
the hard rocks are nnderlain by a softer formation, 
mesas bor.dered by abrupt cliffs are formed when 
the strata are horizontal or nearly so, and "hog­
back" ridges result when the beds are inclined. 

Here, as in general elsewhere, the softer the 
rocks the slighter the U;pographic contrasts; so 
in areas of clay and shale the divides are low and 
the valleys open and shallow. On account of the 
slight relief the thickness of the formation does 
not have much effect upon the topographic 
features. Where a soft formation is unusually 
thin, as in the case of the Fuson, which Occurs 
between the hard and thick Dakota and Lakota 
formations, the resulting valley is insignificant. 
Where the dips are l~w, as in the main Dakota 
hogback, erosion .at the horizon of the Fuson 
formation has Ie$ulted in the development of a 
bench at or nea,r the top of the Lakota formation, 
which is separated from the plateau surface by a 
cliff of the Dakota sandstone with the Fuson for­
mation in its lower slope. Where the dips are ' 
steep,. as in the sharp hogback just south of Cascade 
Springs, the erosion of. the Fuson rocks has devel­
oped a notch in the ridge near and parallel to its 
summit. 

On the other hand, the harder the rocks and the 
thicker the fPrmation the greater the topographic 
contrasts. The valleys are deeper and narrower, 
and the slopes are more abrupt. The Dakota and 
Lakota formations, which are the hardest rocks of 
the quadxangle and the thickest of the hard forma­
tions, give rise to by far the most prominent feature, 
the hogback ridge which limits the Blacl: Hills 
and which contain~ the highest points within the 
quadrangle. The other comparatively resistant 



formations are not thick, and their erosion has 
resultt'd in features ·which laek the prominence of 
those ill Dakota and Lakota an'llS. 

The Dn kota roekR are the most Te;ist:mt in the 
qua(lranglc nnJ give ri:le to the most prominent 
and the most rugged topographic forms. Tllf'j' 
arc dmrac1erized by a prominent hogback ridge 
extCJ\(lin~ in a broken lille diagonally across the 
quadr:mg1e. The direction of the ridge aUll the 
steepness of its :'(lopes to'tvanl the GrHnC'l'OS shale 
yary ·with the dip and strike. Thc slope of that 
side of tht' hogbw'k facing the Gl'lllWrOS shale 
conforms Yery elmwly to the dip. It is long and 
gcntle where the dip is low, as in the nortJlwcst and 
1l0rthcn8t limbB of the Chilson antidine, but sh01't 
and Rtecp .... d1erc the dip is high, as in the narrow 
ridge weRt. of CHI .. wade Hpl'ingR.. This surfaee of 
thc hogbaek haR been more or lpss eroded, so that 
in gellPrallower beds in the serieH are exposed 
..,,,ith the aseent of the slope.. The transition from 
one bed to the next below i:l mm'ked in SOHle emles 
by a more or les." ahrupt clill', facing away from the 
Graneros trough.. ..\.J'- ha:l already been ilHlicated, 
:lueh rliff.'"'- lire ft,'enerally due to the occurrence of a 
f'(oft rock beneath a hardt'r one, and here they arc 
most eharartt'riHtic of the baRat he(h; of' tlH:' Dakota 
formation, whiell are ~wparated from the Lakota 
roeb; 1,,' thc soft Fusoll formation .. 

On tilE' ",ide imvani thf' Red Valley the hogba{'k 
iR hOJ'(lf'red by an abrupt eliff ranging from ahout 
2:30 to ahollt 800 feet in height, the upper and 
~tceper po1'iioIlR compo~l'd of Dakota 01' Lakota 
sandstollt:', the lower Riopes being eut from the 
\'iofler rockH of the }Iorrison, Unkpapa, and HUIl­
dance fOfHllItions.. This slQpe of the hogback if' 
more or lef,;s nott'hed by drainage lines, being mo:::;t 
irregular nort.hwf':lt of Chilsoll Canyon, where it 
has becll deeply. eut into by the :::;trf'amM of' Chil"on, 
Red, and Craven canyonH and tlH:'ir tributurif':-t. 
];:XCf'pt whcl'i' the (liPR are stf'ep, the yalleys of the 
south em :-,-lope of the Dakota hogbaek are long, 
dct:'p, narrow, and ,""Rlled. In the case of 
thOl-w which head in hogback the steep walls 
continue arouIHl their upper t'uds, fiJrtllillg' hox 
canyons. TIlt' maximum height of the eanyon 
elifiR i", OYf'r DOO feet, thiR height being noted 
JURt west of l\IatiHs Peak; many of thf' valleys arc 
from 800 to GOO feet in depth. The more impor­
tant :::;treams IH:'ad far up the ~lopE', near the cliff 
faeing the Red Yalley, and in only fOUT places 
in the quadrangle have streams cui entirely 
'through the ridge-ill Red and Chilson canyons 
and at two points I"-outh of Ca:-'-c[Hle HpringR .. 
'Vhere Roft underlying formations haw lwen ("'ut 
into hy the streams, the ranyonB, though still 
narrow, are wi(lellf'd considerably.. This is well 
shown ill FallM, Ht'll, Red, and Craven canYons .. 

Between Chih30n and Alahaugh canyon:l "the im­
portant drllinage lines have a conRtant southeaflterly 
course, ~i..,..ing- rise to a serieR of long, finger-like 
ridgf'R .. -"\Vest of Chilson CallyoIl the drainage iR 
lesR regular.. JUBt Wl:'st of the Im\er part of'Red 
awl Crd\'en eU1Yons is a s1ightly dis,:;cetcd area 
with lH-'arly parallel druinagc down the Dakota 
slope. Aside fi'om ihis there appeHl"S to be no 
regular dirl:'ction of the st.ream COurSl'i-1, some of 
dIem ftmving with the dip alld others following in 
a gellf'ral way the st.rike. 

Drai'lla,.qe .. -From the valley of Cheyenne Hiver, 
which is the main stream of this quadranglf', the 
g-enerfll surfaee riseH both to the north and to thf' 
~outh.. These gt:'lleral slopes, as well as the depres­
sion between tlWHl, have been developed through 
erosion by the ClwYenne allu it~ tribuiaries. ,Vhile 
the eOLll'~e of Ch"l:'yenne Ri Yer L'l on the whole 
indepf'ndent of the strueture find harulwss of the 
·roeh, there are local adjuRtmellts of the stream to 
these. Thus aCl'O:,;R the }<~dgemont quadrangle the 
f,"reater pal't of its vallcy i:-; developed in the soft 
GrHnprob :::;hale, nI\(l the cvidt:'nce Ref'mR to show that 
the st.n'fllli has followffi this formation for a long 
time, gradwllly working soutlnvard down the 
Dakota Rlope 11:-t the shale was remoYf'(l. In p:.lrts of 
its eour:le the Cheyenne has developed meanders, 
f'Rpeeially in the eastern half of the quadmngle. 
Some of them haw been entrenrhed in the hard 
Dakota atHl Lakota RawiR:ones, and southeast of 
Edgemont Hnd near the eAst.ern marf,rln of t.he 
quadnmgle gorges several hundred ff'et in depth 
have been formed.. Cutting along the outer margin 
of tlle llleanders has tended to widen the ?:orge to 
a' greater or less cxhmt. 

2 

The main tributaries of the Cheyenne, both 
Borth and south, are on the whole imlcp('ndent 
of struetnre, flmving with the ,general .slope of tJle 
sllrface, and for t.hl' most part no'Oss the I"-trike 
thf'roeks.. Occasionallv, however, the~- :::;llOViT local 
modifieat.ions due to Rh~etu!'e or to variation in the 
Ilflrdnt:'Jl~ of t.he rocks .. 

In L'Outrast to tllC more i.mportant .'ltreams the 
minor drainage lineR of the qltadrangLe an' dt~pend­
ent for their gelleral direC'tion mainly on the 
strueturc and hal'dnl':::;s of the rockR.. In tile areaR 
ofhanler ro~'k:l-e .. g .. , the Dl1kob hogback and the 
Minnekahta limestone-the stre}lHlS tend to follow 
the Rurface :llop8s, or the direction of the dip; in 
the areas of ~ofter roeks, on tllC ot.her halld­
e. g., tllt' Pierre shale and the GraneroR shale­
t]wy tend to follow the f'.trikl:'. Thi.s latter t{'ndcncy 
is due to variation in t.he l'esistanee of the bedi:l to 
erosion, and eonsequently is least Jl1'onoun('ed 
in the more nearly homogeneous of thf' soft or 
moderately rel"-istant ro('k8, Ruch fiR tIw Spearfiw 
",hale .. 

Th", gelll'ral tendency of .streams is to follow the 
eontad hetwecn soft. rock:::; and undf'dying hardf'r 
roeks. Tn the Hrea llorthwe:::;t of Edgelllont, where 
this tendency is illustrated, t.he drainage down the 
Dakota slopp iH tributary to thc northwest-southeast 
yallpys thu)-1 formed. ,Vhere erosion along this 
eont.aet ha:l been i:lulfiriently vigol'ouf', a well-definea 
channel i8 found ill the Dakota ,mndst.one ai tllt:' 
edgE' of the :lhale.. A good example of this i:,; seen 
in t.he canyon JURi west of Bennett Canyon.. This 

has oeea:li()nalh" followed the Rame- line 
I:'rOS1011 had ~emoved the Rhale, and the 

con tad i:l f;Hllld f~U'ther ROllthwest, clown the 
Dakot.a slope. This int:crprt:'t.at.ioll largely aecounts 
for the ilTegularity in the direction of the drain­
age in the Dakota hogback nOlihwe:lt of Edge­
mont, many of the lines parallel to the Dakota­
GraueroR eontnet repreRellting Htrcam COHrHeS alon~ 
earlier lilWH of eontact. when the f31ale extended 
higher Oll the Dakota slope.. r-mall gr:wel-rovf'red 
shale nreas on the nakot.a snrfcwe-up to 700 feet 
abon~ Cheyenne Hivel·-and bordering somE' of the 
canyons p;rallel to the present Dal~ot.a-Gra,wros 
contact, tend to confirm this yiew. 

Tt. sePIll:,; probable tha.t. the Rtrealtl:-3 in Rf'd and 
Craven canyons at one time flowed southcaBtward, 
through the'valley nort.h" ... est of Sheep Canyon, into 
what iR now Chilson Cnuyon, and fot' mORt of' their 
course orif,rillally followed t1e Dakota-Graneros 
contnet. This ('olldusion i~ ha:led partly OIl the 
relations of eertain stream gravel", on t.hc uplands 
between Chilson and Red canyoni:3, and partly a1<:l0 
on the cllHrartf'l' of the open Talley conneeting 
Rhf'ep Canyon with the next \'alley to the north­
west. This COlllH.,->eting yalley, which drains hoth 
ways-into Sheep Canyon and into t.he vall(~y to 
ihe nortlnwst-haR a df'pth at the (}iyide of morE' 
than 150 feet., and is fill' too \nrgt:' to have been 
formed by its preRent stream.. The preHent druin­
aJ!:e relationR \Yf're hron,ght about by the diTel'Rlon 
of parts of' the stream between Chilson and the 
mouth of Crflyen Canyon to COlll'fleS steeper and 
more direct to Cheyenne Uivel' .. 

It iR probable th~t in the same way a further 
diYel'Rion will OCClLT at some future time and that 
tlle stream north of' Chill-1on will rt:'aeh Chf'Yennc 
Riwl' through 8hepp Canyon inf3tead of th;'ough 
Chilson Cdnyon as a.t present. The reasons for 
thi:l belief aTe as followH: The pa~R wp:,;t of Chil­
son is only a littlp above the Talley .Hoor at Chil­
ROIl; thf' average gTade from t.he lWlleh mark ,in 
this pa"s to CIH'yenne- River at the mouth of 
Chilson Canyon is about. GO feet to the mile, 
while from thc same point to Cheyenne HiYer aL 
t.he mouth of Sheep Canyon it is nearly leW feet 
t.o the mile; nnany, the ridge forming the divide 
between Chilson and Sheep canyons haH alrea(}y 
beell ent nearly through by the RhOl't ea:ltern trib­
ut:1ry of'Sheep Canyon. 

Thuver.-The forests of the Rinck Hills do not 
extend as fiir south ns t.he "Edgelilont qllHdrHn~le, 
hut there iR a srat.t.ered growth of pine on portions 
of the Dakota hogback, the Minnekahta limestone 
slope:l, and the Minnelusa sandstone hills.. The 

iH the Rocky Mountain pine 
whieh often atta.in:::; a diamt:'tn of 
few scat.tered pines n Iso OC('llr 

in the Graneros shale area. north of Argentine, 
east of Edgemont., between Plum and Pine creeks, 
and north and east of }Iaitland. Cottonwoods 

and some other deciduous trees grow along the low 
flats bordering Cheyenne Ri\'er, and Pa"s, Hat, 
Hed Canyon, Mo"s Agatp, HlHllndian ('reeks .. 

8eLilelfl(:nt .. -The Edg:el1l0llt quadl'lmgle iR yeTY 
thinly set.t.led.. The land is mO:lily publie amI 
devoted to grazing. Edgemont 1:'; the principal 
town.. CaHeade Sprin,Q,R is a small settlemcnt. 
Ardmore iR a Rlllall railroad town. Rumford, 
PrO\·o, :Marietta, Argcnt.ine, and }finneknhta are 
railroa(l siding", with station house:;;.. :J-Iaillancl, 
.JorU'~, and Eekanl are ranch houRe:-t with pORt­
officcJ'l.. Hanches are :-t"attered over t.he eOlllltrv at 
vHryjng intenals and arf' mosily loeated in "tllt:' 
larger \"alleys where water is availahle-. There 
are ReVel"lll along Cheyenne River below the month 
of Plum Creel;;:: on I-Iat and ARh crl!f'kR, and in 
the Hed Valley about 1\Iinnekaht.a and eastward. 

GEOLOGY. 

GlWLOG-IC lIIS'I'OIl.Y.. 

by erosion and the area. possihly lessened by Rub­
mergence, the island:l yielded the fincr grained 
muds now repn'Rented by the shaleR that oecur 
ill the upper port.ioll ofthe Cambrian in some arens. 
In many regions t.he land surthee of crystalline 
ro('ks was buried beneath the sediments .. 

Ordovician-Daonian condilions.-From the eloRe 
of Cambrian if) t.he beginning of Carboniferolls tiIlle 
the Black HillR area pl'(:'!3ents a scanty geologic record, 
t.he Ordovician, Hi1urian, and Deyoninn bl'ing ahscnt 
in the sout.h, a.nd only a port.ion of the Ordov.leian 
being prcsellt in the nortb. This is prohably 
be('ause there was an extensive but very shallow 
)-1en, or land so low as to leave no noticeable t:'vi­
denee of f'rosion. ,'11ethe1' it remained land or 
flea, or alternat.ed from one to the ot.her condition, 
the region shows no eyidence of ha\'ing undergonp 
any considerable uplift or df'preRsion uutil early 
in Carboniferous time, 'when there was a deeided 
subsitif'nce, which p~ta.hlished relat.iyely deep-water 
and marine eonditions, not OIJ!y o\"er t.he BhlCk 

General J'{!(~lml.-The roeks nppear- lIilll::'- area, but. generally t.hrOl;ghout the Hoeky 
illg at the surface- the limitR of the E(}ge- l\1ol1ntain 
mont. quwlrangle are of :ledimentar,Y origin~that. SClt .. -Cndcr the mHrinf' ('ondi-
is, they were (}epoRited by water. TIIP.Y eont-ist tions of Carboniferous tillle there wt'rt:' laid 
of sawbtOllC, shale, 1111lt'stone, sand, loam, and down ealeareous sediment"! whil·h are now rep­
gravelf3, all presenting more 01' less Yariet,Y in I re:lcnted hy seyeral hundrt:'d feet of nearly pure 
composition and app~aranee.. Thp prlneipal mate- limestOlw, the greater part of which is known aH 
eial:l of whi('h they arp eOlllposed were originally the Pnha)-1:1pa limestone.. ~\R no coarse (lepoRits 
gravel, 01' mud, derived from thp waste Ot'cur, it is prohable that no cr,)'Rtalline roch! were 
of oldpr 01' ehemien.l prt'cipit.ates from salt~' tlu-m exposed above water in 1.1iR region, fllthough 
waters.. plst'where the limf':'(t.one, or itR stratigraphie equiva-

These l'Ot·k:l afford a rerord of phpi('algf'0J!:raphy lent, waR depoRit.ed immediately upon them.. In 
from middlt' Carbonifpl'OnR time to the present, t.he middle part of tll(~ Carboniferow3 the eondi­
Hnd other sedimelltR which ull(lerlie them extend tionR were )-10 changed that fine sand WllS brought 
tlle reeord back int.o the Cambrian period.. The into the rCt,ri011 in large amount and depol:lited in 
composition, appearance, and rf'lationR of l:itmtn thick hnt regular lwd:l, apparently with mueh cal­
iwlieate ill ::;ome measure the conditionH under careous precipitate- and morc 01' l('ss ferruginous 
which t.lley were deposit.ed. Sandstones ripl'le- material. The presence of t.he iron is indicated hy 
marked by wat{'I'i-1 and ero~:::;-bt:'dded by CUl'rent:l, the color of mallY beds of t.he .:\1innelus:1 forma­
and shale; cracked by drying on mUll fiat::;, are tion, t.he ohlef3t f~rmation occllrring at. the surface 
deposit{'d in slul110w waier; pure lilllel::'-tones suggest in the Edgemont qnadrangle. Minnelusa deposi­
deal', opell seas and scarcity of lalld-d\'riwd sedi- tion is believed to ha\'e been f<)llowed by an uplift, 
mellt. The f()ssils whieh strata eontain may whieh appears t.o haye resulted in poneling saline 
belong io spceit:'); known to inhahit. wat.cn~ that wat.cl' in lake:l, in ""'hi('h ae('umulatcd the bright­
are fresh, brackish, or salt, warm 01' cold, muddy red . .,awls and sandy muds of tho Opeehe forma-
or ('lear. The eharaeter of the land Jl1H}T tion.. The Minnekahta lime:,;tone, whieh i." the 
be sllOwn by the charadeI' of tllP derived lIt:'xt in sequenee, was deposit.ed from sea water, 
from itR w;ste.. The quart.z sflnd and pebbles of and its fos:lii'l show wit.h a fair degree of certaint.y 
coar:,;e l-1and:ltones and conglomeratt:'s, 8ueh as arc that it iii a represent.atiYe of the lateflt Carbonif­
found in the Lakota formation, had t.heir original erous, or Perminn, time.. It was laid down in thin 
souree in the cry::;tallint:' l'Oeks, but have bf'f'll layers, but to a thickneRs now reprf'sented by only 
repeatl'dly redist.rihuted by streams and COll('en- 40 feet. of lime::;tolle, yet wry great. uniformity 
trated by wayc netion on beaehe:-t.. Hed shalf'S and of thi::l formation oyer the entire Bla{'k Hills area 
:land:';ioneR, "-11<:h as make up the "I-lf'd Beds," 
mmally l'e:::;ult diTectly from the revival of f'rosion 
on a land surfaee long expmed t.o roek decay and 
oxidation and henee covered hy deep residual soil. 
Limestolle~, on the other hand, if' dppo"ited lwar 
the shore, indieate that t.he land waR low and that 
its Rtreams were too sluggish to eal'l',)' off ('oarne 
sediulPlIts, the Hea rerei ving only fine sediment. and 
subst.ance", in solution.. The older formations 
exposed by the Black Hill.'l uplift were bid down 
from scas which eoyered a large port.ion of west­
central United Stat.el:1, for many of the rocks arc 
continuous over a vast area.. The land surfaecs 
were probably large i:::;\nwlii of fin archipelago, 
which was in a gencral wny coextensive with the 
present Rocky Mountain pro\'inee, hut the periph­
eml shores are not. even approximately deter­
mined for anyone epoch, and the relations of land 
and sea yar1cd greatly from time to t.ime.. The 
strata bl'ought to view by the Black Hills uplift 
record lUany local variations in the ancient geog­
raphy and t.opography of the continent. 

