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CENOZOIC HISTORY OF THE NORTHERN 
BLACK HILLS 

Lorr~E PILL;\L\N 

SU?IDrARY OF 'l'IIE P RGYiO"t;S "\Y ORK ON THE 
EROSIONAL H ISTORY OJ" WESTETIN 

r NI TED S"I'ATES 

l KTi:OD1;C'l' [OX 

"\\'i de d iYCrgen cc of opinion is disclosecl iu th e liternturc on t he 
physiog rap l1 r of the " ·e:,tern pmtion of the United States. In 
many cases the ,·amc ra11gc or adjncen t nin ges arc as::: gncd notabl y 
differ ent hi stories b~- clifforent '-T ilers. rrhi s is p cl'lwps not sm·
prisin g in th e light of the fact that tl1c principles on which inter
p ret ation of pl n l'al er osion c~·cles is lx:H:ed h a Ye been so r ecently 
assembled. 1 

It is Ilic pu l'posc of th is ch ~1pt er to gather t ogct l,er in one pl ;:,ce 
from the li t crn tnre, th e sc,~ttcrcc1 Cenozoic histories assigned to 
tho more impo1·t,rnt ar eas o[ \':estcrn 1Tnited States and to g iYe a 
bibli.og l'c])h:-·. A sketch of the crm:it1 ;1 :1l h ist01'y of the No1-thcrn 
Black H ill s, whieh follc" s, should scrYC t o rJcar n p in part a t 
lcnst , 1l1e hibli ogrnphic confus ion. 

IITGTI PL.\1 KS 

J ohnson 2 in 1900 skct d1ed th e l1i stor y of tl1 0 Great Plains h1·i efl y 
as follo11·s: A debris sh eet 11·ashccl ou t from th e mountains t o th e 
" ·est dul'ing tl1e Tertia r y wa s p ar tly c1·odc<l chuing th e Pleistocen e, 
a f t er which <lcposition 1Yas ,:ga in rc nc" ·ed. The T ertiar y age of 
the ma in deposit nn d the Pleistocene ngc of th e ~;trcam t erraces arc 
proYcn by fossil s. Climat ic eh a11 gcs arc assum ccl l o expla in the 
ch an ges from depositi on to c:·oi;ion and hack to dep osition . 

Brc BADLA);DS 

'l'li c hi story of th e Big B ud lamh of South Dnkota , lying within 
the Gl'ent Pl ains, lrns been th e suhjec:t of frec1ucnt controver sy 

1 Trowbr idge, A . C., "Eros iona l lli s tory of the D rift1 ess Arca," V nfo. of Jow<i S l iLdies 

i n ll"nt. lliel ., Yol. JX , Ko. 3, Pt. 1, 1 921. 

2 John son, \V. D., "The High Plain s nn d rrhc ir Uti lization ," 21st Annual R eport, U . 
S. Geol. Su r ,· ci·, Pt. IV, 1900. 
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since Dr. Hiram A. Prout" of S t. Louis in 1874 described a frag
ment of a lower jaw ,rhich he called a Paleo1 hcri um. 

According to \ \' ard, 1 the section exposed in the Badlands is as 
follows : 

Uppc1· Oligocen e 
Middle Oligocene 
Lo1Yer Oligocene 
Cretaceous 

Protoceras heds 
Oreoclon bell s 
Titanotherium beds 
InteTior beds 

Brule foTmntion 

Chadron formation 

After the deposition of t he lo,Ycrmost White Ri,·er beds, known 
as th e Tita nothcrium or Chadron formation there was moderate 
erosion as cYidencecl by an irregular npper surface. "rhc mi<l
Oligoccne OrcoL1on beds arc composed o-f roarse s:md and silt with 
a characteristi c thinning a,ray from the Black Hill s which \Yard" 
interprets us suggestin g either a rhange ot climate. diastrophic 
uplift or a combination of hath. 

Afte1· the deposition of the \Yhitc RiYcr beds, the area was sub
jected to er osion \\]ri ch resulted " in a fca1nreless pbin above which 
were scatterin g buttes, rid ges, and pa1ts of the Black Hills. " 6 This 
is known as the Prairie l)eneplane. This pcneplane " ·as th en up
lifted introducing :mother cycle knom1 as the Bench ryclo, dm·ing 
which the main st rcmns cut downward 150 feet and th en widened. 
The B ench cycle \\"as inten-upted b.'· a southward tilting inaugur
ating the present cycle, during which th e more impor1ant erosion 
forms of to-da y were carved. 

\Yanlcss7 ,1·orking in the Big Badlands bclicns thnt the Interior 
formati on owes its origin to th e weatheri ng and lcarhing o.l' the 
Pierre shale or other younger beds exposed at tl1e surface during 
the Eocene period . In other words, he believes th at a peneplanc 
was developed during the E ocene, upon th e surface of which a 
thick residual soil mantle accumula ted and he nam es this old erosion 
surface the Interior pcncplanc. \ fanless concludes further that 
this pcneplanc was uplifted and decplr eroded prior to the time of 
deposition of th e Oligocene White Ri\·er forma tion. 

3 Prout, Hiram A., "A Description of n Foss il ]Ha:xi ll nry Ilone of Pnleotherium from 
near \\'hitc River/' Ll ni. J our. Sci. , 2n<l S er. , Vol. 3 , ]JI). 2tJ. 8 ·250, 1874. 

