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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 tlle 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 guide the traveler; serve As a result of the of dIe 8uriaee, marine sedi-
called folies. Eaeh folio 1m-Imles a topographie I mlOothl:{ about ::omooth snrfaces, Teecde into all the investor or owner who df'sirf's to ascertain the of the land, and 
map ami ~l'ologic maps of It snwllDf(-'R. of ('olIutl'Y, reentrant of rayine~, :lllU in pas:'<ing positioll uud lmrroundings of property; save the o('cupied by such 
together with explanatory and deseripti\"e texts. about These of contour engineer preliminary sUITe.vs in locating road13, rodes. 

THE 'l'OPOGHAplIlC ThBP. 
('urH'S :lnu anglt'~ to forlIls of the landscape elIl be TUiIwl1Ys, nIld irrigation reservoirs and ditehes; 
traceu in dIe map alld &.::elch. provide edlH'Htionalmat.erin 1 for Bchool13 and homes; 

Roeks exposed at the sudllC'e of the land Rrc acted 
air, water, ice, animals, and jllants. They 

3. Conto(Jrs ~h01V the approximate gTade of any alld be useful as a nwp for local reference. hrokf'n into and the more 
The feature" represented on the slope. The altitudinal spl-we llPim'eIl two ('ontoun'l 

arc oft-hree distinct kinds: (1) is tllG HflIlH', whether tiley lip a ditf ill' on It THE GEOLOmC MAPS. 
fa~e, called plfJteans, vallp,Vs, hills, gentle slope; but to n on a gentle I 

and mountains; ealletl tdope one mUHt go on n steep slope, and The maps repl'esenting the geology show, by 
dIe: tiwrefore ('Oil tours are far apart on gentle slopes I eo]or", und conventional l:iig>Ils printed on tho topo-

works man, calleu cltlfl/I'e, us i and neal' together on steep 011<'8. : gTllphie oas(' map, tIlE' distribution of rook masses 
boundariC's, and ('Itit's. For a flat or g'ently undulaiin)!; eouniry It small' on the f'udilCe of the IBn(l, lllltl the stmoture 

Bdi(f.-SII are mellf'ured from mean 1 contonr IHtf'nal is used; f()r a stpep or mountain- ' seetions show their nnder/:.'ToUll(l rela.tions, as far us 
b,;it leyel. The ht'ights of many pointl"! arc u('('u- ~ ous (,Olll: try a large illt.f,rnll is The, known and in such detail BS the )'!cale permits. 
HIldy dcterrnitwd, and tllOse "hich ure most smallcf't intel'yal used OIl the atlas of thc 

nrc gi veIl on th? map in figures. It is 
the t->levation of all parts Rocks are of many kind'l~ On the geologic map 

Kl~ns OF ROCK8. 

the outline or form tllf'y 111'e (listinguished as i,2:neous, sedimentary, ;tnd 
10 indicate thpil' grade or Btecp- tJlOsc Colorado, tile may he 2,)0 fE'ct. : metalllorphic. matter. 

is done h;r lille,., f'lwh of whi('h is tlrllwn For intermediate relief COlltour illtenals 01' 10, :l0, I )·{Jcl:s.-Thesf' nl'e roek':1 whi('h have I l'ocks.-In tlle (,OUfSt' of time, and 
throu~h pointE of equllI denition above IllPan sea 25, ;')0, and 100 f('et arf' m1cd. , : and e0n.,olidated from Il Rwte of fllsion. : by a variety of pl'o('e>lsf's, rocks may become ,2:rently 
112\(·1, t.lH' ldtitwlinal interral reprcl'ellted the: lire iIHliratetl hy bllle I Throng-It roeks of all molten material Ij()1:i I dwnged in ('ompositioll und in texture. 'Vhen 
"'p~LCe between liJ1(;,., llf'lng tlw 8ame I lines. a stream HOWl"! the E:'ntire .\'f'ur tlH~ line is from t.ime to timp f()l'ced upward in: the newly a('quirf'd chal'lwtel';sties arc more pro-
e<1eh wap. TheBC lint's Hl'e rallpd cOJIfOUr8, the: drawn unhrokcn, hnt if the ehannpl is dry <l part. \ fis",ures or ehannd" of' Yarion", .'lIHlpel::l aUtI l::liZe8, nounced than the old OIlP" sueh rocks are eatIed 
nllif(Jl'tll altitlldinHl between eaeh two ('011- i of tht> year the linn i" hrokf'n or dotted. 'YIH'I'e a II to or to the I'lnrfu('e. l{.(wk., £imlled by: lIu:tuJJwrpl,lc. Tn tlH' of metan~Ol'phjslIl_ 
tour8 i" ('ailed the Illterlial. Contonrs llllU I stl'eUlll Hiuk., and reappear" at the SllrnH'e, tht-> >lUp- the of' the molten mass within tllese I the suh"tUIJ('PR of a- rock is eompol'lcu may 
clevut;()ns an-' printed ill hrmYlI. I pORed unuel'gronnd eOllrse i" I'lhown bya. hrokpn ~ dllllll1l'Il'1-tllat iH, hdow ihe "urfu('c-----Hre eulled I enkr' into n'ew eombinationd, ('el't.ain "uh"tanoos 

The Illallnpl' ill wJlieh eonrOlll'." I blue lille. LakeR, marf:lhps, and other hodies of I ;ntnl.~i/'('. ,ri:Wll thp rode a fi.%lll'e with 11Iwy he lost, or new substanee.'l may he uJdod. 
fOrill. amI grave i8 f:;IWW/I ill tilt' wuter are also shown ill hIue, by appl'opriflte eOlI- I paralld wallH ma:::l8 is mllpd a: There is often n complete gradution from tIl(' pri-
HIld ('ol'l'!:-'spondillg contOllr Illap (fif!,'. 1). I Vf'ntionHl I -wlwll filh~ a aJl(l inegulnr eOllduit I to the llletamorphic fbrm within a sillgle 
,-_______________ , I works of man, sueh HS ronds, rai]- I tJlO mASS is tc-rnwd a ''''-hell dll' eOllduits for: mass. 8uch changeR iranl'1fol'm sandst.one into 

The I'lketeh 
hills. 

I roads, and tOWIlS, trawrse ~tnl.tiiictl rocks tllCY often' qwutziip, limet'tone into lllarble, and modify otller 
parullel ht:'dding phtncs; , l'ol'l,-s in various . 

States (exdudillg mHsseR filling- fi&:nrcs are ealled: From tjllle to in geolo/:,rie history igneous 
/ I Ahll'ika and islnnd PORs!:-'ssionp-) is nhollt :~,O:l;;,OOO .~iIl8 or sheds whcn tltili, an(l faeeo-' and Rodimentary ro('ks haye bcen deeply buriod 

: square miles. ~\..lllap drHwn \ lillis when oeeup.ylnp; lurgt'r prot/ucpd by and later ha ve hepn l'<lised to tIle sUl'fi:l('e. In this 
I to tl1f' Rcale of 1 mill) to dIP ' the foree propelling- tllC nwgmas llpwartl "-'-itllill of pree:dltre, UlOYC-

o,020,000 square int'hes of papPI', and to uecom- I roek inclosures molten llliltprial eool8 with their original structure 
modale the map the would llPed to lllell"nrc II the result that intl'l1!"oin' rot"ln; Bre 
abont 240 by 11-)0 fcpt. 0[' gl'onIHI ta11in(' texture. 'Vlle/l the the S11r-

suriiH'e \\ould be repl'eRPnteu a Hquare inch 0(' I fH'e the molten mnteriul pOllJ'ed ont tln'ough tllem 
lIlap f:iurtheE', and one linear 011 the t!,'1'onnd I is eaIled fw)((, and la.yns often build up volcanic 
would lip l'PpJ'ee:entp(l a linear illch on thf' map. ',mountains. Ip:neoHs rcwks thus formE'd upon the 
This rehltioll hdwPCll in nature alHI eor- I surface are eallE'd ('.rirw:J1·1'« Lanls eool rapitlly in 
req)Oudillg di8tancp on t.he lllap is e,llled tllP .w·ule : tJll' ail', awl a('tjllire a or, more oihm, a par- ' lamina:' aJ»Jl"O'omate{Y 

ofihc III tflis ellsc it i.-l "llllile to ~lll inch." I tiaIly el'ysialline in their outer parts, I 'structure 
uwy be t'xprf's,.,rd also hy a fradio;l, : hut 'are more fully l!I:'ystalline in their inner POl'- : I;Clt1'sfONil?/. 

of mica or 
with their 

thp nUmel'lltOl' if' a lengtll on the map I tions. The OllieI' parts of laylt 110ws usup.lly I As a rulE', the olde",t ro('b Hre most altered 
and tIl<' d(-mOllllnator t.ht-~ ('ol'l'f'l'lpontling It·ngth ill t-:xplot'i\ e adion <l('com-i and tiw ,nnUlger fonnatinn8 hn\T escapetl meta-

in the same unit. Thu8, 118 there ean . ..,ing ~jt'dj()n.':l of'dust., Illlorphi'llll, tlllt to this rule there are important 
aro iIl('hps :in a rnil6, the seale "1 mile to Thf'se materialH, 'wlH'n I pxceptions. 

, un ineh" is pxprpsf'ed by consolidnted, hrf'erias, ulld : rORi.\rATlO::"rS. 
Three s("lil(*, arf' useu on atlas sheetl:i of the tuff.... Yole<lllie f'jPeta may fall in of water i 

Oeologicul Rurwy; the smalJo::;t is or may be carried iI;to lakes or seas amI f(Jrm: :Fol' llJapping rocks of all 
Sf'tiiulf'otarv ro('kt'!. I the art:' di~~ided 

" '!·ocks.-The,se rocks are II tilill.~. A sedimentary formatioll contains 
g-round to an illCh on the nwp. 011 the of the or ol(ler rock" whi('h have it:" llppel' and 10woI' limitH pidler ro('ks of uuifbrIll 

a squaro incJl of map surtilcp hrokf:'n up and t.ile of 1\hi('h haye heeu : dwraetf'r or roek.'l morp, or Ip",s lllliformly varied in 
jl::l from its top tmvnrd the ahout square mile of eardl sUl'faee; on 8('ale ('alTif'u to a different. awl deposite(1. I ehlu'adpr, as, for example, a. rapid altf'lIlation of 
the map eavh 1'f'atUl'C'R i" imli('atf'd, directly about 4 Hgnart' miles; alld on the beale The ehiei'ageni of' tnm:"portatioIl of r()('k debris is Hhale and limel:iione. "Then tht:' from one 
lwneHth its po"itioll in the skckn, hy contours. 16 miles. At, the bott.oll! '. water in Illotion, in('luding rain. f"treaIllI'i, and tk~ kin(l of l'oeks to anoLllf'r i8 f"OlneLinlf'H 
The following explanation may makp, dearer thp, seale if' exprps;:;ed in three wny.'l- : 'WHter of lake8 and of tlt~' sea. The matPl'ials are lllf'(",'f'H,U'Y to tW9 cOlltiguons fOl'Inntloll:-l hy 
m:lllllPr in which contour" tlplineat.e elevation, line miles Hnd : in part earried a" solid partielf''', and tho: an awl in some eHseH the di,'itill('tioll 
form, tllld grnde: (ll'0 thell 8aitl to bp lllcehalli(·nl. Suc·b I pntil'd.v on tJ1C conif,lnP,(1 f()l'lsil':1. 

