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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtcfluB, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represcnted by 
each spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called COJ/fOU1' lines or, more brietl \', ('ontours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J river VB Hey bt'twet'll two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly ('losed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllCC on the rig-ht merges into a gentle hill slope; that 
on the left is urrekeo by a aSCf'ut to II diff, or Sl'fll"p, \\ hieh 
eontmsts with the gradunl awny from its ncst. In the 
map raeh of these features indicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R, The map docs not 
include t.he cliHtant. portion of thc yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sentR a eertain height ahow sea lc\·e1. 
In this illustration the contour interval is 50 feel,; thel'efore 
the contour lines arc llrawn at. 50, 100, J 50, and 200 feet, and 
so Oll, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of the surface t.hat Ht"e 250 f~et above the sca~that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points t.hat nrf> 200 
fcet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are ul1 pointR whose clevationH are aboy,=, the lower 
and below the lligher ('on tour. Thus the eoutnur at 100 ft'f't 
falls jUSL helow the edge of the tel'l'are, and tlmt at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on ille terral'e are shown 
to be more tlwn 150 but less than 200 feet abo\'e the sea. 
The summit of t.he higher hill is rm:nh(l GiO (feet aboye sea 
leyel); accordingly the ('ontoUT at ()oO feet surrouuds iL. In 
this illust.ratiou all the contom' lines are nuwbered, and those 
for 260 and riOO fef:t are areentuHted by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('eentnating flnd nnmht'rlng of certain of them~say eyery 
fifth one-suffires and the hl'iglits of the others may he l.lSeer­
tained hy cOllnting up or dO\vll from th('se. 

2. Cont.ollr lines show or' express the forms of slopes. ~\.s 

contours are eontinuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rcct:'dt:' into rt'entrant of 
rllyillE'i'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our eurnos Hnd 1:..0 of' t.he 

tan be seen f!'Olll. the map and 
lines sl~ow thc approximate of any sl~pe. 

The yertieal interval between two \'{mtours the same, whether 
they lie along a diif or on a genLle slope; but. to at.tain a gi ven 
heif!;ht on a gentle slope olle must go Dll'ther than on a :-ltccp 
siope, all(l therefore contOun> are fill' apnrt on gent.le slopes 
and near togethf'r on steep one". 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolls 
country can, as a rille, be a(lequately represented on the SHme 
seale by the use of a huger inten-al. The smallest interya 1 
used on thc atlas sheets of the Geological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for less rugged count.ry ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yat.er~oursf's are indicated by blue lines. Fora 
perennial st.realll the line is unbroken, but for an intermittent 
stream it is hrokcn or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll hy a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional sigBs in hlue. 
for the works of' man and all letOOr­

are printed in 
,)ca"C.'.-J~l1e area of the Unit.ed States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scnle of 1 mile to the inch 
would ('ovcr 3,027,000 s<jlHlre incile"" of pnpel' aI1(1 measure 
about 240 by 180 feet. Each sqLUHe mile of ground Sll1-iace 
wonld be rcprcsentcd hy a inch of map snrillee, and a 
linear mile on the ground a linp...ar inch on the map. The 
stale- ma.v be also a fraetion, of whieh the numer-
ator is a" 011 the Illap and the denominator the corre-
spondin)!; lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

a graduated line l'epre­
a similar line indicating 
a fraction. 

OU""',',,,,a(".·~J "cmap of the Unit.ed Stat.es 
is being nhed~ of eonY('l)ient size, wlrich 
represent areHS boul1(ll,d parallel.; atHl meridians. ThCBc 
~Heas are ('aIled qnadrangle8. Eaeh sheet on t-he seale of ~"O~Oili) 
represents one slllUll'e degree-that is, a of latitude by a 
degree of longitude; eath sheet. on thp of reprcbents 
one-fourth of a squal'e degree, and clIch sheet on scale ot 

one-sIxteenth of a square degree. The areas of the corre­
sponding quadranJ!;les a.re about 4000, 1000, and 2;)0 square 
Uliles, though tbt'y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of the United 
States, are not limited by polit.ieal boundary lines, such as 
those of Slates, ('Qunt.ies, an (I tow nships. Many of t.he maps 

arf'lI" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it reprcsents, i::; given the name of 

somc well-known town 01' natural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if t.he maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'cprt'"enting the show, colors and 
conventiowll sip;ns printed on topographic map, the 
distribution of rock ntHssps on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{ocks are of Ulany kinds. On the geologie mnp they are 
diRtinguisheil as igneous, sedimentary, and metamorph~c. 

19n~·ons 1>oclcs.~Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
ha" from to t.ime IJeen forced upwanl in fissures or chan-
lIe1,.; of and sizf's through rocks of all t.o or 
lleflrly to the Itoeks formed by the of 
mohen material, or magma, within these channels~that is, 
below the suriu('p--,.art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissllre wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular conduit the 

t.ermed a Bloch:. "\Vherc molten map;ma trayerses strat-
ified rocks it be intruded along betiding planes; sueh 

or ..,hed.s if comparatively thin, and lacco­
chambers prod ueell by the pressure 

rock molten material rool.; 
slowly, rocks are generally of 
crystalline t.exture. vVhere the channels reaeh the surfaee 
the moltell material poured out t.hrough them is called lwva, 
aud lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the snrface are called 
Lavas generally cool murt:' rapidly than intrusive 
a:-1 a rule contain, espe('i:dly in their superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are uHlwlly porous, owing to the expansion of' 
thc gase" originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing ejections of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when ronsolidated, constitute breceias, agglom-

and tuffs. 
l'oclcc~.~Uoeks eomposed of thc transported 

fragments or particles of older rocks that haye undf'r~one 

dii:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed ill such water bodies by chemical precipi­
tation are termed sediuu:nta1-Y, 

The ehief ngent in the transportation of roek 46bris is wat.er 
in mot.ion, including rain, streams, and ihe water of lakes awl 
of the sea. The materinls are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Bueh are which are latcl' eonsolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift:, or ('hcllIil'al if formed 
·wit.hout t.he aid of life. The more important rocks of chemical 
and organie origin are limestom', chert, salt, iron on" 
peat, lignite, and coal. Anyone of thc nHmed 
may be f'\eparatt'ly formf'd, or the different he 
intermingled in lTlany wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in lllot.ion, or wind, ~md a 
third is icc in mot.ion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a hetcrogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sedimcntnry roeks arc usually made up of lllyt'r",. or beds 
·which can be separnted. Thest:' ure ealled .strata, 
and rocks in such layers are to be strHtified. 

The snrfa('e of the earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
Rhore . lint's ~re thereby changed. ) .. s a result of upwanl \ 
moyement marine sedimelltmy, ro(~ks may beeome part. of the 
land, and most of our land areas are in faet orcupietl by rocks 
originally deposited as sediments in the 

Rocks exposed at the surff~ce of tlle air, 
watf'r, ice, animals, and plants, 
kllown as bact.erin. They 
soluble parts HTC leaehC'(l ont, t.he 
left as a residual layer, \Vater washes this 

and more 
material being 
material down 

the slopes, and it. is 
other bodies of wat~r. 
but it is 

earrietl by riYers t.o the,oeean or 
its journey is not eont.inuous, 

huilt into river bars and flood plains, 
_·Ulu \·ial deposits 

and belong to 
laver is commonly inelllded 

Their upper part.s, o~cupied by th~ roots of 
con:'!titute soils and subsoils, the soils being usually 

dist,inguisiw.! by a notable admixture of mat.t.el'. 
and by various 

processes, rocks may in com position 
a.nd in t.exture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chemi(,~ll 

may enter into new eOtllbinatiolls nnd ecrtuin substances 
may be jost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphic form may exist within a 
single rock mass. Surh changes transform sandstone into 
quart.zite and limestone into marhle and modify other rocks 
in various ways. 

From time to timc during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward mised and lat.er exposed by erosion. In such 
rocks the original 8tructures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of diviSIon, along 
which the rocK. splits most. readily, may have been deyeloped. 
This structure is caned and may cross t.he original 

rocks rhanltterized by it 
Crvsta18 of mica or minerals may have gr~wn 

in tlte rock in "such a as to produce It laminated or foliated 
structure known us The roeks characterized by this 
structure are schisf.s. 

As a rule, the oldest roeks are most altered and the young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many impOlinnt t'speeially in l'egiolls of igneous 
aetivity fmd complex 

TOlOl.A.TlO.KS. 

For of 
above are into A :'!edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
roelcs of uniform charad~r or rocks more 01· 1ess uniformly 
"\\il.riell in charader, for example, an alternation of shale and 
Hmestone. \Vhere fn}m OIle kind of rocks t.o 
another is graduHl it. may Twees:'!ary to two eontigu-
ous formations by an arbitrary line, aTHl some rases the 
disLim~t.ion depends almost. <"nt-irdy on the contained fossils. 
An igneolls fOl'mat-lon eont.ains one or more bodies of one kina, 
of' similar oeeurrenee, or of lil-:e origil1. .-\ metanH1l11hic for­
mation lllay consist of rock of uniform ('haraeter or of se\ eral 
roeks having eOlllIllon charaet.el'ist.irs 01' origin. 

\Yhen for seientifi(' or eeonomie reasons it is deslmhle to 
recognize and map one Ol' more deyploped parts of ;J 

yaried formation, such parts are member.." or In' oom(' 
odler appropriat.e term, as '(!ntil.i:J. 

.\GER OF ROCKS. 

Geoloy'ic ti1lie.~The iime during which rocks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 
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and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formations deposited during a period are 
grou}wd to,e:f'ther into a 8Yl:Jlent. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
thlul a Rf'l'ie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro older, and their relative 
ages may be determined by observing thoir positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons if prcsent, 
may indicate whioh of t.wo or moro formations oldest. 

Many stratified rocks oontain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... ,ashed into 
them) or were bmied in surficial deposits OIl the hlBCl. Rueh 
roekS" are ('aIled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when Lhe oldest 
f()ssiliferom; roeks were deposited. From timl:' to time more 
complex kinds de\'eloped) awl as the 8impler ones lived on in 
modified forms life became more YHricd. But during eaeh 
period there lived peculiar forms, which did lIot exist in ('arher 
timl:'s and lwve not existed sinpe; t.hf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whirh they are 
found. Other types on from period to period, and thus 
linked the fOl'minp; a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two sedimcntHl'Y formations aTe rernot.e from ea('h other ami it 
is impossible to oLscrYe their relative positions) the charncter-
istic fossil found in thelll may (If'termillC which 'was 
deposited Fossil remainR in the strata of different areas) 
provine(~8, and c-ontineuts afford the most import.ant 1lleHnS for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places diffieult or to dt'terllliue the age 
of an igneons frfrlllfLtion, hut the rdatiw age~of sndl a fi)rm;l­
t.ion can in generaJ be asecl'taillea by 
associated Redimentary formation of known 
igneous maRS or is df'positetl upon it. 
which llletalllorphir' J'oeks ~'f're formed from the 
may be shown bv thoir relations to formation.., of 

age; hut the T('cohIl;'d on nwp i.., that of the 
masses and not. of dwir metamorphit>lll. 

culon;, and pa.i/(jms.-Eneh fimnation iR :::;hown on 
the map hy a dist.ineti\e combillation of color awl pattern allii 
is'lalwled hy a spec-iallett.er symbol. 

Patterns {CompoAf'd of parallel 
fOl"l1lat.ions 

lineR m·e mwd to 
ill tlw jnlHkes, 

tlots awl 
('irdps repre:::;ent idluyial, nnd eolian i{ll'll1lltiollS. Pat­
tel'l1~ of trianglps and rhombs aro u:::;ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO{'kR of unknown origill nre 
shOJi, <l~:shes placed; if the I"()(,k is 
may lw ~\avy lines pm'HUrl to the t>truetllre 
Suihlble THlttel'llS an' used for met.amorphic 
tion:::; known to he of or of igneous origin, The 
patterns of elt('It das.., are in vario\ls (~6101's. \Vith the 
patterns of parallel colors are used to indieate age) a 
partieular c0101' Lo CHell t>yst('lll. 

The s\'mbols of two or more letters. If the age 
of a fOJ'~ation i:::; known the snnhol includet> the 
bol, whit'h is H eapital lett!'; or monogram; 
symbol:::; att' ('0111p08Cd of smalliettel's. 

sym­
Ute 

The llalIlPS of t.he systems and of sl:'ries that have heell given 
diHtincti ve in ()l'(lpr fi'om to oltlpst) with the 
eolor and assigllc(l to 
subjoined 

Symbols and colon, a8.~if}ned to the l·ock systems 

By.tAll 

f'eRF.\CE l'O.l:GUH. 

llillfl, ynl1eYK, 1ll1d 1,11 other snrfuee forms lmyl-' beeD produced 
F9r f'xample, most thp result. 

streawtl that l1(nr through 1), 
p}ains hOJ"(]('ring- mall)' streams were up 

hv the st-reams; \\<lves eut S(,11 ()lifI;" Hlltl, in cooperation \\ith 
c~rrcllts, '6uild up sand spits and ham. Topographic form" 
thus confltitute part of the record of tIle of dlP ('firth. 

Some ionns are insepllrably eOIllleCf,ed with Tlu, 
hooked sh9wll in figure 1 is an illustration. To thif'( dnss 
belong alluyinl plains) lava streams, drumlins (smooth 
oval hills of till)) and moraines (ridg-('s of drift made 
at tllO Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clnss belong abandoned river channel'l, glacial furrows, 
and peneplains. In the making of a stream tprruec an n 11uvial 
plain is first built and afttnmrd partly eroded lnvny. The 
shaping of a marine or lacustrine plain it> usually a douhle 
process, hills bei~g- WOl'll awa.y (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee ate to the action of air, 
water, and ice) \'1"11ic-h slowly wenr down) and streams 
earry the WW3tD material t.o the sea. As t.he dpp~'nds 011 

the £low of wHter to the sea, it can no,t ('arried belo'w sea 
level, and t.he 8ea is therefore called the bas(::-.{et,el of erosion. 
LnkPs or lHrg: rivers may ddc,rmine locfll hase-Ievels for cert.ain 
regions. When a large t.rltet is for a long time undisturbed hy 
uplift or subsidence it is df'graded nearly to base-lcYt'l, lmt! tlll:' 
fairly even snrface thus produ('etl is called If tlw 
tract, is aftenv:m.1 uplifted, the ele\ated 
re('ord of the former dose·rf'lation of the traei to base-level. 