Cambria}! HubrfU.'l'f!(;fWe .. -One oftlw grellt events 
of early North .Llmencnn gcologie history was the 
wide expansion of nn int('1-1.or sea over t.he west­
central region. The submergence Teached the 
Roek}t }fountain province in Camhrian time, and 
for a whilc the central portion of 0]( .. ' Black 
Hilli:3 remained a::; one of t.he i:llands rising aboye 
the waters. From the aneient erystalline roch 
st.reams and waws gathered and concentrated sands 
and pebbles, whi('1 WCTC deposited ns a wideRpread 
sheet of Randstone and conglomerate Oil sea 
beaC'hes, partly in shallow waters offshore and 
partly in t:'shmrit's.. Abutting against the irregu­
lar surfhce of the ('1'Yl-1talline roeks which formed 
the· shore arc sedim~ents contnining much local 
material. Subsequcntly, the alt.itude being reduced 

is an illlpreRSiYe feature, prohably indicaiive of 
widespread submergenee. 

Red gY]J&iff'1'OUS sedimenbJ .. -At the close of the 
epoeh repre:::;ent.ed hy the 1\linnekahta limestone 
there was a resumption of red-lwd depo~ition, and 
the great mass of retl shales const.ituting the Spear­
fish formation wa~ aeeumulated.. Thesl, beds prob­
ably were laid down in yast f'-alt lakes that resulted 
from extensiw uplift and m-1.dity.. The mua af'eu­
mulated in thin lavers to a thickness of 500 feet, 
as is now nt-t.ested ~ bv tIle formation, and it is so 
uniformly of a depp=red tint that. this ill undoubt­
edly thc Ol'iginal color, This eolor is present not 
only throughout the extf'nt of tl1e formation hut 
al:lo through its entire thiekness, as shown by 

borings, and therefore is not due to later or 
oxidation. Either the original material of 

the sediment:l ·wns red or it WHf> eolored during 
depo~iti()n 1y the preeipitat.ion of iron oxide. At 
various timef:t, which were Hot the sa.mt' for all pariH 
of' the ret-rioll, accumulation of' clay was inter­
rupted by dlemical preeipitation of ('omparatiYely 
pure Kyp:lum in bedR ranging in thickness from a 
few i11che8 to 30 fCf't., and free from mechanical 
:lediment. It is believed that tlwse beds are the 
products of eVHporation during an epoch of little or 
110 rainfall and conseqllently of' temporHrily sus­
pended erosion; othf'rwise it is difficult to nndeT­
stand their nearly general purity, It haR been 
Rupposed that the Spearfish red heds al'e TriaRsie, 
but tl1ere is no direct eyide-llce that tilev are of this 
age, and they may be I'ermian.. Thei;' df'positioll 
appearR to have been followed by extensive uplift 
without loe31 Htructural deformation, but with gen­
eral" planation and occasional channelinJ!:, ..,thieh 
reprt:'sf'nts a portion of Triassic time of unknown 
duration and waR succeeded by the deposition of' 
later J nrassic sediments. 



.!UTCM81·C Rea.-J n the Black Hills region the 
.Jurassic WliS a period of varying conditions, Mallow 
find deep marine watel'fl alternating. The materials 
arc mml'ly all fine grained and indicate waters WitJI­
Ollt st.rollg eurrent~. Tn the southeastern Black 
Hills ft:'gioll some of the enrliest depositR arc thin 
masses of coarse sandstone, indicating shore condi­
tiolls, hut generally there is shale lying diredly on 
the Spearfish red 8h1118:-;, which waf< deposit.ed in 
moderately tleep -.,yater. Upon tJ118 :::lha-le is ripplc­
marked sandstone, evidently laid down in shallow 
,vatf'I' and probably the pl'oduct. of a time when 
f:iedimcntation was in excess of 8ubmer.e;ence, if 
not (luring an arre8t of submergence. The rcd 
color of the uppel' part of the medial sandy series 
ill some portions of the Bhwk Hills appears to I'lhow 
a tranl'lient return to arid condit.ionB Bimilar to those 
under whieh dIe Hpearfish format.ion was laid down. 
An extenBive marine hwna and limestone hvers in 
the upper shales of the Sundance fonnatiOl; iwli­
eate that deeper ·water folhnved. After this stag-e 
challged ('olHiitions gave rise to fresh-water bodie,,;, 
proba.bly through ,videf:pread uplift. The first 
product was the thick bo(ly of fille sand of th(' 
U nkpapa sandstmw, !lOW a prominent feat.ure along­
the eastcrn side of the Bhck Hills, but thinner or 
absent. elsewhere. 

Cl'ei{ICeous Heos.-During the Cretaceous period 
deposits of various kinds, hut generally uniform 
over wide areas, gathered in a great series, begin­
ning- wit.h sueh as are charaeteristic of shallow 
seas and estuaries along a eoas1al plain, p:lssing into 
sediments from deep ma.rine and changing 
toward the end to fi'~sh-·watf'r and days with 
marsh vegetation. The ellriil'st depositR eO~lstitute 
the l\Ionison formation, a widespread ma.ntle 
of sandy shales, 'iyhich is ahsent to the Boutheast, 
although prohably originally depoRited tlwre to a 
greater 01' lesR thiekne,,;s and then remoyed by 
erosion in consequence of t.he uplift which init.iated 
the next epoch. The exteut of this degradation is 
not. known, but it has gi yen rise to a general 
eroRional unconformity at, the base of the Lakota 
sandstone, the next suceeeding deposit. The 
materials of this formation cOIlsi8t mainl v of eoarse 
sands spread by strong currents in bedR :)0 to 40 
feet thick, but includes severnl thill partings of 
day and 10(,1I1 aecurHulatio1l8 of yegetal material. 
Kext there was depoRited a. thin calcareous series, 
represelltE"d hy the MiJlllewaste limestone, but 
apparently it was la.id down only in a loeal ba.'lin 
in the southern portion of the Blaek Hills. Over 
this was spread a t.hin hut ,videly ext.ended sheet of 
ehiYs of the Fuson formation. After the cleposition 
of these days there was a. return to shallow waters 
and strong Clll'rents, as in Lakota times, and 
eoarse sawls of the Dakota formation were accumu­
lated. At tlw beginning of the Benton there 
was everywhere in t.he region a rapid change of' 
sediment from ,,;nnd to ('lay. 

During the great later Creta~eous submer­
gen('(' marine eonditions 'Prevailed, tIll'oughout the 
Benton, ~iolmH'a, and Pierre epochs, and f,:everal 
thousand f~f't of ('lay were deposited. In llenhm 
tinw t.here were occHsional deposits of Rand, two 
of them in t.he laier part of the epo('h, that ·were 
general over t.he great€r part of' the Black Hills 
region, awl one, earlier, that was loeal and pro­
duced th~ lenses of sandstone which arc now 
found in the vicinity of Newcastle northwest of 
thi8 qua.drangle, amI elsewhel'e. Anot.her marked 
episode was that whieh result.ed in the general 
deposition of the thin Greenhorn limestone in the 
middle of the Benton "eaiments. The day of 
Benton time was followe(i hy Keveral hundred" feet 
of impure ehalk, now cOllBtituting the Niobrara 
formation, nne! thi~ in turn by over 1200 feeL of 
Pierre shale, deposited undCl' ~Tery uniform C'ondi­
tions. The retreat of the Cretaceous sea corre­
sponds .. with the Fox Hills epoch, dming which 
sands ,vere :3p-read in an extensiye sheet oV(,l"the 

height, and the larger topographic outlines 
the region were established before the 
epoeh, tIle dome heing truncated ana its 
old valleys excavated in part to their present 
depths. This is iYHlicated hy the oeCIll'reuce in 
them of 'Vhite River (Oligocene) deposits, eYen in 
some of the deeper portions. 'Vhere the great. 
mass of eroded mat-crial was eanied is not known, 
for ill the lower lands to the east and southE'list 
there are no early Eocene (leposits nearer than 
those of dle Gulf coast and J\Tississippi emhayment 
and those of the Den H'r basi n. 

Ol£gocerw jre..~h-watm· depo.~if~~.-Oligol'l'ne depos­
it", were laid down hy strean18 and in loeal lakes, 
and finally coyered the eountry to a leveillow far 
up the fl'anks of the Black Hills. "EroBion has 
removed them from most. of the higher regions 
where they formerly existed, especially along the 
west.ern side of the hills, but in the vicinity of 
Lend small outliel':::l remain at an alt.ittHle of ~ver 
5200 feet, and on the nort.h erul of the Bearlodge 
Mountains they are a· thousallu feet higher. Tn 
many plaees on the slopes of the uplift there is 
clear evidence of superimposition of drainage due 
to a former capping of Oligocene :f;wllations. 

Lrder lertiary mountain growlh.-Following 
the Oligocene epoC'll thc dome ·wns raised several 
hundred feet. higher nnd was more extensively 
elwled. K 0 representativcs of the sueeeeding- Loup 
Fork blToup-the Arikaree and ()gulalla f(lfllmtions 
-have been discovE:'red in t.he immediate vieinitr 
of the Black Hills, but they a.re ext.ensivel)' 
developed in Pine I{idge to the south and remaill 
on the high buttes to the nort,h, in the north­
western corner of South Dakota. There was 
probably slow but eontinuoul::l uplift during the 
Loup l,'ork epoeh, and rnatt'rinls were contribut.ed 
by the higher RlopC'S of the Blaek Hills at t.hat 
time, hnt whether t.he formations eyer were depos­
ited in tJIe immediate vicinity of the hills hal'! not 
been aReertained. 

(2ur(/ernm'y uplift and eJ'os£on. - During the 
early port.ion of the Qnateruary period there was 
widesprcad denudat.ion of the preceding deposits, 
and ma.nv of the old valleys were rcvived, with 
much rea;"rangement of tlle drainage, ""hieb, on the 
eastern side of thE:' Black Hills, ,vas eaused mainly 
by increased t.ilting to the nort.heast. This ren;­
rangement haR ea.lIsl~d several streams superimposed 
upon the Oligoeene deposits to ('lIt aeross old 
divides, in some cases connecting a valley with its 
next neighbor to the north. Su('h strealll:'! flow 
f'l.outheastward for sotHe distanee in pre-Oligocene 
valleys and then turn abruptly northward into 
canyons of post-Olil!:ocen5 age, leaving elevated 
saddles which mark the southea ... twanl com:se 
the old valleYB. Some of the offsett.ing in the 
present. drainage has been largely inereased hy 
early Q.nat.ernary erosion and recent. stream 
robbing. 

Thel'e "vas apparently st.ill fnrther uplift in late 
Quaternary Lime, for the present yalleys, helmv t.he 
level of the earlier Quateruary high-level deposits, 
seem to be cut deeper than t.hey would he in 
simply ,e:Tl.uling their profiles to thc level of }lis­
souri and Cheyenne riYers. \Vide, shallow va11evs 
have develope~l-jn the soft. deposits, and eanyonR ~ 
moderate extent and depth in the harder roeks. 
Erosion has progressed without aggradation in the 
main, bllt in some casf'S, with the shifting of ch:m­
nels, there have been :wcumulations of loeal depos­
its on small terraces at va.rious levels. 

llF;SCRTl"l'lON OF '['lLF. R'(K'KS. 

The strata coming to the surface ill the Edgt:'­
mont quadrallgle ha,ye a.. thieklle1:ls of about ;)(X)O 

feet., and eompriselimest{)ues, sandstones, and Males, 
of whieh the general charaeiers arc giyen in the 
columnar section sheet.. 

CARllO"l FElWrH SYf;TE)f, 

clay bed,,;, ajld resultcd in the development of JlIinn('liMn: sn:ndslonc.-Tlw lowest format.ion 
extellsiw.' bo(lies of brackish or fresh wat.er, which exposed in the Ij:(lgemont f)nadrangle, the l\finne­
received the sands, (,lays, and marsh deposits of the lusa sandstone, appears in its northeast. cornel' ana 
Laramie. "\Vhether the two l::t5lt~named grollps of at interYals in the antieline that extends north 
sediments wel'e deposited over the area now occu- of Cascade Springs. ~ear tJw northern margin 
pied by the Black Hills is not aeti.nit~ly known, of the quadrangle the formation outcrops in a 
but it is possible that they were, as they arc broad region of rolling hills and ridl!:es, but to 
npturned around t.wo Rides of the 11 plift. the south it passes beneath the Opeehe formation 

B'arly 'Terria}'y 1nomtia-in growlh.-The Black and Minnekahta limestone and is exposed for some 
Hills dome developed early in Tertiary time-or II distance in the narrow canyons of lIot Brook and 
possibly in latest Crehweous time--to a moderate its numerous branches, as far west as the Dea.dwood 

Edgemont. 

3 

branch of the Burlinbrton and MiRsouri River Rail­
road. There is also a small exposure in a braneh 
of Red Canyon at the northern margin of the 
qundl"angle, west. of the railroad. The exposures 
north of Caseade Springs art:' in sman canyons cut 
into the steep western flank of tJw anticline. III 
t.he high cliff rising above tJle railroad traek in the 
eent~r of the anticline crossed by Hot Brook therc 
is one of the finest exp08ur8s of the formation in 
the Black Hills., comprising somewhat more than 
two-thinls of it. The outcrop shows in its upper 
part briniant~eolorcd, massive sandstom's and in 
its lower part huff and gray sandstones, "Vitil 
several heds of limestone and bright-purple days. 
The upper sandstones are brilliant. red, brown, 
orange, and, in eertain layers, bright yellow, and 
are surmounted by the dark-red Opeehe sa.ndst.one, 
whieh is cflpped by purplish-gray IHinnekahta 
limestone. Some of the bedl'! are tinted partly 
staining from the overlying st.rata, but several 
the sandstones are colored throughout. The thick­
ness exposed is 376 feet, eompriRing the following 
strat.a: 

Section of Minnelusa ,~andstone on Hot Brook, South Dakota 

Red Opcche sandstone at top .. 
Gray lilllf'stone.. 10 
Soft retI salldstonc :.10 
Limestone brelmia.. red to buff matrix. . IiJ 
Yellow arenaceous limest.()I1e.. 11) 
Re(l limcstone .. 
Yellow arenaceous lirn"~tone .. 
Red arellaceoUS limestone .. 
Gray limestone hreccia. red matl"ix.. Hi 
Red sa.lldstone.. . 25 
Urccnish·gray liln('stonf'.. 5 
Hoft red HandHton(). . . . 50 

10 
10 

Gray sand~t()ne.. JO 
ReLl sandstone.. " 
Red shale.. 30 
Palo-red RandstOlJe, t,hin ('oaly shale partings 20 
Light .. huff and gray Raudstones.. 15 
Breeeia. 
Reddish-gray sandstone.... 21) 

Green shale .. 
(iray to buff HallCl~t()nc. .. 12 
Black shale .. 
Light.huff. soft sandstone.. 15 
Dark shale .... 
Soft white sandstone... liJ 
Gray calcareous ~a.nd~t()ne with coaly shale 

partings.. 30 

Total. 376 

The section comprises about two-thirds of t.he 
formutioll, which is about as Illu('h llS is expose<l 
in this quadrangle in the wide area of outerop to 
the north. Thc uppermost layer is a nellrly pme 
limest(lne, in whieh, in an adjoining tIl(' 
fossils Produdus 8c(ft£reticulatl1~~ and 
were diseovered. The formation has not 
where yielded fossils, but thesc suggest that the 
age, of itR upper beds at least, is Pennsyl vanian. 
In its nflweathert:'cl eondit.ioll many of the }1inlle­
lusa beds contain much ea.rbona1~ of lime, as may 
he seen in horings fi'om deep we1l8 in various 
port.ion~ of th~ Black Hills. The lime weathel13 
out ne}lr the surface llnd porous sand.Rtone remains. 

Opedte jOl'1naaon.-The Opeche formation is a 
series of soft red sandst.oneH, mainlv thin bedded 
and containing Yal'iable amounts ;f day, which 
lies hehveen thc Minnelusa sandstone and the 
l\Iinneknht.a limestone, Owing to its softness, its 
outcrop is usually marked by a shaly slope helow 
the steep cliff of the limeRtone. It is extensively 
exposed along the canyons of Hot and Cold 
brooks, rising on the high anticline in the gorge 
of Hot. Brook, and it outerops in numerous ctln­
yom ('ut in the slopes of tlle ::\finnekll htll. limestone 
westward to beyond the milroad to Deadwood and 
sout.hward along the west flank of t.he antidine at 
inkl'Yllls nearly to Caseade Springs. The t{)P 
of the formatioIl, for the Jirst few feet. bclow the 
}Iinnekahta linw:'!t.one, (-'onsists of ~hales, 'iyhieh 
-invariably lJave a deep-purple ('0101', nnd t.he basal 
layers are red sandstones, varying in thiekness 
from 4 t{) 15 inc,heR. Along the northeast.ern mar­
gin of the quadrangle the. thickness avornges 11.') 
feet, with purple shale at the top, 50 feet of red 
sandy day heneath, and at t.he hot.t.om 60 feet 
dE:'ep-red sandst{)Jw in hed~ 1 to 4 feet thick, with 
rwi shale partings, Thc age of the Opeche for­
mation has not bcen uefin-itely dctermin€d, as it 
has yielded no fossils, but it is p;ovisiona.lIy tl,<;signed 
to the Permian for the reason that it is so closelv 
assoeia ted with the overlying Minnekaht.a limes ton;, 
which was proba.bly deposited in that epoch. 