1. JL contour inJieates a certain height allore .'lea f:l~nl(l, and ('lay, whidl arp later eonl::loli- : 
loYal. Tn tllis illuRtrlit.ion tlIC eontou-l' intern]] is illto ('onglolllerute, sHnd8toIlP, alld shalt'. [11 \ either eontuinillg tllC same kind of' ig-Ul'OllS 
50 fp(,t; thel'ef()n~ the eontour~ n1'e drawn at 50, smaller portion the materinls llre carripd in solu- I roek oj' A 
100,100, an(l :lOO fi'et, uncI so Oll, u]JOYP lllPnll Sf'U tion, lind the ~n() then enllf'd if: l1H'tamorpilie eonsil'lt. ofro(,k 0[' tllli-
1e\"c1. Along the ('ontonr at, :lSO feet lip all points forhlCd with the of life, or clwlllieal ' f(lrln dwraetel' or of rocks hllving ('OlUmoU 
of t.he Rllrfllee that aee 2i)() feet Hhon~ bea; along I area,'i lire eallpd without the aid of life. The more important ro('ks eha1'lli'tPl'isti('s. 
the eOllt,our at 200 fed, all point)'! thM l-ll'e 200 feet: the Reale of of chemical and organic arc limc"tone, ('hert, I "~bpn fill' s('itmtiiie or economic reaROIlS it is 
aho\Ce sea; und so OIL In tIlE' f"pace hetweell nny a degr!'e of a d!:-'gl'l'e~()f longitllde; eaoll gypBllm, salt, iron ore, pcnt, i-md ('oal. Any I dpsirable to Bud Hl<lp onf' or more 
two (:ontour" arc foulld elevations above the lower sllPet on the ~:;('nle contain" Ollt-fourth of It I ovo of t.he deposits mHY ho lbrmed, or : 8f)('eilllly of It yaricd formation, 
and lwlow tllp hif!;her contour. Tlnu'I the contonr square on t.he scale eOll- I t.he different mnt.er-ials nw.v in I sndl parts fll'e ({/e,ltba.~, or by some othel' 
at 1;'50 feet fill'lsjllSi below the of the terl'a~e, : taius degree. arcas: many ways, produeing a greai appropriate t€rm, as Icnt£18. 
\vhilc that at :WO f~-'pt Ii('s ubove terrace; there- of the eorre~poll(ling al'e about 4000,: ~\notber tranf'porting agellt is nil' .:iJER OF ROCKS. 

fotc un po:nts Oll tIl!:-' ierrH('e ure SllOWll to he Illore 1000, and :l.')0 slJuarE' milel:i. ,willd; aml u third iR i('e in motion, or 
than };iO hut li':-\I'i dlall ~OO t('et nbo\-e sell. The The atlas shf'dS, parts of one mup: The most eharactPl'iO'tie of tbf' wilHl-horllc or colian dIe roeks 

hill iF shltcd to Ill' (iiO feet of the Gnitt'd Htates, politieal. houndary deposits iR loef'f', a Hne-graillPtl earth; the most clwr- , wer/:, blllallp,r 
lines, sneh ad tllOl'ie of Si<J.tes, eounties, amI town- . acteristi(' of tlpposit)'! i8 tin, H lwterof.!;t'neous time di'visions are ('alled epoehi5, and still smaller 
ships. '1'0 ench sheet, nlld to the (pwdrnngle it : mixture <llld pchhlf's \\"itll el:-iy or suwL The age of "1\ roek js exprcssed hy 

nllllllJ0-l'ed, and tho.'ip the namc of some \\,f'll-known: ~e~impntarr rod,-" are usually made np of bYf'rs naming time intelTal ill whieh it ,,"us f'ornH-'d, 
a(,i'f'11luatl,d being made lwadpr. town or fl'alnre within its limitR, and at t.he I or beds whi('h ean be e:l",ih" HqJtlratpd. Tlw':lo lan'l'h whell known~ 
i" not to llumlJ0r all the ('on!ours, and sides antI corners of end~ sheet the nameR of a(lja- : are ealled simla. Hoek; depol:iited in layers'l1re The l'lE'dimentary fbrnwtiollt'! depmited during a 
thVIl the a('('entunting aud llumbel'illg' df ('ertaln cent shedd, if puhlished, are printed. I said to he l:itratified. I period arc grouped together into a The 
of' CY('J',Y lH'lh ono-snJl1ce, for the the topographie I T}le I'lurf'aee of tlle earth is not fixed, as it seems I did:::lions of a system are 
heights of may he as('ertuinetl by eouniing: m:lp arc dl'alnllf!;e, and'eulture I to be; it vt:'ry slowly rise", or sinks, -with rcfcren('{l'l 0[' iormatiollS lesl::l than a scries is 
up 01' down from a !lumbered eontour. I of the quaurangle represented. It should portray I to the sea, over -wide oxpanses; and as it rises or 

f(COlltiuuellollthirdpageofoover.)' 



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

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

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

of int.ense di"fUl-Lmucc; in suell I colors. 'Vith the patterns of parallel hIltS, colon3 IllUother seen. Any cutting "which exllibiis i 
tlw heds have been rcvcrsetl, and' are .used to indicate age, a parLiruhr color those is ellllcd II ,~cdi(JlI, and t.he slime 

oft.('n diffiellit. to determine their relative agc'E : assigned- to eaeh The by tt:'rm il? applipd to a diagrrllll t.lfe rcla-I 
from their po:::;ition~~ then or the remains! formations a.re ronslBL of two or more tions. The ,nrangelllent of ill emth is 

On tile rif!;ht. of the sketch, Iig. 2, tile scetion is 
of schis:s whi(:h llre trarc:rsud by masses 
rock. The "ehist!:l are lllllch contorted 

imd imprints and Indieate 'which I letters. If the age of a f\)rlnatlon iM known the, t.hc eartM:;; structn!'e, awl a. section exhibiting this i" b 

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

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

imprints of plantR and animall:l ,dlich, at the t.ime,' are cOl1lpoRf'd of smull INters. The names of the I natural and lntitieiul clttting,';, fOT his information inferred. Htnee t.lwt portiOll of the section ilf'lin-
the strata. 'verc deposited, li\'(:,d in t,he sea or were I SY!:ltf'lllS and recognizt'd sprIPs, in (from, eoncerning the eart,h'l'l Ktrndnre. Knowing' the tiltC:'! whai is prohably true hut iR not, knowll by 
\vaslwd fro,ttl the land int,o hlkf's or seas, or were \IlCW t~) old), 'wit.h the eolor HlHl to I manner of formation of 1'0('k~, and traced 1 obscrvl-iiion or.well-founded int(;l'('Ill'C. 
hllried in ~ur1ieia.l (leposits on the land. 8uch, each system, are giwl1 in the preec(ling out t,lle relation:::; HnlOllg dIP bed:::; on tlw he i The sedion ill :2 shows threc set" of form!\.-
ro('ks, are ('ailed fO!'lRilifcrous. :By studying fos:::;il:::; i I:'UR,F~\(:E l"OJ01:-; i can jnf(~,' their relative llnde1'grou1[(lrf'bt~on!'l. 
it. has heen found that the life of each period of t,he ' , beneath the surfil.Cc, Clln dnm sedions seen at tllf' left of the 
earth's hil:lt.ory was to a gl'eat, extent different. fmm: ,Hills llm] valleys ana all other "lll'ihee forllls ha.ye i sellt.ing the st.ructure of the eart]l to II ",,,,,idemble 
that of othcr Only t.he simpler kinds of I been pro(l1keo For exaIllplf', dq)th. Such a seetioll whnt wonld lw 

wlwn the oldest, fossiliferous, most, yalle.y~ lire the strcalllK in the side of a miles long awl 
rocks FrOIll time to time more I, t,hat flow t.hrough them t,c>c fig. 1), tllP nllu vial TIlis ilhistmted in tiwir 
('olllplex dcwlope(l, and as t.he simplcl' ones plains hordering llwn.y streams Wf're built up hy of t,he 
lived on in lllodified furllls life became more varied. the streams; :-;ea cliff" are made by' 'tIlt:' eroding to ft, higher nre 
But. <luring: f'ach there li\'e<1 peculia.r formf:'., adion of waves, and s:md spits arc built up hy parallel, a 
\vhi('h did not. in earlier tilllt"" and 1u\\'e not iOl'lm thui'I constitute part, The 
eC\..isted !:\illcc; thc.:;;e Hre (;hrll'('w[eridie and of the ! which iorm ardH-'f:l, and trougll:::;. Tllcsf' :'!t-rata were 
tlley define the llgf' of any bed of ro('k whieh in lIk i Oll('t:' eontinllou", but, thp Cf(+;tl:l of the aTcites have 

bepn ,remored by dcgT1Hlation. The bed8, like 
tho"e 0[' the fir:'!t ~<~t, art' eoni()rmahle. 

are found. Other tYPCB passed Oil from 
to period, amI thus linked tlU:' 

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

Fo~sil r('rtlaills found in 

'1'01 
The hOJ';zontnl ~t.rat.a of [,hc rf'st upon 

the <,Toded edge,., t.he bpd>l of the 
lay" I 

stream:'!, drumlins (l'IJ11oolli o\'al composed 
of tm), flTHl lllorainpl'I (ridgf's or (hin. tl.l~.Ille at the 
{edge" of Other fiJ1'IllS <)1"(' prodilced. by Fig. ~,,-S:-wtch 

,Yet at tht' left of the sretton. Thc O\Tllying 
~t·d.iotl at thE' frau; and a df'posits are, from their evirlpnt,ly 

erosion, lind arc, in orig-in, indcpetHlcnt 
of tht, llslio('iated mat.eriaL The seH tliff 1:'1'" an I 

illush~ati()ll; it lllay he (,lll'\'e<1 hom l"O(.k. 

To this elass helong ablll1dol1('d riYer 
ghi('ia I 'furrows, und 
of a stream t.erracc an 
and afterwards 

\ than the llud the 
The figure represents a landscape which is cut and strata must. have 

off sharply in t.he foregronnd Oil a vertien1 planc, I uf HlP ol<li~r lwds 
so a:::; if) ~how the underground relat,ioIlS of the and tllP ae(~ll111l1lHtioll youHg(·r. \\~hcn 

roekB. The kinds of roek arc indi('ated by appro- youngf'r rO('kl" tIl1l!,; rest upon all prodcd imrh,ee 
printe symbols of liIle~, dots, and dm~hc:::;. These I of older roeks the relation lwtWf'f'Il til(' two L'> 
sytllLol~ admit of much variutioIl, but the following; I an 

a ure genemlly used in "sections t.o represcut the I il:l all 
commoner kind~ of rock: ' The 

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

.\11 p<Jrls of the hna HI'(' 
I 

seillst;:; and 19neOlt~ rod .. b At Rome 

1ml:::;S 01' I:'! dpposited upon it.. adioll of .ail', waler, Hnd iee, which WCHr - --=--~~~# I tH\(lSed (lllVIOIl'< of 'llOltCll But the 
~1,1l l",[ory til, ,ciusts ,,<te ph(", .. d I" Hwl 

~~t::'_ llltl\1blO11 of 1.L,Il<OUR 1'0 k~ ha\p BOt. 8imilarly, the time at whieh meta.1l,orphie rocks I them down, <lwl :'!trpilHH tlw WHRle material 
,vpre forllled from the original ma!';sp:'l is SOnl('tillles to the :::;ea. As tIlt' Pl'O('PI'IS on the flow 

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

shown hy theil' relations to ndja('PuL 1.(ll'lnatiOl.lH of 'water to t.he ~wa, it, (',1ll not eanipd hel0'w sell Thufl it is f~vidcnt a eou:::;idpl·ablc interval 
'of known agc; but thc HgC recorded on the lllap is levpl, awl the sva is thereful'e'('nllpd the ba."i('-/evd 
tlw.t, of the original IIlaSSCB and not of their meta-I of e.TO!'linn. \Vlwn H large trad i:::; for a 10Jlh.~ tiIlle 

l!lldisturhed by uplift OJ" :::;l1b6idel1ee it, is (lvgra,(l<.'d 
twd paft.crn,~.-Eneh format,ion 1,., shown, nenrly to base-leycl, and tliP eWll 'Kuriiwc thus 

on thc lIlap by' a distinctive combination of ('0101' II produced is e,dled a, penrplu-in. If thp h·uct, iR 
and and ii:l labeled by n spec-ial letter nft.er\vanls uplifted the peneplain at. tlw t.op is a ,I 

clap8e(1 bet.\H'CIl the fOrmat.':'on of the schists and 
! the h<'g:inning of deposition of tlw"st.raw of the 

f:l.<.'('01l(1 $,t. D\1ring t.hiR int.cnul the i'K:hists suf:' 

('ak"reou~ .andst,ones 'fel"ed IIH.'tll11l0rphism; they \\'ere t.he scene of erllp-
ti"e' llethit.y; 11l1d they wpre (1p(,plyeroded. The 

I eontnd between the 8('('011(1 nud thinl sets is another 

I 
record of the former relation of the t.ract t.o sea lewl. 