'1"111: V~UtlO\JS GEOLOGIC I'lHEETS. 

lllap sho'wing the areas oecupied 
is called nn areal geology map. On 

,vhieh is the key to tIle map. To asC'er-
tain the meaning any color or pnttf'rn and its lett.Pr 
the rfwler should look for that color) pnttern) und 
the where he will find tIle namo and 

If it is desired to find 
name should bc sought in the 
llotcd; thell the areas on the 
pattpl'll may be il'aeed OUL. TIle 
ment of tIle ,e:eolop;ic history. In 

neeording 
unknown 

group t.hey ure placed in the order 
at. t.he top. 

map reprf'stmt.ing the distribu-
tion of and roekl::' ,ina their relHt.ions 
to the topogrllphic fpatures and to the 
~el'Jned the economic Heolo9!1 map. The that appear 
ou the areal geology lllnp arc usually shown on t.hi:::; map by 
fainter eolor and the areas of produdive formationH 

(~()lors. .A mine symbol shows the 
or quarr,v and is accompfmied tll(' 
mineral mined or stone If 

mining indust.ries or artetlian in the 
nmJ1Y to show these additional economic features 
in tht' folio. 

shaftl', and otJler 
different bods to 

elltting thnt exhibits thosc 
a sectiun) and the same term is applied to a 

renees.,,;t;;ng the rebtions. The arrangf'illf'ut of'rocks 
is the earth'c I5lrLtctum, and a seC"tloll exhihiting 

arrdn~,emenLiH cll11ed <l :;irudUt'(J section. 
is llOt limited, fIOWf>Ver, to naturnl and arti­

for hi" iuformnt.ion eonecrning the earth)s 
the lUallner of fi)rmation of rock:::; and 

the b('(l:::; on t.he surface, 
they Pl18S beneHth the 

surflwe and ean draw reprl-'s('nt.ing the strurture to a 

f:Ollsi<irrable uept.h. i:"3uch a see~ioll is illust.rated iIl figure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represcnts a landsc-ape which is cut off sharply 
in the foreground ou a vertical plane) so as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicated by appropriate pattel"lls of lines) dots, and dashe-l:l. 
These patterns admit of lTIueh variation) but those shown in 
Ggure a are used to represent tlte commoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
glol1l<"c!l.te, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6od ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau sJlOwn at tllf' kft of figure 2 prescnts toward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

slmdstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed by scveral 
ridges, whieh are seen in the scction to correspond to· the out­
crops of a lwd of sandstone that rises to the surf~lee. The 
upturllf'a ("(Ige8 of tIlis hed form the ridges) and the inter­
mediate yalleys follow the outcrops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thiekness ean he mell'"mred and the' angles at which they dip 
helm·" the sllrffwe can be obscl'\"eJ. Thus their positions 
underground can be int"(·rred. The direvtion of the intersec­
tion of a lied widl a hOl~zontal plane is called thc ,~irike. The 
inclination of the bed to the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrehes, 
such as are seen in 2. The arehes are (,fllle(l anticlines 
ana tho trou~h;,; As the sandstones, shales, alld 
limestones were depo:::;ited beneath the Sf'a in nearly fbt sheets, 
tho fitct that dley are now bent. and fcildf'd is proof that forces 
haye from time to time caused the f'arth)s :::;urface to wrinkle 
along c-ert.ain 7.One's. In places the 8trat.a are broken across 
nnd the parts haye slipppd eaf'il other. ~uch brenks are 
tOl'me(ljaults. Two kind8 arc 8hown in figure 4. 

At the rig1lt of figure 2 the section :::;hows schists that arc 
tra ,"orsed by igneous roeks: The sehists nre much contorted 
nud their arrangement uwlerground can not 1IC inferred. 
Henre that. port.ion of the· se('tion delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUldpd 
inference. 

The section also shows three set." of formations, distinguished 
by th!:'ir underground rehttiolls. The uppermost set, ~een at 
the left) is made up of sandstOlws and sbales, whieh lie ill a 
horizontal position. These fltrat'l were laid dO'wn under water 
hut arc now hi,e:h above the forming a plateau, Hnd their 
ohange of ekmtion shows that u of the earth)s mass has 
beell uplifted. T!le strata of seL are parallel, a rplatioh 
whieh is called cm.ero/·muolC. 

The second set ('ollsists of strata tlwt have be-en 
folded into arches :md troughs. These strata were ont'e con­
tinuous, but the crests of the arches litl\Te b;'on remo,'ed bv 
erosion. Tho beds, like those of the li1"8t set, ate c()nformabl~. 

The horizont.al strata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the :::;eeo]J(1 sot. shown Ht tlle left of 
the section. The overlying flre, from their position, 
e,·idently younger than the deposits, and the bend-
ing awl t'l'oding of the older beds must havc ocrurred betwe~n 
tllf'ir deposition Itnd the Hccl1mulation of the youngf't beds. 
The roeks arc to the older, and the 
suriaeo ic :lll "nconformity. 

The third set of formations ('onsistt> of crystalline sc-hist.s awl 
igneou8 roe1o::s. At 80n1e period of their history the sehists 
were folded or by prt':::;s11r.e and t.raversed by emptiolls 
of moltell But the pre8surp and intrusion of igneous 
ro{·kg have llot affected the over!yin,!!; strata of the second set.. 
Thus it is evidellt that a con8iderable int.enal elapscd between 
thc formation of the sehists and the bcginning of doposition of 
the st.mta of the seeond set. During tllis interyal the schi<;lts 
were metamorphoscd, they were disturbed by eruptive 
and they werc dceply eroded. The contact between the 
:md third sets i::; another unconformiLY; it. marks a time 
intenal bet\\een 'two periods 'of roek forrr;ation. 

The seetion and landseape in figure 2 are idf'al, but t.hey 
illush'ntc aetnal relalions. The sections on the struetul'L'­
st'ction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the section line, and tiIC depth from the surface of any 
min~ral-producing or waLer-bearing stratum that appea.rs in 
the seetion may be measured USillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a culumnal' :;('ction, which eontains a concise 
description of the sedimentary formation8 that occur in the 
qU~idrangle. It. presents a sumIllary of the filets relating to the 
eharader of the roeks) the thi(~kness of the formations, awl the 
order of aeeuIIlulation of su(:c-essi ve deposits. 

The rocks are briefly deseribed, and their ehamders are 
indicated in the eolumnar diagram. The thicklle8ses of for­
illations are p;iven in figures thaL stflte the least and greatest 
meIL'lUl"ements, and the thickness of cach formation i8 
shO\\n in the colulllTl, which dnlwn to w~ale. The order of 
aceuIllulation of t.he sediment8 is shown in tho columnar 
arrangement-the oldest being at t.he hottom, the youngest at 
1he t.op. 

The intl;'rvalt> of t.ime that e01Tespond to events of uplift and 
degradation and eonstitut.e illterruptiontl of deposition are 
indieated graphically and hy the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE NEWELL QUADRANGLE. 

GEOGRAPHY. 

POSITION AND EXTEKT OF THE QUADRANGLE. 

The Newell quadrangle embraces the qua.rter of a "square 
degree" that lies between parallels 44° 30' and 45° N. and 
meridia.ns 1030 and 1030 30' 'V. It measures about 34 t miles 
from north to south and !l bout 25 miles from east to 'west and 
includes 849.46 square miles. It comprises most of the east­
ern half of Butte County and a small part of Meade County, 
S. Dak. (See fig.!.) Most of the quadrangle is drained by 

FIGURE I.-Index map of southwestern South Dakota and northeastern 
WyomIng. 

The location ot the Yewell quadrangle Is shown by the darker rulfng (No. 2(0). PUblished foUos 
describing oth~r quadrangles. lndlc .. ted by lighter ful!ng, are as follows: Nos, 85, Oelrichs; 
Q1, H&rtvtlle; 107, Newcastle; 108, Edg<lmont; 127, SundRnC6; 128, .A.lflddin; 150, Devils 
Tower; 1M, Belle Fourche, 

Belle Fourche River, but i~s northern part lies across the divide, 
at the head of Frog Creek and some other small branches of 
Moreau River, and much of its northeast corner is drained by 
Sulphur Creek, a branch of Cheyenne Ri vel'. The quadrangle 
lies entirely in the Great Plains province, although the rocks 
underlying it rise on the northeastern slope of the Black Hills 
uplift not far south of the quadrangle. As the area exhibits 
typical features of the Great Plains, a general account of that 
province will be gi ven as an introduction to the detailed descrip­
tion of the quadrangle. 

THE GREAT PLA.INS PROVINCE. 

General features.-The Great Piains province extends from 
the foot of the Rocky Mountains eastward to the valley of the 
Mississippi, where it merges into the prairies on the north and 
the low plains adjoining the Gulf coast and the Mississippi 
embayment on the south. The plains include wide areas of 
tabular surface traversed by broad, shallow valleys of large 
rivers that rise mainly in the Hocky Mountains and are more or 
less deeply cut by narrower lateral valleys. Smooth surfaces 
and eastward-sloping plains are their characteristic features, but 
in parts of the province there are buttes, extended escarpments, 
and local areas of badlands. Wide areas of sand hills occur in 
some localities, notably in north,vestern Nebraska, ·where they 
o~cupy several thousand square miles. 

The province is underlain by a great thickness of soft 
rocks-sands, clays, and loams-in general spread in thin but 
extensive beds that slope gently eastward with the slope of the 
plains. These beds lie upon relatively smooth surfaces of 
older rocks. The materials of the beds were derived mainly 
from the west and were deposited, layer by layer, either by 
streams on their flood plains or in lakes and, during earlier 
times, in the sea. Except for a few local flexures the beds 
have not been folded but the region has been broadly uplifted 
and depressed successively. Though now generally smooth 
the region was still smoother during earlier epochs. Owing to 
the great breadth of the plains and their relatively gentle 
slope, general erosion has progressed slowly notwithstanding 
the softness of the formations, and as at times of freshet many 
of the rivers bring out of the mountains a larger load of sedi­
ment than they can carry to the Mississippi, they are now 
building up their valleys rather than deepening them. 

Altitudes and slopes.-The Great Plains province as a whole 
slopes toward the east at the rate of about 10 feet to the 
mile, descending from about 6,000 feet at the foot of the 
Rocky Mountains to about 1,000 feet near Mississippi River. 

By N. H. Darton. 

The altitudes and rates of slope vary considerably in different 
districts, particularly those to the north, along the middle 
course of Missouri River, where the general level has been 
greatly reduced. West of Denver the plains rise tO,all altitude 
of 6,200 feet at the foot of the Rocky Mountains and maintain 
this elevation far to the north, along the foot of the Laramie 
Mountains. High altitudes are also attained in Pine Ridge, a 
great escarpment that extends from a point near the north end 
of the Laramie Mountains eastward through "!yoming, across 
the northwest corner of Nebraska, and for man v miles into 
southern South Dakota. Pine Ridge marks the northern 
margin of the higher levels of the Great. Plains and presents 
cliffs and steep slopes that descend a thousand feet into the 
drainage basin of Cheyenne River, one of the largest branches of 
the Missouri. From this bflsin north ward there is a succession 
of other basins and relatively low intervening divides, which do 
1I0t attain the high level of the Great Plains to the south. 

Draina.qe.-The northern part of the Great Plains above 
described is drained by the middle branches of Missouri Ri vel', 
the larger of which are Yello\ystone, Powder, Little Missouri, 
Grand, Cannonball, Moreau, Cheyenne, Bad, and 'Vhite 
rivers. On Pine Ridge not far south of the escarpment is 
Niobrara River, which rises in the plains some distance east 
of the north end of the Laramie Mountains. '1'0 the south are 
Platte River, with two large branches heading far back in the 
Rocky Mountains, the Rio Grande, and Arkansas River, which 
cross the plains to the southeast and afford an outlet for the 
draina.ge from a large area. of mountains and plains. Between 
the Rio Grande and the Arkansa.s a.re Cimarron River and 
numerous smaller strp,ams that head in the western part of the 
plains. Between Arkansas and Platte rivers is Republican 
Ri ver, which rises near the one hundred and fifth meridian, 
and an extended system of local drainage in eastern Kansas 
and Nebraska. 

CLIMA.TE. 

The climate of the Newell quadrangle is that of the north­
central portion of the semiarid zone of the Great Plains. The 
mean annual precipitation is about 20 inches, but the amount 
varies greatly from year to year, ranging generally from 15 to 
23 inches and occasionally exceeding 25 inches. There are 
frequent droughts 'which reduce the precipitation for the year 
or for the summer below the normal rate. The mean annual 
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FIGURE 2.-Chru-t shOwing annual precipitation in inches at Fort Meade, 
S, Dak., 1S81-1914. 

Computed rrom records of the L"nited StRtes Weather Bureau. 

temperature iR about 45°. There is very cold weather at inter­
vals from October to March and very high temperature, some­
times exceeding 1000 F., from .Tune to September. The sum­
mer nights are usually cool and, owing to the dryness of the 
air, the midsummer heat is seldom oppressive. There is a 
moderate snowfall in most years, but the snow is rarely deep 
nor does it lie long on the ground. Weather observations 
made since 1879 at Fort Meade indicate most of the features 
of the climate. Summaries of the records of precipitation at 
that place are given in figures 2 and 3. 
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FIGURB B.-Chart showing mean monthly precipitation in inches at Fort 

Meade, S. Dak., 1879-1914-, 
Computed rrom record. or the United Stll.tes Weather Bureau. 