M:nnekahta lim.estone,-The Minneka.hta lime-

stone, formerly known as the "Purple limest.one," 
iR prominently exposed in the Black Hills, but in 
t.his quadrangle it occupies only a limited area 
in t.he northellst cornel', extending f1'OUl Caseade 
Springs to Red Canyon Creek. It averages only 
;,)0 feet in t.hickness, hut through its hardness 
gives rise t.o prominent topographic features, heing 
usually exposed on wide dip Rlopes and in t.mns­
verse esearpments. It contains nunwI'OUS sink 
holes and caves. Owing to its thinness it is cut 
throngh by all hilt t.he smallest st.reams, producing 
many canyolls, which are notice~lble featurc", in thc 
rit1ge south and southenst of .T ones statioll. In 
these canyons and along its inner margin the lime­
stone gcncrally present.s nearly its entire thickness 
in a chara.ct.€ristic verti('al cliff. OrdinariI,' it. is 
massi ve in appearance in cliff faees, but o~ close 
examinat.ion is found to consist of thin layers, dif­
fering slightly in color. On weathering it breaks 
into slabs, usually 2 to 3 inches in thickness. 
The eo]or as a whole is light ~ra.y, hut there is 
always a ~;;lig'ht pinkish or purplish tinge, from 
·which the !lame "Purple lime-stone" ol'ibrinated. 
'Vhen hroken the limc'l:lt{)ne gives a characteristic 
hituminous odor. It:'l composition varies some­
what, mainly in tho percentage of magnesia, whiell 
is usually present in eonsiderable propOliion, and 
of day, which is a eonst.aut. ingredient. An analy­
sis of a. typical sample from Cascade Hprings, made 
hy Mr. George Steiger in the labomtory of the 
United Stat.es Geological Survey, is as follo'ws: 
A.na7YNis 0/ 2Ifilt"nel(uhta limestone from Callcarle Sprillg~', 

. S. Dak. 

Manganesc, soda. and pota~h . 

Total.. . ...... 98.82 

In the region north and northeast of l\Iinnekahta 
station this fOl'mation dips generally to the south­
south west at a very moderate angle, and fl'om Cas­
cade ~prillgs north ward it rises over a. prominent. 
antielille with steep dips on it", western fla.nk. 
Through its course there are frcquent loea.! yaria­
tions in the amount awl dircetion of dip, as t.he 
limestone is a thin, relatively ha.rd bed of homo­
geneous rock lying bet.ween masses of softer red 
heds, and consequently WHS much aifeeted hy local 
conditions of pressure. The thinnest layers are 
often milmtely crumpled and faulted, but consid­
ering the large amount of deformation to whieh 
the formation has been subjected, the strat.a a.re hut 
little broken. 

Sink holes ocenr frequently on the limestone 
slopes, aud sevl'ral large, deep; steep-sided ones 
oecnr on dw weRt side of the road·1 miles north­
enst of Omcade Springs. Tn it;:; contacts with 
a(ljoining f()rmations the Minnekahtn limestone 
presents an abrupt change in material, but no evi­
dence of unconformitv. The formation is dassi­
fled as probably Pe;mian from fossils that ..,,'ere 
found in it in the railroad cut at the road erossing 

4 miles llol'th of ~Iinnekahta stat.ion. Thesc 
are incollf:pieuous little shelll::l, oceurring ahundantly 
in one of the and comprising Bake-welb:a, 
Ednwnd-ia, and The name ":'IEnne-
kahta" is derived from the Indian nallle for the 
hot springs that iSRUe'in Hot Brook Canyon a 
short distanee east of this quadrangle, just west 
of the town of IIot. Springs. The water rises in 
large vohtme through crevices in the limest{)JlC, 
with a. tempE:'.rature of 92°, Similar springs have 
their souree in the limestone at Casead~. 

The northern margin of the ~finnekahta lime­
stone, as shown on the map, is ext.remely irregular, 
and erosion has left outliers of this resistant rock 
ellpping a number of small, flat-topped hiBs north 
of its main area. East of Alahaugh Canyon the 
l\Iinnokahta limestone forms a low, elongatcd 
dome witli steep westerly and low eastt~l'ly slopes. 
The eastern slope iR cut. by long box canyons with 
some tendency to t.he deYelopment of fan-shaped 
forllls, a tendenev noted a.lso to a. verv limited 
extent on the we~tern slope. This slope ~is charac­
terized by short., steep-walled canyons, whieh are 
narrow where ('ut in the l\finnekahta alone, but 
hroader where t.he Opeehe and Minllelusa for111a­
tjOllS have been reached. This broadening of the 
vaHey is always in the upper part, which is con­
nected with Alabaugh Canyon by a narrow notch 



or gatp, sometimes only a few feet in 'iyiuth, cut in 
the 1Iinnt:'kahw roekft III some cases the di dele 
between 1H1ja(,E'nt valleys has heE'n completely ('ut 
through, and the headwaters of' one v:lIley have 
bl:'f'Il ('aplure(l by the strram of the othm', )\11 

pxample of Heveml interior valleys connected in 
thiB way O('('Ul1:l about 2 miles north of Cascade 
Springf', thp rewlting valley still draining into 
Alabaugh Canyon through one of the narrow 
notchrs already desel~bed, TIH-'l'E' i1l thus a tend­
en('y to drYelop a dr3inage parall('1 to the strike 
of the ro(,ks, and, at the s:nne time, to divide the 
1\IinllE'kahta dome into t\VO partH, the rE'mnant 
the ""Cf-lh'l'll Blope formillg a line of low, but 

hills soparated Ly narrow notdlcs, 
thf' ef~Htel'1l :,,;lope (,hanging into a hogbaek ridge 
by the development of an abrupt :,tearp on the 
wt:'st, along' the Imrnlllit of the dome, Further 
erosioll on this Htecper 1:llope leaH's only occaHional 
outliers of 1Jinnekahbl l'(wks, ('apping low hillR, 
formed for thf' most. part. in the Minneillsa forma­
tion. All the~e features are best seen between the 
hpud of Alahnngh Canyon and lIot Drook. 
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s·preads out again in the anticline and l'ync1ille 
southeat;lt of Cascade r.pring. A portion of the 
formation out('rops in Hcll and Fulls canyons, 
and its llpper part is exposed in the ('anyon ~outh 
of Parker K noh, in the f'anYOll of CheYE'nne Hivcr 
5 lllill::'s east of Erlgemont, and again at a point 
where the river cuts acrosH the anticliue MoutheaHt 
of Cascade Springs. 

The fOTInation comprise",; a scrieR of shalcs Hlld 
the order and ('haracier of' whi('h vary 

p1ncc to plaf'e. At the t{JP are 100 
feet or mOl'f' of dark greeuii::11-gt'ay shnl~, uf-lually 
in('lllding thin layers of lilllel:1tOTll' whicll fire highly 
fosHiliffrous. ~f'xL below arc soft H:.tndsiolles and 
sandy shnleK of rt:'d(li:'lh eolor, Hsually having a 
thickness of from :30 to 50 fpet. Tll(.'~e are ulHlpr­
lain by about 40 feet of huff balJ(lstonr, including 
a prominent layf'r, Hhout '25 fl'd thiek, at it1:l base. 
The latter i1:l uu(lerlain by dark 1:l1taleH \'vhi('h haH' 
an averaf!e thid;:npI:1.R of about GO ffet awl \\hieh 

from the Hppariish red l)('(113 hy rufll:i­

Hive, to bright-red sandl:1.t'one. The thickness 
of the formation averages about ~~OO feet through­
out. 

red sanuRtone seems to thin out almost entirel.Y, 
but it in ('onl:1.iderable prominen('e north 
of' Bprin.l,"S and on the eust side of' the 
Hrd Vallpy northeast of Cnseade Rprillg'l'l, where 
itl:1. ('0101' is l1lo:,;tly lig-ht buff: Near Ahl'PB Cnuyon 
its thidmess is 40 fl'('t, 

Tn Falls Cam·-on lind Hdl Cam-on the great('r 
portion of t1lf' 'formation is exhibitf'd, iIl(~uding 
thf' red ro('ks in the lowf'r halt Tn Rei1 Canyon 
the uppf'r shales, H llUlltlred feet or more thick, arc 
overlain hy 10 feet of soft. snndshme and 10 feet 
l'dUllec;, l'ed at the \vhieh give place abruptI.v 
to the LJ Il kp:lpa In the ueep bm';ng at, 
Edgemont t.he upper shales of t.he Sundance for­
mation appeal' to extf'nd frolll a depth of 1)02 to 
H0i feet, bhowing- a thieknesH of 15;3 feet. The 
underlying red snndy shales arc :!O feet thick, tlle 
masslve buff sandstone is 85 fl,t:'t thiek, with its base 
at a depth of' 1012 feet, nnd theIl('p to the botLom 
of the well, at 112;) fect, aTe dark ::lhalp-H of' thp 
ba~al mem bt'r of' the formation, indicating that 
the lower shales iUC'rea::le eonsidel'nLly in thiekness 
toward the south. 

'THTA::;'''lIC ('!) ~YST.El\l. A .typiCH 1 suct.ion of the Sunllanct' bells at the 
,'Ilwle.-The Spearfish shale, fcmnerl.Y high red hlllff' 2 Illiles IlOrth\H'f:1t of :\1innekahta 

Bedl:'-," ('onsistR of' red t;andy shale ~tation is as f()llOWR: 

lTnkpopll Bandsto}w.-Tlle Unkpapa s:1ndf:1bJne is 
a massive, nile-grained tleposit of remarkably uni.-
forlll tf'xture, ill eolor from white to purple 
ntHl buff, and dearly separable both from 

with intf'realated bell." of gypBUIll, ha\"ing in all a 
thiekllt'1:lM of about 400 feet. It Oukr()pR anoss 
the northem part of thp Edgemont quadrangle in 
the broad, treeleRs Red YaUf'Y, in wllich J\-finl1c­
kahta station is situateu, usually presenting widp, 
bure and high huttt..'s of hright-rt'd day \\ith 

" gypsum in striking eontnlHt, 
The Hed Yalley is hordt>red on one side by n 

('lilf-hf're tIll' llortlwrn slope of' the Dakota hog­
bat'k-and on the ot.1t>r by the gently sloping 
I:'-uriiwp of the harder underlying formation. 'Y{"Ht 
of 1Iinnekahta it. is drained by Heel Canyon aIHl 
its tributaries; eal:1.t of' that pla(~e, by lIot Hl:ook :md 
its tributaries. Kem' t.he eastern margin of the 
quadrangle it turnf:1 to tllf' Ronth and forms the 
floor of thf' 10llg', narrow Alabaugh Canyon, the 
hedR dippin~ so steeply that. their ,oukrop is llar­
row. Routh of Cascade 8prings, at the southern 
point of t.he Cal'1(~ade antidine, it widens into an 
oprn ndley, <lraining to the we~t through a g-ap in 
thf' Dakota ho~ba('k, Here the Hed Vallev tutuS 
to the llortheast over a low saddle, and fO;lllS the 
lower part. of. the valley drained by Alteps Canyon 
nnd its triLutarie8 Oll the l:louth and hy a tributary 
of .Fall Hiwr OIl the llorth, Exeept in Alabaugh 
Canyon, the Spearfish f()rJ1lat.ioll -is -intrieatf'ly diR­
seet.ed for the 1110,,:;t pHrt by numerous slllall strpalll 
('ourses. Ht:'re and there small buttes ride ubove 
the gt:'neml le\'el, and oc('t11:1.ional outlying hills 
OC{'UT on t.he Minnekahta slope to the north. One 
of this ehara{'ter iR seen at tht:' northel'll margin of' 
the quadrangle. 

A series of gravel-,'ltrewn terraet:''l OCCllrR on the 
slope of t,he Spearfhlh formntion about Bradley 
Flat, atHl 111so bordering H.ed Canyon, The 
gra\,f'l'l t'owring these terraces hayc, flS uRufll, pro­
tt:'('1e(l tht:' undf'rlying ro('ks from erosion to a 
gTeater or less extent. 
- The bpearfish formatioll is eomposed almoHt 
entirf'l) of Sfnl(J~v red shale, generally thin bl'dded 
and ,~ithout special features ex('ept the gypsum, 
which occurs in beds at varions horizons, Home­
times extending eontillllonsly oYe1' wiae area:'!. 
Throughout the fcmnatiou there are I:1.mall wins 
of gypsum due to H('{'ondary deposition. The 
principal bed of g.n)Hlllll, whit'h itl continuous oYer 
a large area, lies lloout flO feet above t.he hflRe 
the formation, and has a thidm~ss varying from 
]0 to 20 feet. 

The formation ha,c; not yielded fossils in this 
vieinity,.except a fl'w fraf,'lllents of fish srales 
iwletf'l'lllinate genus, but it 'has been regarded as 
Trias'lie heeause it lies uneonformahly - beneath 
lHflrine ,TurasRi(' depol:1.its aIHl ill underlain by the 
Minnekahta limf'stolle, whieh is probably Permian. 

JITltASSIC SY~Tmr. 

,Yundunce jOl'm.afion.-The Sundanl'/; format.ioB 
lips unconformably on the Hpearfish red beds and 
its oukrop OCCUpif'R thf' greatE'r portion of the slope 
whi('h rises from the Hell Vullev to the ereR1. of the 
Dakota Tt }lHS a b;oad out{'rop along 
thp I:1.outh of the yalley extending east alld 
we1:lt of Minnekahta I:1.tation. It nalTOWS in' thc 
monoc1ina 1 ;ridge west of' Cascade Spring, but. 

of Sltnrlv.nee 

100 

75 

10 
10 

35 
45 
20 

Total 308 

The dark Hhales of the upper portion of the 
formation fin' :,,;oft, hut are usualh- di,..,tinetlv lami­
nated und theil' limeBtone laye~ arc higl;ly fos-
si1iferou~. }Iany of distinf'tiw Rhelll:1. 
are found, and some ('mltain large numhers 
of a yery eharaetprisiic eigal'-shnpf'd fossil, Belem­
niles deusuR. The fh'1Ri1s vary in size from an 
iuC'h, or less, to 4 illl'hes, ha\'e a dark color, arc 
hard and hea vv, and exhibit a radiated stnwturc 
when seen in" transH'l'S<' se('tion. Thpy of'ten 
wf'ather out in ronsidcraLle numher,s on the hill 
slopeR, or occur Rl'attpred in slahs of lime1:ltone. 
The reddish SiUldstonel:i of' the llliddle of the forma­
tion arc usuallv soft and of' a dull-red ('0101', 
merging into l401't, impure, buff sandRtones below. 
The ~llJldstone in the lower part of the fOl'lnation iH 
the most prominent feat-m'e in the ollkrops 
the south si(le of the Hed Y H lkv east anu west 
~IinnekHhta, its presenC'e usnall}: heing marked 
a distinct beneh :llld II precipitous ledge in 
genenll shaly I:1.lope. 'fllCre nre also frequent 
lif'l'S of it in low butt('s. Part of the roek is 
mal:1.siw, hut i'101llE' iF! slabhy and pre1:lentH finely 
devploppd ripple marks, indirating that it was 
deposited in shallow wnh'l'!:i, Tt \'aries from fine 
to eOllr",;r g-rain. Fossils oceur in it I:1.paringly; thp-
most common a distindive <'rinoi(l known 
aR Penlacrillo£du; The lower shales arc 
similar to the up}>t:'!' ones, lmt arc oT(lin:ll~ly 

slightl,Y harder texture awl of mueh less thiC'knes1:l, 
being GO feet thiek ncar Cmyen l'Hllrh, 4/5 feet 
nrm' l\-finnekahta, ()O feet near Casrade Springs, 
and ~)B feet -in Hhep:,: Canyon. 

The hasal red RalHlRtone is found throughout 
the t:'xposUl'es in the Edgt'mont qnadrangle, but it 
val~eR eonsiderahly in thickness. It is oftf'n 
bright red and 1.'1 very massive, RO that it gi Yf'S 

rise to promint:'nt dill\:; that ril:1.e ahove slopes on the 

the ALlndnllce below Hll(1 from tlw Lakota 
Randdone which Hsually overlie:" it. Tt llpprars to 
be less distinetly BeparalJ-)d from thl' Morrison RhaleR 
whieh oVf'rlap it fi'om the Wf'Rt. Its greatE'Rt de\'f·l-
opment ill the Blaek Hills is in the hogback 
east of Hot Rprings and Aprillgs, where 
t.he bl~lliant pillk, purplp, and pure white exposures 
arp \ ery Htriking. Thp greatf'Mt thiekneB.'1, :22{) feet, 
is iu Hheps Canyon e:Jst of Casrade Springs. 