Symbols. and colurN as-sigftn) t() the. f'od;; ,~yst/Jms.. 'l'Hl£ VARIOUS GROLO(HC :-;HEE.TR. I 

fil,,"sil'ean,lbelldediguoou"rocb. ---' '-------1· ·1--- ----~ A Te!Jl map shows thc arens ' 

1 
:8 COllor for "erlimentary formations. On t.he mt:lr- Pig. 3.-Sylllbol~ n~cd in ~e('tioIl~ t.o 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 plat~an in fig. 2 pl'csents toward the lowcr ! the 

"""",,to,.,m"'-' it lIlarkK a time inr,cTYal het\veen 
ffJrltlntion. 

that. lnnd an esearpmpnt, or front, which is made up seet.ion 
wht. re he of sawlstones, forming t.hc cliff's, all(l sha.lcs, ('on~ti-I gronnd along l".eciioll line,. and the from 

of t.li(, fiw- tnting the aR showll at, the cxt,r,emc If'ft. of the surface of nny mII1(·ral-produeing or waLel"-
flU), formn- I the sf'etion. hrond bclt of lowcr la,nd is tray- I bearing stmtlllll which <:lppCar,-l in t.he f-\pc1-ion may 

in the and I ersed hy se\-eml ridges, which nre f:;C'Cll in thf'see- be measured the 6('~de of die Ili<lp. • 
its color nnd p:lttern noted, t.he Hl'<;f1S on the tion to cOl'rf'spon<l to th~ twd of sHnd- sllcet ('ontains a 
map corresponding ill color and ,pattern may he stOlle t.hat risps to t.lw 8urfilce. upt.urned 
traccd ouL. of this hed fOt·lll tlw ridgf'l'!, and tIle llltenl,,,,,,,,lte 

TIle legeml is also a pflrtial !:lta.tement of t.lw I vlllkys follow the outcrops of limestone and 
gcolo~ie history. In i.t tlw formationl'! are arranged reous shalc. 
in columnar form, grouped jlrimarily , "\-\'here the edges of the strata Hppenr at. thc 
orig~n-se(limelltary, igneolls, and snrfaee their tlliekness ell11 be measured :ltld the 
of unknown ori~in-and wit,hin eaeh group at which they dip below t.he surfilCe trm be diagram. 

o Red-pllrple. 
are phwed in the O1"der of age, so iill' as kllown, Thus their underg:round call The thieknesse,,> of formations 8re giVt:'ll in figures 

at the top. that t.he int.<:rscetion of which ,,,taLe the lellst. and llleasllrcm-ents, 
lIlap.-This nwp It hed "'ith a horizontal plane will t.nke is called I and the t.hickness each is- ShOWll in the 

minnn.Is and fihowing the idr£h:. The inl'linaLion of the bed to ihe hori- ,('olnrnll, is drawn to a scnlc--usually 1000 
A Brownish-red. t1lCir relations to the topographic featurf's ,md lo measured a.t. right ang-Ies to the strike, ' feet to 1 illdl. Thp ortIer of accnmulation of tbe 

the formations. Thc formation,., whieh is I sedimcnt;;; ii:l shown ill the columnar HT~'angelllent-
a.ppeJlr on areal geology nlHp Iln, usually ,.,hOWIl 8t.mta HYC cnrved ill troughfl and the oldest formation Ht tlw bot.t'(Jm, the YOU1H!;est at 
on this map by f'<lint.pr color The areal arches, such a . ., are sl:'pn in fig. 2. The archeI'! arc \ t,he top. • '-' 

Gray·1Jrown. 

Patterns composed of parallel st.raight, lineR arc geology, thus printed, a Bubdue(l hack- ealled ({nt':dinl::.~ nn<l the t.roughs ,~yllulhu:s. Rut' The intenal!'l of t.ime which to events 
used t.o represcnt. sedinH'ntary formations depoRited ground upon whieh t.he areas of produdb·e forma- the. !'lHll(lst.ones, shh.le8, and ljm~sl,ollP:::; wpre of uplift and Hnd intenup-
in the sea or in lakes .. Pattcrn~ of dot.s and eirelps tions ma.y he empha8ized by ~trollg ('olor~. A mine ited benGlth the ",en. in nearly flat. shp('ts; tlmt iwlientf'd graphically a.nd by 
reprcsent alluvial, and colillll fOl'llla.tiollR. symbol is printe<l at eaeh mine or quan'.Y, ac('om- a.re now bent and fol<1ed l.'l proof thai for('cK hayc 
Pa.tterns of triangles and are lIBell for igne-I panied by the name of the principal mineral from time to t.ime eaui;!cd t.he earth'fl ~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 ZOl1eK. In the ",tl'lltll ; 
origin are short dashes Hl'egularly , are Important nllllmg llldustrles or where miCSHIll are hroken a(~ross and the parts !'llippe\l PIlSt.

1 placed; i~ rock. is the dnshes may be I hasins e~i~t sp(,eial Jm~,p8. ,H·C p,rcpurcd, t.o show eadl other. ~ueh ureflks are termed faulLH. Two 
armngcd 1Il wavy hnes parallel to the structure these ad<.htlOnal eeonomu; features. kinds of faults are shown in jig: 4. Revised Janua.ry, 1004. 
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DESORIPTION OF THE DE SMET QUADRANGLE. 

GEOGRAPHY. 

GENERAL RELATIONS. 

Eastern South Dakota forms part of the Great 
Plains, lying in the broad, indefinite zone in which 
th~ plains merge into the prairies of the Missi8~ 
sippi Valley. It is comprised within the area 
glaciation, and most of its surface features show 
the characteristics of a drift-covered region. The 
country is not level, but presents long, rolling 
slopes rising 300 to 800 feet above the broad val
leys. The principal elements of relief are massive 
ridges. or .mesas, due to pre-Glacial erosion, which 

< are often crowned or skirted by long ranges of low 
hills due to morainal accuDlulations left by the ice 
along lines mzrking pauses of glacial advance and 
retreat. Further diversity of topography has been 
produced by. the excavation of the valleys, espe
cially.that of the Missouri, which has cut a trench 
several hundred feet deep, mostly with steeply 
sloping sid~. Between the moraines there are 
}'olling plains of till and very level plains due to 
the filling of glacial lakes. The upper. Jame, 
River Valley presents a notable example of this 
lake-bed topography. 

LOCATION. 

The De Smet quadrimgle is located between lon
gitudes 970 30' and 9SO west and latitudes 440 and 
440 30' ,north. It is mainly in Kingsbury and 
Miner counties, but comprises portions of Beadle 
and Sanborn counties. It has an average width 
of a little more than 24t miles and a, length 
about 35 miles, and its area is about 857 square 

By J. E. Todd and C. M. Hall. 

expected from the relations of the quadrangle to 
the James River Valley and from the position 
the higher and lower points, the general drainage 
is toward the south west except in the two areas 
above mentioned and in the basins of some streams 
a portion of whose courses in another direction was 
early determined b:y the ice sheet. 

The watercourses are" not large and none carry 
running water throughout the year. Few of them 
even have water holes in-the dry season. None 
them have cut trenches over 15 or 20 feet ~n depth, 
or have flood plains of any importance. James 
River does not enter the area. The broadest water
course skirts the east side of the rough area west 
De SIDet. This valley is 2 or 3 miles wide and 
contains two or three large lakes. The longest 
watercourse is Redstone Creek, which rises near 
the middle of the north boundary, near Bancroft, 
flows south to the vicinity of Carthage, turns south
west, and, reaching the bottom of the James River 
Valley, turns north, and then west, leaving the 
quadrangle near Alwilda,- in Oneida Township. 
Branches of Redstone Creek and several other 
streams have similar courses curving -roughly 
toward the southwest. 

GENERAL GEOLOGY. 

The surface of eastern' South Dakota is in large 
part covered with a mantle of ghu--ial deposits, con
sisting of gravel, sand, silt, and clay, of varying 
thickness, which are described in detail later, under 
the heading" Pleistocene deposits." 

The formations underlying eastern South Dakota 

Iowa, and southward. , The Pierre shale extends in 
a. thick mantle. into eastern South Dakota, lying 
under the drift in the greater portion of the region, 
except in the vicinity of the higher portions of the 
anticlinal uplift above referred to. It was, no 
doubt, once continuous over the entire area, but 
was extensively removed by erosion prior to the 
Glacial epoch. Doubtless the Fox Hills and 
Laramie formations once extended east of Missouri 
River, but they also have undergone widespread 
erosion and few traces of them now remain in the 
extreme northern portion of the State. Tertiary 
deposits appear to have been laid down over part 
of the region, as is shown by small patches still 
remaining in the Bijou Hills and other higher 
ridges. 

The De Smet quadrangle is covered with glacial 
drift, with the exception of small alluvial flats 
along the streams. The underlying stratified rocks 
are not exposed, Qut data concerning them have been 
obtained from numerous borings made in sinking 
artesian wells. These rocks have a nearly hori
zontal attitude, as may be seen'" in fig. 1, and 
include representatives of the Cretaceous system 
and probably the Algonkian. Because of the rela
tion of these underlying rocks to the water supply 
of the area, they will be- briefly considered here. 

ARCHEAN-ALGONKIAN ROCKS. 

The old crystalline rocks, popularly called the 
"bed rock," underlie the Cretaceous throughout 
the whole quadrangle, and, judging from their 
altitude in adjacent areas, they are probably 1150 
feet above sea at the southeast corner of the quad-

FIG. i.-Sketch section (rom Huron to pe Srnet, showing the artesian wells extenaing to the Dakota water-bearing sanastone. 

and South Dakota. In this quadrangle it nowhere 
comes to the surface, though it has been encoun
tered in a number of the deeper wells. 

The formation as exhibited in the rim of the 
Black Hills is usually a brown sandstone, hard 
and massive below, but thinner bedded above, 
having an average thickness of 100 feet. It varies 
from fine to coarse grained and usually is only 
moderately compact. In eastern South Dakota 
the formation lies on the Sioux quartzite, but in 
the vicinity of Mitchell it abuts against the higher 
portions of a quartzite ridge on which the Benton 
shales and sandstones overlap. The Dakota ter
minates at this overlap in an old shore line, which 
has considerable irregularity in outline and alti
tude, the latter due to local variations in amount 
of uplift. From" this old shore line along the 
quartzite ridge the Dakota sandstone slopes toward 
the north, west, and south. It is believed that this 
shore line is nearly intact, for probably there was 
but little erosion before the deposition of the Ben
ton. The dip of the s!IDdstone is more rapid near 
the quartzite ridge, and gradually diminishes away 
from this ridge until the rock lies nearly hori
zontal. In this quadrangle the Dakota formation 
is a series of sandstones and shales mantling the 
crystalline rock surface already discussed. 

The shale beds associated with the sandstone 
resemble those .. of the overlying formations, and, 
like. them, contain calcareous concretions which 
may be mistaken for limestone strata. Sometimes, 
also, tll1~re occur concretions of pyrites large enough 
to hinder the drilling. The different layers of 
sandstone are often harder near the top, and this 

QIt, GI&ciaJ. till; Kp, Pierre shale; Kn. Niobrara fOl'Illation; Kb, Benton fonnation; Kd, Dakota fonnation; gr, granite, Including probably overlying Sioux quartzite in places. 

HoriztintaJlfca.le: linch_Srolles. Vertical_Ie: 1 Inch = 1500feet. 

miles. It lies on the east slope of James River are seldom exposed east of Missouri River, though 
~alley, and extends from the bottom of the valley they outcrop in some of the hills where the drift is 
up onto the eastern coteau. thin and in the banks of a few of the streamS. The 

numerous deep wells througho1i.t the region have, 
however, furnished much information as to the 
nnderground structure. There are extensive sheets 
of clays and sandstones of Cretaceous age lying on 
an irregular floor of granite and quartzite of Archean 
arid Algonkian age. Under most of the region 
this floor of "bed rock" is over a thousand feet 
below the snrface, but to the east it rises gradually 
to the surface. There is also an underground 
quartzite ridge of considerable prominence that 
extends southwestward from outcrops in southwest
ern Minnesota to the vicinity of Mitchell, S. Dak. 