The average number of days in each year for 28 years in 
which there was one one-hundredth of an inch or more of pre­
cipitation was 60, but the number varies greatly from year to 
year. The average annual depth of the total snowfall during 
the same period was 4.5 inches. 

A.nnua~ average precipitation at Fort Meade, S, Dak., 1881-1914. 

'I~I Fo~ I "'" 1~"'IM",'J""'·IJ""·IA""·I'S"'.I~iN"1 Doe. 
RRln (0.01 Inch or I I' I . more) ______ .. d .. ys_ 4 4, 6 6 a S: 60S 8 B 4 

~now---------!nches-- 61 7! 12 6 Ii ...... 1 .... ________ Tr.;' 21 4i 5i 

The principal features of temperature during the same 
period are shown below: 

SETTLEMENT. 

Until recently the en'tIre plains country around the Black 
Hills was an open cattle range. The ranches were widely 
scattered. '):'he only cultivated land was in some of the ,ral_ 
leys, where hay was raised for winter feed. A few years ago 
many persons took up lands in the region for homesteads and 
fenced large areas. At the same time the Reclamation Service 
extended ditches from Belle Fourche reservoir to Newell and 
along the sides of Belle Fourche Valley and in 1908 the town 
of Newell was established. Soon after this a railroad was built 
from Belle Fourche to Newell. A 'large amount of land was 
culti vated, some of it by irrigation but much of it by dry 
'farming on the rolling plains of shale. In areas \vhere rainfall 
has to be depended ou for crops, the results ha ve been unsatis­
factory and most of the homesteads have been abandoned. 
Although the rainfall in some seasons is sufficient to yield 
crops, there are long periods of drought, and no permanent 
agriculture can be established in a region having an average 
rainfall of only 20 inches. The weather records for many 
years show that there is no likelihood of change of climate, arid 
extensive tilling of the soil does not increase the rainfall. 
Moreoyer, the Piene shale, which underlies most of the Newell 
quadrangle, does not make good soil, especially in a semiarid 
climate. 

TOPOGRAPHIC FEATURES O:F THE QUADRA'NGLE. 

The Newell quadrangle lies near the western margin of the 
Great Plains, the front ridges of the Black Hills rising a short 
distance from its southwest cornel'. A prominent isolated 
peak known as Bear Butte, a large igneous mass, lies 2 miles 
south of'its southern edge. The rolling plains here and there 
rise to form low ridges between which lie wide, shallow valleys. 
(See PI. I.) Most of these valleys are flat-bottomed, notably 
the valley of the Belle, Fourche, 'which is bordered by a wide, 
alluyial plain and several terraces. Another wide valley is 
occupied by Cottonwood Creek. Some of the divides south of 
Belle Fourche Valley are remnants of old valley bottoms and 
present extensive areas of smooth surfaces. Several notable 
buttes that rise above the general slope represent remnants of 
former higher surfaces of the plain. 

Reliej.-The greater part of the plains in the Newell quad­
rangle stands at altitudes behveen 3,000 and 2,700 feet above 
sea level, the elevation decreasing gradually from west to east. 
In both the northwest and the southwest corners of the quad­
rangle the general plain attains an altitude of about 3,250 feet. 
The altitude along the valley of the Belle Fourche 'at the west­
ern margin of the quadrangle is 2,970 feet and slightly less 
than 2,550 feet at the southern margin, ·which is the lowest 
point in the quadrangle. The highest point is the east sum­
mit of the Deer Ears buttes, at the northern margin of the 
quadrangle, the altitude of which is 3,450 feet. Owl Butte 
(3,200 feet) and Wolf Butte (3,000 feet) are other notably 
high points. 

The main divide separating the drainage basins of the Belle 
Fourche and the Cheyenne from' that of Moreau RiYer is not 
a conspicuous topographic featu:re ',except where it is ma.rked by 
Caatle Rock and Deer Ears. (See PIs. III and IV.) At Castle 
Rock post office it is a broad rolling plain extending north­
westward and eaetward. Its lowest point, on tlle east side of 
R. 6 E., stands about 2,980 feet above sea level. Northeast of 
this point the divide rises and, passing through Deer.Ears, 
crosses the northeast corner of the quadrangle at altitudes 
of 2,850 to 3,000 feet. The basin about the headwaters of 
Sulphur Creek is bordered by plains that range' in altitude from 
2,850 feet on the east to about 3,000 feet on the west. 

Causes of some topographic features.-In the description 
given above it is shown that the Belle Fourche Valley was 
a broad trepch eroded by the ri ,Tel' 100 to 200 feet below the 
general level of the adjoining plains. It is cut in the soft 
shale of the lower and medial members of the Pierre shale, 
the outcrops of which it crosses diagonally from west to east. 
The broad alluvial flats adjoining the stream are covered by 
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river deposits (see PI. VII), and similar materials cap the 
terraces thllt extend at di:ll'erent heights along the valley slopes. 
These terraces were cut and covered when the valley.was at 
various earlier atages of its excavation. The characteristic flat 
surfaces of the river deposits give place laterally to slopes of 
shale where streams cut into the sides of the valleys, and cut 
banks or steep slopes of shale appeal'. Portions of the various 
terraces, especially the higher ones, have been removed by 
changes in the courses of the streams. The former presence of 
old streams flowing from west to east across the country is 
shown by deposits of gravel and sand that cover a large part of 
the divide between Ninemile and Bear Butte creeks and that 
cnp the ridges south of Vale. Donbtless these streams were 
predecessors of Ninemile and Bear Butte creeks, which have 
since shifted their courses and cut their valleys to grades 
deeper by 150 to 200 feet. 

Some very striking topographic features in the Newell quad­
rangle are the relatively steep fronts or escarpments of the 
cuestas or sloping plains that mark the tops of certain members 
o~ the upper part of the Pierre shale .. One of these {'uestas is 
well marked in the divide between Fourmile Creek and the 
Belle Fourche. Here the divide presents a steep westerly 
slope to the river and a gentle slope to the southeast down the 
dip of the beds. To the north it merges into the broad plain 
at the head of the Elm Creek basin but continues to and 
beyond Willow Creek and passes westward out of the quad­
rangle near the south line of T. 11 N. On its western slope 
there are many tepee buttes. An')ther similar escarpment. 
which stands at a higher horizon ill the Pierre, passes 2 miles 
north of Station Elm and 1!- miles north of Owl Butte, where 
it is about 125 feet hi~h. It is a stroll::;ly marked feature in 
the basin of Wil10w Creek and is deeply trenched by the head 
branches of that creek. It is well defined south and southwest 
of Castle Rock post office. These cueetas are developed entirely 
in soft shale, but the increased resistauce to erosion is probably 
given by scattered concretions, which occur at certain horizons 
in the formation. 

The buttes that rise from the plains are remnants of beds of 
harder rocks. Deer Ears, capped by a hard conglomerate, is 
the most notable of these buttes, and Castle Rock, with a similar 
cap, half a mile north of the quadrangle, is even more con­
spicuous. Wolf Butte is capped by hard sandstone at the 
same horizon as that capping the many smaller similar buttes 
north and northwest of Castle Rock post office. 

The tepee buttes (see PI. II), which occur in large numbers 
in a zone passing from northwest ~ ROUtheast across the center 
of the quadrangle, are formed of masses of hard limestone in 
the Pierre shale. Some of these steep-sided conical buttes are 
100 feet high and look like tepees; others are very small. 
Their size depends mainly on the volume of the limestone 
masses and the extent of erosion of the shale in which they 
were originally buried. Concretions in the Carlile shale give 
rise to rather steep slopes and to low but rugged ridges near 
the southwest corner of the quadrangle. 

DESCRIPTIVE GEOLOGY. 

ROCKS OF THE BLACK HILU! REGION.' 

The Black Hills uplift, on whose northeastern flank the 
Newell quadrangle lies, is an irregular, domHhaped anticline 
embracing an oval area 125 miles long and 60 miles wide, 
whose longer dimension trends nearly northwestward. It is 
situated in a wide area. of almost horizontal beds, which under­
lie the adjoining country. In its center are metamorphic 
schists and granites of Algonkian age, which have been lifted 
high above the general level of the plains and about which 
is upturned a nearly complete sequence of sedimentary forma­
tions ranging in age from Upper Cambrian to latest Creta­
ceous, all dipping away from the central nucleus. Extensive 
overlaps of the Tertiary deposits underlie much of the adjoin­
ing plains area. The region a:ll'ords most excellent opportun­
ities for the study of stratigraphic relations and variations. 
Many of the rocks are hard, and the streams that flow out of 
the central mountain area have cut CRnyons and gorges, in 
the walls of which the forma.tions are extensively displayed. 
The structure along the sides of the uplift is that of a mono­
cline dipping toward the plains. The oldest Paleozoic sedi­
mentary rocks constitute the escarpment facing the area of 
crystalline rocks, and each ·stratum passes beneath a younger 
one in regular succession outward toward the margin of the 
uplift. The Paleozoic and Mesozoic sedimentary formations 
consist of thick sheets of sandstone, limestone, and ahale, all 

1 For a detaJled account of the geology of the Black BDlB, see Darton, 
N. B .• PrelimJna.ry :report on the geology and underground-water re80Ul'CeB 
of the central Great Plains: U. S. Geol. Survey Prof. Paper 32, 488pp., 1905; 
Preliminary deseription of tbe geology and water resollrces of the Bouthern 
half of the Black HillB and adjoining regions in South Dakota and Wyo­
ming: U. S. Gaol Survey Twenty-first Ann. Rept., pt. 4, pp. 489--1H19, 1901; 
Geology and water resources of the northern portion of the Black Hille and 
adjoining regionl in South Dakota and Wyoming: U. S. Geol. Survey Prof. 
Paper 65, 105 pp., 1900. Jaggar, T. A., jJ'., LaccoHths of the Black Hills: 
U. S. Geol. Survey Twenty-fl.rst Ann. Rept., pt. 8, pp. 1611--303, 1901. Da.r­
ton, N. H., and others, U. S. Geol. Survey Geol. Atlas, Ot'lrichs, Newcastle, 
Edgemont, Sundance, Aladdin, Devils Tower, and Belle Fourche folios 
(Nos. 85, 107. 108, 127. 128. 1150, 1M), 11102-19O'i. 
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essentially conformable in attitude, except the overlapping 
Tertiary deposits, which extend across the edges of the older 
rocks. The stratigraphy is in many resp~ts similar to that of 
the Rocky Mountains in Colorado and Wyoming but possesses 
numerous distinctive local features. 

The Cambrian system is represented by the Deadwood for­
mation, which reaches a thickness of nearly 500 feet in the 
northern hills but decreases to 50 feet or possibly less in 
the ,outhern part, of the uplift and locally to 4 feet at place, 
southwest of Hermosa. The formation, where thin, consists 
only of a basal sandstone, generally conglomeratic, which lies 
on a nearly smooth eroded surface of Algonkian schists and 
granites. As the formation thickens to the north, however, it 
takes in also overlying gray shale and slabby sandstone, partly 
glauconitic, which grade upward locally into slabby limestone, 
mostly of a flat-pebble intraformational conglomerate. Next 
above is a persistent and prominent member consisting of 5 to 
30 feet of gray to reddish-buff massive sandstone, which is 
overlain by 20 to 40 feet of green fissile shale, regarded as the 
top of the formation. The Deadwood carries an Upper Cam­
brian fauna. 

The Ordovician system is represented by the Whitewood 
limestone, a maBBive tough limestone of pale-bu:ll' color, with 
brownish spots or mottlings, which occupies small areas near 
Deadwood and in the Bearlodge uplift. On Spearfi'h Creek 
its thickness is 80 feet, but it thins rather abruptly to the south. 
Later Ordovician, Silurian, and Devonian beds are absent. 

In the Black Hills region the Carboniferous system com­
prises several formations that apparently represent long­
continued deposition during the earlier and later parts of the 
period, except that late Mississippian time is unrepresented. 
Limestone predominates, but a large amount of sandstone 
occurs in the higher formations. 

Everywhere at the base of tbe Carboniferous is the Engle­
wood limestone, 30 to 60 feet thick, which consists of slabby 
beds of pinkish 01' bu:ll' color, containing Kinderhook fossila. 

The Englewood grades up into the Pahasapa limestone, so 
named from the Indian term for the Black Hills, a massive 
light-colored limestone 300 feet thick in the southern and 
central hiJl.s, 400 to 500 feet thick about Deadwood, and 630 
feet thick on Spearfish Creek. The Pabaaapa gives rise to 
prominent cliffs in the great limestone escarpment and in 
many canyons. It carries lower Mississippian fossils and is 
equivalent to the Madison limestone (lower Mississippian) 
of' Wyoming and Montana. Later Mississippian rocks are 
absent in the Black Hill,. 

Next anove, and apparently conformable, is the Minnelusa 
sandstone, which also outcrops completely around the Black 
Hills uplift in a broad zone on the outer slope of the limestone 
ridge. It consists mainly of white, buff, and reddish sand­
stones, interbedded locally with limestones, and invariably 
carries at its top a thick, massive cross-bedded coarse gran~ 

ular, moderately hard sandstone, 8S a rule white to bu:ll' but 
locally reddish. The lower sandstones are mostly slabby and 
in places brecciated. A thin but persistent red shale lies at 
the base. On the west side of the hills the formation is more 
than 600 feet thick, but it thins to about 400 feet on the east 
side. There is much lime in the formation, mostly as matrix 
in the sandstone. Fossils are rare, but a. few impressions in 
the upper beds indicate Pennsylvanian age. The upper sand­
stone is supposed to represent the Tensleep sandstone and 
the middle and lower sandstones and limestones the Amsden 
formation of the Big Horn and other uplifts in Wyoming. 