The L'nkpapa sandstone outcrops along- the eHHt 
side of the l1lonoeiinal ridge ju:,,;t, west of {;aseade 
HpringR and llnderliffi the plateau to the wesL 
Kear Cascade Spring1:l it iH ahout 100 feet thick, 
awl it gmdually deereHse~ in thi('knest' westward. 
It ouu>r~)ps nlOl;~ the northern e(lge of tIll' plateau, 
gi \'in~ ri:,te to it slllall Rhelf at 1:lome points. It is 
t:'xposed along the Rlopes of' Fallt; nnd Hell ('anyonR, 
and it" westernmost exposun' il'1 in thf' eanyon south 
of l\ukpr Peak. Ii hal:1. a thickBE's..., of oYer 80 fert 
in Falls Canyon, and of 80 feet ill Hell Canyon, 
('om[lrl1:ling tile usual 'whitf' I:1.andstoJle at the" top 
alld 10 feet of pale-pink, lllast'ive, fine-grained 
sandstone helow, sharply sepnratf'd from the undt'r­
lying Sundan('e heds. One of the llnel:1.t 
of the formation is in a small eanvon milrs 
sOllth h" west of JoneR Rtation, wher~' oycr 100 feet 
are pxhihit€d, of whieh the upper half is white and 
the lower half a deep pink. Thf' f()('k is fine, 
even grained, and mw,;sivcly heddf'd. In this ridgc 
and eHMtward the Lakota sandstone lies directly on 
the lJnkpapa SnrHIBtollP, the }Iorrisoll forlllation 
disappearing cai;lt of FallR Canyon. Bet.ween the 
two sandstones there iR a strongly marked uncon­
formity represellting an eroRion intenal in which 
there was a land surface during- deposition rlsewhere 
of the Morrison. The plane of uneonformity iR 
inegllllir in ('ontour, w-ith local channels, and is 
pL1inly exhibited by the eontJlet between the('oarse, 
('ross-hedded, bull' sandstone aboye aud the fine­
grained, massive, pure white sandstolle of the upper 
Unkpapa beds below. This C'ontact is exposed in 
the ridgeR east and sontheHst of Cas('ade Hpringl:1., 
pHli,iculHrly at the one point in a high diff that 
can be Reell for many milps to the west, It is also 
exhibited at intennls llorthwf'st of Cnseade. Pos­
.'lib,1 y the U nkpapa sandRtone originally extended 
farther ,\ eBhnud and its western extension has been 
removed by erosion, hut more likel \' it is a loeal 
heach dep~sit of lateRt Jnrassie or" eal'lie",t Creta­
ceous tinlf's. ~o fossil", ha\"e heen found in it, but 
from its assoeiation with the Sundance hells and 
the apparent conffll'mity between them, it is provi­
sionally classed with the JurasRie, 

CRETACEOUS AY:'/TEM, 

re<1 Hpearfish shales. f:lome notable exposures lIforrj~()11 j(J1'mation.-'l'he 1\1orril:1.on formation 
thi~ sanustone oecur in the s(,{,tion giycn ('onRists of masRive Hhalf'l'l, or har(l days, mainly 
about :2 miles northwrst of J\finnclwhta stat.ion, light-gray or pale-grpeniRh-gray ('0101', but g-ener-
agaill OIl the west side of Bcd Canyon, a mile north- ally in part also red or maroon, with oeeasional 
east of Craven ranC'h. III both of tht:'Se exposureR layers of fine-grained, white sundswne, This for­
the bright-red color is ('ollf:lpicllom;. The sllndstone mation usually is prominent in the Black Hi111:l 
containB a few fossil shel1s of d-jstinetive Jurassie uplift, hut if'! ab.c;pnt in the sout.heastem portion 
speejes, and there i:,: a marked erosionalllIlC'onform- the region, -VYpst of' ~Iinnekahta it has a thiek­
ity betwet'll it and thp underlying Spearfish wale. neSR of 100 fet't or more, but ea1:ltwanl, ill the east­
East of Mirmekahta for some distanee the basal ern portion of the platenu northw~t of' Cas('ade 

Springs, it thins out and disappears, the Lakota 
sanJst{Jne lying directly on tllC Unkpapa sand­
stone in the ridge just we~t of Casrade Springs and 
in the region farther south and eaRL The :\Ic.-rison 
shale is exposed in the upper part of the slope 
at the hase of the diffs of Lakota sawlRtone iu 
the Borthern fiwe of the hog-back wt:'stward, As 
the dip i1:l10w and the flmnations arc relatively thin, 
the ontcrop iH somewhnt irregular, extending far 
northward up the points of the rid~e}l, and Routh­
wani down thE' canyons which erosl:1. the ridg-f', 
notahly in the plateau southca1:lt of ::'IIillTU:'kahta, 
The forlllation is exposed in Hell :md }'alls can­
yonR and in tllC canvOIl south of Parker Peak, 
iying on the Unkpap~t sandstone. In lIell Can­
yon the formation extends to within abont a mile 
of Cheyf'nne River, and, although varying: -in 
thicktwBs and eharaeter, ('oIlsif:lrB mainly of gray 
and rt:'d sandy ('lav. On the ,vest side of Falls 
Canyon the U nkI;apa sands~olle is overlain Ly 
GO feet of tlhale, gret:'niRh at bllse, darker aboYE', 
and light green and maroon in itR upper portion, 
hut Oil thf' eaRt side -it thins rapidly to about 20 
feet.. There are also Rl1la II eXpORUl'eS in Chilson 

a mile Houtheast of Chilson, and in the 
of branches of' Rpnnett CHlvon, where it 

i1:l pale-grecni,,;h, mnssiye day, wid; t.hin, white, 
fine sa1Hlstone lavers 3 to 10 in('hes thiek. It is 
also eut thl'oltgh\r Cheyenne lEver f'a.'lt of' Edge­
mont. TIl an f'xposure in Red Canyon just 'v('st 
of' Cnrvcll'R rauch, where the f()rnmtion is 80 fect 
thit'k, thcre is, at itH hase, a thin hver of limestone 
tillcd with remaim of fresh-water" algre. In the 
wen at Edgemont. the formation appearl:1. to extend 
from 652 to S02 feet, a (listanee of 1;30 feet, 
-ineluding a thin limestone bt'd at 705 feet and 
SOHlf' "soft white beds" at its base. 

In the western part of till' quadrangle the Mor­
rison wale is distinet1y separated from the Hlln­
(lanee formation, and in the eaRtel'H part from the 
e ukpapa sandstone, by an abrupt. change -in char­
acter and material, bllt there is no evidenc(' of 
erosional unconformity, The charact.er of the 
material and the oeeUlTellce of bones and of fresh­
water molluRk.c; in it in variouR portions of the 
Bla('k Hills indicatp thal the sImleR are of' fresh­
water origin. III tllf' northern Hlaek Hills the 
shales ha\'e been desigllated the ... \t1:mtosanrus 
formation and the ileulah Rhales, and in ('entral 
'Yyoming they have heen C'llllerl the Como beds, 
and there iR goo(l evidf'n('e that theRP are prf'eiRely 
cquimlent to the 1\1orrison formation of the Den­
ver, Colo., rrf.,rion, AR thit; fOl'lnation appears 
to he eqlliyalent to H port.ion of tllC Comanehe 
series in northweskrn Oklahoma and southeastern 
Colorado, it is dassed in the Cretaef'ouI:1.. 

T01'.ma<lOn,-llle Lakot:l. salldstorlt', con­
sisting Reries of hard beds, usually from :!OO to 
;--1.50 feet thi('k, is prominent in tile hogback and 
the plateau bordering the Red Yalley. Tts outcrop 
{'rosses the northeastern third of the quadrangle in 
a belt. pap-sing south of l\Iitlnekahta, where, owing 
to low dips and the l'emo\'al of the overlying 
DakotH sandstone, the Lakota is bl'o:tdly exposed 
in high, smooth-topped sloping south-
ward. On approaching f:lprillgH, where 
the dips Rtpepen, it gives rise to 'a narrow hogback 
and in a hook-shaped (,01ll'Sf', around the 
point of antieline. A ,few miles below Edge-
mont., Hnd agnin south of Cascade Springs, Cllf'yf'nne 
River has ('ut high-walled gorges in it, Chilson, 
lIell, and Falls eanyolls also cut t,hrough it and 
trendl more or less deep} y into underlying for­
mation1:l, 

The Lakota formation is eornpol:1.erl of hard, 
coarl:1.e-grainC'd, mostly ('ross-bedded and maRRiYe 
sfllHlstone, with o('easiolllli thin partings of sh:11e, 
Streaks of (,onglomerate often appear, espeeially in 
its lower portion. Snu.tIl basins of' coal oecur in it. 
east and north of Edgemont. In the eaRtpl'll por­
tion of the quadrflngle the formntion lieB unron­
formahly on the Unkpnpa sandstone; tn the Wf'st 
it abruptly oyorlim the Morrison shales without 
transition beds, but does not present othrr eyidellCe 
of uneonformity. There are frequent local vm~a­
tionl:1. in eharacter, but the general features are 
('onst.ant. The thiekness varif'R eonsiderably, but 
within moderat.e limits. In the gorge at Cas(,llde 
Apring'S '1.75 feet of' nearly vertical sandstone heds 
wel'e measured, hut the predse upper limit is not 
clear. In Falls Can von the lower beds include 
massive buff 1:l1\lldsto~lC whh few shale partinl:,"S 



and a JllaSR of gray fire day ow·rlain by heavy 
beds of light-buff, coarse-grained, eroR.'l-bedded 
sand~tone. The lower portion of tht' formation 
often illdudeR considerable dlHk shale, as in lIeU 
Canyon and espee-ially in the l'e~ion 11 fmy miles 
Honthwest of l\IillllekahtAl. On dH' north sidc 
Red Canyon the basal Beries comprises massive, 
cross-be(Med sandstones lying on 11 few feet of car­
bontlceous shales with ROllle coal, and overlain at 
one place by 11 30-foot dt'posit of lHal:lRi ve grecnish 
shale, which w'st'lllbles the Morrison formation in 
appearance, hut which grades laterally into soft 
buff Randstone. Tllf' oVf'rlying hedR are of tlle 
usual character. ,Yeiit of Re(l Omyon the upper-
1ll0st membt'r is a massiye salHhitone of light color, 
which ';"cathers into rounded forms and giveR riRe 
to a shelf of eonsiderahle width weRt of Craven's 
ranch. In this region the thicknebs of the formfl­
tion diminishes in places, and at one point in tllt' 
East Fork of Bennett Cflnvon is onlv 180 feet.. In 
Pass Creek Canyon also the format~ion thins eon­
siderably and presents in its lower portion a 50-foot 
ledge of massi ve, cro~b-hecldt'd, huff iiandstone 
lying on 50 feet of eln·bonaceolls shale whi(,h 
gradeb down into gray shales with sandst.one intf'r­
calations that extend to the Morrison conttlct. 

In tlif' gorge cut hy Cheyenne Ri \-er acrOS8 the 
antic-lille eaf'.t of Edgi>mont the Lakota fOMlwtion, 
lying on :J[orrison shale~, ili exposed in itl::' entire 
thickness. The heds rise' on the west side of tllE' 
areh and, with a dip of b", comprj~e at the top 100 
feet or more of maf'.si \ e, white to palf'-buff, fine­
grained sandstone, 40 feet of'slabby salldstone and 
sludt·, 40 feet of massiye, light~grtly, fille-grainf'd 
sandstone, 10 feet of shaly and thin-hedded sand­
stone, and ao feet or more of maARive, white to 
dirty gray sand~tone, In Chilson Callyon the for­
mation appears to be of grt'atly inereased thickness, 
measuring over 500 feet, but this may be partly 
dlle to landAlides in the deeper portion of the 
eanyon, by which thf' basal heds have slipped 
dmvn over the Morrisoll shale. 

At a coal pro~pect (B milt'S east of Edgemont, 
on Cheyenne liin'I', on the north side of the tir~t 
lnrge bend, the coal Oe(·UN 2;''i0 f(,.pt, aho\'t' the rivel', 
or ahout 200 feet aboye tlip hase of tht' forma­
tion, between layers of massi\'(· white sandstone. 
One und one-half miles hlrther down the river, 
also on the north Ride, there ifl a a-foot hed 
poor eoal gO feet above the river and 65 feet above 
the hase of the formatioll, At tht' mine around 
the next bend, in sec. 2"1, there is a coal hed which 
has a t.hickncss of ;) fcd for some distance, but 
thinA out eastward. It is abont ;)0 f~et ahoye the 
ri \'er and lies hetween t\yo heavy beds of massive 
white sandstone, of which tll; upper is )!,) feet 
thick and is overlain hy ,:=jO feet of thinner bedded, 
li~ht~colored :'landstones capped hy terrace matf'l'ialA. 

The Lakota Aandstone was pierced by the bm'inbrs 
at Edgemont and appearR to extend from 4:i0 tD 
652 feet, a thicknes.,; of 222 feet. A characteristic 
feature of the Lakot~l sandRtone is the occur1'euce 
of numerous f08~il yegetal remains. Large nUlH­
ben;; of evcads have been found in its middle beds 
west of ~Payne and Arnold\; ranch (see fig. 8, 
illuRtration sheet); petrified tree trunks are also 
of' frequent oce-lIl'renee. One of' thf'se, near the 
cycad locality abovc ref(,.rred to, is shown ill fig. { 
of the illustmtion sheet. Thev are almndant ill 
the wide plateau of Lakota s:;ndstone f'xtending 
cast of Parkel' Pi':ak. On the eyidencc of its fossil 
plants the Lakota formation i:::; classed in the lower 
Cretaceous. 

.1lIi;uwwaH{e limoltolle.-The J\fiunewa1lce liml'­
StOIlC is tl formation of limited oecurn'Jlee in the 
Black Hills, its principal outcrops extending from 
the vi(·inity of Cascade Spring.'l to lluffalo 
A small outlying area i:'l alAo found at the head 
BE'nnett Canyon. 

In the high ridges east of Cascade Springs 
the formation is 25 feet. thick and caps Home 
plateau areaR of moderate extt:'ut, but it thins 
rapi(11y south and we::;t aud appears not to extelld 
north of Cnseade Hprings 01' weRt of Fall:" Canyon. 
It is exposed at intel'vah: on the slopes ahove Tepee 
Creek with a thickness of 1 Fj to 20 feet, iR well 
E'xhihited on the north side of Cheyenne Hi Vf'r east 
of Coffee Flat with a tlliekneK'l of 18 feet., and is 
exposed in a gorge a mile south of Caseade 
where its thickne:::;R iR 10 fect.. At the 
Bennctt Canyon there are several 8mnll 
in which it has a thickness of from 3 to 12 feet, 
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and it caps some narrow ridges and slopes near the either side of Chilson Canyon the formation is 
county line, pas;:,:illg heneath typie~ll Fu~on da.YH largely represent.ed hya hard: gray to purplish-gray 
on the of' knob;:,: capped by the massive red- quartzitt', a rock which is f'xtensively dev~loped in 
dish of the Dnkota. Small trae-es of cal- PHrker Peak and at Inint Hill, "vhere there are 
eart'ons deposits are seen at the base of the FURon extensive exea vutions made hy the lJJdiaIls f()J' 
formation at yariou~ points Horth of Etlgemont, materials for arrow hf'adf( :md (;ther implerrwHt..;. 
which doubtlf'~s repreAt'nt 1\IinnewaKte lime8tUlJe. SOllth of Cascade Springs the upper bed iK tl 

The typieal rock is a nearly pure, light-gray liml'- hard ~aJl(lstone 15 feet thie-k, underlain bv A;'5 feet. 
stone presenting a uniform eharaeter throughout. of thin sandstone and alternating shale a~d Rand-
An extended search has fllikd to dete(·t any fos,;il:'l stone', at one containing a 4-ine-h hed of coal. 
in it, bitt it iR kno,ul to be of lowf'l' Cretae~ous age The upper of the Dakota format;on exposed 
beeause it lips helow the FURon formation. under the G-raneros s"ha leR in the hank of Cheyenne 

Fuson jU),lIwtion.-The Filson formation con- River a short diKt.ance ahove the mouth of "Plum 
sistR of a thin sheet of clays and impure sandRtone Creek are a:'l f;.)llo\\,s: 10 f('et ofslahby brown sand­
lying between the Dakota RandKtone awl tlw J\Iin- stone; 10 feet of yellow to drab mottled elnv; 10 
newaste limeRtone or the Lakota sandKtone. It has fcet of thin-bedd;d, light-brown salHlstone; ~5 feet 
a thickness of' nearlv 100 feet. southeast of Casende of drah Hhale, and i'i feet of yellow and drah Rhnles 
Springs, but westw~rd it thinR rapidly, varying lying on the maR.'livc lower ;nember. .At the e(ml 
from 30 to (-:i0 feet. The pre(lominant rnatf'rial is prospect on the river hank 3 mile;::; east of Edge­
day and Fmndy day of gray color, with cOllspie- mont there are,lwlow the Graneros 1lhales, 1,1) f~et 
nous maroon alld purple portion;::;. Thin heds of slahhy, light-colored, fine-gTl:J.ineu ~::andstone, 20 
of buff sandstone and one or tV'lO luven3 of a c1-IHr- feet of'dark shaly sandstone, 20 feet of maR,',ive, 
neteristie dark-green Randstone are IIs;mll y illduded. fine-l:,Fj'alJml, li~ht-buif sanu:::;tone, and ao feet or 
Locally t.he clay apIMul'l to give place in l:,'Teak'J' more of durk shaleR l"ont~lining a hody of very 
part to satHly ::;hale with gray to purplt: clay part- {'oaly shale neal' the top. 
ings. To the east, overlying the Minnewllste lime- The Dakotl:! heds at the grindstone quarry north 
I::'tolle, i8 a :lO-foot hasal bed of' eoarse Rawlslone, of E<lgt'lllont belong in the upper meIllher, whieh 
much honeyeomlwd by weathering. i:::; nbout 45 feet thick and if( overlain bv Graneros 

In piaeeA, aR at Pm:!s Crf'ek, tlH-' ft)J'matioll eOIl~i::;h\ ~hale )lI1d separated from the 10wI-'r mll~siye H)jlld­
ltlrgely of' dark ~hali' and g-ray ~alldy Hhale. TI-'n stones exposi-'d in the adjoining canyons by 25 to 
miles north of' Edgemont there are·lO ff-.et of dark, ;{O feet of maroon awl gray day, with thin 
8alldy shale in the upper part of the formation, sandRtone intercalation;,;. The beds at the quarry 
ligl,ter colored sawly Rhale in the mid(lle, and dark nre n;:,: follows: At the t.op 3 feet of buff sflJl(IHtone 
Rhales lying on massive Lakota salld~tone ut tll(' with a thin parting of drab I:lhale, 1 foot of drab 
hase. ~vo miles west of Craven's :ranch the Dakota Rhaly sandstone, 10 fef't of' mnssi ye, fine-grained, 
sandstone i8 underlain hy 7 feet of dark-gray to I light-eolored quarry stone, 5 feet of thin-bedded 
black mtlRsive shale,;~ feet of light-gTa.v clay, (j feet I huff f(andRtone;::;, 7 feet of massive Luff'RandRtone, 
of dark day, 8 feet of green samlstOllf', 1 G feet of I 3 f("('t of' thin-bedded to shal), Rund~tone, and 5 feet 
dark-brown, very soft ~andstone 01' sandy day, 6 I of slahby light-buff Slllld:'ltoIleR lying on maroon 
feet of purplish {'lay, and 16 feet of lig-ht-eo]ored, and gray elays. These days AOllleWluH resemble 
vel'y sandy clay lying on typical Lakota Hand1llone. tho~e of the FURon beaR, but dley are underlain 
As the formation is soft as eompared with adjoin- hy typieal mas.yiYe sandstone of the lower Dakobl, 
ing RandRtones and limel'ltones, it uwally lif'R along whidl rises in cliff" farther up He'd Canyon. 
the hnse of Dakota KluldRtone diffi::l and is Illon' 01' In the region north awl eaRt of Mal'it'tta the 
If'R';;; hiddell hy talus. upper IllemberA of' the Dakota ('ompriRe thin-bedded 