TOPOGRAPHY. 

, The region is in general:Oat, and its features are, 
with few exceptions, those of very subdued glacial 
topography, the basins being shallow and widely 
separated, and the swells very.low. Rougher areas 
occur in the morainic regions, which are shown on 
the ar.eal geology map. At some points the swells 
rise into hills from 15 to 25 feet high, which are 
more fully described under the heading "Moraines." 

The surface of the quadrangle varies in altitude 
from 1850 feet above the sea on a narrow ridge on 
the middle of the east line of sec. 12, T. 111 N., 
R. 57 W., to about 1250 feet in the southw~st 
corner near the middle of the north line of sec. '5, 
T. 107 N., R. 60 W. The generally smooth sur
face gives place to rougher land west of De Smet 

. in a northwest-southeast strip ,2 or 3 miles wide, 
and in the vicinity of the larger ravines on the 
west slope of the strip above mentioned. 

DRAINAGE. 

\ The general drainage is simple. The streams 
for the most part belong to the James River system. 
In the northeast corner of the quadrangle is an 
a~ea, including about 40 square miles, which drains 
intI? the basin of the Big Sioux, or rather into a 
local system of lakes which sometimes overflow 
into it. In the southeast corner is a narrower area 
of ~bout the same extent which drains into .the 
Vermilion. The strearps of the qnadrangle are not 
simple consequent st.reams, but show the disturbing 
effects.of the Pleistocene ice sheet. As would be 

The lowest sedimentary formation above the 
quartzite is a succession of sandstones an.d .. shales 
of wide extent, termed the Dakota'formation, which 
furnishes large volumes of-water for thousands of 
wells. It reaches a thickness of 300 feet or more 
in portions of the region, but thins out and does 
not contin'ue over the underground ridge above 
referred to~ It is overlain by several hundred foot 
of Benton shales, with thin sandstone and limestone 
layers, and a widely extended sheet of Niobrara 
formation, consisting largely o( chalkstone .to the 
south and merging into calcareous clays to the 
north. Where these formations appear at the 
surface they.rise in an anticlinal arch of consider
able' prominence along the underground ridge of 
quartzite, but they dip ·away to the north and west 
and. lie several hundred feet deep in the north
central Pt?rtion of the State. ill the Missonri Val
ley they rise ·gradually to the southeast and reach 
the _ surface in succession, the Dakota sandstone 
finally outcropping. in the vicinity of Sioux City, 

rangle, or 400 feet below the surface. From this 
point the surface of the rocks declines gently to the 
northwest toward a shall{)w east-west depression 
which extends from south of Iroquois to De 
Smet and which hMS an altitude of less than 200 
feet above sea. The principal rock probably is 
a light-colored granite of supposed Archean age, 
which in places is overlain by red Sioux quartzite 
of Algonkian age. Dikes of eruptive rocks such 
as diabase may sometimes occur, though no distinct 
OCCUlTences of any of these have been reported. 
The only borings in this quwrangle in which crys
talline rocks are supposed to have been struck are 
at Vilas and Howard, where "granite" has been 
reported. The granite, judging from samples from 
the Budlong and Motley well, northeast of Hitch
cock, and from some wells 5 or 6 miles north of 
Farmer, in Hanson County, is a fine-grained,light
gray rock, abounding in a transparent feldspar. 

CRETACEOUS SYSTEM, 

Of the subaqueous rocks, only the upper Cre
taceous is known to occnr in the De Smet quad
rangle, but it is possible that there are also 
present the equivalents of the Lakota sandstone 
and underlying shales of the Black Hills region, 
which are of lower Cretaceous age. The J~rassic 
is almost certainly absent, for its area of deposition 
was far to the west. The Dakota, Benton, Nio
brara, and Pierre have all been recognized in 
drilling. 

The Dakota formation is the principal water
yielding horizon of the region and supplies the 
more important artesian wells of North Dakota 

has given rise to the expression "cap rock." Fre
quently the drill has to penetrate several feet of 
hard rock before it reaches the water-bearing strata. 

The Dakota sandstone is variable in thickness, 
but, as few borings' have gone to its bottom, pre
cise figures are available only for some limited 
areas. In the De Smet boring it appears to have 
a thickness of 425 fee4 .but it is probably thin
ner to the west. It appears to thin considerably 
toward the northwest corner of the quadrangle, 
and doubtless also to the southeast, as it overlaps 
the slope of underlying rocks. The Dakota is 
very nearly horizontal under most of the area, 
but rises gradually on the slope of the under
lying crystalline rock ridge in the southeast corner 
of the quadrangle. 

The well sections (figs. 2 to 6) on the next page 
exhibit the character and thickness of the forma
tion in detail, and in the discussion of the sources 
of artesian water further light will be given on the 
number, thickness, and subdivisions of the sand 
strata in this formation. 

In studying the sections it should be remembered 
that the data given by well borers, upon which a 
section is based, are indefinite in many respects. 
The drill commonly used is a hydraulic machine, 
in which a jet of water .is used to bring up the 
borings; hence the exact character of any partic
ular portion can not be very definitely learned, as 
the rock brought to the surmce is usually pulver
ized and is mixed with mud from several strata. 
Moreover, unfortunately, the driller is usually not 
disposed 19 examine the deposit with much care, 
nor to measure carefully the exact position and 
thickness of many -strata which would be of special 
interest·to a geologist. The driller is interested 



chiefly in the water-bearing strata, and in only 
such of them as produce a flow sufficient for his 
purpose. When asked for a record of a partic
ular well, he is apt to remember only the depths 
at which water was struck and at which the great
est resistance was encountered. It may, therefore, 
safely be concluded that the deeper sandstones are 
ofiRn thicker than is represented in the sections. 

The Dakota formation is considered by some 
geologists to be a fresh-water depoait, as the mollus
can fossils which are occasionally found in it are 

I-~r: 
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FIG. 2.-Section of Brookll well, NE. i Il00. 21, T. 112 N., 
R.158W. 

of a few distinctly fresh-water species. Material 
from wells has afforded but little evidence as to 
organic remains ill the Dakota sandstone. About 
Esmond shells of Goniohasia, a fresh-water form 
which occurs in Dakota sandstone in Nebraska 
and elsewhere, were obtained in quantity. They 
were found at a depth of 785 feet. Fossil leaves 
were found in a well near Hitchcock. 

The Colorado group includes two distinct for
mations. The first or lower is called the Benton 

! 
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FIG. 3.-Section of well at Iroquois. 

shale, so named because of its prominent develop
JI.lent near Fort Benton, on the upper Missouri. 
In the southeast corner of South Dakota it consists 
of lead-colored or dark-gray shale containing cal
careo1¥! and ferruginous concretions. Where it is 
exposed along Missouri River it is estimated to have 
a thickness of about 300 feet, but it thins eastward. 
In the vicinity of the Black Hill, the Benton is 

2 

much thicker, and is divided into seventl forma
tions. There it consists largely of dark shale, but 
exhibits also layers of sandstone, sometimes of COll

siderable thickness, and also a persistent layer of 
ehaly limestone abounding in Inoceramus lahiatus. 
These features are also traceable in southeastern 
South Dakota. 

The second or upper member of the Colorado 
group is the Niobrara chalkstone, named from its 
prominence near the mouth of Niobrara River. 
It is usually of a drab color except where it has 
been weathered. It may be snow-white, but is 
more commonly of a light-straw color. It varies 
considerably in composition, often carrying a large 
proportion of clay. Owing to its ~riable compo
sition it is not always clearly distinguishable from 
the Benton shale below. The purer chalk seems 
to be limited to lenses of large extent, merging 
into clay. In some exposures chalk may be found 
at one point and a few rods away its place may be 
taken by gray clay. 

Benton formation.-In this quadrangle the Ben
ton includes a relatively larger amount of sand
stone than in most other places. It is not exposed 
at any point in this quadrangle, but the data 
derived from wells indicate that it is composed of 
the following strata: Beginning at the top there is 
immediately below the chalkstone a stratum of 
plastic clay or shale. This seems to be extremely 
variable in thickness, ranging from 1 to 50 feet. 
Beneath this clay is a layer of rusty' sandstone 
which is exposed farther south and which varies 

Ir<II1pYI1te,3feet. 

FIG. -i-Seation of Spear well, NE. i sec. 19, T. 110 N., 
R.15'1W. 

from 10 to 100 feet in thickness. Below the sand
stone is a thick layer of shale in which, near the 
middle, there seems to be a thin stratum of sand 
sufficiently continuous to carry water, which Hows 
when tapped by wells. The whole formation has 
a thickness of 450 to 500 feet, as nearly as can be 
judged from well records. 

Owing to the failure of drillers to recognize the 
chalk rock to the north, it is difficult to ascertain 
the upper limit of the formation. Apparently the 
first sandstone reported is the upper sandstone of 
this formation, and on this assumption, the Benton 
beds comprise the strata from 400 to 847 feet in the 
Iroquois well (fig. 3); from 485 to 932 feet in the 
Spear well (fig. 4); from 365 to 837 feet in the 
Murphy well; from 400 to 1030 feet in the Brook, 
well (fig. 2); from 440 to 886 feet in the Everest 
well, and from 840 to 1185 feet in the De Smet 
boring (fig. 5), the latter indicating thinning east
ward. 

The sandstone contains sharks' teeth and traces 

determination. They were found 250 feet below 
the chalkstone and about 100 feet above the main 
water How. These fossils are distinctly marine in 
character and indicate that this stratum is a part of 
the Benton. This fossiliferous horizon seems to 
have a considerable extent around Woonsocket. 
Other Benton fossils, including Mactra and Fascio
laria were found in the Ashmore well, near Artesian. 

Niobrara formation. - The most characteristic 
feature of this formation is the chalkstone, but no 
doubt considerable deposits of clay should be con-

FIG. 5.-8eetion of well at De Smet. 

sidered as included in it. As the formations both 
below and above are clay, the areal distribution of 
the Niobrara can not be very sharply defined in 
this drift-covered region. It is especially difficult to 
recognize the different beds in wells, fot there the 
chalk has not been exposed to atmospheric action, 
and has a leaden color, closely resembling the grny 
clays of the Benton. Well drillers do not always 
recognize chalkstone, so that there is considerable 
uncertainty in the records of borings, a fact which 

of vegetation where it outcrops, and a stratum of FIG. 6.-Section of well in SW. i sec. 4, T. 107 N., R. 56 w. 
fossiliferous limestone 580 feet below the surface 
in the vicinity of Woonsocket. Some of the lime- should be borne in mind in considering the well sec
stone fragments were submitted for examination to tions (figs. 2 to 6). The best means of distinction 
Dr. T. W. Stanton, who reports that at least between the chalkstone and the shale is the fact 
three species are represented, one of which is a that when pulverized the chalkstone does not 
small Nucula with striated surface, that may be the become plastic and sticky like the shale. The 
young of N. cancellata M. and H.; another is pos- chalkstone behaves more like a sandstone, from 
sibly a young Mactra; and the third, the most which, however, it is readily distinguished by ita 
common form, is probably a Lucina. The speci- softness and lack of grit. Features observed far
mens were too impertect to permit more definite Ither south in the James River Valley indicate that 

the chalkstone may have been formed in part con
temporaneously with clay. Clay with a very little 
calcareous matter has been found within a few feet 
horizontally of typical chalkstone. 

Well sections showing the character and rela
tions of the Cretaceous formations in different por
tions of the quadrangle are given in figs. 2 to 6. 

The Montana group is elsewhere made up of two 
formations, the lower being the Pierre, so named 
because it constitutes the main part of the Missouri 
bluffs at Fort Pierre, and the upper the Fox Hills, 
so named from its occurrence in the hills of that 
name north of Big Cheyenne River. Only the 
lower portion of the Pierre is present in this quad
rangle. 