Upon the Minnelusa sandstone lie the red slabby sandstones 
and sandy shales of the Opeche formation, which is 100 feet 
thick in the southern hilIs and 75 to 85 feet thick in the north­
ern hil~. The formation yields no fossils but is provisionally 
referred to the Permian, on the basis of its lithology and 
stratigraphic position. It is overlain by the Minnekahta lime­
stone, long known as the purple limestone, which constitutes 
the slope, rising on the inner side of the Red Valley. This 
limestone is thin, averaging only about 50 feet in thickness 
in the southern hills and 30 feet in the northern hills, but on 
account of its hardness it extends widely up many of the slopes 
and forms cliffs in: many canyons. The rock is light colored 
and partly magnesian. Its thin bedding:is characte11stic, but 
the laminae are so tightly cemented together that the ledges 
appear massive. On weathering, however, the rock breaks 
into slabs. The few fossils which this rock haa yielded are 
not conclusive as to its geologic age, but it is provisionally 
referred to the Permian. 

The thick mass of red shales with gypsum deposits lying on 
the Minnekahta limestone and underlying the Red Valley has 
been designated the Spearfish formation. It has been supposed 
to be Triassic, but it presents no direct evidence as a basis for 
classification arid may prove to be Permian in whole or part. 
Its thickness ranges from 550 to 695 feet, as indicated by a 
boring at Fort Meade. The gypsum deposits are in places 
more than 30 feet thick. The most persistent bed occurs about 
100 feet above the base of the forQlRtion but is not continuous. 
Local deposits occur at other horizons, notably at the top of the 
formation near Cambria and in the Spearfish-Rapid City area. 

The Spearfish red beds are overlain unConformably, but with 
no discordance of dip, by the Sundance formation, which 
represents part of the later Jurassic. The formation crops out 
along the lower inner slopes of the hogback range. It ranges 
in thickness from 70 to 350 feet and consists mainly of gray 
shales but includes a persistent bed of buft' sandstone, 40 feet 
thick, about 50 feet above the bottom. In most regions the 
sandy shales a short distance above this sandstone are reddish. 
At some localities there are deposits of coarse sandstone at the 
base of the formation. The Sundance contains large numbers 
of marine fossils, mostly·in thin limestone layers in the shale. 

In the southeastern part of the uplift the Sundance forma­
tion is overlain by 100 to 225 feet of massive fine-grained 
U nkpapa sandstone, in greater part pure white or bright pink. 
This sandstone thins out and is absent on the western side of 
the hilIs, but it extends far to the north on the eastern side, 
although thin and showing few exposures. It has yielded n·o 
fossils, and its inclusion in the Jurassic is purely· arnitrary, 
being based on its close association with the Sundance formation. 

In the Black Hills uplift the Cretaceous system comprises 
an apparently continuous succession of about 4,000 feet of 
strata that represents practically all Cretaceous time. The first 
formation, the Morrison shale, which is provisionally assigned 
to this system, consists of massive shale, in most places 100 to 
150 feet thick but appnrently absent in the southeasten part of 
the uplift. Predominantly it is pale greenish gray, but at some 
places it is maroon, pink, and chocolate-colored. The forma­
tion includes thin beds of light-colored sandstone and thin local 
layers of impure limestone. It carries a few fresh-water shells 
and many bones of dinosaurs that are classed as Jurassic by 
some paleontologists. The Lakota sandstone here lies upon 
the Morrison, but in the southeastern part of the hills it over­
laps the Unkpapa. It is mostly a hard, coarse-grained, cross-­
bedded, massive sandstone, 200 to 485 feet thick in the 
southern hills and 100 feet thick or less in parts of the north­
ern hills. Generally it constit.utes the crest of the hogback 
range. It includes local bodies of shale and near Buffalo Gap 
and Fall Rh'er a dull yellow sandstone. This sllndstone is 
overlain by the local Minnewaste limestone, which near Bot 
Springs is 25 feet thick. The next higher formation is the 
Fuson shale, which ~onsists mainly of gray to purple massive 
shale but at some places includes beds of sandstone. Its thick­
ness ranges from 30 to 188 feet and averages 65 feet. The 
Fuson and Lakota beds contain an extensive Lower Cretaceous 
flora; 

The Dakota sandstone, which lies on the Fuson shale 
throughout the' uplift, is mostly a hard massive buff sandstone, 
slabby at the top. Its tlJickness exceeds 100 feet in most local­
ities but it thins to less than half as much in the northeastern 
part of the hills. Locally the Dakota sandstone extends to 
the crest of the hogback ridge, but ordinarily it outcrops on 
the outer slope. It contains an Upper Cretaceous flora. 

The Dakota. is followed by the thick series of dark shales­
Graneros, Carlile, and Pierre-which underlie the plains at the 
foot of the hogback range. The Graneros shale, 900 to 1,150 
feet thick, includes the hard Mowry shale member, which 
weathers light gray and is full of fish scales, and some local 
sandstones, one of which lies just under the Mowry shale and 
is the "oil sand" in the Newcastle region. The Greenhorn 
limestone, averaging 65 feet in thickness, caps the Graneros 
shale all around the Black Hills and forms a low but distinct 
ridge. It is filled with characteristic Inoceram'us labiatm (see 
PI. IX) and weathers out in thin slabs. The Carlile shale, 
500 to 750 feet thick, usually contains two thin beds of sand­
stone and near tIte top lar~e numbers of lens-shaped concre­
tions, many of which are fossiliferous. 

Next above are the impure chalk and gray calcareous shale 
of the Niobrara formation, which averages 200 feet in thickness 
and weathers to a bright straw color. This formation contains 
aggregations of distinctive Osflrea congesta. (See PI. VIII.) 

The Pierre shale, overlying the Niobrara, attains a thickness 
of 1,400 feet in the southwestern part of the State. Toward the 
top it contains scattered limestone masses filled with Lucina 
occidentali8, which weather out as tepee buttes. rrhese fossils 
also occur locally at a lower horizon. Many smaller oval 
concretions filled with molluscan remains Ol.'Cur in the shale. 
The sandstone of Fox Ridge extends west to the margin of 
the Black Hills uplift, capping low ridges of Pierre shale. 
To the north the sandstone is overlain by the Lance and later 
formations, which occupy a wide area in northwestern South 
Dakota. . 

The Tertiary system in the Black Hills region is represented 
by remnants of the Brule and Chadron formations of the 
White River group. Originally these deposits extended far 
westward from the Big Badlands and covered all the lower 
slopes of the hills, and they still remain over large areas on the 
divides from Rapid Creek to Beaver Creek, and occur as out­
liers on the ridges as far west as the central area of crystalline 
rocks and about Lead, Maitland, and Deadwood and in the 
Bearlodge Range. The Brule and Chadron formations are 
recognized by their characteristic clay, fuller's earth, sand, and 
sandstone, containing mammalian remains. 



ROCKS EXPOSED IN THE NEWELL QUADRANGLE. 

The strata exposed in the Newell quadrangle have a thick­
ness of about 2,000 feet. Their sequence and general character 
are shown in the columnar section at the end of the text. They 
are all sedimentary and range in age from early Upper Creta­
ceous to Quaternary. Cretaceous rocks occupy more tha,n 90 
per cent of the smface. Beneath the surface, as sho\'m in part 
in the structure section (see fig. 5), there are 3,000 feet of sedi­
mentary rocks, comprising Lower Cretaceous, Jurassic, Tri­
assic(?), Carboniferous, and Cambrian strata lying on Algonkian 
crystalline rocks. These rocks rise to the surface in the Black 
Hills beyond the southern margin of the quadrangle-all of 
them within a short distance to the southwest and some of 
them on the slopes of Bear Butte a mile to the south. 

CRETACEOUS SYSTEM. 

Rocks of Upper Cretaceous age lie at the surface or under 
the thin alluvial and terrace deposits throughout the Newell 
quadrangle. They comprise the Graneros shale, Greenhorn 
limestone, Carlile shale, and Niobrara formation of the Colo­
rado group and the Pierre shale and Fox Hills (?) sandstone of 
the Montana group. The Graneros, Greenhorn, and Carlile 
together form the equivalent of the Benton shale of other areas. 

The Graneros shale is at or near the surface in an J1rea of 
about a square miles in the southwest corner of the Newell 
quadrangle. It is largely covered by terrace sand and gravel 
but outcrops in hollows and slopes. The outcropping beds 
including part of the Mowry shale member are about 600 feet 
thick-about half the formation. They consist of dark-gray 
shale, mostly soft but showing thin lamination where not 
reduced to clay by long weathering. This shale contains a 
few concretions of carbonate of lime, with more or less iron, 
which on weathering give a decided yellowish-brown color to 
the outcrop. A thin bed of' limestone is included in the for­
mation near the southwest corner of the quadrangle, but 
whether or not it extends into the area could not be deter­
mined owing to the cover of sand. 

The Mowry shale member, which lies about 300 feet above 
the base of the Graneros, consists of about 250 feet of harder 
shale and thin-bedded, \'ery fine grained sandstone. It weathers 
grayish white and contains large numbers of fish scales, both of 
which are characteristic. The Mowry is well exposed in a 
draw along the southern margin of the quadrangle near the 
center of sec. 12, T. 6 N., R. 5 E., but elsewhere is covered 
by later formations. 

GREENHORN LIMESTONE. 

The Graneros shale is overlain by a thin body of impure 
limestone believed to represent the Greenhorn limestone of the 
type locality in southeastern Colorado. Its zone of outcrop 
extends across the southwest corner of the quadrangle, where 
it constitutes part of the northern slope of a low ridge capped 
by terrace deposits. This zone is less than a quarter of a mile 
wide and is interrupted in many places by saud and talus. 
The most extensive outcrop is in the northwest corner of sec. 2, 
T. 6 N., R. 5 E., and smaller exposures occur in the south­
western portion of sec. 6 and the northwestern portion of the 
adjoining sec. 7, T. 6 N., R. 6 E. 

The formation is 25 to 30 feet thick. It includes clay and 
sand in varying quantities, and in its unweathered condition is 
gray and only moderately compact. It becomes harder on weath­
ering and in outcrop appears mostly as thin pale-buff slabs. 
The limestone beds are separated by shale layers half an inl'h 
to 3 inches thick in greater part. The limestone is characterized 
by impressions of Inoceramuslabiatus (see PI. IX), a fossil which 
has not been observed in the adjoining formation. At its base the 
limestone is in most places clearly distinct from the dark shale 
of the Gnmeros formation, but the contact suggests no uncon­
formity. Its upper part appears to grade into the Carlile shale 
through 6 to 8 feet of passage beds. The formation has been 
penetrated by some of the deep artesian wells a.nd is ordinarily 
reported as "rock," so that it is evidently hard enough to be· 
noticea ble as a definite stratum in the inclosing softer shales. 

The Carlile formation consists mainly of dark-gray shale 
containing numerous conl'retions. It outcrops extensively in 
the southwestern portion of the quadrangle south of 'Vhite­
wood Creek, its greatest width being about 3 miles, in the area 
south of Cottonwood Creek. It gives rise to irregular hills and 
ridges of considerable prominence, most of which are bare of 
Quaternary deposits. Its thickness is 550 feet, as nearly as 
could be determined from the low and indefinite dips. The 
shale merges into adjoining formations through a few feet of 
passage beds. 

Most of the shales are dark gray, but some are black. The 
beds generally separate readily into thin 'la.yers where they 
are not changed to clay by ·weathering. Thin beds of· sand­
stone are included in the formation, mostly near its base. 
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The formation contains numerous biscuit-shaped concretions 
of calcium carbonate, most of them 3 to 5 feet thick but some 
larger .. Many exhibit cone-in-cone structure in ·part. They 
are scattered through certain layers, and, being hard, they 
accumulate on the surface as the soft shale is removed by 
erosion. Many of the concretions are traversed by cracks 
filled with' calcite, and their surfaces are yellow to yellowish 
red from oxidation of the iron. Some of them are highly 
fossiliferous, containing impressions of a large flat Inoceramus, 
of Pl'ionocyclus, and of other fossils typical of the upper Ben­
ton fauna. 

The zone of outcrop of the limy shales of the Niobrara 
formation extends across the southwest cornel' of the Newell 
quadrangle just east of the outcrop of Carlile shale. It crosses 
Belle Fourche River at the western margin of the quadrangle 
and extends southeast in a belt about a mile ·wide into the 
northwest corner of T. 6 N., R. 6 E., where it disappears 
under terrace deposits and alluvium. The formation is soft 
and is largely covered by alluvium, wash, and sod, so that out­
crops are rare. It appears in the banks of the Belle Fourche, 
in the ridges on both sides of Whitewood Creek, at intervals 
up the broad vaHey of Cottomvood Creek and its south 
branch, and extensively in the slopes in the southwest corner 
of T. 7 N., R. 6 E. Its relat.ions to the Pierre shale are well 
exposed in the bank of the Belle Fourche a mile northwest of 
Butte Hall in the southeast corner of sec. 31, '1'. 7 N., R. 6 E., 
and in the southwest corner of sec. 26, T. 8 N., R. 5 E. 

The Niobrara formation consists of mixtures of clay Rnd 
carbonate of' lime in different proportions, in greater part con­
stituting an impure chalk, which grades into and is inter­
bedded with calcareous shale. Its thickness is between 150 
and 200 feet. The fresh material is light gray to pale buff, 
changing on weathering to a pale chrome-yellow, which is a 
characteristic feature of the outcrops. It includes hen? and 
there thin masses of irregular aggregates of Ostrea congesta 
(see PI. VIII), a species distinctive of the formation, which also 
occurs scattered through the shale. Some hard layers in the 
upper beds of the formation exposed on the east bank of' the 
Belle Fourche a mile north of Bntte Hall contain many fossil 
shells of undescribed species. The type locality of the forma­
tion is on Missouri Ri \'er at the mouth of the Niobrara. 