In the well at Edgemollt the Fuso" formation liandRtolles underlain by dr:-lh, gray, and red to 
appears to extend from 2~)0 to 430 feet, a thiek- maroon clays, arul the 10,Yer nlkotll bell.,; are ill 
ness of AO feet, being reported as "slmle." ~o part thin bedded. 
fossils have been fonnd in the formation in the Tn the wells nt Edgemont the Dakota l'hlildAtone 
Edgemont area excepting a fE'\\' indeterminable appears to have been ~nkred at. tI depth of 2~K; feet 
plant fragnlf'ntR, but in the Hay Creek regioll in and to have a thickness of 55 feet. 
the northern hills it lUlI:l yielded large numberH of The upper sandstone of the Dakota sandstone 
plants of lower Creta{'C'ou::; age. near Hot Springs haR yielded fossil plnnti:; of the 

Dakota .mndstone.-The Dakota sandstone con- Dakota flora, of upper Cretaceous agt'. 
stitutes the ollt('r slopeR of the hogbaek an(l pla- Graneros 81/01c.-This ;::;hale i;::; the lowest forllla­
t€au, heing prominent in the steep riAe from the tion of the Renton group and is believed to be the 
yallev underlaill by the Graneros i::lhale. In the pree-ise equivalent of the Uraneros .'1hale of south­
regio~n north and ;ast of Edgemont it preAents tl f'af(tern Colorado, aR it lieH lwtwet'n the Dukota 
regular slope to the A(mthwest and is deeply sand::;tone and the GreenllOrTl lime;::;tone, which in 
notehed hy eanyons, sOHleof which have eut away both l'f'giOIlS is eharaderized by numerou:::; remainK 
port,ionA of the formation, leaving senttered outlien:. of the same spt'eies of InOCemJ1Ht8. The shale is 
Southeast of Minnekahru, where the dip is south- durk and in gn>;nter part breaks up into thin flakf's. 
eastwal'd and iA wry gl-'ntle, the formation extends It eontains nnmerou:::; coneretions, W'mally lens 
far up the sloping platc<'1u, mostly in outliers cap- shaped, rant-ring in di:lmeter from a fi:nv inehes to 
ping the nnlJOW ridges betw~ell the (leep canyonR. Reverdl feet. Itl'! thiekne,'!s averag-es about 8,30 f("et, 
One of the most com:pieuous of the:::;e outlying so ftlr as could be aseertained from se\'eral ero;::;s­
masses is Parker lleak, in which the formalion sedioll measurementB made with rat,her uncertain 
attajnl:l lUI altitude of 484H feet. dip determinations. lJsnally its" limits above and 

The formation rllrely exceedK 12;3 feet, in thiek- below arc sharply defined, bnt. loeally, as near 
ness, being ahout half;1' thick ns the TBkota sand- Cascade Sprin,e;l'\, there are some basal ::;aIHly bedR. 
stone. It generally eonsi~tl:l of lUird, ('oarse sand- A ('on tad with the o\'erlying Greenhorn lillle~tone 

stone from GO to 80 feet thick, overlain by a is shown in fig. 12 of the illustration sheet. 
thin serieH of purplish find thinner be(Med tmff To the llorthwe::;t the ;:':}1l1Ie ulHlerlie8 the valley 
sandstoneB, with a variable Rerit'R of RandstoneR ao occupied by Cheyenne l{ivel' and to the southeast 
to 40 feet thick tlt tlll' top. The hasal member Rome of the lower western branehcs of Hat Creek. 
uRltall,v is very massive, giving rise to cliffs ill ThiR valley narrows flS the dipA steepen f'lIst 
which the jointing giveR a rucle palisa(lal effect, Edgt'mont, and stillmore on the eaAt flauk of the 
and its color on weathering is :l eharactel'isti(' dull synclint:' east of :'Ifaitlalld. Tt i::; t'xtcnded south­
reddish brown. PI'mnillent exposures of thiR ward bevOlull~umford bv the :mtidillc west of Hat 
member oecm along Ued find 11ell canyons, nna it Creek, :;nd its extension" to t.he southweRt up Cot­
rises in a sharp, rocky hogback ridge on the west tomvood Valley iR also due main Iv to an anticline. 
flank of the antidine south of Cascade Springs. Small outlyin~ arellR are fOllnd~ on the Dakotn 
In plae('s it ehangt's into tllinner bedded Rand- l'landAtone plateall~, notably in the high ridges 6 
stone, espceially in its lower part, aB east of the milL'13 north of Edgemont alld at other points north­
gTindstone quarry. In the high ridge 011 the east cast of that town, where it ha::; been protected by 
l'lide of Red Ctlnyon, a short distallet' liboye the Oligocene deposits. The formfltion is extensively 
mouth of Crawn Canyon, there arc prominent expoRed lmd its AlUface is generally bare of vegcta­
reddish cliffs of the eharaet{'ristic masRive sandstone, tiOll. Along Cheyenne Ri \'121' und Hat Creek it is 
:)0 feet thick, lying on 8 fei:'t of softer, thinner extensively covered by alluviulll, and west of).Iari­
bedded salulstone;, underlain by 20 fCf't of very etta and near .Maitland its upper portion -is coyered 
light-colored sand~tone, reddish at top, which lie:::; hy dune sand. In an area of eonsiderable size 
on typical Fuson purple shales, In the ridges on n~rth of Maitland the Graneros shale is traven:;ed 

by dikes or masses of sandstone o('mpying fissures, 
The most f'xten~i ve of thpf(e are lIear the road to 
Maitland as it f'nterR the draw just south of Coffee 
Flat; ot}wrs are i:'xpoRed a mile farther Ivest, in the 
caRt. hank of the riwr and 011 the ~lop('s a.bove. 
Two 8mall diketi wm'e ohsel'\'cd :1 miles sontheaRt 
of Edgemont, and there iH another 2 mil!:',; Routh of' 
Cascade Hpring~. TheHe dikE'fl cOHsist of salld 
derived from the Ilnderlyillg Dakota snndt:1tone, 
which ha;::; been foreed up alollg joint planes or in 
fiR~llres for Rome distance through the lower lwd~ 
of the shale. They yary in width from a fraetioll 
of an inch to Blore ~thall "20 feet; nnd whih~ most of 
them are short, SOtllt' of the largest of the dikes 
extf'ntl several hundred yards. One of'the 
whieh 11:l at least 20 feet. ~wide, is shown in fig. of 
the illustration sheet. The trt'ud varies consider­
ably, but the gelJ(~ml direction is nort.heast-south­
west, awl some arc curved. MORt of them (lip 
steeply, hut in places the inclination is low. In 
the diff cast of Cheyelllw Ri vel' there lire two dikes 
that erOSd eaeh other, showing that one Ivas intruded 
after the other. At some points the shale Oil either 
si(le of'the dike iR deflecte(l ahruptly downwanl ft))' 
a few inelH-'B. 

The Graneros shale out('rop~ for the most part 
in a broad, open trough, whi('h on the :'louth meets 
tllf' oVf'rlying Gn'ellhorn limestone in a more or leR~ 
ahrupt Rcarp, and on the north jOillb the Vakota 
slope witllOut marked phYHiographie break. ~ol'th­

west of the main gorge of the Cheyenne a largc 
part of tlli' shnle art'a is occupied hy the vHlley of 
Cheyenne HiYer and 80llle of' its more important 
h'ibntarie~. Bordering thes(' vallcys on one or 
both sides is a wdl-defined series of stream ter­
rae-eR Cllt. in the shale. TheRe terraees an.' flat 
toppe(l and arc coyered to a greater oj' leR~ extt'ut 
with alluvial tlepoAitR, which have protcetetl them 
from extenf(iYe erosion; they are, however, consid­
erably dissected by minor ~treums, \\11ich tend to 
form long, rathel' opun and shallow yalleYR follow­
iug the strike. The tendf'ney of streams to f()llow 
th(, line of contact lwtwef'n a ::;oft formation and a 
harder one heneat.h is seen again nlon~ the contact 
of thE' GnHlPI'o';; bhale and the Dakota Rand;:,:tone 
north awl northwest of Edgemont. 

South of the main Cheyenne gorge, ,dlt're tIle 
roeks dip aL a high angll', the Grancros ::;hule forms 
a comparatiYf'I.y llarr~w pas8 in the hills, with 
drainage to the norllnvest :md southeast. J nst 
north of the pass a well-defined, t:1hort hogha(>k 
ridgf' ha::; been developed in the Grnneros forma­
tion, owing to the local O('CUTrt'lH·e of Randsrone in 
the steeply dipping Ahnle. Two eonielll hills about 
3 miles nm-thewit of Maitland :il'e the result of a 
similar occnrrellce of sandstone. 

Tn the eastern part of the qUlHlrangl~ the 
Gralleros shale docs not, in general, f(Jrm a RiJllple 
trough, but presents topographic f~u.tme;::; liil1lilm' to 
tllOse den·loped on the Pierre shale, with broad, 
rounded ridge;,; and open valleys. Terraces 
oceur locally along the lar,e:f'r valleys, a8 west of 
Hat Creek and alon~ Cheyenne HiYel'. In the 
triang'ular area of Graneros shale southwest of 
l\Iaitltlllll the prin{'ipfll topographic feature is a 
hroad, irreglllnr>ridge south of PluHl Creek, trf'nd­
ing north of eust and ha\ ing Rhort drainage linel'! to 
the nort.ll and longer to the south and east. 

Green/l0l"'t the plains flollth of 
the Black Hil1fl Rlopt's one of the most, prominent 
ff-.atUl'eA il:l a low hilt distinct. nOl'lh-fiteing i'1'carp­
ment which is due to the hurd Greenhol'll ,lime­
stOlW in t.he middle of the Benton group. Th~ 
esearpment is cOll;::;picliOliS weRt and sOllth of Edgf'­
mont, where it presenti::l the aRpet"t shown in fip:. 12 
of the illustrdtion shet't. In thi8 regiou the roekii 
dip mORtly to the southwest at low anglt's and 
the formation a table or bhelf of JlIoderatc 
height: South Plum Crcek the outcrop is 
dei1eetecl hU to t,he liouth by t.he Hat Creek anti­
cline, and where the dip,,> are steeper the edge of the 
limestone rises in a ridge or line of knobs which 
extend to Hat Creek I:loutheast of Rumford. The 
eRe-arpment iR often coyered by alluviuHl in it~ 

northeast corner, along HHt Creek Vallt'y, but it 
beeomes conspicuous again as t.he beels rise from 
the syndine east of Maitland. On t.he east side 
of this flexure, where the dips are steep, itR COlUBe 
iR again markf'd by a line of ~harp-crel::'tetl knobs of 
considerable prominence. The limestone is thin 
llllt persistent and i:::; eharaeterized by a large num­
ber of' casts of Inocemrnm; labiatus (see fig, 11), 



a fossil which is of infrequcnt occurrence in 
the adjoining shales. .It contains a considerable 
amonnt of day and some sand, and appears to 
harden on exposure. It breaks out int.o hal'll, thin, 
pale-buff slabs, (~o\'f~rf;d with impressions of t.he 
distineLi\'e fossil. Its t.hieknes,'l ayerageH about. 50 
fect, including some sllftl.v heds in its upper por­
tion. At its bal:le it is distinetly separated from 
the hlack shales of the Graneros formation, as 
sho'\\'fl in fig. 1:>', but itf:; upper heds into the 
CHrlilc s}Jales through G or 8 ft'et. passa1:,"€ bells, 

The Gl'eC'llhol'll formation is resistant to erosion, 
and t.his eharader, together with itf:; oeclLTrence 
aboyo the soft. Graneros shale, lws /:,>1n-'n rise t.o 
some of t.he most prominent topographic featuref:1 
south o~· Cheyenne River. \Vhere t.he dips are 
lo\v, broad, flat-topped nWS::l::; have been formed. 
'Vcst of Edgemont t.he Greellhorn mesa avcrages 
ahout two-thirdR of a Illile in widt.h, while SOllt.h-
eHst of E(lgclllont the width of the hroader 
part is b~t.ween 1 z and milcs. .."\'long lIat. 
Creek south of l\fait.lalld the me,Hl is gem'rally 
nal'1'OW, awl is in pill't e(n~ered ·with will{l-hlown 
Haud. These mesas al'e hordered by an irregnlar 
cliff, frequently more or less abrupt at the top, 
where it. is capped by the Gl'eenhol'll limestone, n 

large pa.rt of the Hlopes ('ons~sting of t11C undcrl;r­
ing Cnmcros sllale. Clwraeieristic views of these 
diffs are shown ill 12 of the illust.ration sheet. 
The ragged margins taNes are fOl'llH'd by 
the deep V-shaped embayments commonly fOllnd 
\vlwrc erosion along dle dift· has cut through II 

liard format.ion to the softer rocks bene11th. \Vit.h 
the general dip of t.he rocks the 
becomes gradually prominent toward the 
south, along Cottoll\yood and Hat creeks, till the 
Greenhorn f(mnation finally disappears heneath 
t.he yallcy alluvium. 

'Yhere t.he dips are steep the Grcenhorn limc­
stone forms a sharp nnd Hluch serrated hogback 
ridge, or a linc of rudely pyramidal or wedge­
shaped hills (see fig. D, illustration sheet). There 
arc two lines of hills of this charadeI', OIlC Ilortll 
of Hum ford, ext.ending ubont H miles nortlrwest.­
erly; the other a.bout 2] milcs east of }laitla,nd, 
ext.ending' about 6 miles ill 11 southeasterly (lil'ee­
tiOB. The "\veBt.el'n faces antl t1lC I,ummits of these 
hills are ~f Greenhorn limestone, except in n fcw 
])]aces, where short streams have cut through t.he 
limestone awl exposed the, shale. The lower part 
of t.he eastern slope is of Graneros shale. Streams 
have cut neross t11(',',Ie ridges at a number of points. 

Cur/ilo !onrwt£oll.-The outerop of the Carlne 
format.ion, the, uppermost, memher of the Dent.OII 
group, oceupies a broa.d. area Wf'Bt and sout.h 
Edgemont, but i8 narrow on the side8 of the Hat 
Creek and CaRcade ant.ie1ineH. The formation con­
sists mainly of shales, with occasional thin layen:; 
sand",tolle and. 8and y shales, and v,"ith numerous o"\'al 
concretions at the t.~p. Its thickness flYCmges about 
4;jO feet., 01' possibly slightly more. A typical Rec­
tiOll measured neal' the eastern margin of t.he quad­
rangle js giyen in t.he f()llowing table: 

Section of Carlile formation ,w.JIJ,tlwa.~t of MaitllInrZ. S, Dak. 

50 
70 

160 

Gray shales OIl ul'l'eIlhol'n limeloltone ... : ].iO 

4:16 

The formation prest:ntR numerous expoRUrtS, 
except in portions of the valleys of lllains and Hat, 
creekR, where it is coYel'Od by allu\Tium. 

The Carlile merges into tile Ol'eenhol'Il, but the 
pas8age beds are thin. Fossils of typical upper 
Benton molluscan forms, inclllding Pryonoc!Jcl(f.;j 

8caph£te,~ warreni H. alld M., 
awl M., and FU8U8 slw'lfUlrd'i 

1\L, occur ill com;ioerable abundance in 
s01l1e of t.he Carlile beds 

The Carlilo formation is of moderflte tJlOugh 
yariahle hardness, being mOl'e resistant than t.ho 
Niobrara ehalk but. lcss so than the Greenhorn 
limef:1tone. 'Yhere the formation lies nearly flat 
and t.he exposure8 al'e therci()]'e most ext.ensiYe, it, 
is dmraeterized by irregular groups of low, rolling 
lliIls separated by opon vllllcys and smmounting 
the plHteau capped by thc Greellhol'Tl limestone. 
These hills :ire best. developed in the west.ern 
of' the qua.drangle. 'Vhere the dips are steep, as 

6 

north and east of Rumford and nea.r the eastern 
margin of tllC quat1l'flngle, t.he Carlile forma.tion 
giveE l'iso to a long, low, rounded, and inconspiru­
ous ridge, more or less broken by drainage lillI'S 

west of the more prominellt llilh, in the Grol'Tl­
limestone. 

f~)J'jl1ation is 
or impw'e chalk, containing 

and line band, and oftelt iudud­
hard limestone, which consists 

of Odrea (see fig. 11, 
slleet). In exposures it 

is I1sllally lead-gray, but weathered outcropi;; are 
bright yellow, :111(1 therefore ('onspicuous, although, 
as the rock is soft, it rarely gives rise to not.i('whle 
ridges. Its thickneli:::i appears about 200 
feet throughout.. Outel'ops of the al'(, infre-
quC'ut. owing t.o the soft.ness of the matcrinl antI 
local wad OIl i1s slopeR. It:::; (Juterop extellds across 
the southC'J'U middle part of the quadr3 tlgle, being 
spreatl out widcly in the llrea of low dips in the 

antidine ill the valley of Cottonwood and 
creeks. It underlies pan of Phlins 

Creek Valley, is defleet.ed south hy the Hat Crcek 
anticline, 'vl~i('h it ('J'o:"ses just bo1~w .\nlmore, and 
extends north nlong the east side of Hat Creek 
Valley to Bittel' Cre~~k, where it. tUl'llR south in a 
narro~v helt a.long t.Iw west side of tht' Glseade 

rises in a st.eep slope above the Niobrara chalk low-
lands. This is eonspicllollS along the 
east side of' Hat Valley, west find sOllt,h of 
the rHilroad f!'Om Ar(11nore to·Pro\'O, and about the 
heaf] of A lum Creek and its hraneh€!,. The ha8al 
~eries eOllt.ains three horizons of conrretiolll::l, which 
exhibit a regular sequence throughout. The lowcr 
ones are biscuit hard, and siliceous. Those 
in the byer8 next are similar in shape and 
eornposition, hut are traversed in JUany direet.iolls 
by dl'cp ('1'Hcks filled wit.h calcite and sometimcs 
containing scattered erystIlls of barite. :t-,Text. above 
t,here o('cur, in two or t.hree layers, large lens-shaped 
concretions of carbonate of lime of' light.-stnnv 
eolor, showing beautiflllly deyeloped eone-in-cone 
8tl'lLct.nre. These cOlleretionf:1 appeal' LIOt to be fos­
silifel'ou". At higlwr horizons the Pierro shale 
contains many concretion8, genera]ly of smnl1 size,. 
which break into small pyramidal fragmellts, which 
are seattcred more or less abundantly all O\Cer the 
surface. Some of the coneretjons are highly fos-
8ilifi:>rous, conhlinin,Q: tlistinctiw f()ssils, of whieh 
the more abundant l~elong to the f()llowing spc'Cics: 
Enel/iaa; 
delcay1~, Phwnd;",'nL~ 

l'.EH'1'1AHY SYi-iTK'I(' 

antieline. Clwdl'on !ormarion.-On t.he southern slopes of 
As a mIt' the Kiobrara ehalk form:::; a simple, opell the Blaek Hills uplift there remain a. few small 

valley Iwt,ween the Pierre shales on the OIle hand outlicI'8 of s~mds and clays wlli('h appl-'<U' to be rem­
and t.he Carlile fOl'rnation on t.he other. Tl1il'l imlUts of a former extensive sheet of 'Vhite HiYer 
valley is broadest, where tlw roeks dip at a low I Oligocene deposits. The farther north 
angle awl narrowe",t whe]'e the di}Js ure stcepest.1 and east" of ot.her larger remnants similar 
The :t-,tiohrn.ra low!and rises into die ndj:teent Car-, relations a.nd e0ntaining distineti\'e aids in 
lile without, topographic break. The eOIl- t,he correlation. III the EdgC'lllont qundrnngle 