Pierre shale. -As developed here the Pierre 
shale consists almost entirely of dark plastic clays, 
sometimes hardened into shale, with occasional cal
careous concretions, and perhaps some thin layers 
of sand or sandstone. This formation probably 
underlies the whole quadrangle immediately above 
the chalkstone. It is comparatively thin, however, 
particularly along the southern boundary, where 
it is not mrer 15 to 20 feet thick. As the lower 
formations dip toward the north, the Pierre 
becomes thicker in that direction, and has a max
imum thickness of 150 to 200 feet along the 
northern boundary. Well drillers do not report 
sandstone in it, but as it contains a well-defined 
water horizon it seems probable that there is a 
thin sandy stratum, or possibly a bed of porous 
chalk, a little above its base. No fossils have 
been obtained from this formation in this quad
rangle. 

QUATERNARY SYSTEM. 

The formations thus far described are sedimen
tary, and with the possible exception of the Dakota 
are of marine origin. To these the Pleistocene 
deposits present a marked contrast, not only in 
their origin but in their mode of occurrence. 
They are the products of glacial action and over
lie all earlier formations without respect to alti
tude, forming a blanket over the whole quadrangle 
with the exception of a few square miles that arf) 
covered by alluvium. The deposits include till 
or bowlder clay, morainic material, and stratified. 
or partly stratified clays, sands, and grav~ 

formed along abandoned river channels and ter
~. The bowlder clay forms a great sheet, 
spreading over nearly the whole quadrangle. The 
morainic material occurs in a series of rough, 
knobby hills and ridges that cross the quadrangle, 
as is shown on the areal geology map. The 
channel gnd terrace deposita are found in valleys 
and over Hat areas, mainly near the morainic ridges. 

It is not certain that there are in this quadrangle 
any post-Cretaceous beds of pre-Glacial age. Near 
the southwest corner there are certain water-bearing 
beds below the till which may be distinctly older. 
From wells in that area have been obtained pieces 
of peat and numerous fresh-water shells, which 
may come from a pre-Glacial marsh deposit that 
may have been connected with the Hood plain of 
the pre-Glacial James River. 

Till 0' bowlder clay.-The till presents here the 
features common to the deposit found elsewhere, as 
in central Minnesota, Iowa, and Illinois. It is an 
unstratified mixture of clay, sand, and worn peb-. 
bles and bowlders, the latter sometimes attaining a 
diameter of several feet. In it are local develop
ments of stratified sand, sometimes mere pockets, 
sometimes portions of channels of considerable 
length, and sometimes sheets that locally separate 
the bowlder clay into two or more members. The 
till of this quadrangle is much more clayey than 
that found farther east, perhaps 90 per cent being 
clay. This is because of the long distance the ice 
moved over and deeply eroded the dark-colored 
clays of the Cretaceous. For the same reason the 
erratics are perhaps less frequently striated and 
planed. 

The till here, as elsewhere, exhibits an upper, 
yellowish division, known 8S yellow clay, and a 
lower. blue portion. The upper clay is simply the 
-oxidized or weathered form of the lower, and the 
separation between the two is not very clearly 
defined. They are sometimes distinguished in sec
tions, but not always. The blue clay is apt to be 
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confused by well drillers with the underlying ere- the north nesr the middle of T. 112 N., R. 57 
taceoUB clay of similar color, so that in their reports W., and follows a nearly due south-southeast diree
part of the Cretaceous clay may be included in the tion, leaving the quadrongle in the southern part 
Pleistocene formation. of T. 109 N., R. 56 W. This moraine forms a 

No distinct traces have been found of a general ridge, developed on a grand scale, which begins on 
subdivision of the till into different members, as in the western edge of the Ooteau des Prairies, and 
some other localities, and the whole is believed to from its higher points there is an extensive view 
have been formed by the Wisconsin ice sheet. It across the James River Valley on the west, look
should be noted, however, that even if there be a iug down a long slope into a basin 500 feet 
division there is little likelihood that it would be below. On the east the descent is abrupt for 
reported by well borers, for the Pleistocene is not 100 to 150 feet, into a broad valley which runs 
often the source of water supply, and hence the southeast, parallel with the ridge. . This part of 
drillers are less critical in their observations of it the moraine corresponds to two members already 
than of the underlying rocks. Occasional frag- mapped in the Olivet and Parker- quadrangles. 
ments of wood have been reported from it, but in Another member, much· less prominently devel
every case they proved to be isolated pieces and oped, branches off west of De Smet from the 
not parts of a "forest bed." one first described, and, leaving it at a small 

The surface of the till shows the characteristic angle, passes nearly due south to the boundary 
irregularity common to it elsewhere. There are of the quadrangle near Vilas. A third member 
many small, irregularly placed hills or knolls and branches off a little farther north, but is scarcely 
minor basins without outlet. These features are recognizable as distinct in the main part of the 
fainter than usual, and the general smface is much quadrangle and is but faintly developed until it 
more nearly a~ even plain than is common in drift- reaches the vicinity of Artesian. The low swel1s 
covered regions. This is because the quadrangle and knolls which represent this member would 
lies to the north of the principal moraine. The scarcely be worthy of separate notice were it not 
pre-Glacial surface had been acted upon by the ice for the prominent development of this moraine 
for a long period, and, as the underlying rocks north of Letcher and west of Woonsocket, beyond 
were soft and somewhat uniform in character, it the limits of this quadrangle. 
was planed down more evenly than usual. There The Antelope, or third moraine, named from 
has also been a considerable amount of filling of a locality in western Minnesota, is also faintly 
the minor basins with silt, laid down by waters developed except in its southern portion. .As near 
escaping from the ice soon after deposition of the as has been determined it is represented by several 
till, and also, in more recent times, with wash, scattered knolls and ridges north and west of 
resulting from rain and the melting of snow. In Iroquois, which continue southwest along both 
some localities considerable silt has been deposited sides of Marsh Creek and connect with a belt of 
by the wind. At most points, however, the sur- rough country in the Huron quadrangle. 
face is now nearly as it was left by the ice sheet. Ancient channe18 and terraces.-Throughout the 

The thickness of the till in this quadrangle is quadrangle are numerous abandoned channels and 
estimated to average considerably over 100 feet. terraces, the locations of which are shown on the 
In general under the eastern half it is over 100 areal geology map. Usually, though not always, 
feet, attaining 200 to 250 feet in the morainic area these are clearly separable from the pr~ent drain
northwest of De Smet. Farther south it is less, age lines, and are evidently much older. In some 
though it does not fall below 125 feet. In the of the shallower channels the older deposits can 
west half, while in general it is less than 100 feet, not be clearly distinguished from those of recent 
there are areas of some extent in T. 110 N., R. 59 origin, and the latter have been included under 
W., and T. 111 N., R. 59 W., where the thickness this head. The ancient channels correspond gen
is less than 50 feet. erally with the present waterways, which are the 

Several causes tend to render the thickness of puny successors of the old streams, though in some 
the till uncertain in some cases. In the first place, cases the direction of drainage has been so changed 
the thickness vari~ greatly in short distances. that some of the present valleys are -connected by a 
This may be due to the unevenness of the pre- network of older channels. 
Glacial surface. In the second place, as already These channels vary from shallow, flat-bottomed 
stated, local beds of sand occur in the till as well depressions, through whi'ch streams passed for a 
as under it. These may be mistaken for one comparatively short· time, to a trough 20 to 40 feet 
another and thus false estimates of the thickness deep that contains an abundance of coarse material, 
be made. Finally, in some places, especially showing that it was long occupied by a vigorous 
in the southern part of this quadrangle, in con- stream. The coarser depo~its are usually largely 
tact with the sand below the till and dipping from ,covered with finer material. Where the channel 
it at a small angle are Cretaceous sand strata which deposit has been cut through by the deeper trench
are difficult J,Q distinguish from the sands of the ing of ~ later stream, similar differe:nces in the 
drift. This difficulty is increased by the close chancter of the material also occur. In some 
resemblance of the Cretaceous clays to the till and cases the old channel deposit is at a height of 50 
by the fact that sometimes the two may not be to 60 feet above the present stream. In many 
separated by sand. For all these reasons the esti- eRses, however, the old deposits have been slightly 
mates given above need to be taken with some trenched, as the later drainage has passed off in 
allowance. another direction. 

Morairws.-The moraines of this quadrangle are The older channels connect with the terraces of 
shown on the areal geology map. With a few the present streams, particumly along James River, 
exceptions they are not a conspicuous feature. where sometimes two are present. East of Huron 
Generally they consist of a low, broad swell show- the terraces are about 40 and 60 feet above the 
ing the usual surface of the till, except that occa- stream. They are not. always distinctly marked, 
sional scattered peaks rise abruptly 15 to 25 feet but may merge into one another. . The usual sign 
above the adjoining surface. The swell may have of suCh a terrace is the sharp, stony edge capping 
an altitude of 20 or 30 feet above the till on the river bluff and the generally flat surface extend
either side, into which it insensibly merges. This ing for many rods back from the stream. 
merging is particularly well shown in the moraines These ancient channels carried off the wat€r from 
in the lower part of the quadrangle. The high the front of the ice sheet at its different stages. 
ridge west of De Smet rises somewhat abruptly and The arrangement of the channels is evidence 
is three or four times the height of the other of the former existence of .an ice sheet over this 
moraines. 

The moraines are composed of material similar 
to that of the till, but the ridges are more stony. 
They contain numerous bowlders and considerable 
masses of gravel. 

The moraines of this quadrangle include differ
ent members of two principal moraines, which are 
commonly known as the Gary and Antelope 
moraines. 

The Gary or second moraine of the Wisconsin 
epoch is named from its prominence near Gary, S. 
Dak. It is conveniently divided into three or four 
members. The first enters the quadrangle from 

DeSmet. 

region. The size, and particularly the course, of 
some of the channels and the an/ount of coarse 
material found in them can not well be explained 
by reference to any other agency. 

The order in which these channels were occupied 
may be learned from the map, but it should be 
remembered that it is impossible to represent the 
order of their occupation with minute accuracy. 
The succession is, however, much simpl~r in this 
quadrangle than in the adjacent area. When 
the ice receded during the Wisconsin epoch the 
northeast corner of the quadrangle was first 
uncovered. Hence the broad channel crossing 

that area in a southeast direction was occupied 
by a stream draining the eastern side of the ice 
lobe for a long time before any other channel was 
developed. The next channel was that of the 
upper Vermilion. These two channels are to-day 
the only ones not belonging to the James River 
system. All succeeding channels, which have a 
prevalent south and south west direction, lead to 
James River, and as the ice receded toward the 
northwest they were uncovered in regular order. 
Some of them drained the eastern side of the ice 
lobe for a considerable time. This was especially 
true of Redstone Creek. Other channels were 
probably occupied only during the time when 
the ice melted from over their valleys. 

Ancient lalee deposits.-In this region there are 
areas which may conveniently be called extinct 
lakes. This does not mean necessarily that they 
were ever wholly occupied at anyone time by 
sheets of water. It is probable that as the ice 
receded toward the north the southern portion of 
these lakes in each case was first occupied by 
water and filled by the accumulating sediment from 
the streams draining the adjacent ice sheets, and 
that successive areas were filled in a similar way, 
until the region became a flat plain covered with 
sand or clay, with points of the underlying till 
rising above it like islands and with shallow chan
nels winding about irregularly upon it. In some 
cases these plains seem to have been covered for a 
period by shallow bodies of water. 

One of these areas, which has already been 
described in the Mitchell and Alexandria folios, 
enters the southwest corner of the De Smet quad
rangle, where it occupies a small area in Union 
Township. It may have extended over a wider 
area than mapped, for the distinction between 
it and the surrounding level till is not marked. 

RECENT DEPOSITS •• 

Since the retreat of the glaciers there has been 
very little deposition in this quadrangle. The 
present streams and the winds are, however, 
making some changes in the surface deposits. 
The gravels of the ancient channels and lake 
basins are thickly covered with fine silt, which 
is in part dust deposited from the ail'. 

GEOLOGIC HISTORY. 