~ Distribution and character.-About 820 square miles of the 
Newell quadrangle is' occupied by the soft dark Pierre shale, 
which overlies the limy beds of' the Niobrara formation. The 
line of separation is arbitrarily placed at the top of these limy 
shales, but it is possible and even probable that a considerable 
thickness of the shales here classed as Pierre are equivalent to 
the upper portion of the Niobrara formation of other regions. 
The outcrop of the Pierre extends along the wide valley of the 
Belle Fourche and north across the divides to Elm, Sulphur, 
and Frog creeks, and its surface is a smooth rolling plain. 
(See PI. I.) Along the river and in the high terrace rem­
nants south of Vale it is thinly covered by Quaternary depos­
its, but these are cut through at many places, revealing the 
dark shale below. North of the river the zone of outcrop is 
about 20 miles wide and extends to the edge of the supposed 
Fox Hills sandstone, which overlies it without unconformity 
and apparently at a uniform horizon throughout, a few feet of 
sandy shale constituting a bed of transition between the two. 

The low and indefinite dips and the great width of outcrop 
make it. difficult to measure the thickness of the Pierre shale, 

. but it is believed to be about 1,400 feet. 
The formation consists of a monotonous succession of dark­

gray to black shales, containing numerous concretions of dif­
f~rent kinds. Most of .these concretions are oval and smooth 
surfaced and measure from a few inches to 2 feet or more. 
Some are gray limestonej but most of them contain considera­
ble iron and weather to a bright brown-red. A sample col­
lected 6 miles north of Newell was found to contain 54.v pel' 
cent of oxide of iron and a little calcium and magnesium car­
bonate. The concretions break up on exposure and accumu­
late on the surface in small irregular fragments that. are 
characteristic of the Pierre outcrop. 

About 200 feet or more of the lowest beds of the Pierre 
shale weathers to a lighter tint than the beds above, evidently 
owing to the presence of calcium carbonate. This 10vI"Test mem­
ber contains thin b1'O"wn lenses and flat concretions of oxide of 
iron, especially neal' its contact with the underlying Niobrara. 

Tepee butte zone.-l\fost of the concretions that give rise to 
tepee buttes occur in a zone beginning about 1,000 feet above 
the base of the Pierre shale and reaching the surface along a 
belt. extending diagonally across the quadrangle from T. 6 N., 
R. 9 E., to the north-cent.ral part of T. 10 N., R. 5 E. They 
consist of limestone and aggregates of shells in masses that 
range from a few cubic inches to several thousand cubic feet 
and are scattered irregularly through a thickness of 100 feet. or 
more of the shale. When w.eathered out, they appear as 
rocky masses (see PIs. V and VI), many of them capping con­
ical hills of the soft shale. (See PI. II.) Tepee buttes are 

conspicuous along the east slope of the Belle Fourche Valley 
in T. 7 N., R 8 E., T. 8 N., R. 8 E., and T. 8 N., R. 7 E.; 
along 'Villo·w Creek valley; in the ridge next Wf'st of that 
wIley; and in the region east and north of'Newell. In places 
the limestone masses are large and abundant; in others they 
are small and ft1,r apart. These limestone masses occur also, 
though much less abundantly, at both lower and higher hori­
zons in the Pierre shale. The lowest horizon, which is about 
550 feet above the base of' the formation, is indicated by expo­
SlIl'es in sec. 12, T. 8 N., R. 6 E., and in the SW. i sec. 36, 
'1.'. 8 ~., H. 6 E. The highest horizon is about 250 feet above 
the main tepee zone. Its numerous but widely scattered lime­
stone masses nppear about Rothford, Owl Butte, and Station 
Elm and at intervals from Station Elm to the northwest part 
ofT. 7 N., ROE. 

F08sils.-~.fany fossils occur in the concret.ions in the Pierre 
shale. They comprise several forms of a characteristic marine 
fauna, ,vhich appears throughout the zone of outcrop in the 
Great Plains region and elsewhere. Probably the largest num­
bers of individuals occur in the rock of the tepee buttes, mallY 
masses of which consist of shells of the characteristic Lncina. 
occ-identab:s. Limops£s striatopunctata ,vas also collected from 
both the lower and the main tepee butte horizons near Newell. 
The lower beds, 200 feet or more in thickness, have yielded no 
fossils, but the upper beds, a few feet below the base of the 
Fox Hills (?) sandstone, contain many. Inoceramus sagcnsis 
Owen? and Leda (Yoldia.) evnnsi Meek and Hayden were 
collected at 'Volf Bntte, and Inocemmus bambini Morton was 
collected not far above the horizon of the uppermost tepee 
butte, northeast of O\vl Butte. The fossils were all determined 
by T. W. Stanton. 

Fossils from the upper part of the Pierre beds 2 miles nort.h 
of Castle Rock post office were determined as follows by Mr. 
Stanton: Ostrea Avicula lingu'ifor'lni-s, Inoceramus 
bambin'i, Leda Lucina sp., Dentalium sp., Mm'!Jarita 
nebmscensiE, Lunalia occidentalis, and 8caphites no"dosus. 

FOX HILLE! (?) SANDSTONE. 

The higher parts of the Sulphur-Moreau divide, in the 
northern part of the Newell quadrangle, are underlain by a 
thin body of sandstone which may represent the Fox Hills 
sandstone. Outliers of this sandstone also underlie Wolf 
Butte, the ridge south of Ball post office, and t.he Castle Rock 
ridge in the northwest corner of the quadrangle. No fossils 
have been found in it. The formation lies on Pierre shale 
a.nd appears to grade into it through beds a few feet thick. 
The first ·well-defined sandstone layer, ·which is regarded as the 
base of the formation, begins about 10 feet above the top of a 
peculiar light-gray shale containing gray concretions carrying 
abundant Pierre fossils. As this succession persists through­
out the area it is believed to indicate conformable succes-"lion. 

The supposed Fox Hills sandstone varies considerably in 
character from place to place but is predominantly of light­
buff to gray slabby sandstone. A cha.racteristic phase consists 
of thin, moderately hard beds, with smooth surfaces. Some 
beds, especially the upper ones, are soft. and massive. Out­
crops are not common, for the sandstone generally weathers 
into a slope, at most places covered by soil. rfhe average 
thickness is about 25 feet. In Wolf Butte it consists of about 
30 feet of soft gray sandstone ·with some clay admixture, espe­
cially near the base. In the Castle Rock ridge the basal part 
of' the supposed Fox Hills sa.ndstone consists of a light-gray 
rock in thin smooth surfaced layers. This member is overlain 
by varying amounts of soft pale-buff massive sandstone that 
is not well exposed, for the surface is mostly covered by soil. 

The two small outliers on the north side of Frog Creek 
consist of low knobs of' hard, slabhy gray sandstones onlya­
few feet thick, lying 3,100 feet above sea level. The eastern 
one is the smaller.· Some fragments of thin sandstone on Owl 
Butte may represent this formation. 

TERTIARY SYSTEM. 

Doubtless t.he entire Newell quadrangle was originally 
covered by deposits of Tertiary age, but they have all been 
removed, except on the divides near the northern margin 
of the quadrangle, where the Lance formation, provisionally 
regarded as earliest Tertiary, overlies the supposed Fox Hills 
sl1ndstone and where the Chadron formation of the Oligocene 
White River 'group eaps a small area in Deer Ears. 

EOCENE (I) SEJtIES. 

LANCE Jo'ORMATION. 

DiJ3tribution and charaeter.-In the area north of Sulphur 
CI'eek, in the higher slopes of the Castle Rock ridge northwest 
of Castle Rock post office, in the ridge south of Ball, u.nd in 
Wolf Butte the supposed Fox Hills sandstone is overlain by 
clay of the/Lance formation. So far as observed in this region 
there is no noticeable unconformity bebveen the two formations. 
The greatest thickness of the Lance is at Deer Ears and in the 
slopes farther south, where about 376 feet of beds are exposed. 

The predominating material of the Lance formation is dark­
gray clay, close to fuller's earth in composition, and mixtures 
of fine sand and clay, locally developing into light-colored sand-



stones, some of which outcrop in hard ledges. (See fig, 4.) 
The basal member is dark-gray clay, 60 to 90 feet thick, which 
at many places weathers into miniature badlands, such as those 
that are especially conspicuous in the ridges south of Ball 
and that appear from place to place in the ridge north of 
Sulphur Creek, When wet the clay is very plastic, and when 
dry its surface looks chalky and blistered. It contains light­
colored lens-shaped concretions of ca:lcium carbonate, which 
break into acicular fragments. Northwest of Ball the clay is 
overlain by a thin bed of soft and massive sandstone, on which 
lies a widespread deposit of impure brown lignite containing in 
places so much carbonae-eons material that it has been worked 
for fuel. (See fig. 4.) It contains much clay and grades both 

Gray clay. 

GrRysandst<Jne. 

Ugnlte and shale. 

FrGURK 4.-Sections of Lance and associat·ed formations in the Newell 
quadrangle. 

laterally and upward into dark shale. It averages 3 feet in 
thickness in the region nortirwest of Ball and 12 feet near 
Custle Rock but is absent on 'Volf Butte. The underlying 
sandstone is 10 feet thick in slopes 4~ miles northwest of Ball 
but thickens considerably in the Castle Rock region, where it 
apparently takes the place of the lower clay member. One of 
the most extensive exposures of t.his lignitic layer.is in many 
pits on the slopes of a round hill in the sout.h-central part of 
sec. 31, T. 12 N., R. 8 E. It is well exposed in hills Hnd 
ravines southwest. of Castle Rock, where it consists of a succes­
sion of beds of dark shale and impure brown lignite 12 feet 
thick lying on 15 feet. or more of soft light-buff massive sand­
stone. 

The lignitic layer is overlain by a succession of sandstones 
of different thicknesses and degrees of hardness. In most 
localities part of this sandstone is hard, and it caps prominent 
knobs and ridges north of Sulphur Valley, southeast of Ball, 
and southwest of Castle Rock. In Wolf Butte the basal dark 
clay of t.he formation is overlain by 60 feet of soft gray sand­
stone, cross-bedded in part and conta.ining a few hard layers, 
and capped by 20 feet of very hard gray sandstone that con­
stitutes the summit of the but.te. Many prominent knobs of 
this sandstone member appeal' on the many ridges leading up 
to Deer Ears. In one nearly complete exposure in a draw in 
the northwest corner of sec. 24, T. 12 N., R. 5 E., a mile 
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have yielded numerous bones of l'riceratop8 and Trachodon. 
Extensive field work in these regions, however, has definitely 
correlated the formation, Calvert, Beekly, Barnett, and 
Pishel 1 having applied the term Lance' to t.he fresh-water beds 
immediutely succeeding the Fox Hills sandstone, Unconform­
ity between the Fox Hills and the Lance occurs in places, but 
it is not knmvn whether or not it is widespread or represents 
much time interval. Stanton 2 examined part of the region 
not far northeust of the Newell quadrangle and in some other 
typical areas and concluded that there was transition from Fox 
Hills to Lance deposits. In the quadrangle there is no evi­
dence of unconformity, for the absence of a. lower clay member 
about Castle Rock is probubly due to lateral grudation into 
sandstone. It is possible t.hat the supposed Fox Hills sand­
stone of the ~ e\vell quadrangle is basal Lance. It appears, 
hm\'ever, to lie conformably on the Pierre shale. 

Sandstone dike.-In the NW. t sec. 24, T. 12 N., R .. .1 E., 
3 miles northwest of Castle Rock post office, the Lance forma­
tion is traversed by a small, nearly vertical sandstone dike, 
which trends N. 300 'V. and is about 14 inches thick, consisting 
of two layers of hard sandstone separated by a 2 to 3 inch 
layer of soft sand. At the exposure it cuts soft sandstone. 
This dike consists of material from some adjoining formation 
forced up or down in a plastic condition through a crack. 

The Chadron 01' lower formation of the White River group 
caps both tips of the butte known as Deer Ears (see PI. III), 
only the southernmost of which lies in the Newell quadrangle. 
The beds, which are 50 feet thick, consist of 40 feet. of fine 
buff loam, developing into a soft sandstone in its lower part 
and capped abruptly' by a 10-foot member of rather hurd, 
eoarse cross-bedded ,vhite sandstone, which forms the summit 
of' the butte. The lower portion of the sandstone is coarsely 
conglomerat.ic and contains several kinds of pebbles, all appar­
ently derived from rocks that appear in the Black Hills. 
Fragments of bone occur in this material; a lower jaw was 
determined by lIr. Gidley, of the United States National 
Museum, to be that of a Titanotherium, a genus highly char­
acterist.ic of the Chadron formation in the Big Badla.nds and 
along the slopes of the Black Hills. The formation also caps 
Castle Rock, 'which lies just north of the north edge of the 
quadrangle. (See PI. IV.) It here consists of 50 to 60 feet 
of light sandst.one underlain by 15 feet of volcanic ash. 

QUATER~ARY SYSTEM. 

Quaternary deposits occur in all the larger valleys of the 
quadmngle and ou terraces adjoining the Belle Fourche Valley. 
They are classified as high terrace deposits and alluvium. 

Remnants of old terrace deposits occur at several heights 
above the Belle Fourche Valley, especially on the south side, 
where the slopes rise to the Black Hills. They mark the 
courRes of streams which have since excavated their valleys to 
lower levels, and undoubtedly they ,vere originally more exten-
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this same terruce deposit also occupy the ridge west of Butte 
HaH and the north side of the Belle Fourche east of Butte 
Hall and north of Vale. Thin deposits cap the part of the 
di vide between Dry and 'Villow creeks south west, south, and 
east of ~ewell and also the divide between Deer and Wil­
low creeks east of Newell. Owl Butte is capped by some 
sandstone fragments which may represent an old terrace 
deposit but which can not be classified. In places along the 
valleys north of t.he Belle Fourche there are suggestions of 
terrace flats, but if they bear a deposit the material is of such 
local nat.ure that it can not be distinguished from the under­
lying Pierre sha.le. 

On 0\,,1 Butte and in places on the rolling prairies of Pierre 
shale thel'e are found masses of limestone made up of thin 
layers irregularly bent and twist.ed, which are probably rem­
nants of some former capping, possibly of Tertiary age. A 
specimen was polished and a thin slice was examined micro­
scopically, but no evidence of organic charucter was found. 
The structure is more like that of travertine. 