Niobral'a and Pierre fonnat.ions, how- t.]le prinei pal areas are OIl the Dakot.a sandstone 
ever, is gencl'nll.y marked by all abrupt cliff, the ridges () mill'3 north and slightly C'<1",t of nort.h of 
upper part of' which consists of Pierre shales, the Edgemont., nt. an altit.ude of 4050 feet; and in dlC 
100ve]' slopt'e'l eut from the soft Kiohrara ridge g mileR west of north of Minnekahta. station, 
ehalk. The cliff due to the presence of se\Teral at an altitude of 4400 feet,. The more doubtful 
resistant concretiollary layers near tll€ Lase ,of the areas nre in the Red Valley at the heat] of Hod 
Piel'1'e "hales. These ha.rder layers are sepul'at.ed Canyon, at an a]t.itude of 3900 foet, on the ridge 

::;llale, awl t,he different,iul e1'Os:oll of the hard and east of the grindstone quarry, and on t.he -
Tocks haH oecasionally deveiopcll rude terraces north of Craven raneh, at an altitude of t.o 

in thc IIppcr part of the diff. This eliff i~ best, 4300 feet. The rO('k B miles north of Edgemont 
deyeloped where the dips are low, and leHst where- is a brown eonglomeratic grit containing many 
the dills are gl'catest. The ahsence of the eliff small pebhles, cappiIlg an outlying arca of Gran­
nelir the Kiohrara-Piel'l'e contact. west of' lIa.t. eros shale, It occnpies only a fcw a('res und pre­
Creek is partly aceonnted for by a, capping of sents no evidencc as to whotller it rcpresent~ the 
/:,'TaVOIOll the ~iobrara ehalk, which has madc the Chadron or Brule formation. For convenience it. 
ro(·ks loeflllv more rt'sistant. is mapped as the former. KOIth of }Iinnekaht:l 
~ ear tllt' ~ western mm'gin of the quadrangle, we~t the (leposit at one place i", a conglomerato 1.5 feet 

of A]uIll Creek, a heayy deposit of tl,l'1'aee gravelR thiek, lying on 2 feet of white salldstone; and there 
on t.he :t-,Tiohrarn chalk has, t.o a greater or less are alRo iine-gl'ai.Jwd sands, or loams, \vith grU\-el 
extent, protected this f()l'111at.ion from erosion, so streaks, and apparently some fuller's earth, similar 
t.hat, instead of tIlt' single simple valley which else- to t.hat of' the Chadron formation, whieh has heen 
where charaet.el'izes the formation, therc are a num- ruined a few miles north. Possihly other gravc]s 
bel' of flat-topped uplnnds wit,h abrupt margins and sand depo",its in the northern part, of Bradley 
sepHratcd by nlOdorately open valleys. 'Vcst, ot Flat belong to t.his samc formation, or haye been 
Hat Creek the main drainage lines tend to follow tleriyed fl'Om it. In the ridge north of Craycn 
t.he ~iobral'a t.rough. Betwef'1l AluIll Creek and the material is ~and and gravel. Along t.he ridge 
Rumford the main draillage lines of t.he yalley- east of the grindstone quany thcre are sands and 
Soft.water and Pbins ereeks-follow Yl~ry elosely gmvels lying on outliers of Graneros shale and 
tho contaet hetween the Niobrara and Cnrlile for- supposed t.o represent the Cha(lron formation. 
mations. East of Hat Creek the streams flmy for 
t.he most. part. al'l'O",s the Niobrara trough. 

Pierre dtrtTe.-,The Pierre slmle cros,'les the Routh­
ern portion of the Edgemont. (llmdrangle, extending 
northward bevolld Ash Creek on the east of tJle 
Hat Cre{'k anticline and oc('upying an area of ahout 
150 square wiles sont,heast. o( the :flexurc. The 
formation eOllsists ma.inly of II thick mass of dal'k­
bluisll-gray Hhales, which weather light brown and 
give risc to low, rOlluded hills sparsely eovered with 
grass and not mleful for nt,"Tieult'u·I'f.'. The drainage 
lines on it, aR a wholo, follow a northwest",sout.heast. 
direct.ion. ,"Yest of Hat. Creek the general surntce 
rises to the north of west, wit.h the dip culminating 
neal' the west,em margin of the qnadrangle 'in an 
irregular ridge with nort.1leasterl.y trend. This 
ridge, which contains the highest. eleva.tions in the 
sout.hC'l'l1 half of the quadrangle, is largely due to 
stl'llct.ure, awl its position closely corresponds to 
the :mtidinal axis of one of the minor folds. 

The thickness of the Pierre shale is in 
comer of the quadrangle, where nearly 

1000 feet al'(l exposed, comprising about four-fifths 
of its t.otal amount,. In the svnc1ine west of 1\.1'(1-
more there remains a thickne~s of a bout 600 feet. 
At the hase of the rierre shale is a very charaetel'istic 
series of black, splintery 13ha]e, 150 fe~t thick, which 

Residual gl·avels.-The oldest surficial deposits 
ill tIlis region are residual t,'Ta\'els, apparently rem­
nants of the hasal gravels of t.he Chadron forma­
tion, whieh nre hut sligl1t.ly rf'lno\'ed from their 
orib>inal po~it.ion. The prineipnl areas are on the 
higher terTHCeR in Bradley Flat and north of 
Cra ven, the slopeB northeast of Edgemont, the 
ridges exttmding southwest. of Edgemont, and tJw 
divide eHst of Hat Creek in the soutIwust C01'-

neT of the quadrangle. The mat.erials consist of 
sand and gl'an~l, most.ly in a d.iscont.inuous coat.ing 
and varying gl'eat!y in coarseness and composition. 
Ilossibly in some areas they rC'presC'nt remnants of 
early Quaternary or late Tertiary terraces, hut, 
t.heir hist,orv is not clear. 

Olda te'l~J'rtce depo8iLB.-The llplands bordering 
most. of t.he larger valleys eut. in the .softer rocks 
are ma.rked by a. series of well-defined terraces, 
repl'C'senting old fioors of t.he valleys which they 
border; and like the pl'Ciwnt allu vial flats, they are 
more or less extensi \cely coyered wit.h 'sand, silt, 
and grayel. There is a furt.her I'esem blanee in t11e 
fact. that t.hese deposits are best developed along 
the larger st.reams and in the softer rocks. They 
are seldom found, or a.t. least are not extensi yely 

developed, in the narrow eanyons in the harder 
I'oc·ks. The only well-deflned tel'l'UCCS in the areas 
of the Da.kota 1;nd Lakota formatiolls, which are 
the hardest rocks of the quadrangle, occur as rela­
t.ively IlalTOW, gravel-strewn l)enche~ at va.riolls 
le\Cels along tJlC "aIle." of Cheyenne River. On 
t.he ot.ll€r hand, the soft Graneros ::;lJale hns been 
cxtensively t.erraced not only by the Cheyenllc but. 
by its more important. t.ribllhui&l. 

The old ten'aces formed bv Chevenne River in t.he 
Graneros shales are broad" and flat and at seyera.l 
places occur as much as 2 or 3 miles from the 
ri\'er. Practically the entire widt.h of t.he (ir<:1lle­
ros exposme northwest of Edgemont consists of a 
series of terraees formed at. FlllCeessiYe st.ages by 
Cheyenne Hi \'er as it cut its vaney deeper and 
deeper. 'Vith the COlI tin lied deepening of the 
yalley of'this river t.he previously formed alluvial 
flats have been more or less disseet-ed b,r erosion, so 
that the present tel'l'HCeS a.re remnant~ of the old 
alluvial flats. Erosion has, at. the same time, 
remo\'ed to a greater 01' It\'ls extent t.he depo.'lits 
which originally cO'lel'ed the terraces. 

The terraces bordering the yalley of Cheyenne 
Hi yer are similar to t.hos~~ that occur 'aloll~ the~ other 
impOl'tant. st.reamR of the qWldrangle. cEXt.cllSiYe 
t€lTw:~ing oceuI'S in t,he Sundance and Spearfish for­
mations along Hat, Cottonwood, Cra\'en, and Hed 
Canyon creeks and their main tributaries, while less 
prOnOUIlellf] tt'l'l'Ucing occurs along Roayer and P:18S 
ereeks, Hot. Brook; Bheps Canyon, and a number 
of other ~trea.ms, the terraces all being deyeloped 
ill wide portions of the valleys 01' in the sof't.er 
roeks. 

The sand and silt. eoverillg many of t.h€.'lc tel'l'llCeS 
frequently m'lt on a layer of gravel which forms tile 
base of the a.llllvial deposits and out.crops Itroulld 
the margins of the telTaf'es. 'Vhere t.he sand and 
silt have been removed t..L.rough erosion, as on 
mall)' of the highN terrat'es, nothing but. grfi\"el is 
found. These rcsistllnt. gravel caps serve t.o protect. 
tho underlying soH rocks fi'om erosion, and so t.end 
to presene the t€I'races. It. is to such gravel ca.ps 
that. the small outliers of (-}mneros shales 110rtlwflst 
of }~dgemont. owe t.heir persistence. The gravels 
of' these t.erraces were curried to tJ1C'ir present posi­
t.ion by the 8treams which formed the terraces, und 
the.\' tllerefore -vary in character with the 1'0eks 
through whieh the stream ha,'! flowed. Some of 
the terrace gl'<l.Yell:l arc 10cal1y deri~~ed and are 
wholly of onc kind of rock, as limeRtone or sand­
stone. In other euses the gl'avel'l are drawn from 
\'ariOlls soure€i:l and consist of mixtures of different 
roeks, among which are limestone, qUllrtzite, sand­
stone, ironstone, quart.z, chalcedony, and oeeHsiofl­
ally granite. In general the terntce deposit,:; are 
thin, though "west of Edgemont they arc deep 
enough to supply graTel for local use. 

'Yell-developed terraees occur at various lc\Cel~ 
up to about 200 to gOO feet above t.he prescnt. vHI­
ley floors, though comparatively few are at an 
elevation of 1110re tlWIl 150 to 200 feet. 

On the Dakota sundstoIlc slope at the northern 
margin of the quadrangle and east of Pass Creek 
ther~ is a gMt\-el deposit. capping a small plat€.all 
remnant cut. in Graneros shale H hout 400 feet above 
the nearest point on Pass Creek, but this is prob­
ably older than Quaternary. Northeast of Edge­
mont there ai'e other deposits, in part, on GraneroR 
shale and .in part on l)akol'1 sandstone, which 
rHnge in altitude fi'om a little over 300 feet to 
ahout 700 feet abo\"e t.he Hat at. Edgemont, and 
which arc believe{l to represent Oligocene sedi­
ments, possibly realTanged in later times; bitt, per­
haps, however,_ they are all of Quatel'l1fll'Y age and 
were deposited by Cheyellne River during an early 
swge of its development. 

The bowlder deposit capping t.he low divide just 
west of Chilson siding appears t.o represent an old 
channel of Chilson Creek, formed befol'e tlle pres­
ent Chilson Canyon led t.he drainage of this \"alley 
to the sout.heastward, and i,':l doubt1esH of early 
Quat€rlw,ry agc. 

Allu.v'ial dfpos£ts.-Alluyial Hats of greater or 
less extef!t occur along Cheyenn~ River a.nd its 
brandles. They arc most ext.ensive in the open 
valleys formed in t.he soft Graneros shales, while 
in t.he narrow, st.eep-walled gorges whieh the river 
ha~ cut. in the hard roeks of t.he Dakot.a and 
Lakota formations the flats arc much more limited, 
both in length and in widt.h. They are fouud in 
t.hese formations, for the most part, ill the bencl"l of 



the river on the lower side of the curve, and are 
not continuous for any considerable distance. 

The alluvial deposits consist of sand and silt 
with occaBional layers of gravel. . A section on 
Beaver Creek near the western margin of the quad­
rangle shows 10 feet of sandy alluvium lying on 3 
feet of gravel which rests on Graneros shales. 

The deposits in general are thin, seldom exceed­
ing 25 feet in thicknesa even where they are most 
extensively developed. On this account and 
because of the depth of the more important stream 
channels below their alluvial flats, there are frequent 
exposures of the underlying rocks along the stream 
courses, especially on the outer margins of their 
meanders. 

Deposits similar to those found along Cheyenne 
River also occur to a greater or less extent along 
all the stream courses of the quadrangle. They 
are most extensively developed along the larger 
stream courses and in valleys cut in the softer 
rocks. The small streams flowing in relatively 
narrow canyons in the harder rocks have formed 
correspondingly small alluvial deposits. All the 
canyons in the hard Dakota or Lakota rocks are 
narrow, giving little room for the development 
allu vial flats. The same thing is true of the Min­
nekahta limestone area. On the other hand, the 
more important tributaries of Cheyenne River 
which flow through the softer formations are all 
bordered by comparatively wide alluvial benches. 
Such benches are well seen in the valleys of Pass, 
Moss Agate, Cottonwood, and Hat creeks, especially 
the last. Hat Creek, next to Cheyenne River, is 
the most important stream of the quadrangle, and 
its alluvial deposits are second in width only to 
those bordering the Cheyenne. Though thin they 
average about a mile in width for that part of the 
stream that lies within the limits of the quad­
rangle. Near Ardmore they contain a considerable 
amount of wash from Oligocene and Miocene for­
mations brought down from the badlands and from 
Pine Ridge, a few miles to the south. 

Excellent examples of the difference in the 
development of alluvial deposits on streams run­
ning in hard and in soft rocks are furnished by 
Chilson and Red canyons. The stream in the 
former, while flowing for the greater part of its 
length in a narrow canyon cut in the hard Dakota 
and Lakota rocks, has its head waters in the broad 
Bradley Flat south of Minnekahta, developed in 
the much softer rocks of the Sundance formation. 
The stream from Red Can yon emerges from the 
narrow valley cut in the Dakota-Lakota hogback 
into the open alluvial flat northeast of Edgemont., 
developed in t.he soft Graneros shale. 

One or two low terraces northwest of Edgemont 
have been included on the map with the narrow 
alluvial deposits bordering Cheyenne River. These 
terraces are only a little above the valley bottom 
bordering the river and are in reality a part of the 
alluvial floor of the valley. They are broad and 
are covered with alluvial deposits similar to those 
close to the river, the underlying rocks being 
exposed here and there along the edge of the ter­
race northeast of the river. 

III the valley of Cascade Creek an unusual 
alluvial deposit occurs about one mile north 
Cheyenne River. At this point the stream flows 
in a narrow trench which has been recently ClJt in 
the valley floor and which exposes the aUtivial 
deposits to a depth of about 25 feet. At the 
of. the section thus formed there are about 2 feet 
calcareous tufa, deposited by the waters from Cas­
cade Springs j beneath the tufa are a few feet 
horizontally bedded, light-colored clays with some 
scattered pebbles in layers; while the lower part 
of the cliff is composed of a dark-gray, fine-grained 
clay which exhibits a vertical columnar structure 
resembling that seen in cliffs of loess. 

Dune sand-Wind-blown sand, derived mainly 
from the recent alluvial deposits of the flats border­
ing Cheyenne River, and probably also in part 
from the older terrace deposi~, occurs at a number 
of points, the chief of which are as follows: N Ol'th­
west of Moss Agate Creek, north and south 
Edgemont, and bordering Hat Creek in the neigh­
borhood of Maitland. The last occurrence extends 
nearly 6 miles south of Cheyenne River. The 
sands have been spread irregularly over the 
uplands by the prevailing northwesterly winds. 
These wind-blown deposits, though comparatively 
thin, exhibit typical sand-hill topography, with 

Edgemont. 

well-defined dunes and blow-out~, especially west 
of Moss Agate Creek, north of Edgemont, and 
northeast of Maitland. 

STRUCTURAL GEOLOGY. 