The earliest phases of the history of the region 
of which this quadrangle is a part may be stated 
very briefly. The granite which is found in the 
deeper wells of this quadrangle, and which under
lies much of the region, represents a stage preced
ing the deposition of the Sioux quartzite. It 
formed a land surface which occupied central 
Minnesota and from which was derived, both by 
the action of streams and by wave erosion along 
the shore, the material that now forms the Sioux 
quartzite. This formation, though widely pre
sent in the region, is not known to occur in this 
quadrangle. The deposits consisted mainly of 
stratified· sands and were thicker toward the center 
of the broad area that now extends southwestward 
from the vicinity of Pipestone, MiDI!,., and Sioux 
Falls, S. Dak. After their deposition there seems 
to have been an epoch of slight v,olcanic and igne
ous outflow, as is shown by the occurrence of 
basic material in a dike at the quarries at Sioux 
Falls and in borings at Yankton and Alexandria, 
S. D.k. 

Through silicification the sandstone was changed 
to an intensely hard and vitreous quartzite, while 
some local clay beds were transformed to pipestone 
and more siliceous red slate, as at Palisade. Micro
scopic examination shows that this silicification 
was effected by the crystallization of quartz around 
the separate grains of sand until the intervening 
spaces have been entirely filled. The material of 
the quartzite was laid down in the sea, and at first 
may have included scores, or even hundreds, of 
feet of material above that which is now found. 
In time the region was lifted above the sea, and 
during some part or all of the long Paleozoic age 
it was a peninsula. It may at times have been 
submerged and have received other deposits, but 
they have been eroded. That it was not far from 
the ocean, at least during a portion of the time, is 
attested by the occurrence of Carboniferous rocks 
under Ponca, Nebr.; and since Paleozoic, Jurassic, 
and Triassic rocks are found in the Black Hills, it 

is evident that the shore line during those ages 
repeatedly crossed the State some distance to the 
west. 

With the beginning of the Cretaceous period the 
sea began to advance over the land; in other worda, 
this quartzite area began to subside relatively. As 
the waters gradually advanced, waves and currents 
carried away finer material and left well-washed 
sands spread as more or less regular sheets extend
ing from the eastern shore line across the shallow 
sea to the Rocky Mountains. From time to time 
the activity of the erosion diminished and finer 
material, or mud, was deposited, or both the sands 
and the mud may have been laid down contem
poraneously in different areas. It is not unlikely 
also that strong tidal currents, sweeping up and 
down the shallow sea, may have been important in 
distributing so uniformly the sands and clays. 
Where the currents were vigorous, sands mainly 
wonld be laid down; where they were absent or 
very gentle, clay would accumulate; and not improb
ably these tidal currents would shift:. from time to 
time by the variable warping of the sea. bottom and 
the shore. At any rate, several continuous sheets 
of sand lie over this region and are more or less 
perfectly separated by intervening sheets of clay. 
The process resulted in the Dakota formation. 

The fossils found in the Dakota formation are 
some fresh-water shells and leaves of deciduous 
trees, like the sassafras, the willow, the tulip tree, 
and the eucalyptus. 

During Colorado and still later Cretaceous times 
marine conditions prevailed and the region was 
further submerged until the shore line was prob
ably as far east as central Minnesota and Iowa. 
During most of this time only clay was deposited 
in this quadrangle, but calcareous de.posits accumu
lated in the form of ('balk. during the Niobrara 
epoch, when the ocean currents brought less mud 
into the region. . 

During these epochs the sea abounded in swim
ming reptiles, some of gigantiJ size, whose remains 
have been found at several points; also sharks and 
a great variety of other fish, although the remains 
of these are not abundant at most points. 

After the Cretaceous period the sea seems to have 
receded rapidly toward the northwest, and all east
ern Dakota again became dry land. 

During the early Tertiary, according to the prev
alent view, large rivers deposited widespread sedi
ments in the region to the west and southwest, but 
this area received little material and probably 
abounded in vegetation and animal life which 
exhibited f~tures not markedly different from 
those of the present age. Probably the climate 
was theJ;l much warmer and moister. During the 
later part of the Tertiary there was doubtless a 
large stream somewhere ·near the present position of 
James River, flowing southward. Into this White 
River probably came, through the basin of w.;mte 
Lake and the valley of Firesteel Creek. These 
rivers doubtless had many small tributaries, which 
rapidly cut into the soft material composing the 
surface. The elevated region in the southwestern 
part of Davidson County may be considered as a 
reIllnant of the old divide south of White River. 
This older James River seems to have made for 
itself a large valley, which was much wider than 
the valley of Missouri River. Apparently it did 
not cut down to the depth of the present James 
River. 

During the Pleistocene epoch the great ice sheet 
moved down James River Valley, entering it prob
ably from the north and northeast. It advanced 
slowly, preceded by waters from the melti.ng ice, 
which gradually spread a mantle of sand arid gravel 
over nearly the whole pre-Glacial surface. This 
ice sheet flowed according to the slope of the pre
Glacial surface, moving more rapidly on the lower 
and more open portions of the valley, and becom
ing almost stranded on the higher elevations. It 
certainly extended as far as the outer, or Altamont, 
moraine. Some geologists are confident that it 
extended down the Missouri Valley and. became 
confluent with the similar sheet flowing down the 
Minnesota and D~ Moines valleys, both sheets 
extending into Kansas and central Missouri. How
ever that may be, during the formation of the Alta
mont moraine the ice filled the whole James River 
Valley and extended westward at different points 
to the present channel of Missouri River, near 
Andes Lake, Bonhomme, and Gayville, so that the 



Altamont moraine forms an almost continuous 
ridge or system of stony hills around the edge 
of the iee sheet of that epoch, except where it 
was removed or rearranged by escaping waters. 
Morainal deposits of this stage are not found in 
this qllatlrangle. 

In course of t.ime the strength of' the ice current. 
'was cheeked and the front gradually melwd back, 
until perhaps a portion of this quadrangle was 
uncovered. It is barely possible that the marsh 
deposits near the soutlnvest corner of the' quad
rangle, before referred to :lS possibly of pre-Glacial 
age, are to be referred to that time, but as no till is 
known to occur under them, and so fa,r as known 
they rest 011 Cretaceous clays, they seem to ant.e
date the coming of'the ice. 

After this period of retreat the ice sheet read
yanced and flmned the first memher of the Gary 
moraine. .At that time the northeast eorner of 
this area was uncovered, and the drainnge from 
the east side of the icc passed down Uw valley 
cast of De SI1lf't into t.he Big Sioux. 

'Vhile the third or Alltelope moraine was heing 
formed the drainagc was largely (lown Redst.one 
Creek, which disehargcd into a shallow basin in 
the vicinity of Forestburg, probably occupie(l 
much of the time by water. A small portion of 
thi-"l area cxtended int(J the southwcst eorner of 
this quadrangle. The laEt appea.rance of t.he iee 
in this quadmngle was as an almost stagnant 
glacier occupying several square miles in the 
northwest eonwr. 

After the ret.reat of the iee the streams oeeupied 
their present courses, and though at fi.rst they were 
somewhat larger than they IIOW are, they have 
aff'eeted the snrface of the country little exct'pt 
to deepen the channels which we're occupied by 
permanent water. It is lwlie\'ed that. James River 
had cut. nemly to its present tlc'pth before the ice 
di~appeared. Thc main change since the disap
pearance of' the ice has been the formatioll of soil, 
hy the accumulation of allllvium along the prill
cipal streams, by the deepening of fine material 
over the general surface through the burrowing of 
animitls, by the wash from the hillsides, and by 
the settling of dust from the at.mosphcre. . 

ECONOMIC GEOLOGY. 

This quadrangle contains no fleposits of valuable 
metals or of coal. The few sampleR which are 
sometimes sublllitted as "mi;leral" nre inva.riably 
iron. pyrites, which has no value unless founel i~l 
very large quantities. Fragments of coal are 
somet.imes found in the drift, in either ~ravel or 
till, hut. they have heen brought by the icc or hy 
streams from the northern part of the James River 
Valley, in ·which are f'oulHl beds of lignite-the 
f:lo-called coal of ~ mih Dakota. 

RUTLDTNO ;'lTONR. 

The most. ahulHlant stone in the quadrangle is 
that brought hy the J>leistocene glaciers. It is in 
the forTH of how1(lers, whieh are scattercd oYer 
most of the count.ry, hut. are much more abundant 
in t.h(~ morainic an,as. Tlwse bowlders consist 
mainly of :""Tanite and limestone. They are not. 
easily prepared for ordinary huilding purposes, 
hecause of their hardness and toughnC'ss, and thus 
far they .l;taye heen used prineipally for foundations. 

CLAY. 

Although the till is composed largely of clay, 
it is so mixed with gravel, and especially with 
calcareous ma.tter, that it has nowhere been suc
cessfully used for economic purpow's, not even in 
the, ma.nufacture of brick. Deposits of clay 'of 
economie valne nre not common. Diligent sea.rch 
might. diselose heds of silt in the larger Yalle'ys, or 
of gumbo in the lake hasins, in suilicient quantity 
to be of some local value ill making brick, but 
there is apt to he so mueh lime and coarse mate
rinl mingled with t.hem that. probably bricks will 
not be manufactured extensively. Near De Smet 
two companies hnve been manufaduring common 
building hrick for some years. 

HAKD A,'lD GllA VEL. 

Plastering sand awl gravel suitable for ordinary 
purposes are found at ma.ny points, especially along 
the ancient channels and terraces and in some of 
the knolls in the morainic areas. 
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WATER RESOrR.CE8. 

Under this head is induded an account of the 
most important nat.ural· resonree of this quad
rangle, water, ,vhieh may be divided int.o snrface 
waters and subtel'mnean wat{'l's. "C ndcr surface 
waters are includcd lakes, 8prings, and streams, 
a.nd under subterranCl1n ,,,aters the SOUl'ces whieh 
furnish sha]1O\v "reUs, tll'teslflll wells, and tubular 
or deep pump wells. 

Surface Waters. 

sanas and gravel of the older tenaces Or in sand 
beds buried in the till. Springs deriving their 
slrpply from such sources are u:::;ually t.ramlient and 
11llreJiahle. Springs fed from dceper sources are 
unknown in this quadrangle. 

Subterranean Waters. 

'Vaters obtained from helo,,,, the surface by arti
ficial mea.ns will he considered under the headings 
"HhMiow wells," "Tubula.r wells," and "Artesia.n 
wells." 

Lakc8.-Lakes reeeivc their ,vaters dircctly f'rom I SIIALLO,y WELLR. 
the rainfall, and cndure according to the ex~,ent of' Sha.llow wells are those supplied by water which 
the drainage ,hasins, their depth, and the amount! has fallen on the surnwe and whieh can 
of'rainfall, whieh varie", greatly in different seaSOllR, I he without penetrating an impervious 
but it about 20 inches a .After a The most cnmmon source of supply for 
sllccession wet years the lake oYer the I wells is the wat.er that. lies neal' the surface 
whole district are full of 'vater, awl are lIsually and seeps through the npper portioll of the till 
filled in the spring, if' there has been much snow I t.oward a watercourse wherever there are shallow 
during the winter. In the latter pm·t of smnmer accumulations of sand that fi)rm conduits for it. 

FIG. 7.-Rketch" map of De Smet ql1adJ'ungle:Alwwing approximftte depths to thfl hottom of thfl till. 'Vat.er ('an 
usually be obtained from sands and:gravcl at the baso of the t,m, and genern,lly rises lllarlY fed, in wells. 

west slope of the high land in the eastern part of 
the quadrangle. 

TURCLAR WELLS. 

Under thil:l hcad will be included simply the 
deeper wells, in which a tubular or forC't' pump 
is usually necessary, or where the wa.ter is only 
reached aftel' passing through an impervious layer. 
Such wells are ahundant in this quadrangle, par
ticularly in the northern part. They derive water 
from the Fland an(l gravel at the base of the drift, 
from a stratum in the Pierre clay above the ehalk, 
and fina.lly from the Benton sa~dshllle belo,,, the 
ehalk. 