Alluvial deposits border the Belle Fourche and portions of 
the vaUeys of Horse, Cottonwood, Ninemile, Willow, and 
Sulphur creeks and some of the smaller streams on which 
erosion is not greater than deposition. The broadest deposits 
are ilJ. the river flats along the Belle Fourche. In places 
these are 1 to 3 miles wide, t.heir greatest width being ,..,.here 
other valleys are confluent Hnd especially west of Vale, where 
the bot.tom lands spread out widely along the river, and in the 
lower portions of the Cotton wood and Whitewood valleys. 
This wide deposit ext.ends up the Cottomyood Valley for some 
distance, bnt in places it is very t.hin. The aUu vium along 
the Belle Fourche ranges in elevat.ion from water level to 30 
feet above the st.ream (see PI. VII), and in many localities the 
river cuts through to the underlying Pierre shale. The 
deposit. occupies the freshet plain, the first bench, and the 
second bench, features which are separated locally by terrace 
scarps but which merge irregularly in most parts of the valley, 
The alluviuJU neal' the riYer averages 25 feet in thickness, but 
it is much thinner in the smaller valleys and it varies irregu­
larly from place to place. 

The alluvium consists of sand, gravel, loam, and clay. It 
changes in character from place to place, and it generally 
merges irregularly into the hillside wash on the slopes adjoin­
ing t.he valleys, making it difficult to define its boundary. 
Along 'Vhit.ewood Creek there is much material from the 
Black Hills and some ext.ensi ve deposits of tailings brought 
down from the gold mines and mills of Lead and vicinity. 

GEOLOGIC STRUCTURE. 

• The Newell quadrangle includes a portion of the outer slope 
of the Black Hills uplift. The strata all dip to the northeast 
at angles v,'hich al'e perceptible in the southwest cornel' of the 
area but which northeast of the Belle FOUl'che are so lo~' t.hat 
the beds appeal' to be horizontal. A section (fig. 5) from 
south-southwest to north-northeast across the Newell quad­
rangle shows the steeper dip neal' the Black Hills in the 

FIGURK 5.-Structure ~ection a('rose the Newell quadrangle along line A-A on the areal·geology map. 
Te, Chadron formation; TI, Lance formation; Klh, FOlL Hills (1) ~and"tOlle; Kp. Plel're shale; Kn, Niobra.r~ rormatlou; Ke!, Carlile .ha.le; Kg, Greenhorn limestone; Kil" Granero. shale; Kdll, Dakota "and.tone. Fuson formllClon, and L""k~ta sand"tone: J,"" Sundance formal.ion 

and )tom.on shale; 1;" Spearfish formation; Cmk, Mlnnekahtallmestone; Co. Opeche formation; Cml, Mlnnelua sBndstone; CPo Pahasapa llme.tone. 

southwest of Castle Rock, the sandstone is 60 feet thick and, 
except for a few hard concretions, is 80ft and mussi yeo Its 
color is light buff and its appearance strongly suggests dune 
sand. It lies on 12 feet of impure lignite. In the higher 
slopes on the east and northeast and also in the higher slopes 
at the foot of Deer Ears it is overlain by aboM.t 100 feet of 
dark-gmy clays, which are very sticky when moist and which 
in greater part erode in badlands slopes. The dried surface of 
the clay is blistered and crumbly. The material, which is 
somewhat of the nature of fuller's earth, is closely similar to 
the basal clay member exposed north, northwest, and south 
of Ball. About Castle R.ock it grades upward into alternate 
deposits of gray and buff sand separated by thin, hard layers 
of clay, in all about 35 feet thick, that extend to the base of 
the volcanic ash of the supposed Chadron format.ion. In 
the slopes of Deer Ears it grades up into a soft sandstone, 
mostly white with red concret.ions, which is capped by 40 feet 
of buff, very fine loam, with sandstone layers extending to the 
base of the 10-foot bed of sandstone that caps the buttes, 
This 40-foot member is believed to be of Chadron age, for at 
its base is a very marked plane of separation. 

Correlation.-No determinable fossils were obtained from 
the Lance formation in the Newell quadrangle, but closely 
similar beds in adjoining regions north and northeast 

sive, for with the erosion of the country a large amount of such 
material has been. removed or widely scattered, especially in 
districts where it was thin. In the wide area nort.h of the 
Belle Fourche the shale surface is pract.ically bare or shows 
only a few scattered pebbles and a thin sprinkling of fragments 
of concretions. 

The high terrace deposits a.re mainly sands, loams, gravels, 
and boulders. The coarse materials are largely of quartz or 
qua.rtzite, derived mostly from the Black Hills not far south. 
The most. extensive deposit, which covers the wide tabular 
divide between Belle Fourche River and Bear Butte Creek in a 
sheet 30 feet thick in places, rising to an altitude of 3,250 feet 
in the southwest. corner of the quadrangle, is cut through by 
various draws emptying southward and by the basins of Nine­
mile and Cottonwood creeks. Outliers remain in the northern 
part of T. 7 N., R. 6 E., and south of Vale and Empire. 
This sheet slopes eastward and northeastward toward the Belle 
FOlll'che but ends in a ten-ace scarp above the second alluvial 
terrace of the immediate valley bottom. The lower st.ages of 

I Ca.lvert, W. R., Beekly. A. L., Barnett, V. H., and Pishel. M. A., 
Geology of the Standing Rock and Cheyenne River Indian reservations, 
North alld Sonth Dalwt.a: U. S. Geol. Survey Bull. 575, lIH4. 

"Stanton, '1'. W., Fox Hills sandstone and Lance formation ("Ceratop.~ 
beds") in South Dakota, Korth Dakota, and eastern Wyoming: Am. Jour. 
Sd .. 4th ser., vol. 80, pp, 172-188, 1910. 

southwest. corner of the area and the very low dips in the 
region to the north. Nea.r the southern margin of the quad­
rangle the dip is 100 to 150 to the mile, but this rate dimin­
ishes greatly to the north, and through Vale it is only 80 feet 
to the mile, or less than 10. Farther north it is still less. In 
the area of ·the Fox Hills (?) sandstone the direction of ma.xi­
mum dip is more to the east-northeast, but it varies in direc­
t.ion and rat.e. In the Castle Rock ridge and from 'Volf 
Butte northward the' rat.e is 45 to 50 feet to the mile. In 
places near the Deer Ears it. appears to be slightly greater 
locally. The main tepee butte zone is of great assistance in 
indicating the stl'llctme in the central part of the quadrangle, 
for the altitude of its outcrop indicates the position of the 
underlying strata. 

The steep dips ill the southwest corner of the quadrangle, 
especially in the northwestern part of T. 6 N., B.. 6 E., are due 
to the rise of beds on the western exiension of the Bear Butte 
uplift a short distance south. It is manifested in Mowry, 
Greenhorn, and Carlile beds, greatly narrowing the outcrop 
zones of all of them in secs. 5, 6, and 8, T. 6 N., R. 6 E., 
near the southern margin of the quadrangle. 

No faults ha ve been discoyered in the quadrangle except a 
few very small slips, doubtless not deep seated, along joint 
planes, 



GEOLOGIC HISTORY. 

General sedimentary record.-The rocks at the surface in 
the Newell quadrangle are mainly of sedimentary origin. 
They consist of sandstone, shale, limestone, sand, loam, and 
gravels, all more or less varied in composition and appearance. 
They were formed principally of gravel, sand, and mud derived 
from the waste of older rocks or of chemical precipitates from 
salt waters. 

These rocks afford It record of the geologic history from 
early Upper Cretaceous time to the present, and a thick series 
of strata buried beneath the surface extend the record back 
to Cambrian time. The composition, appearance, and relations 
of the strata indicate in some measure the conditions under 
which they were deposited. Sandstones ripple-marked by 
waters and cross-bedded by currents and shales cracked by 
drying on mud flats show deposition in shallow water; pure 
limestones indicate clear, open seas and scarcity ofland-derived 
sediment. The species of the fossils found in the strata show 
whether the waters in which they lived were fresh, brackish, 
or salt, warm or cold, muddy or clear. 

The character of the adjacent land may be shown by the 
character of the sediments derived from it. The quartz sand 
and pebbles in coarse sandstones and conglomerates, like those 
in the Lakota sandstone, were derived from crystalline rocks 
but have been repeatedly redistributed by streams and concen­
trated on beaches by waves. Red shale and sandstone, such 
as make up the Spearfish formation, are a result of the revi val 
of erosion on a land surface that has long been exposed to 
decay and oxidation and hence covered by deep residual soil. 
Limestone, on the other hand, if deposited near the shore, 
indicates that the land was low and that its streams were too 
sluggish to carry off coarse material, the sea receiving only fine 
sediment and substances in solution. The oldel' formations 
exposed by the Black Hills uplift were laid down in seas that 
covered a large part of the west-central United States, for many 
of the rocks are continuous over a vast area. The land sur­
faces were probably large islands of an archipelago, which was 
in a general way coextensi ve with the present Rocky Moun­
tain province, but the shore lines are not even approximately 
determined for anyone epoch, and the relations of land and 
sea changed greatly from time to time. The strata brought to 
view by the Black Hills uplift record many local variations in 
the geography and topography of the ancient land. 

(Jamb'rian subrneTgence.-One of the notable events of early 
North American geologic history was the wide expansion of 
an interior sea over the west-central region. The submergence 
reached the Rocky Mountain province in the Cambrian period, 
and for Ii time the central part of the Black Hills remained 
an island rising above the waters. From the ancient crystal­
line rocks streams and waves gathered and concentrated sands 
and pebbles and deposited them as a widespread sheet of 
sandstone and conglomerate on sea beaches, in shallow offshore 
waters, and in estuaries. Abutting against the irregular sur­
face of the crystalline rocks that formed the shore are sedi­
ments containing much local material. Subsequently, the 
altitude being reduced by erosion and the area possibly lessened 
by submergence, the islands yielded the finer-grained muds 
now represented by the shales that occur in the upper part of 
the Cambrian in some 'areas. In many regions the surface of 
the crystalline rocks was buried beneath the sediments. 

Ordovioian-Devon-ian conditions. - The Black Hills area 
presents a scanty geologic record of the vast time that elapsed 
between the close of Cambrian and the beginning of Carbon­
iferous time. Ordovician, Silurian, and Devonian rocks are 
absent in the southern part of the area, and only a portion of 
the Ordovician is present in the northern part. The meager­
ness of this record is. probably due to the fact that during 
these periods this region was occupied by a broad but very 
shallow sea or by land so low as to lea \Te no noticeable evidence 
of erosion. Whether it was land or sea, or alternated from one 
to the other, the region shows no evidence of having undergone 
any considerable uplift or depression until early Carboniferous 
time. Then there :was a decided Rubsidence, which led to the 
formation of a deep sea not only over the Black Hills area but 
generally throughout the Rocky Mountain province. 

Carboniferous sea.-In the sea of early Carboniferous (l\fisa 
sissippian) time there were laid down in the Black Hills 
calcareous sediments that are now represented by several 
hundred feet of nearly pure limestone, the greater part of 
which is known as the Pahasapa limestone. As there are no 
coarse deposits of this age it is probable that no crystalline 
rocks were then exposed above water in this region, though 
they were probably not deeply submerged, for elsewhere the 
limestone, or its stratigraphic equivalent, was deposited imme­
diately upon them. In later Carboniferous (Pennsylvanian) 
time fine sand was brought into the region in large amount 
and deposited in thick but regular beds, apparently with much 
calcareous and more or less ferruginous material. The presence 
of iron is indicated by the color of many beds of the Minnelusa 
sandstone. The deposition of the Minnelusa is believed to 
have been followed by an uplift that ponded saline water in 
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lakes, in which accnmulaterl the bright-red sands and sandy 
muds of the Opeche formation, probably of Permian (latest 
Carboniferous) age. The Minnekahta limestone, the next for­
mation in the sequence, was deposited from sea water. Its 
fossils do ~ot show with certainty whether it is a represent­
ative of Permian or Triassic time. It was laid down in thin 
layers to a thickness now represented by only 40 feet of lime­
stone. The nearly uniform distribution of this formation over 
the Black Hills area probably indicates ,videspread submergence. 

Red gypsifeTous sedimentation ('l'riassioi').-At the close of 
Minnekahta time red bed deposition was resumed, and the 
great mass of red sandy clay constituting the Spearfish forma­
tion was accumulated, probably in vast salt lakes that had 
resulted from extensive uplift and aridity. In these lakes 
mud accumulated in thin layers to a depth of about 700 feet, 
the maximum thickness of the formation. The Spearfish beds 
are uniformly deep red, and this was undoubtedly their original 
color, for it is conspicuous not only wherever the formation 
outcrops but also through its entire thickness (as shown by 
deep borings) and therefore is not due to later or surface 
oxidation. At many times the accumulation of red clay was 
interrupted by the chemical precipitation of comparatively 
pure gypsum, free from mechanical sediment, in beds ranging 
in thickness from a few inches to 30 feet. From their very 
general purity these beds are believed to be the products of 
evaporation during an epoch of little or no rainfall and 
consequently of little or no erosion. The Spearfish red beds 
are supposed to be Triassic, but they may be Permian. Theil' 
deposition appears to have been followed, during a portion of 
Triassic and Jurassic time of unknown duration, by extensi ye 
uplift, without local structural deformation bnt with some 
planation and occasional channeling. This uplift was suc­
ceeded by the deposition of later Jurassic sediments. 