Struoture of the Black Hill. uplift.-The Black 
Hills uplift, if not eroded, would present an irreg­
ular dome at the northern end of the anticlinal 
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axis which extends northward from the Laramie 
Range of the Rocky Mountains (see fig. 1). The 
dome is elongated to the south and northwest, has 
steep slopes on the sides, is nearly flat on top, and 
is subordinately fluted to a minor extent. The 
greatest vertical displacement of the strata, as indi­
cated by the height at which the granite floor is 
now found, amounts to about 9(}(X) feet. The 

subordinate flexures in the dome are mainly along 
the eastern side of the uplift, the most notable ones 
being in the ridge o~ Minnekahta limestone just 
west of' Hot Springs, which may be regarded as a 
bifurcation of the southern edge of the dome. 
Another anticline of considerable prominence 
occurs 3 miles east of Hot Springs. The subor­
dinate flexures are characterized by steeper dips 

FIG. t.-Black Hills uplift repl'esented by contours on the surface of Minnekahtalimestone. Where the MillDekahtalimestolle has been removed by erosion the calculated position of the 
contours is sbown by broken lines. Long dashes indicate areas from whlch Mi:ODekahta and overlying forma.tions have been eroded; short dashes, .areas from which all sedimentary 
rocks have bpen removed. Conto1ll' interval, 250 Ceet. 

s, Bea.r Butte; B B. Black Butte; s L. Boorlodge Rang"; C, Crook Mountain; C P. Crow Peak; D, Doodwood; 0 T. Devihl Tower; E. Elkhorn RIdgs; E M, Edgemont; G, Green Mountain; H. Harney Pook; H S. Hot Springs; I N, Inyank&ra 
llountain; M s.LittieMislJonriButtel!; N. Nigg8l' Blllj N C,NewC$!tle; 0 L.Oelrichs; a W,OldWOJnILIi Creekj R,Rapidj S,Sundaucej ST.SturglB. 
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on their western side and gentler dips to the cast. is marked by-a sharp ridge of Gl'eenhol'n limestone, 'Spring'R the southerly pitch of the flexure carries 
They merge into the general dome to the north dipping mOTe st.eeply to the west-sontlnV€Ht., the the Miullekahtll limestone beneat.h t.he surfaee, 
and run out ·with declining pitch to the south. angle being U~O for SOlllC dist.ance. It is the Wf'Rt- and the Spearfish fed beds cross the axis and 
011 the west.ern side of the mil in uplift. there is a ern side of the Chilson antidinc, W111Ch 1w extend northeastward to lIot Springs with geniIe 
marked local skcpening of dips and at the north regal'(led as the prolonga.t.ion of the main of (lips, so that. their ontcrop spreatl8 into a typical 
an de.tleetion of t.he (lome to the northwe~t., uplift of the Black Hill.., dome. II, separat.es from red val1t~r ft milt:' OJ' more in width, ,,,ith ·a hog-
which one of its most notable irregularitit:'s. the geneml curve of the dome Tll'flr l\Iinllekahta Lack range on it~ elist ~ide. South of CuscHde 
To the 80uth the dome is separatf'd fron; H small stati~n, attains prominence in tIle ridge eflBt. of Springs t.he Lakota-Dakota sa.ndstone ridge con­
local antieline, whieh is the extension of the Lara- ChilRon, and arehes the Da.kota, Graneros, Gn'cn- tillues flS a prominent feature, riRing steeplyaboye 
mie Range uplift, a shallmv sync1ille extending hol'll, Carlile, ~iohrflrfl, and Pierre formations, a Granerml shale valley. It is trenched by two 
northwest :md In the northern Blaek causing their outerop~ to extelHl f~U' to the 'lOuth, deep gOl'gf'S, and presmts st.eep dips to the west. 
Hill", there arc nUl1leJ'ou~ local domes and fiexureR, Hi; the piteh of t.he flexure i:nl'riel::1 them in suc- Cheyellne River eros~eM theRe formatiom ill a deep 
due mainl.',' to bccolithic igneous int.rusiotls, cession benrath t.he }mrhlce. Cheyenne RiYer cuts south of whidl they soon pitt.'h beneath 
which tlle most prominmt. is t.hat of the Rem·lodge across t,hc Dakota and Lnkot; s:uulsront's in shale. This shale arCfI is hordel'ed hya 
Uange, hut no similar features are indicated by this antieline .in a deep gorge, nt tlJe wC'stern rid,2;€ and by csrarpments of Greenhorn limesto'~e, 
t.he stl'uctUl'P of the sout.hern hills. ent.ram·e to which the I';andstones rise wi.th a dip of which are Rpeeially prominent. on the west flank 

Faults nn' of rare oceUlTence, and none have about {jO. To the south the Dakota sandstone the where the dipi'! are 20° 01' more to t.he 
been detect.ed which amount to more dUHl a few feet extends acro~s the arc11, but in Chilson Canyon awl Thl~'le hogbai:k ridp;es a1'C shown 
of vertical displacement, exrept where sorne north,vest of Chilson it hus hcen widelv removed in fi,2;. H on t.he illustration sheet.. -
the igneous maf:'ses have dislocat.e(l the strata nnd bv eroRioll. At. Parker· i>eak a small" (JUtlier of 
elevated. them unevenl\'. h:lrd Dakota. f:inwlstone l"f'mains on the erest of the 

Strueiu1'e .~(;cfiom."-::The seetions 011 the st.rue- J arch. 'Vest of this knoh there i8 a small loeal 
ture-seet-ion Riwet l'Cpl'hJellt. t.he strabl aB they anticline, nnd Rome local of dips, which I· 

would apppar in t.he sidl'S of a deep trench cut give rise to eonsiderable of relations in 
w:ross the country. Their position with reference the virinity of Matias Peak. On the enst side of 
t.o the map is on the line at the upper edge of the t.he ChilRon alltidine t.he st.rata dip so 
blauk spaN'. The vertical and horizontal s(~ales I tlw ROllt.lwa8t. that III the 1'e,2;ion 
are the s:une, so t.hat. the ac·tual form nnd Rlop8 of of Ptll"ker Peak the Dakota <lnd Lakota sandstones 
the laIHl a.nd the adual bllt genentlized rplations 'are sprend out hroudly in a 80nthward-sloping 
of the ro(~ks arc shO\vn, the Rtructnre where buried plateau, the north edge of whidl pl'ef'.ents a high­
being inferred from the posit.ion of the strata leyel crest line Routh of the Hed Vnlley hetween 
observed at tlH' 1"mrface. l\1innekahta aIld .Jones. To the south the beds 

Stl'ucintf: of the Edgemont quadrangle.-The 
prineipal strnctural featnreR of this quadraug1e are 
illuHtrated bv the nve structure Rect.ions on thp strnc­
turc-sedion :'lhf'et. Under the plains in the south­
west-em portioll of She arefl, tht, strata lie in gentle 
llndubtions, but. to t.he eust and north they extend 
high on the southeJ'Il of the R13ck HillR 
dome, riRing about 5000 in all fi'om south to 
north. 'Vh.ile there is a general to the south 
and southwest oIT t.he dome, it traversed by 
antidines pit,ehillg southward. The most promi­
nent of t.hf'se passes near Cnseade Springs, where it 
i::> very Rteep; another less prominent onc extends 
-fin· t.o the Ront.h, up t.he valley of Hat Creek, while 
a small antidine extends up the yalley of Cotton­
wood Creek i::iouthwest of Edgemont.. In fig. 2 is 
shown the contour of the principal strudural fea­
t.ureK of the Edgemont and OelriC'hs quadrangles. 
The lines l'epm'lent the Jlltitnde of t:J18 surface 
t.hc Dakot.a RalHlstone, which is snpposed to be 
rest.ored in the north-r-cntral portion of the area, 
fl'Olll 1vhich it has heen removed by eTO."ion, 

It will be seen from thiH diagram tha.t in t.he Edge­
mont quadrangle t.here is a gradllulrise of the Htrata 
from south t.o north and nortlw3Kt. The gTeatcst l-:lSe 
i;:; neal' the nort.heast corner of the area·. The uplift 

beell planed off by erosion, so that the land 
Rleeply than the strat:l, the outcrop zones 

ea~t of the axis ptlS8 lwneath t.he snrfaee in regular 

MI)[ERA L RES01:RCES. 
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De!'il'aliIJn.-The soils in this region are elose1y 
related to the und,rlyi!l,2; ro~ks, from which t.hey 
are residulJ 1 produds of and diRintegTat.ion, 

when arc as alluvia.l deposits 
lal'ger or are spread by winds. In 

t.he proeess of rf'Ridllal Roil develop>! 
more or less rapidly on the several roek8 of the 
region according to the elwraet.er of the cement 
holding t.he pal'tieleR t.ogether. Bilieeons cement 
dissolye::> 1ll0St slowly, awl roekR in which it i8 

FrG. 2.-Diagralll Rhowing contour of surface of Dakota Ha.ndstonc in Edgemont and Oelriehs quadrangles. 
represent altitudes above sea lew·J and are 100 feet apart verti(~Illy. 

Tho Jincs 

B, BulIaio (lap; E, Edgemont; H. Hot SprillgS; M. MRriella; Mk, llinnekuhtlt; MI. Maitland; 0, O~ldchs; 5, S .. ,ithwiek 

formations (·rORS t.he quadrangh' frolll north­
west t.o southeast., the oldeRt rocks readling the 
surface in thc nort-heaKt eOl'ner. Owing to the 8UC­

eession of north-south flexure8 1)), whir.h the slope order, hut. south of Cheyenn~ H.iver the antiJille present, sueh as qua.rtzite and sandstones, 
of the uplift is eorrugat.ed, the format..ioll~ dip becomes nurrower and the on the E'11st side ext.remely durable and produce but)l scanty soil. 
ill varying directions and degrees of gradually to There is on Calca.reons cement, on the other hand, is 
that. their rise iK irregular. In a district t.his Ride the Flat syncline, in which Pierre rea.dily dissoh'ed by water containing carbonie and 
about EdgenlOllt and to the nort.h and west the Bhale and underlying forrn~ltions exteJl(l far north- other ui:ids, a.nd on itR removal day and sand 
st.rata present reg\Jlnr, gt~ntle dipR to t.he Routhwest, ward, which iR succeeded on t.he eil::>t by the Cas- remain, of tell forming a· deep Koil. If the 
the amounts YHrying from 100 t.o 2(X) feet t.o the i:nde ant.ieIinf'. In the Coffee Flat sy~e1ine the reous eemcnt is })l"esent. in slIlall proportion only, 
mile, with marked increHse up the slopes of t.he Graneros shaks extend aCI'O~R Cheyenne Hiver, it is often leadled out fill· helow the surfaf:e, the 
hoghack range from Sheep Canyon to Pass Creek. ,vhieh has cut a wide plain ill them, known aR rork retaining its form but becoming soft. and 
On t.his monocline the forHlations from Niobrara to Coffee Flat, and a narrow b:min of Dakot.a sund- pO/'OUR, aR in the ease of the Minnelusa sandstone. 
~1innelusa Ollt.crOP in regnlnr order and present. but: stone extends nort.hward to a point 3 miles north of If, as on the limestone plateaus, the ealcareous 
few loeal variat.ions in nlt.ihHle, exeept alon~ a J Cai::ii:a(]e ::::'priugs. This syncline iR prolonged for material forms a gl"pater part of the roek, the insol­
loeal fault nOl't.heast of Crayens. This fault c~ts several miles to tlw northenst, finally dying Ollt. in uble portions collect on thp 8urfaee ns n mantle, 
the SpearllRh find Sundance beds, t.reuds southwest the Minnekahw limest.one nort.h of Hot Springs. Yarying in thiekness wit.h t.he dwracter of the lime­
at right ang-lf's t.o the strike, and has n. displace- The high Cascade anticline rises abruptly, pre- sto;;'e, being thin where the latter is pure, but oft€n 
lUcnt of ahout. 'iO feet, with t.he drop on the nort,h sent.ing steep dips on itR western gentle dips very thiek where the rock contains much insoluble 
side. South of E(lgemont the format.ions from to the east, a rapid pitch to the nnd from ma.tt€r. The amount of soil remaining on the 
upper Grnllero8 to Pierre are involved in a broad, its culminat.ion 4 miles north of Cascade SpringR roeks depends on erosioll, for 'where there are 
low anticline the nxis of which ext.ends up the a gent.le piteh to the northeast. This anticline slopes the erosion is often sullieient. to reIlHwe the 
valley of Cottonwood Creek. Tt risel'\ on t.he gen- extends the 1finnckahtaliIlltstolll" fiu to the Rout.h, soil as rapidly as it f()J'lllS, leayillg bare rock 
eral uplift., but docs not appear ill the Dakota sand- in a. high ridge with steep western ill plnc{:'S surfar-es. Crystalline schists and h'Tanitic rocks a.re 
~t.one out.crops. East and southeast of Edgemont eut into by canyons so as to reyeal undt'Tlying dewmposed mostly by hydration of a portion 
the southeast.-dipping monocline continues to Ani- Opeche and Minnelusa format.ions. This ridge is their contained feldspar, and the result is: HRually 
more and beyond, from the Cottonwood flanked on thf' weRt by a red yaHev which trends, a mixt.ure of quartz grains, mica, and otlwr 
Creek antidine hy a Rynrline presenting broad north ntH1 south awl which, owin~g to the Rteep : materials. disintegrated in consequence 
out.crop::> of (+rf~t~llhorn, Carlile, ~iobrara, and dips, is only a few lllllldred yards witlf'. 'Vest of of ehanges of tt'rnpemtun', hy frost and by wa.t€r, 
Pierre format.ioIl8, pitdling gently to t.he south. t.his YflHey rise slopes of Sundance formation t.o a II thus by softening and washing brlving rise to sOilli .. 
The monoeline steepens rapidly 4 miles Routheast. steep monoclinal ridge of Lakota sandstone, the If they are sandy, sandy soils rcsult, and if they 
of Edgemont, and tht'H for several Illiles its slope dip of which is yertieal in places. At Cai::icade are composed of relatively pure clay, a very clayey 

soil is the product. The character of the Boil thus 
del~ved from the various geologie formations being 
known, t.heir distribution may be approximately 
determined from t.he map showing the areal 
geology, whieh thus serves )llso us a soil map. It 
must he home in mind tha.t some of the geologie 
format.ions present altel1lut.ions of bedR of YariOllR 
material::>; for instanee, shales and sandst.ones alter­
nating wi.t.h limestone. These giw' abrupt tran­
sitionR in the d13,nwter of their disintegration 
produetH, Hoils whieh differ widely in eOlllposition 
awl af.:.,'Tieultural capabilities or-curring in narrow 
zoneH Bide hy si.de. The only a.reas in ,yliieh the 
houlHlnries bet.ween different varietif's of soil do not 
coincide with the boundaries 'Of the rock formations 
are in the river hot.t.omH, ill the sand dunes, in the 
areas of high-level gravels, in the Rmaller valleys, 
and upon steep slopes, where soils deri ve(1 from 
rocks higher up the slope have washed do·wn and 
mingled with or coyered the soils derived from 
the rockH belo,v. Soil~ of this class are known as 

overl)laced soils, flnd a special map of large scale 
would he required to slww their (listribution. 

lJ£.~tn:rYnt-ion.~The portion of the Edgemont 
quadrangle which lieR in the plains is underlain 
mainly by RhaleR largely of clay, but 
there are also along t.he ext.ensi \'e areas 
that are eow'red by alluvium. The Boils of the 
cby TI:'l:-rlon vary ~omewhat wit.h tlw different 
formationi'!. 'rhoRe of the Pierre shale give ril'\e t() 
a stiff gumbo, which is not only very barren in 
itRdf, hut is neid bee-ause of' decomposing pyrites, 
nnJ is too sticky for working. It is ('overed wit.h 
grass, which originally aJI'orded an excellent PIlR­
turage, but in some areaR it has been grazed down 
by excessive herding, and, as thc soil iR not rich, 
the grasR will re(luire some t.ime to regain it':l former 
g-rowth, The hasal series along the margin of the 
Pierre shale is bancn and sU8tains seared" any 
f.:.,'Towtll. The :Niobrara beds are i:n.lcareods an:l 
fertile, and their area, if supplied wit.h wat€I', 
would be highly product.ive. The Carlile forma­
tion ,2;ives rise to day soils mostly, but they are 
more ~nndy than those of the Piene and corre­
spondingly more easy to work. TIl(' Greenhorn 
limestone prcsents rocky surfaces t.hat have bllt 
little soil upon them. The GnmOl·os shales are 
mORtly harder than the Pierre shale, but t.hey a.re 
part.icularly ha.rrell and often exteuRively gullied. 

The hogback range hns a. generally roeky SIU­

fi1.(.'e, with a sandy soil ,yhich snpportH a growth of 
grass and scattered pineR. It. is neRrly all too high 
fc)r irrigation, and in mosr. senHons does not reeeive 
Ruffie.ient rainfall to be profitably farmed. The Red 
Valley has a burren soil, hut in the Routhem por­
tion of Bradley Flats there is a wide area of allu­
viuIll in whieh the soil is ex-cellent.. The slopes of 
Minnekallta limestone present extensive rock out,.. 
crops and are gener~lly occupied by the marginal 
pine forests of the Black Hills, but on some of the 
more level pla.ins there is a scanty hut fertile Roil, 
which supports a fine growth of grnss. The l\fin~ 
neillsa sandstone a.rea ill the nort.heast earner 
of the quadrangle i:onsisrs mninly of rolling hills 
with Hllndy soils that. contain considerable lime and 
are in cOJ;sequenee moderately fertile. They are 
useful for grazing, but are too dry for agriculture. 

It is in tho wide alluvial valleyl'\ whieh traverse 
the shale deposits that. tlle best soils are found, and 
there the land is level, usually well drained, and 
would he in every way a.dapted t() agricult.ure if it 
were supplied with wnter. The largest areas arc 
along Cheyenne River from Argentille to t.he 
mout.h of the gorge 3 miles east of Edgcmont. 
The river bottoms a.bout the month of Plum 
Creek and Coffee Creek, the va.lleYH of Hat 
Creek, PlninK Creek, Cot.t()nwood Cl'eek, and 
Alum Creek, and portions of the alluvium along 
Chevenne HiveI' arc rather t()O sand v for culti­
yati.;u, but there are extensive areas of~ Randy loam 
whieh are highly productive when properly eulti­
vatea. An irrigat.ion ditch haR been built along the 
south 8i(1e of the rivel' from the mouth of ll~yer 
Creek to Edgemont, hut is not in usc. Along 
the foothills arc numerous localit.ies in which 
water could be stored and made available for irri­
gating flats along Cheyenne River and Hat Creek. 

'VATER RESOURCES. 

The flowing streams of the Edgemont quaarangle 
al'e Cheyenne H.iYer, Cascade Creek, Beaver Creek, 



and Hat Creek. Red Canyon contains a small flow 
of water near the mouth of Craven Canyon, and 
there are pools of water in other streams, especially 
Indian, Cottonwood, Moss Agate, and Pass creeks. 
Cheyenne River is a torrent during floods, bnt 
these occur only at long intervals. In midsummer 
its flow averages only from 10 to 15 second-feet at 
Edgemont. Along most of its course its freshet 
waters could be impounded if they were needed, 
but long and ve'l"y substantial dams would be 
required to withstand the sudden heavy floods 
which follow the rains. Cascade Creek is a vigor­
ous stream which is supplied entirely by the 
springs at Cascade, where a large volume of water 
issues from the Minnekahta limestone. The water 
is warm and contains a slight amount of mineral 
matter, as is shown by the following analysis 
(given in terms of the probable combinations), 
kindly furnished by the Burlington and Missouri 
River Railroad Company: 

Analysis of water f1'om Cascack (},'eek, South Dakota. 

Sodium cblorirle. 
Sodium lIulphate. . 
Calcium sulphate .. . 
Calcium carbonate .. . 
Magnesium carbonate ... 