TVater from tlte ba$e of the bowlder r:lay.-Relow 
the t.ill tllere is usually a stratum of sand or gravel 
which commonly is filled with wat.er. The depth 
to this horizon is shown in fig. 7. At moder
ate altitudes, as soon as the till has bccn drilled 
through, the wat€l' rises several feet, sometimes 
nearly to the surfhce, bl1t it is heavily eharged 
with lime, :md sometimes with iron, and there
fore is not desirable, although it is commonly cool 
and wholesome. At some places the water is so 
impregnatefl with other solublesa.lts from the bow1-
(leI' clay that. it is offensive and even injurious. 
Perhaps a more fi·equent. diffieulty in the way of 
using this water is the fineness of the sand in 
wllieh it occurs. It is almost impossible to sepa
rate it fi,ot11 t.he water. This not only makes the 
water di&lgrecahly roily, but eallses the rapid wear
ing out of the pump. In a few 10calitic::3 of lim
ited area there is no waJel'-benring sand at. t.he base 
of t.he drift, and probably at t.hese plaees the orig
inal I'mrface of Cretaceous clay waR so eleva.ted t.hat 
it was not submerged hy the~ waters attending the 
advance of t.he ice sheet, and the till was deposit.ed 
directlv on the Cl.'etaccous clay. Since more desir
able ,~'ater is obtainable in ~ strata a little lower 
down, this condition is of no gTea.t disad vflnbge. 

On the other hand, there are C't'rtain areas in 
which the water in this horizon is under such pres
sure that it flows at the surface. Such an area 
extends from thc southeast into t.he southern part 
of Floyd Towns],ip ('1'. 10B.N., R. 60 W.) This 
will he more fully discussed under the heading 
"Art.esian wells." 

TValcr in the Pierre c!ay.-The next lower water 
horizon, that in the Pierre clay, appe.ars to he eOH
necte(l 'NitIt one found at Huron and Cavour in 
the area to the wesl Appa.rently it is not at a 
uniform level, but iR st.ruck at depths of ii'om 115-
to Uti feet, the depth increasing somewhat toward 
tll(' north. Sinct'sand has not. been dist.inctly recog
nized the ·water may possibly be in local lenses of 
a porous ehalk deposited in the day. The water 
fi.·olll this source is commonly spoken of as being 
from the "soapstone" and is soft. The 20n-foot 
and 280-foot wellB ncar and north of Miner are 
proba.bly fed from this horizon. 

TVafA',1" £n the Benton .~and8t()rw.-The third and 
most. important pump-wen horizon is the upper 
:::;alldstone of the Rellt(J1l fornwtioll, which through
out t.he quadrangle seems to lie just below the 
chalk. It is the source of the most desiral)le and 
most permanent wells in the whole southern half 
of the quadrangle, and is well known in the WeHtern 
half. In t.he castern half it has not been devel
oped. This is probably due, not to its absence, 
but to its greater depth and the bet.t.er supply of' 
water fi'Olll more accessible strata. 

most of the ponds become dry. 'Vithin the last The wat.er flO\vs slo·wly through the lower port.ion Since this horizon is an unfailing fmurce of' soft 
twenty-five years Bome of these lakeR have remain cd of thesc sand ac{'umulntionR and appears at illt(~r- water, which usually rises within a. few feet of the 
throughout a summer "with 10 or lEi· feet of ,vat{'r, vals ill water holes along the upper courses of the surface, it seems worth while to give in considera
while a few years later the.v were dry enough for more prominent fltrealllR. ble detail the depths at which it may be struck. 
tillage. One of the largest and most notahle ii:l Rhallow wclls arc common in this qlUt<lranglc, Beginning at the nortlnvest comer of the quad
Rpirit Lake, about H miles north of De Smet. It. is and usually obta.in water at a depth of from 10 to rangle, it lies at a. depth of 3;'50 to 3RO feet.. III 
a broad unfilled portion of t.he clwnnel eaRt of the 30 feet. They do not ajl'ord a eopious or perrna- sOllthenstem Beadle County it is l'eat~hed between 

nent supply exeept when located near the bottom 200 and 2RO feet. Fa.rt.he~· east. the depth increases 
arc no st.reams in this quad- of' a depl'E'BBion or Heal' a challnel draining a as the surface rises, so that sOllth of Edmond this 

rangle whieh furnish water the year round: j~fter urea. The reason for t.his is t.hat the horizon lies about 420 feet below tJle surface. 
a min or when,the'snow 'melts, tlle wat.ercourses wnter comes from the nlinfa.ll only, awl the region ~ear the south..,vest cornel' of the quadrangle ih:l 
a.re sometillles so filled wiLh water as tD be impas- is often subjed to eOlltinuefl drought. Only those depth ffi about V50 fc'€t; north ofl\Iiner, in T. 107 
sable, but at most seasons of the year they show, wliieh are so situated a,,; to draw from a. large eMeh- N., R .58 "\V., it is fi'om 280 to 400 feet; near 
only ft series of ponds seatkn'(l along th'eir chan-I ml'ut, bHsin can be l'ounted upon ns permanent. thc sontheast corner of the quadmngle it seems to 
nels. Thesc retain n. small portion of t.he rainfdl. water is not ohtained before st.riking the blue bowl- be about 440 feet; nenl' Carthage it. is 420 fc'€t. 
In these valleys underground wate!' e1reulates. del' clay, it will rarely be found uutil the bottom SOIlW of' the cflj~es where t.he water is reached at 
suffieiently to prey'cnt the stagnation of the pOTul.,. I the till iR reached. leBS depth than usual may be due tD its escape from 
If they :lre kept free from contaminat.ion they Extellsive areas where shallow wells are pel'lna- the sandRt.one into the overlying ehalkHtone by 
afford good water :f()1' sOllie time.' nent may he found along the larger ehannels and way of crevices or more porolls strata. In t.his 

Spring.~.-Permfi.nent springs are rarE', tho\1gh a I basins. This is particularly true of the valley east way we way probably aceoullt for the remarkable 
few OC',cUT. They have. their source eithcr in the of De Bmet and of larger valleys dru.ining the :::;tatc!1lcnt that soft water is found in ehalkstone; 



if this· is not the true explanation, "the soda salts 
originally derived from the sea have not yet been 
washed out and prevent the solution of calcium 
carbonate. 

Another horizon is found lower in the Benton 
formation which furnishes flowing wells in the 
western half of the quadrangle. The water has 
sufficient pressure to rise to nearly 1500 feet above 
the sea. This horizon affords a pump-well supply 
in the highlands of the eastern half of the quad
rangle. While the supply is not copious enough 
for satisfactory flowing wells, it may nevertheless 
furnish water sufficient for an ordinary pump well. 
At Iroquois this horizon was reached at a depth of 
about 500 feet; in the southwest corner of T. 109 
N., R. 58 W., at the depth of 600 feet; near Man
chester at 580 feet, and 3 or 4 miles south of 
Carthage at 580 feet, although the water at Carth
age may be from a lower horizon. 

In the southwest corner of the quadrangle 
the water from this source rises nearly 1300 feet 
above the sea. Some of the wells in the lower 
portion of the plain west of Artesian flow rath-er 
freely. A short distance farther west, in the town 
of Forestburg, some of the oldest flowing wells 
of the region are from this source. If the inter
pretation given here is correct the water near the 
eastern side may reach nearly 1400 feet above tide, 
but this may be due to reinforcement of pressure 
from water strata lower down. 

ARTE3IAN WELIS. 

In drilling wells, a water-bearing stratum in 
which the water is under pressure is generally 
spoken of as a "flow" and the well is classed as 
"artesian," although some persons would limit the 
term artesian to wells in which there is sufficient 
pressure to raise the water to the surface. The 
latter is the usage employed in this folio. Artesian 
wel1s are common in the Huron quailrangle and 
derive their supply mainly from the Dakota sand
stone. Some wells, however, draw their supply 
from Quaternary sands. 

QUATERNARY ARTESIAN WELLS 

The Quaternary artesian wells derive their waters 
from the sand underlying the till. Many wells of 
this class are found in a strip about 4 miles wide 
beginning in the southern part of Floyd Township 
(T. 108 N., R. 60 W.) and the northern part of 
Oneida, and extending southeast past Artesian to 
the southern bouQ:dary of the quadrangle. They 
vary in depth from 75 to 100 feet. Their flow is 
copious but their pressure is slight. As scores of 
wells have been sunk to this horizon the head 
has gradually declined. It seems to have fallen 
8 to 10 feet in a dozen years. Some wells have 
ceased to flow and others have been made to con
tinue their flow only by lowering their outlets. 
These flowing shallow wells are confined to the 
southwest corner of the area and are rarely over 
100 feet in depth. The water usually has a tem
perature of 50° F. and is hard. 

The main supply of artesian water in this region 
is undoubtedly derived from the sandstone and 
sand beds of the Dakota formation, and subordi
nate flows are found in the Benton. The Dakota 
formation is the source of artesian water nof only 
under mu~h of eastern South Dakota, but in a wide 
area in ailjoining States. It owes its efficiency to 
four factors: (1) Its great extent, underlying 
most of the Great Plains from the Rocky Moun
tains eastward to about the ninety-fifth meridian; 
(2) its highly elevated western border, located in 
the moist region of the mountains and crossed by 
numerous mountain streams; (3) its being exten
sively sealed in its eastern margin by the overlap
ping clays of the Benton formation, and where they 
are absent by the till sheet of the Glacial epoch; 
and (4) the cutting of wide valleys, especially in 
Dakota, by pre-Glacial streams, SO as to bring the 
land surface below the pressure height or "head" 
generated by the elevated western border of the for
mation. From this fOl1llation is derived a copious 
pumping supply over wide areas where the pressure 
is not sufficient to produce flowing wells. The 
Dakota sandstone underlies the whole quadrangle 
and rests on the "bed rock" of well drillers. This 
surface is the limit of profitable boring, depths to 
which are shown in fig. 8. 

DeSmet. 

The water-bearing strata seem to lie more nearly 
horizontal and to have a more regular structure in 
this area than farther south. There are no marked 
irregularities to indicate local subdivisions of the 
water-bearing strata, as elsewhere. On the other 
hand, it is impossible to speak as definitely con
cerning the depth of the different formations in 
this quadrangle as in some others, because artesian 
wells are not so numerous. 

Water horizom.-There are four distinct water
bearing strata under the greater part of this area, 
and in the north-central portion there is probably 
a fifth. These are known as the first, second, third, 
and fourth flows, and correspond respectively to the 
first, second, third, and fourth sandy strata of the 
Benton and Dakota formations. They seem to be 
distinct from one another, though observations 
upon the pressure of the water from each horizon 
are not yet complete enough to make this point 
certain. Wells tapping the first flow are those 
already spoken of as furnishing soft water west 
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Iroquois (depth 850 feet), and at increasing depth' I Deep pump well, may draw from the artesian 
as the surface rises to the east. supply throughout the whole quadrangle. 

The positions of the fourth and fifth flows axe Artesian prtS8UTe.-From a superficial study of 
inferred from the records of the wells near Huron. artesian wells some persons think that all the 
The fourth was probably struck at De Smet, but artesian water in a basin has the same head or rises 
the record is not clear enough to make this certain. to the same plane. This, however, is far from true, 
The depth of the wellB from the Dakota is rarely particularly in North Dakota and South Dakota. 
less than 700 feet, and toward the eastern margin is In general the pressure declines toward the margin 
over 900 feet because of the greater elevation of the of the water-bearing strata. This fact is readily 
land. explained in broad basins by supposing that the 

The wells usually penetrate only bowlder clay, water is moving as a slow current toward outlets or 
shales, sands, and soft sandstones. The water leaks along the margin of the formation, where the 
from them is usually soft in the upper layers, and latter laps against the older rocks or where fissures 
in the lower is softer toward the north. It has a may connect it with the bottoms of streams. Each 
temperature of 620 to 700 F. Wells 2 inches in flow, in general, shows this same decline in pres
diameter furnish from 30 to 100 gallons a minute, sure toward the southeast. 
according to the porosity of the water rock and the The lower flows of the Dakota formation have 
amount of pressure, the latter being the more a higher pressure than the upper flows because the 
important condition. Pressures 8S high as 71 leakage into the Sioux quartzite is not so free 
pounds per square inch have been obtained at Iro- as into the overlying Benton shale. On the 
quois and northwest from there. artesian water map axe contours representing the 

altitude of "head," which, in its downward slope 
southeast, may be regarded as a If hydraulic gra
dient." It would be impos~ible to represent the 
pressure for each water-bearing stratum; therefore 
the data from ·the more important wells have been 
taken; Of, in other words, the contours showing 
altitude of head represent the relative pre~sure in 
the more available and accessible stratum. It is 
not unlikely that in many cases wells sunk to 
lower flows may have considerably greater pressure. 