Jul'assic sea.-In the .Turassic period the Black Hills regiou 
was occupied alternately by sha.llow and deeper marine waters. 
The materials then laid down are nearly all fine grained and 
indicate no strong currents. Some of the earliest deposits are 
thin masses of coarse sandstone, evidently laid down near the 
shore, but most of them are shales laid down directly upon 
the Spearfish red beds. Upon these shales a widespread body 
of ripple-marked sandstone was deposited in shallow water, 
probably at a time when sedimentation exceeded submergence, 
if not at a time during which the land was stationary. The red 
color of the upper part of the medial sandy series in some parts 
of the Black Hills appears to show a transient aridity similar 
to that which attended the deposition of the Spearfish forma­
tion. An extensive marine fauna and layers of limestone in 
the upper shale of the Sundauce formation indicate that deeper 
water followed. After this stage widespread uplift gave rise to 
fresh-water bodies, the first sediment to be laid down being 
the thick deposit of fine sand of' the U nkpapa sandstone, now 
prominent along the east side of the Black Hills but thinner 
01' absent elsewhere. 

Cretaceous seas.-During the Cretaceous period deposits of 
several kinds, but generally uniform over wide areas, gathered 
in a great series, beginning with sediments eharacteristic of 
shallow seas and estuaries along a coastal plain, passing into 
sediments derived from marine waters, and changing toward 
the end to fresh-water sands and clays and marsh vegetation. 
The earliest of these deposits, beginning possibly in late 
Jurassic time, constitutes the ]\forrison formation, a widespread 
mantle of sandy shale. The absence of this shale in the south­
'east corner of the uplifted region was due either to a local land 
area of Unkpapa sand or to a local renewal of uplift, which 
caused increased erosion and initiated the deposition of the 
Lakota sandstone. The duration of this erosion is not known, 
b'ut although it produced a general erosional unconformity at 
the base of the Lakota it is belieyed to have been brief. 

The materials of the Lakota consist mainly of coarse sands 
spread by.strong currents in beds 20 to 60 feet thick, separated 
by deposits of clay and local accumulations of vegetal material. 
~ ext deposited was the thin calcareous Minnewaste limestone, 
which apparently was laid down only in a local basin in the 
southern part of the Black Hills region. Upon this limestone 
was spread the thin but widely extended clay of the Fuson 
formation. After this clay was laid down there was a return 
to shallow waters and strong currents, as in Lakota time, and 
the coarse sands of the Dakota formation were accumulated. 
The beginning of the Benton epoch marked a rapid change 
of sedimentation from sand to clay. 

During the great Upper Cretaceous submergence, t.hrough­
out the "Benton, Niobrara, and Pierre epochs, the sea occupied 
the region and several thousand feet of clay were deposited. 
In Benton time there were several deposits of sand-an earlier, 
which produced the lenses of sandstone that now underlie the 
Mowry at several localities, and two thin later ones. The 
earlier sandstone probably indicates uplift which is connected 
with the peculiar character of the Mowry sediments. Another 
marked episode was the general deposition of the thin Green­
horn limestone somewhat above the middle of the Benton 
sediments. The deposition of clay in Benton time was fol­
lowed by that of several hundred feet of impme chalk, 

now const.ituting the Niobrara formation, and this in tn'l'll 
by the deposition of more than 1,400 feet of Pierre shale, 
'which was laid do"i'll under very uniform conditions. The 
Cretaceous sea retreated in the Fox Hills epoch, when sands 
were spread in an extensive sheet over the beds of' clay, and 
large bodies of brackish or fresh water were formed, in which 
were laid down the sands, clays, and marsh deposits of the 
next epoch. Whether the Fox Hills and overlying sediments 
were deposited in any part of the Black Hills region is not 
definitely known, but possibly they were, as they are upturned 
around two sides of the uplift. 

Early Tertiary mountain g'rowlh.-The uplift that formed 
the Black Hills dome began early in Tertiary time-or possibly 
in latest Cretaceous time-and the major topographic outlines 
of the region were then established. The products of erosion 
were carried into regions adjoining the uplift and some of 
them now constitute the Lance and later formations of the area 
north of t.he Black Hills. These materials were deposited in 

. fresh-water streams, with wide overflows and shifting channels 
and in brackish waters. At times during this epoch the sea 
encroached on parts of the plains area, as shown by the marine 
fossils of the Cannonball member of the Lance. During 

. these times and in the remainder of the Eocene epoch the 
domed strata were deeply truncated and some of the larger old 
"alleys were excavated nearly to their present depth, as is 
indicated by the occurrence in them of White River (Oligo­
ceue) deposits, even in some of their deeper parts. 'Vhere 
most of the great, mass of eroded material was carried is not 
known, for in the lower lands to the east and south there are 
no Eocene deposits nearer than those of the Gulf coast and 
Mississippi embayment and those of the Denver Basin. 

Oligocene fresh-water deposils.-Oligocene deposits "i'ere laid 
down by streams and in local lakes or bayous and finally 
covered the country to a level now far up the flanks of the 
Black Hills. Erosion has removed them from most of the 
higher regions, especially on the 'western side of the Black 
Hills; but in the vicinity of Lead small outliers remain to an 
altitude of over 5,200 feet, and on the north end of the Bear­
lodge Mountains to a thousand feet higher. In many places 
on the slopes of the uplift there is clear evidence of super­
imposition of drainage, caused by a former capping of Oligo­
cene formations. 

Lata l'ertiaTY mountain gl'owth.-After the Oligocene 
epoch the dome was raised several hundred feet higher and 
was more extensively eroded. No representatives of the suc­
ceeding Miocene and Pliocene-the Arikaree and Ogalalla 
formations-have been discovered in the immediate vicinity of 
the Bla('k Hills, but they are extensively developed in Pine 
Ridge to the south and remain on the high buttes to the 
north in the northwest corner of South Dakota. There were 
probably extensive uplifts during these epochs, and much 
material was eroded from the higher slopes of the Black Hills, 
but whether the formations ·were." ever deposited in the imme­
diate vicinity of the hills has not been ascertained. 

Quaterna1"lJ uplift and erosion.-During the early part of 
the Quaternary period there was ·widespread denudation, which 
revived many of the old valleys and rearranged the drainage. 
On the east side of the Black Hills this rearrangement was 
caused mainly by increased tilting to the northeast and several 
streams which were superposed upon Oligocene deposits have 
been enabled to cut across old divides and in some places to 
connect a valley 'with its neighbor to the north. Such streams 
flow southeastward for some distance in pre-Oligocene val­
leys and then turn 'abruptly northward into canyons of 
post-Oligocene age, leaving elevated saddles that mark the 
southeastward course of the old valleys. Some of the offset­
ting in the present drainage has been largely increased by 
early Quaternary erosion and recent stream robbery. 

Further uplift apparently took place in later Quaternary 
time, for the present valleys, below the level of the earlier 
Quaternary high-level deposits, seem to be cut more deeply 
than was necessary to grade their profiles to the level of .Mis­
souri and Cheyenne rivers. Wide, shallow valleys have been 
formed in the soft deposits, and canyons of moderate extent 
and depth in the harder rocks. Later erosion has been 
attended by little local deposition, but the shifting of some 
channels has been accompanied by the accumulations of local 
deposits on small terraces at various levels. 

ECONOMIC RESOURCES. 
'Vith the exception of the underground water and the soils 

the economic resources of the Ne,vell quadrangle are of no 
great value. They are soils, clay, limestone, building stone, 
surface water, and underground water. 

SOILS. 

Derivation.-The soils in this region are closely related to 
the underlying rocks, being residual products of decay and 
disintegration except where formed as allu vial deposits in the 
larger valleys. In the process of disintegration residual soil 
develops more or less rapidly according to the character of the 
cement holding the particles together. Siliceous cement dis-



solves most slowly, and rocks in which it is present, such as 
quartzite and sandstone, are extremely durable and produce 
scanty soil. Calcareous cement ·is more readily dissolved by 
water containing f'..arbonic acid; on its removal clay and sand 
remain, to form in many places a deep soil. If the calcareous 
cement is present in small proportion only it may be leached 
out far below tlle sUlface, and the rock may retain its form 
though becoming soft and porous. If the calcareous material 
forms a greater part of the rock. as on the outcrop of the Nio­
brara limestone, the insoluble portions collect on the surface 
as a mantle whose thickness depends on the character of the 
limestone, being thinner where the rock is pure and thicker 
where it contains much insoluble matter. The amount of soil 
remaining on the rocks depends on the vigor of the erosion, 
for on many slopes the erosion is sufficient to remove the soil as 
rapidly as it forms, leaving bare rock surfaces. Crystalline 
schists and granitic rocks decompose mostly by kaolinization 
of a portion of the contained feldspar, and the result is usually 
a mixture of clay, quartz grains, mica, and other materials. 
Shales are disintegrated by changes of temperature, by frost, 
and by water, and thus by softening and washing give rise to 
soils-sandy or clayey, according to the composition of the 
shale. The character of the soils thus derived from the severa! • 
geologic formations being known, their distribution may be 
approximately ·determined from the map showing the areal 
geology, which thus serves also as a soil map. It must be 
borne in mind, however, that some of the geologic formations 
present alternations of beds of various materials-shales and 
sandstones, for instance, alternating with limestone. Such 
alternations produce abrupt transitions in the character of 
the disintegration products, and soils that dift'er widely in 
composition and ugricultural capabilities occur side by side. 
The only areas in which the boundaries between different 
varieties of soil do not coincide with the boundaries of the 
rock. formations are in the river bottoms, in the sand dunes, 
in the areas of high-level gravels, in the smaller valleys, and 
on steep slopes where soils derived from rocks higher up the 
slopes have washed down and mingled with Or covered the 
soils derived from the rocks lying immediately beneath. Soils 
of this claBB are known as o-verplaced, and a special map of 
large scale would be required to show their distribution. 

Arable land..-The arable lands of the Newell quadrangle 
are underlain mainly by shale, sandstone, and terrace deposits 
of alluvium. 

Most of the shale gives rise to a barren clay soil which is 
somewhat acid from decomposing pyrites and is also rather 
sticky for agricultural use. It is covered by grass, which 
originally afforded excellent pasturage but which in parts of 
the area has been overgrazed; in some seasons much of it is 
killed by drought and excessive cold. As the soil is not rich 
and the climate is semiarid, sod develops slowly, and when 
the grass is damaged it does not readily regain its former 
thickness. , 

The alluvial deposits are generally fertile, and accordingly 
most of the farming is along the valley bottoms. The widest 
areas of alluvial soils are along Belle Fourche River and in 
portions of the va~eYB of Ho~, Whitewood, Cotton wood, Bear 
Butte, Dry, Willow, Ninemile, and Sulphur creeks. The 
extensive series of canals completed and in course of construc­
tion by the United States Reclamation Service supplies a wide 
area of alluvial and Pierre clay lands along the Belle Fourche 
and on Cottonwood, Horse, Dry, Willow, and Ninemile creeks. 
Considerable irrigation is already being done along the canals 
now in operation, and there is extensive dry farming of hay 
and other crops along the wide alluvial bottom lands adjoin­
ing Belle Fourche River and Cottonwood, Horse, Willow, and 
Sulphur creeks. 

The alluvial soils vary in composition from predominantly 
sandy to predominantly clayey, but in greater part they consist 
of loam well suited for tillage. Most soils on shale areas are 
too nearly a pure clay to be well suited to agriculture, but 
after ti11ing they become more tractable. Most soils on high 
terrace remnants are sandy loams of high fertility. They 
withstand drought remarkably well, for in most places they 
contain in their lower parts a considerable volume of water 
sustained by the impervious shale which underlies the sand 
and gravel. Many excellent farms are established in areas of 
this sort in the south-central part of the quadrangle. They 
yield fair crops of grain even in seasons of modemte drought. 

CLAY. 

The Pierre, Carlile, and Graneros shales and the Lance for­
mation consist largely of clay, which could be used to make 
terra cotta and other similar materials if there were a suitable 
market for such products. Much sandy loam is available for 
brickmaking. 

LIMESTONE. 

The tepee buttes in the Pierre shale consist of impure lime­
stone, some of which could probably be used for makin.g lime. 
A representative sample from one of the buttes on Willow 
Oreek was analyzed in the laboratory of the United State. 
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Geological Survey and found to contain about 82 per cent of 
calcium carbonate and 4 per cent of magnesium carbonate and 
about 16 per cent of sand and other impurities. Some of the 
material may be purer than this, but much of it is poorer in 
calciuin carbonate. A large amount of this rock is available 
in many buttes whi~ occur in the tepee butte zone of the 
Pierre shale area, especia.lly in the vicinity of Willow Creek. 

The chalky deposits of the Niobrara are locally of sufficient 
purity for the manufacture of Portland cement, but the region 
is too remote from market to be favorable for that industry. 

The reddish-brown oval concretions which are so abundant 
in the Pierre shale consist largely of impure limestone, but 
some of them-especially in the middle of the formation-are 
largely of impure iron ore. Samples collected 6 miles north­
west of Newell and analyzed in the laboratory of the United 
States Geological Survey were found to contain 54.56 per cent 
of sesquioxide of iron or 38 per cent of metallic iron; small 
amounts of lime and magnesia were included. 

The Greenhorn limestone is too impure for use for lime, 
as it consists of an admix.ture of clay, sand, and calcium 
carbonate. 

BUILDING STONE. 

As there are very few ledges of hard rock in the Newell 
quadrangle building stone is rare, and concrete is generally 
used instead. A large a~ount of the limestone of the tepee 
buttes is available in many parts of the Pierre shale area and 
has been used to some extent for foundations and other struc­
tural purposes. Much of the Fox Hills (?) sandstone is suit­
able for building, and some of it, which breaks out in square 
blocks or slabs, is very serviceable. The Niobrara limestone 
is too soft for building, and the Greenhorn limestone breaks 
up into small flakes. 

WATER SUPPLY. 

SURFACE WATER. 