3.w.~n~. 
3.1"17 

.29 
. ........ 119.84, 

84.75 
15.68 

In the flat which this stream crosses to reach 
Cheyenne River some of the water has been 
employed for irrigation with most gratifying 
results, but only a portion of its volume is utilized. 
'rhe volume of the creek at its mouth averages 
about 25 second-feet. Hat Creek rises in Pine 
Ridge, where it is fed by numerous springs, but in 
its long flow across the arid plains north it loses 
much of its water and at its mouth is usually a 
very small stream. Beaver Creek, which empties 
into Cheyenne River south of Argentine, is a flow­
ing stream that averages about 5 second-feet dur­
ing summer. 

Irrigation.-On the plains adjoining the Black 
Hills there are usually long periods of drought 
in summer, so that irrigation is necessary for 
raising crops. In many of the valleys there 
are wide areas of fertile soils suitable for agricul­
ture, and to portions of them it is practicable to 
carry water for irrigation. At present only a small 
area of land is being irrigated in the Edgemont 
quadrangle. The water of Cascade Creek and to 
a small extent that of Cheyenne River north and 
northeast of Maitland are used. Several years ago 
a reservoir was constructed at the mouth of Beaver 
Greek and a canal was built along the southwest 
side of the Cheyenne Valley to Edgemont, but the 
dam was washed out and the ditch is not now in 
use. With the expectation of having water, a 
number of farmers settled on the lands covered 
by the ditch, but most of them have given up their 
farms and left the region. With the construction 
of a suitable dam on the river and the installation 
of water storage in the many valleys and canyons 
of the region, irrigation could be practiced exten­
sively and a community of considerable size be 
supported. 

The occurrence of underground water in the 
Edgemont quadrangle is of interest mainly in the 
plains adjoining the Black Hills, under which 
there extend several thick sheets of water-bearing 
sandstone. Receiving water from rainfall at the 
surface in the hogback range, these sandstones 
conduct it underground along the eastward dip to 
a considerable depth within a comparatively short 
distance. Where the inclination of the strata 
diminishes away from the hills, as it generally 
does, there is a wide area beneath which the 
water-bearing beds lie at a depth that is within 
reach of the well borer. As the region is semi­
arid and the surface water often contains much 
"alkali," there is great need for underground 
waters at most places. In the columnar section 
are shown the relations of the principal water­
bearing horizons. The principal water supplies 
are to be expected in the Lakota and Dakota sand­
stones. These strata are exposed over a wide zone 
in the hogback range, where, by imbibition and 
by sinkage from streams, they receive a consider­
able propurtion of the rainfall, which very slowly 
flows in the permeable sandstones completely under 
the State of South Dakota and emerges in great 
springs and general surface seepage in the outcrops 
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of Dakota and Lakota sandstones in the Missouri 
Valley in the southeast corner of the State. The 
altitude at which this water enters the beds is from 
3000 to 3500 feet above sea in greater part; it 
emerges at the surface to the east at an altitude of 
about 1200 feet, and in the intervening coun­
try its head gradually diminishes from source to 
outflow. In eastern South Dakota numerous flow­
ing wells, from 400 to 1000 feet deep, furnish large 
volumes of water from the Dakota and Lakota 
sandstones, and it is believed that this water is 
available in the region lying westward, up to the 
flanks of the Black Hills, under conditions which 
are set forth on the artesian water map of this 
folio. 

The depth of the uppermost water-bearing sand­
stone beneath the surface at any point is shown by 
patterns of color, each one of which represents 
a vertical distance of 500 feet; thus one represents 
depths from 0 to 500 feet, the next from 500 to 
1000 feet, and so on. In the areas in which the 
head of water is sufficient to afford surface flow 
the patteI'll is printed in blue, and where a flow 
may not be expected it is printed in green. 
Unfortunately, the area of flow is relatively 
restricted, lying mostly within the immediate 
vicinity of the valley of Cheyenne River above Mari­
etta. There are also drawn on the sheet lines repre­
senting intervals of 100 feet, which show the height 
to which the underground waters may be expected 
to rise above sea, or, in other words, their head. 
The.<:Ie lines afford means for ascertaining how near 
the surface the water may be expected to rise in 
wells which do not afford a flow, and also the 
pressure of the water in the area of the flow. 
The depth below the surface at which water would 
stand in a well in the non-flowing area may be 
found by subtracting the altitude of head from 
the altitude of the land, shown by the brown con­
tour lines on the base map. It will be noticed 
that the altitude to which the water may be 
expected to rise increases to the west, for in that 
direction the sources of supply are very much 
higher than they are to the south, where Cheyenne 
River crosses the hogback range. 

On the columnar section sheet are shown the 
formations which must be penetrated, and these 
can be recognized by their characteristics as 
described in the table and by the fossi.ls referred to 
below. From the areal geology map can be ascer­
tained in which formation the well is started. Two 
of the most important fossils for determining the 
geologic horizon are 08trea congesta and Inocera-

begins at a depth of 509 feet. It contains 239 
grains of solid matter per gallon, of which 9.33 
grains are lime. The log appears to be a fairly 
reliable one, indicating Dakota sandstone from 295 
to 350 feet, Fuson formation 350 to 430 feet, 
Lakota formation 430 to about 652 feet, Mor­
rison shales 652 to 802 feet, Sundance shales and 
sandstones with the characteristic red series 957 

Wll1t ... nd. (lIadWllow.) 

Soft,wll1tebed(1). 

Wll1te .. nd. 
Sott, .... hUebed,lOf"" .. 

U!!bI-<lOlonldsha.le. 
lIa.rd!!ll&le(r),lofeet. 

Sand-white beJ.ow,red above. 

Umeotone,7feot. 
Ugbt-oolOledshalo. 

5oft,whlt.bed(f). 

RedillllJ.dAtone. 

(Bad water.) 

FIG. S.-Log of deep well at Edgemont, S. Dak. 

l~ 
llorrisonformat1on {: 

Whlte!IIUI.d. (Water.) 

llbale. 
Sandroek,l.Oi'mt. 

S .. mlandobale. ...,. 
White ... nd. 
~bale, • feet. 
sandrock. (W .. ter.) 

mus lab·iatu8 (see fig. 11, illustration sheet). The IIilO 

former occurs crowded together and constitutes FIG. 4.-Log of deep b~i::t~~~h~::.iIrOad Y north of Edge· 

thin layers of limestone in the upper portion 
of the Niobrara chalk beds, which, although bright to 977 feet, and the bed of buff sandstone 977 to 
yellow when exposed on the surface, are of a pale 1012 feet, with the basal dark shales thence to 1125 
blue-gray color when first brought out by the well feet, which is probably not far above the top of the 
boring. Inoceramus labiatu8 is characteristic of the red beds of the Spearfish formation. The well at 
Greenhorn limestone, which is hard and of buff the north end of the y across the river from Edge­
color on the surface, as seen in the many outcrops mont has a depth of 960 feet, and probably ends 
in the esca.rpment just east of the hogback range, in Sundance shales, but the record appears not to 
but is of dark-gray color and soft texture under- be reliable in its details. Some water was found 
ground. The rone of concretions and the thin in the white sand at 230 feet, and in sandstones 
layers of sandstone in the Carlile formation will be at 290 and 430 feet. At 578 feet a sandstone 
encountered by the well borer and recognized by begins which yields a good supply of water, 
their hardness and their stratigraphic relations. In rising to within 30 feet of the surface. A thin 
most areas it will be necessary to bore deeply into sand rock at 703 feet also yields water, but its 
the Dakota and possibly also into the Lakota volume is small. 
sandstone to reach the principal water horizon. Minnekahta boring.--8everal years ago the Bur-

Several wells have been bored in the Edgemont lington and Missouri River Railroad Company 
quadrangle. Some of these have been successful made a deep boring at Minnekahta station to 
and others have failed to yield water. obtain a water supply for locomotives. A depth 

Edgemont wells.-In Edgemont and its vicinity of 1348 feet is said to have been attained, but no 
a number of wells were sunk several,years ago for satisfactory amount of water was found. The log, 
water from the Dakota sandstone. They nearly which is given in fig. 5, is clearly an unreliable 
all obtained supplies for pumping, but, owing to one and very unsatisfactory for the identification 
the low level of the outcrops of the Dakota sand- of the geologic formations. No clue is given as to 
stone in the vicinity, the water did hot have suf- the location of the Minnekahta formation, which 
ficient head to flow. The water did not prove ,should be expected to begin at about 300 feet 
satisfactory for use in locomotives, and all the wells below the surface. The red sands from 743 to 
except the deep one at the railroad roundhouse 908 feet are doubtless in the Minnelusa formation. 
have been abandoned. At a depth of 1348 feet the bor.ing should be near 

The records of two wells are given in figs. 3 the granite or schist bed rock, for the thickness of 
and 4. One of the wells at the roundhouse, of the formations from the middle of the Spearfish 
which the log is given in fig. 3, has a depth of to the base of the Cambrian is not much more than 
1125 feet, but is now filled to the depth of 700 this in the surface exposures in the region to the 
feet. Water of bad quality was found in the white north. The references to gypsum at various depths 
sand at 295 feet and in the sandstone at 977 feet. in the boring are mistakes as to the identity of the 
Fairly good water, rising to within 60 feet of the material, excepting those near the top. It is to be 
surface, is now obtained from the sandstone which deeply regretted that the log is not more accurate, 

for it could have thrown important light on the 
stratigraphy. 
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FIG. 5.-Log of deep boring at Minnekahta, S. Dak. 

ArdmO'1'e boring.-At Ardmore, on the Burling­
ton and Missouri River Railroad, near the southern 
border of the quadrangle, the railroad company has 
made a boring to a depth of 1500 feet without 
obtaining water. The hole is entirely in shale, 
except about 40 feet of white sand containing thin 
partings of black shale. This boring begins just 
about at the top of the Niobrara formation, and 
apparently penetrates very nearly to the Dakota 
sandstone, the sandstone bed reported probably 
being in the lower Graneros shales. As Ardmore 
is at an altitude of 3557 feet and the water-bearing 
Dakota sandstone outcrops about Edgemont are at 
an altitude of 3400 feet, there is no possibility of 
a flow at the former place, but probably a supply 
of water for pumping could be obtained by deep­
ening the boring into the the Dakota sandstone. 
The estimated altitude to which the water would 
rise in such a well is about 3450 feet. 

Argentine well.-This station is a water-tank 
siding on the Burlington and MissoUli River Rail­
road, in the northwest corner of the quadrangle. 
The well is on the south side of Pass Creek, a short 
distance west. It is a flowing well 550 feet deep, 
yielding a fairly large volume of water, but of a 
quality not satisfactory for locomotives, as the fol­
lowing analysis will show (the probable combi­
nations of the components are given): 

Analysis of artesian water from Argentine, S. Dak. 

Sodium sulphate ... 
Potassiulllllulphate 
Calcium sulphate 
Calcium carbonate ... 
Magnesium carbonate .. 
Alumina and iron oxide ... 
Silica .. 

TotalllOlids. 
Organic matter ... 

g~~~. 
89.90 

.00 
4.20 
'.00 
4.00 

.05 

.19 

.... 55.24 

." 
This analysis was furnished by the railroad com­

pany. The log of the boring was not. obtainable. 
'fhe well begins in Graneros shale and undoubt­
edly obtains its water supply from the Lakota 
sandstone, which outcrops in the high ridge to the 
east. 

COAL. 

The Lakota formation contains local coal basins, 
but no large amount of coal has been found in 
any of them. The principal openings have been 
made on the north bank of Cheyenne River, in 
the NW. 1 of NE. 1 sec. 24, T. 9 S., R. 3 E., 
where there are two tunnels 75 feet or more in 
length about 30 feet above the river, from which a 
small supply of coal has been obtained. The bed 
is 5 feet thick for some distance, but it averages 
much less. It thins out to the east and gives place 
to sandstone, as may be plainly seen in the bluffs 
below the rivet, and it grades into very coaly shale 
to the northwest. The mine product was in part 
light-weight bituminoWl coal of good quality, 



containing t.hin, bony layers, a.nd only' a moderate 
flTtlount of' pyrite. To the east only a t.race of coal 
waH found in the Lakota format.ion, but t.o the nOlih 
there Hre oceaH:onal thin hodies of coal and consid­
erahle coaly shale in the rlYer gorge. In Craven 
Can von there ,vas at. one t.inlt' a. sIllaU mine, and 
thel'~ was also a. small production from (;oal Canyon. 

The 8pem'fish red beds earry depositl'( of gypsum 
(hydrous sulplwte of lime) throughout their extf'ut, 
awl often the minef<1l OCClln; in very thick beds. 
Tlu-He arE' l'f'mHrkably pure, and jf nearer to mllr­
kd the dpl'o;-;itR wOllld he of conRiderahle 'yaIue for 
the of plaster of Paris. The only eOlll-

10 

Springs, a.nd passes northward up the vallcy east of I manent., va.ry from pale gray or nearly white to ried to some extent for grindstones. The product 
the anticline to Hot Springs. buff and oecaHionally reddish. The amount. uvail- waR not large and at prpsent t.he quarry i" not in 

The following is an ana.lysis of 11 typical I able is large, uut its ext~nsive occurrence clsc- operation, but a good supply of' the stone a.ppears 
from south of Hot Springs. It WliS mnde Mr. ..."here, as a rim entirely surrounding the Black to be available and the quality is excellent. The 
Steiger in the laboratory of the Unit{'d 'I Hills, and at numerous points along the R.oeky conditions for working are favorable, liS the beds 
GeologicHl :::lurvey. Mountain front and in the Ch'cat Plains region, are in a high hank on the north side of Ued 
AnalylSi.~ of f}yp~'IWI from neat Casu1Ide Sp1'illf}lS, "'mltl< together with thf' expense of long-distance ship- I Canyon, with plf'nt.y of room fi)r the dispmml of 

])akota. PCl'C)eTlt I melltl:l, reRtriets its use largely to local purposes. I waste. Considerable stripping is necessary. Tbe 

Water (H.O) .. 

Total 

R1HUllXG S'l'ONF.. 

32.44 The l~nkpapa sandstone, which has also been' dip is to the soutJnn'st. at a low anglt'. The 
:~~ quarried ill the Oelrichs (luadr1mgle, is extensively qualTy is Sl10Wll in fig. 10 on t.he illustration 

reprcsent.ed in this qundrangle. The rock is mass- sheet. Portions of the sandstone at the grind­
ivf', fine grained, and eflsily (lressed, hut is rather :'If(lIle quarr,Y aboye defwribed are of fine uniform 
soft.. It is Ilsnally characterized by delicate eolol'S. graill nud of I::lUeh dwraeter al::l to be suited for 
Some of (-he heds arf' huff, gTay, or nearly white, ~riying the finest edge to tools. Shipments have 
in solid colon:;; ()thers are bandf'd or mottled, with heen made and the material is said to have been 

4G.45 
.85 

20.80 

"." .. lOO.Oll 

red, huff, purplt:', and other tints. One bed receivf'd with great favor by tool finiRhers and opennions so :fi\r haw been at Hot Hprings I 
wllcre t.he lllinerlll hus Leen quarried to a moderate 1\0 building stom', so far a~ known, i:; now being 
extent. The gypsum is calcined to drive off the qunrr:icd in the Edgemont quadrangle, although 
chemi(~lly combined water and is t.hen gronnd and Dnkota. sandstone has been nsed in seTeral huild­

on cast. side of Shep:::; Canyon aIlpears a daz- eutterH, and somf' of it. i,y ent.irely satisfactory f(Ir 
zling -white at a distance, but ncar at hand is seen sharpening razors. 
t.o be tinh~d a delicate pink. 

J,TUFB'fOXF.. 
paekcd in barrels for shipment.. In the Edge­
mont. quadrangle the principal bed of gypfmm 
occurs aLout 80 feet. aLove the hase of the Spear­
fis}l format.ion, and is continuous t.hl'ougllOut, -.,vith 
a thiekncss of 2Fi feet. at Ulany places. It lS 

expoRed extensivf'l'y ill the Rf'd Valley northwest, 
north, awl eal::l~ of l\Iillnekahta, extends down Ala­
baugh Canyon, where it dipl::l yery I::lteeply to t.he 
west, -j;,; spread out widely southeast of Caseaue 

iugs in Edgemont and Cascade SpTings, a.nd ther!:' 
are a number of quarries a few miles cast of the 
quadrangle. Of the roeks a\·ailable, the Dakota 
and Lakot'l sandstones are best adapted for Luild­
ing purposcs. Thongh ranging from a soft, sand­
stone to a. luml quartzitf', they are for the most. 
part only modemtely hard. The lwds are mnssin~, 
easily worked when freshly exposed, and read­
ily ae{'essible. The ('olors, which are mostly per-

In addition to these rocks, some of the buff 
Hlahhy l'(a.ndRtoIlf'S in the lower part of the Sun­
dance D)rInatioIl might prove serviceahle locally 
for building purpoHcs, fllld ill fact 11<lV(-, been so 
llsed at Hot Springs, in the Oelrichs quadrangle. 

Glll1'\ll~TO.NE~. 

About ~H miles north-nortlleast of Edgemont an 
uppf'r member of Dakota sandstone lws been quar-

Limestone for making lime nnu for ot.her pur­
poses mny be obtained in abundanee from the 
Minneka.hta formation, and the Miunewaste lime­
Rtone is also available for Hueh uses in the region 
south and SOl1tht'~lst of Casende Bprings. 

April, IBm. 
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FIG. 6.-SANDSTONE DIKE IN GRANEROS SHALE. 

Two and One· ha lf mi les northeast of Maitland, S. Oak. 

Cycadeo idea pulch.mima, from Cycad Flat, southwest of Minnekaht" S. Oak Southeast of Mait land, S, Oak., look ini east. 

flO. l1.- CH ARACTERISTIC FOSSILS OF NIOBRARA FORMATION (A) AND GREENHORN LIMESTONE (R), IMPORTANT GUIDES 
IN WELL BORING. 

A, Dstrea congesla; B , Inoceramus labiatus. 

SOUTH DAKOTA- NEBRASKA 
EDGEMONT QUADRANGLE 

Flo. 7.-FOSSIL TREE TRUNK FROM LAKOTA SANDSTONE. 

Three miles southwest of Minnekahta, S. Oa~ .. looking east toward Parke r Knob. 

IO.-GRINDSTONE QUARRY IN UPPER BEDS OF DAKOTA FORMATION. 

North of Edgemont. S, Oak. 

FIG. 12 .-GREENHORN LIMESTONE ON GRANEROS SHALE. 

South of Edgemont. S, Oak. Shows characteristic alternation of limestone and shale in the Greenhorn and abrupt chang~ of sediments 
at top of the Graneros. 
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