For several reason-s the pressure at the wells in 
this quadrangle has not been satisfactorily deter
mined. The preasure of the first wells opened 
was usually much higher than it is at present. 
The pr~sure of the lower flows has not been 
obtained, except possibly in the Risdon well· near 
Huron. 

It seems certain that where wells are multiplied 
in close proximity the pressure steadily declines; 
that presssures as high as those first reported can 
not be repeated without closing all the wells at the 
same time, and that even then days and possibly 
weeks will have to pass before the water can accu
mulate sufficiently to replace the local exhaustion. 

Making allowance for the local exhaustion, we 
may conclude that in the latitude of Huron the 
head increases toward the west at the rate of 
about 4 feet to the mile. This conclusion is 
arrived at by comparing the earliest reported pres
sures. Toward the south the head decreases: 

FIG. S.-Sketch map of De Smet quadraugle showing approrimate deptbs to the surface of the Siolll quartzite, 
"bed rock" of well drillers, which is the lower limit of water·bearing strata 

In wells tapping the Dakota formation the 
water does not rise higher than an altitude of 
about 1650 feet in the vicinity of Iroquois, and the 
pressure declines toward the east at such a rate that 
a plane c::orresponding to the declension would cut 
the east slope of the valley at an altitude, near 
the north border of the quadrangle, of about 1640 
feet. The contour line representing this level may 
be considered as the eastern boundary of the arte
sian area as far south as the southern line of Man
che,ter Towuship (T. 110 N., R. 57 W.). As the 
pressure decreases somewhat toward the south the 
boundary of the artesian area would be at a less 
altitude because of the irumfficient pressure, but 
as the lower flows or water-bearing strata have not 
been proved to be present toward the southern 
part of the quadrangle and the pressure is less in 
the higher flows, the eastern boundary is deflected 
to the west, as is indicated on the map. 

Artesian. The second flow yi~lds soft water, and 
the quantity is usually so small that it is not gen
erally drawn upon for a permanent supply. A few 
wells which obtain water from this stratum have 
flowed for several years, and observations on pres
sure made farther south, about Letcher, indicate 
that the flow is unfailing. The water probahly 
comes from a thin stratum of sand which may not 
be as continuous as the thicker ones below. At 
several localities it either has not been struck or has 
been overlooked. This flow is not shown on the 
artesian water map. At Iroquois the altitude 
above sea level of this flow is 800 feet, depth 600 
feet; in the northeast quarter of sec. 30, T. 109 N., 
R. 56 W., the altitude is 780 feet, depth al,o 600 
feet. 

The next horizon, or third flow, is that which is 
most frequently drawn upon. The supply is copi
ous and the water although hard :is palatable. This 
flow is struck at an altitude of about 650 feet in the 
southern part of the quadrangle, 550 feet near 

Lim1l$ of the artesian area.-The limit of the 
artesian area as drawn on the artesian well map is 
estimated from the closed pressure observed in the 
nearest wells, and is therefore more or less approxi
mate. Moreover, the pressure mapped by contours 
and used in making the estimate is that of the first 
main flow or the third water stratum below the 
chalk. It is probable that from lower strata which 
very possibly underlie the southeast quarter of the 
quadrangle 8 somewhat higher pressure may be 
obtained. If so, the limit will be correspondingly 
shifted toward the east. It is not probable, how
ever, that the area will be much increased from this 
cause. The pressure of the Risdon well was 165 
pounds when the city well of Huron was 120. 
That difference would be equivalent to an altitude 
of 104 feet, but the difference of pressure would 
doubtless be much less near the margin. 

It should be remembered that the limit of the 
artesian area in this quadrangle is based on lack of 
pressure, not the absence of the water-bearing strata. 

A deep boring at De Sillet is said to have devel
oped a pressure sufficient to raise water within 40 
feet of the top of the well, or 1730 feet above the 
sea. This statement is irreconcilable with facts 
known from the area farther west. If the facts 
were really as reported it seems more probable 
that the water in the well was due to local leakage 
from outside, although this explanation can not be 
considered satisfactory. 

In this quadrangle there appears to be, in some 
flows at least, a diminution in pressure toward 
the west. At first glance this appears anomalous, 
but the apparent anomaly may be explained by 
assuming an extension of this local exhaustion so as 
to affect the area farther west. Several large wells 
in the James River Valley supplied from this 
source have been flowing for some time, and they 
may well have locally relieved the pressure. Since 
in the high lands away from large streams the 
leakage from the different water-bearing strata is 
much less than in the James River Valley, the 
water which was stored in the strata before the 



opening of the numerous wells of the James River 
Valley may still afford a pressure corresponding 
to that in the wells first opened there. If this con
clusion is correct, a more rapid decline near the 
margin of the artesian area than would otherwise 
occur may be expected. 

Cames of apparent decline in pressure.-It is 
now generally admitted not only that the amount 
of water flowing from each well rapidly decreases, 
but that the closed pressure also declines. This 
becomes evident without the use of instruments, 
first by a shortening of the distance to which the 
water is thrown from a horizontal pipe, and secon,d 
by the fact that after a time the stream which first 
filled a given pipe fails to do so. In some cases a 
test with the gage shows that this is merely a 
decline in amount of flow without material decline 
in pressure. It may be accounted for by the 
deposition of mineral matter about the bottom 
of the pipe in such a way as to clog the pores 
the sand through which the water comes. In the 
wells at Huron, some that once showed a pressure 
of 120 pounds when closed now fail to reach 80. 
Similar facts have been reported from Mitchell, 
Mount Vernon, and Plankinton. 

The unwelcome conclusion derived from these 
facts has led many persons to search for other 
reasous than the one first suggested, the partial 
exhaustion of the artesian supply. It is claimed, 
and apparently correctly, that new wells frequently 
have a pressure equal to that of early wells sup
plied from the same source. Since the closed 
pressures, however, are less frequently taken than 
formerly, and from the nature of the case liberal 
allowance must usually be made for leakage, it 
is difficult' to prove the strict truth of this state
ment. 

The first sign of apparent decline is a less copious 
flow. This is usually due to the clogging of the 
well. As wens are usually finished by extending 
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a perforated pipe into the water-bearing rock, it not be restored for some time. This might occur 
will be readily seen thl,t the surface opened for the without permanent decline of supply. 
delivery of water to the well is equal to the per- Notwithstanding all the considerations offered 
forated portion of the pipe. As the water con- thus far, it seems not unlikely that the rapid 
tinues to flow, sand gradually. accumulates on the multiplication of wells in any region may really 
inside of the pipe and so diminishes the surface reduce the pressure over the whole region to 
supplying water to the well. Something of the the amount of a few pouhds. It is therefore 
same sort may less frequently occur even when the important that facts should be collected to ascer
pipe terminates in the cap rock. Sand gradually tain whether this is the case, and if so, to deter
works in from the sides, and portions of the cap mine the amount of diminution. In view of the 
rock are undermined and drop down, so that free possibility of overtaxing the supply, it would 
access of the water is considerably diminished. seem desirable to limit in some way the number 

Theoretically the closed pressure should be of large wells allowed to flow freely, A single 
the same whether the well is flowing freely or thousand-gallon-a-minute well would be sufficient 
not, so long as the head of the water is the same. to supply 450 wells furnishing 100 barrels a day, 
If the well becomes clogged, as suggested above, which would be adequate for an ordinary farm. 
the ouly difference in pressure will be that when The closing of wells.-Much damage is some
a gage is attached it will take longer to reach times done by the free running of wells. In some 
the maximum point. As this rise may be very cases large wells have been drilled for irrigation 
gradual, some errors of reading have doubtless purposes and, sufficient rainfall for a series 
resulted because the observers did not wait long years rendering them unnecessary, the water has 
enough. been allowed to run to waste, thereby drawing 

Another cause of diminished pressure is leakage. unnecessarily upon the general supply. More
As is well known, pipes deteriorate rapidly under over, it has often rendered considerable land in 
the influence of most artesian water, and it becomes the vicinity unproductive. The practice, there
almost impossible to close the joints perfectly, fore, of closing wells when' not needed is recom
Where there is a long pipe, as in the case of the mended. The only objection to this is tre fear 
distributing pipes of a city, one can never be sure which some have that wells when closed will 
that all leaks are stopped. This may sometimes become clogged. This danger may be avoided 
explain the apparently diminished pressure in by a gradual closing of a well, even whllD it is 
older wells. known to carry some sediment. When the water 

The diminished pressure in a particular well runs clear, and especially where the well has never 
may sometimes be due to the opening of another thrown sand, there is very little danger. Some 
well not far away. The distance to which this large wells made to furnish power are habitually 
influence extends will of course be greater where kept closed when not in use, without serious 
the water-bearing stratum is of coarse texture and injury. In case a well should become clogged 
the movement of the wa.ter freer. Where water has by the settling of sand, it may often be opened by 
been drawn freely from several wells, 01' even from letting down an iron rod and churning it up and 
one large well, there is no doubt a local depression down until the flow is started. To avoid too sud
in the head, or lowering of pressure, which may den changes in the flow1 which may produce 

lllJnnous effects at the bottom of the well, the 
opening and closing .should be done gradually. 

BOILS, 

The soils of this quadrangle have not been care
fully studied, and only the more obvious character
istics are noted below. They may be divided into 
stony soils, sandy soils, clayey soils. 

Stony soils are found only in limited areas 
mainly upon the rougher surface of the moraines 
and along the edges of the deeper ravines. The 
bowlders usually lie almost entirely upon the sur
face, so that they are easily removed. Sandy areas 
such as occur near James River are unknown in 
this quadrangle. The few limit.ed areas in which 
they are found are due to the separation of the 
sand from the till by local wash, and are not 
important. Under loamy soils are included the 
soils usually covering the surface of the till and 
most areas of alluvium. The action of frost, the 
bleaching influence of surface waters, the mingling 
of dust from the atmosphere, and the. work of bur
rowing animals have all contributed to produce 
this kind of soil from the bowlder clay. Such .soil 
is fertile and generally of sufficient depth except 
upon the highest points of the till. 

The alluvial areas in this quadrangle are small 
because of the rarity of flood plains, either recent or 
ancient. The most extensive areas are around the 
lakes in the northeast corner of the quadrangl~. 
Clayey soils, presenting the usual "gumbo" char
acteristics of being very soft and sticky when wet 
and intensely hard when dry, are found only in 
limited areas scattered more or less over the whole 
quadrangle, in the bottoms of the larger lake 
basins. Where the basins are small, ordinary 
cultivation mingles these soils with the surround. 
ing loamy soil, to the advantage of both. 

July, 1903. 
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I ~~d~~ ~aekr~~:o;y. 25 II 
South Dakota . ~~ ;1 

I South D~kota . . 25 Iii 
I Galiforma . . . 25 I 
' Pennsylvania . 25 ! 
, Idaho-Oregon . i 25 [I 
'I Idaho .... " ... i 25 I~ 
India~a-lllinois . , . . . I 25 
Wash:ngton . . . . . . . 25. 

: Wyoming-South Dakota. 25 I 

South Dakota~Nebraska . I 2255 I 
; Kansas 
: Pennsylvania . . 25 110 L'itrobe 

111 Globe. 
1121 Bisbee. 
115 Huron 
114: De Smet. 

I i~:~~~: : . : :, •. '. I ;2;5 I 
South Dakota. . 

. . .. .." South Dakota . . .. _. I . 25 i,l 

__ ~_ .L..J 

Circulars showing the location of the area covered by any of the above folios, as weil ,,5 information concen-Jug topvgBpbic maps and other publications of the Geologica: Survey, may bo 
had on application to the Director. United StateI'> Geolojil"icaJ Survey, Washington, D. C. 