Irrigation.-The average annual rainfall in the Newell region 
is probably somewhat less than 20 inches. Part of the pre­
cipitation is in the form of snow, and the remainder falls 
mostly in heavy showers of short duration during the spring 
and early in the summer. As most of the soils are thin and 
few of the surficial rocks are porous, the water from rains and 
melting snows runs off rapidly, usually in freshets that follow 
storms or the melting of snow in the spring. Snow seldom 
continues for any considerable length of time. In consequence 
of these conditions the minor valleys contain little' running 
water during the greater portion of the year and springs are 
few and small in the lower lands. A large amount of the run­
off could be saved by dams and made available for stock and 
local irrigation. Sui~ble dam sites are numerous, and at 
several places considerable water has been impounded by small 
earth dams across draws, but 8S the evaporation of standing 
water in this region is about 6 feet a year a large amount of 
water has to be collected. 
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Belle Fourche River.-The Belle Fourche, above the mouth 
of Redwater Creek, drains a basin of about 3,250 square miles. 
Its flow has been gaged at Belle Fourche, above the mouth of 
Redwater Creek, since 1903 and fouod to range from practi­
cally nothing in June, 1903, to nearly 6,000 second-feet in 
June, 1904. Ordinarily it ranges from 50 to 200 second-feet, 
but the mean for 27 months in 1903 to 1906 was about 320 
second-feet. In 1906 the river was gaged at the intake station 
of the United States Reclamation Service, 1 i miles below Belle 
Fourche and below the mouth of Redwater Creek, where, in 
August, after the usual Hood in May and June, the How varied 
from 72 to 775 second-feet. The mean flows for August., 
September, October, and November ranged from 221 to 266 
second-feet. 

Whitewood Oreek.-Whitewood Creek, which empties into 
the Belle Fourche below Butte Hall, has a large, constant flow, 
brought from the mining district about Lead and Deadwood, 
in the Black: Hills, which carries considerable suspended and 
dissolved mineral matter. No measurements of its volume are 
available. 

Horse Creek.-Ho1'8e Creek is a small meandering stream 
which usually l'Uns in small volnme but occasionally ceases in 
very dry weather. Many large holes along its course always 
contain considerable water available for stock. 

Owl Oreek.-Owl Creek.Js small, but its flow rarely ceases 
and theJ.·e are always many large water holes along its COUl'8e. 

Willow Creek.-Willow Creek, which drains a large area of 
plains in the central and northwestern parts of the quadrangle, 
flows only in times of rainfall. Many water holes aJong its 
bed supply abundant water for stock:. 

Sulphur Creek.-Snlphur Creek flows in small volume for 
part of the year but ceases in the dry season, when its course 
is marked by closely scattered water holes. 

Bear Butte Creek.-The water brought from the Black Hills 
by Bear Butte Creek usually flows continuously through the 
year, but its volume is· small. No measurements of flow are 
available. 

UNDERGROUND WATERS. 

The formations in the Newell quadrangle, as shown in the 
columnar section at the end of the text, include several beds of 
water-bearing sandstone, which absorb surface waters in their 
outcrop zones in the higher ridges and slopes of the Black 
Hills. These sandstones pass underground on the sides of the 
uplift and, owing to the relative steepness of their dip, attain 
considerable depth within short distances. In the southern por­
tion of the Newell quadrangle, however, one or more of them is 
everywhere within reach ·of the well borer. As the region is 
semiarid and most of its surface waters are inadequate or of bad 
quality, the need for underground water is considerable. 

The principal water-bearing strata, which rise above the 
surface in regular succession in wide zones encircling the 
Black Hills uplift, receive a large amount of water, not only 
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FIGURE 6.~Map of the Belle Fourohe reclamation project, S. Dak.. 
lIRln canllllillore Bhown by heaV]' Unes; branch dllltrlbutarles b;r line HIWII. From map by United States Reclama.tlon Service, 1914. 

Below Belle Fourche the United States Reclamation Service 
has constructed. a large storage reservoir and a canal which 
deflects to it the flood water of Belle Fourche River. (See 
fig. 6.) From the reservoir an ex.tended system of canals runs 
along both sides of the Belle Fourche Valley past Newell, 
Vale, and Empire and far across the western half of the 
Newell quadrangle. 

from the rainfall on their surface but from streams which 
sink into them, wholly or partly, in, crossing their outcrops. 
This sinking is observable in almost every valley leading out 
of the central area, few of the streams carrying to the Belle 
Fourche or the Cheyenne more than a small part of the 
original run-off of their drainage basins. The greatest amount 
of water sinks in crossing the sandstones of the Min~elusa, 



Lakota, and Dakota formations. These water-bearing sand­
stones pass beneath thick deposits of impervious shale, so that 
the water retains much of the head due to the high altitude at 
which it passes underground. The Fox Hills (?) sandstone 
also rRceives considerable water, which is stored in some of its 
beds. 

The Dakota and Lakota sandstones are the principal forma­
tions in which water supplies are to be expected in the 
southern and southwestern third of the Newell quadrangle. 
They lie beneath the Graneros shale and dip northeastward at 
angles which vary considerably, but which carry them to a 
depth of about 3,700 feet in the northeast corner of the qUfld­
rangle. (Seo fig. 5, p. 4.) The depth to the top of the Dakota 
sandstone is indicated approximately on the artesian-water 
map. In different parts of the country surrounding the Black 
Hills the Dakota and the Lakota have been reached by wells 
and have generally yielded flows of greater or less volume and, 
as a rule, of satisfactory quality. 

The shales of the Morrison and Sundance formations, under­
lying the Lakota sandstone, offer no prospects for water; 
although the sandstone layer in the lower portion of the 
Sundance formation contains a small amount, as shown by the 
flow in the Bowman well. The great mass of gypsiferous red 
shale of the Spearfish and Opeche formations, still deeper, is 
not water bearing. The ;\Iinnekahta limestone is too dense to 
carry ,vater, although in some places it is cavernous. 

In its outcrops the Minnelusa formation appears to be a 
very porous sandstone, likely to imbibe much surface water 
and to constitute a water-bearing formation available for deep 
wells. Kumerous springs emerge locally from its upper sand­
stone bed. In some borin;!!;s in the Black Hills region this 
sandstone has been found to be yery fine textured and so 
closely cemented by lime as to leave little room for water. In 
the ~ ewell quadrangle, however, it appears to be much coarser 
grained and less calcareous, especially in its upper bed of white 
sandstone, which is conspicuous in the outcrops in the Bear 
Butte uplift and in the slopes south of Sturgis. It is therefore 
probable that the sandstone contains water, which, as its zone 
of intake is high on the slopes of the Black Hills, should be 
under sufficient pressure or head to afford flows throughout the 
southern and western portions of the quadrangle. However, 
as its top is about 1,500 feet below the Dakota sandstone, it 
probably lies too deep to be of service. The Deadwood sand­
stone, which is several hundred feet deeper, also contains 
artesian water, but it lies too deep to be reached by ordinary 
well boring. 

(}raner()~ ~hal~ 
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T4e supposed Fox Hills sandstone, which occupies part of 
the divide north of Sulphur Creek and the Castle Rock ridge, 
contains considerable water, but as it lies above the brgel' 
adjoining valleys, it offers no prospect for artesian flow, unless 
possibly in small amount in some of the draws south and east 
of Deer' Ears. 

The thick sheet of gravel and sand that caps the high 
terraces in the south-central part of the quadrangle contains 
considerable water at many places, mostly in basal beds on 01' 

near the shale surface. Part of this water flows out in small 
springs and seeps, but in some of the deeper draws wells 15 to 
30 feet deep find excellent supplies. Most of the lower terrace 
deposits near the Belle Fourche contain water under similar 
conditions and supply sundry wells. 

Nearly all the alluvial deposits, especially those along the 
Belle Fourche, contain considerable water. Many wells 10 to 
30 feet deep draw from this source and, although in places the 
water contains noticeable amounts of mineral matter, the 
supply is satisfactory for domestic and ranch use. 

At Vale an artesian well, which was sunk in 1909, flows 
somewhat less than 1 gallon a minute of excellent water. Its 
depth is 2,215 feet, comprising, according to one statement, 
2)00 feet of shale, some sandstone, a thin coaly layer, 25 feet 
of hard gray shale, about 15 feet of white chalky clay alter­
nating with blue and red chalky material, and again sandstone 
which extended from 2,200 feet to a fine black sand that 
bottoms the well and yields the flow. The identity of the 
first sandstone is not clear, but presumably the bed that was 
reached at 2,200 feet was the top of the Dakota. The good 
quality of the water and the light flow also indicate a sourc~ 
neal' the top of this formation. Doubtless if the boring had 
been continued into the Lakota sandstone, 150 feet OJ' more 
below, a large volume of water would have been obtained 
under greater head. It might, however, have contained more 
mineral matter, as do most wells in the Belle Fourche region 
and at Fruitdale. It is reported that the well has 4i~inch 
casing at the top, 3-inc11 casing for 900 feet, and It-inch casing 
to the bottom. The pressure is stated to be sufficient to lift 
the water about 50 feet aboye the surface in a pipe-equivalent 
to about 22 pounds to the square inch. 

The Bowman well, in the southwest corner of sec. 2, T. 6 N., 
R. 5 E., near the southwest corner of the quadrangle, was 
Aunk in 1907 to a depth of 1,560 feet and flows 4 gallons a 
minute, with low pressure. Very little information is avail­
able as to the record. Samples from 1,000 to 1,200 feet were 

GENERALIZED SECTION FOR THE NEWELL QUADRANGLE. 
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all light-gray clay, apparently Sundance. The Dakota sand­
stone was probably entered at about 700 feet and the Lakota 
sandstone at 850 feet, but presumably their water did not have 
sufficient head to rise to 3,200 feet, the elevation of the high 
table-land on which the well is situated. Probably the flow is 
from the basal sandstone of' the Sundance formation. Flowing 
wells from the Dakota sandstone, howeyer, may be expected 
throughout lowel' lands to the north. 

The artesian-water map shows the area in which flowing 
wells may be expected. The representation is based on the 
pressures reported in wells in regions to the west and far to the 
east and on a calculated slope of the head that should be 
expected from the altitude of the outcrops of the water-bearing 
sandstone in the hogback ridge from Sturgis to 'Vhitewood. 
Owing to lack of sufficient evidence the boundaries of the flow 
area can be only approximately delineated, and it. should be 
borne in mind that they vary somewhat for the different flows. 
Ordinarily the water from the basal beds of Lakota sannstone 
has the greatest pressure and will flow at higher altitudes than 
the water from the Dakota sandstone, or "first flow." The 
pressure of the well at Vale is stated to be about 22 pounds, 
hut as the water probably is from the first flow the maximum 
pressure there is not known; possibly it is equimlent to a 
head of 2,900 teet, as shown on the map. The head diminishes 
toward the east and at the mouths of Willow and Horse creeks 
is less than 2,850 feet, but this is sufficient to afford a flow in 
all the lower lands. 

Flowing wells are to be expected from the second flow far 
up the slopes about Newell and in all of the area southwest 
of Vale, except 01;1 the higher divide summits, as indicated 
on the artesian-water map. It is likely that a flow may be 
obtained at Kewell, altitude 2,850 feet, for the head of the 
second flow at that place probably will be found to be suffi­
cient to raise the water to 2,87 [) feet. Possibly, hO\vever, the 
head will be slightly less, 2,850 feet, in which event the 
water would come near enough to the surface to be pumped. 
The depth to the DakotR sandstone 01' first flow at K ewell is 
about 2,450 feet, and the Lakota sandstone carrying the second 
flow is 150 to 200 feet deeper. Apparently the prospects also 
are fairly good in the Elk Creek and Fourmile Creek areas in 
the southeast corner of the quadrangle. 

The Minnelusa sandstone doubtless underlies t.he Vale­
Ne\vell region but at depths of 3,500 to 4,000 feet-too deep 
for ordinary drilling. 

September, 1917. 
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PLATE I.~ ROLLING PRAIRIE OF THE PIERRE SHALE, WHICH CONSTITUTES A LARGE PART OF THE REGION 
NORTHEAST OF THE SLACK HILLS, INCLUDING THE NEWELL QUADRANGLE. 

PLATE I II.- DEER EARS, A HI GH BUTTE OF THE LANCE FORMATION CAPPED BY SANDSTONE AND CONGLOM­
ERATE OF THE CHADRON FORMATION, AT THE NORTH EDGE OF THE NEWELL QUADRANGLE. 

lIiew fr om the south. 

Pl.o.TE V .-M ASS OF LIMESTONE AT THE "TEPEE BUTTE" HORIZON OF THE PIERRE SHALE EXPOSED BY 
EROSION IN THE SLOPE OF A SMALL VALLEY IN THE NEWELL QUADRANGLE. 

SO UTH DA KOTA 
NEWELL QUADJ3.ANGLE 

PLATE II.- A "TEPEE BUTTE" FORMeD BY A MASS OF LIMESTONE IN THE PIERRE SHALE NEAR WILLOW 
CREEK, NORTHEAST OF NEWELL, S. OAK. 

PLAn IY.- CASTLE ROCK, A PROMINENT BUTTE JUST OUTSIDE THE NORTHERN MARGIN OF THE NEWEL L 
QUADRANGLE, CAPPED BY A HARD BED IN THE CHADRON FO RMATION WH ICH OVERLIES THE LANCE 
FORMATION. 

View looki ne; north f rom p latform of Fox H il ls (1) sand stone . 

PU,TE VL- MASS OF LIMESTONE AT THE "TEPEE BUTTE" HORIZON OF THE PIERRE SHALE EXPOSED 
ON A HILLTOP BY WEATHERING, EAST OF W ILLOW CREEK, SOUTHEAST OF NEWELL, S. OAK. 

PU,TE VII.- THICK ALLUVIAL DEPOSIT THAT FORMS THE BANK OF BELLE FOURCHE 
RIVER NEAR TH E WEST MARGIN OF THE NEWELL QUADRANGLE. 

PU,TE VIII. - CHARACTERISTIC FOSSIL SHELLS OF THE NIOBRARA FORMATION 
(OSTREA CONGESTA) . 

PL.o.TE IX.-CHARACTER IST IC FOSSIL SHELL OF THE 
GREENHORN LIMESTONE (I NOCERAMUS LABIATUS.) 

Natural size. 
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