-1 \Yard, Freeman , "The Geology of n. Portion of the Bndlnnd/ ' S outh Dal.ota Geolog ical 
and J,,"atw·«l Tlislory Suri- ey, Bull. No. 11. p. 16, 1922. 

s Op. cit. Jl . 4.5. 

G Op. cit. p, 47. 

7 \Van less , H. R ., "The L it hology of the ,vhitc RiYer Sedim ents ," Proc . Am. P1iil. S oc., 
Vol. LXI, pp. 19 7-202, 1922. 
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In a more recent paper, \Vanlcss8 discusses to some extent the 
post-Oligocene history of the Dig :1c1lands. E,·idcnce is gi,·cn for 
the development of a high plnin of wohablc Pliocene age. Later 
t erraces were c1cYcl opec1 either clnc to upli ft or climati c changes. 

Trrn BLACK II1LLS 

The Black Hills rnmt liaYC furnished most of th e mat erial for the 
Oligocene White RiYCl' sediments of !li e Badlands and the histories 
o.l' the t,rn areas should be harn10nions. Yet, D arton° mentions but 
briefl y the Oligocene history ol'. the Hills. IIc states thnt during 
th e Pleistocc11c period a man1"lc of gra \·cls and sands which cap the 
present day divides was clepositcd by the streams. Further, accord
in g to Darton, an uplift accompanied " ·ith tilting to the n01·thcast 
pcrmittecl enti·cnchmcnt , and erosion again became predominant. 
Two sets of terraces have since been formed a long all the main 
streams, the condit ions for ,rhi ch arc not determined between 
clim at ic change and sl ight upli ft s. 

'l'rrn ROCKY i\IorKTAIKS 

It is agreed by p:·cyious workers that the Black Hill s and the 
R ocky ]\fountains arc similar in structll1'e, in age and in history. 
To judge from the literatu re, howcYer, thei r Terti ary histories 
,rere different. In fact , no two inYcstig:itors agree on th e crosiond 
history of the Rorky :i\,[oun1 a ins. 

Dake10 as~;igns a history i1wohing th ree periods of nplift. The 
fir st c.li..:stl'opliic moYcmcnt i'.; assigned to the lntcst Cretaceous or 
earli est Eocene, after ,r h ich and prior to the post -L:m cc upli ft it 
has been estimated that GOOO feet of m:.itcria l was 1·em0Yed. Fol
lowin g a post -Lance nncl pre-Fort l'nion uplift , erosional condition s 
prcrnilcd until th e thi rd orogenic moYemcnt took place late in the 
Eocene. 'l'hi s last u pli f t ,1·as accompanied by much ovcrthru,; t 
faulting. No mention is rnadc of later history. 

s \\·a nl ess, JI. R. , "The S tr atigra phy of the \Yhitc RiYcr B eds or South Dakota," Proc . 
oj the A m. Phil. Soc ., Vol. LXII , p. 260, 1923. 

o Darton, )l. }I. , •-_t'relirninnry D escripti on of th e Geology and \Vatcr Resources of the 
Southern Bla ck Hill s and Adjoining R eg- ion s of South Dakota and \ Vyornin g / ' 21st A n n. 
R ep ., U. S. Geo/ .. Surv ., Pt. lV, pp. 4 89-599, 1899 -1 900 . 

"G eology and \Vater R esources of the N orthern Bla ck Hill s and Adjoiuin g R egions in 
Sauth DHkota nnd \Yycmin g," U . S. Oeol. Stu·v ., l)rof. paper 65, }). 59, 1 909. 

10 DakC' , C. L ., "Epi sod es in Rork~· J\ fonnt;-iin Orogeny ," A.m .. J o1!'r. (JI Sci., 5th Ser ies 1 

V ol. T, pp. 2,1r,-~ ,:; 1J, 1021. 
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D a\Yson 11 ::issigns th e Eocene, Oligcccnc ::ind :',Iioeenc as times oe 
st ::ibi lity. By tl1 e close o f: 1hc :.Uioeene a grrHt pcncplanc had been 
deYclopcd which stood ~000 to 0000 feet lo,\Cl' in r chtion to the sea 
tlrnn it d ocs no\'.-. At 1hc end of' tho ;, !ioc-cnc. cli rfcrcntinl uplift 
occun cd. Drn· ing the Pli cee11c, matnrc st ream Yalleys ',\"CIC dc
Yeloped arn1 gra,·cls ,rerc d cp o·,i tcd . This p c1·iod ,1·D,; closed by a 
markccl cleY,1tion in the Con1illc rnn r egion . Tl1 c P Jci~toecne is 

n oted chicfl:, fo1· rnonn tain glac iat ion. 
In clircet oppo,:ition to D:m;;o11 , Dal:,-1 2 hclicY es in a single e_,·clc 

histor y ol' the Hod , )· l\Iount::i ini, in 1l1 c Yi cinit y 0£ the -i-Qtl1 p ar allel. 
ITc presen ts othe r n, cor ies for tl1e d eYc1 oprncnt o[ foe fl«t intcr 
strc:un areas, ,l'hich others r egard as c ,·idcrn·c of rnorc th an one 

cycle of erosion . 
'.Yillis"'' wo1 l::ing on the cros~onnl hi ~tory o l' t h e L c,,·i s an d Liv-

in gston n rn gcs in :i\Icmtan:i helicHs in a p cncphi11;,tion oE 1l1is sec
tion of the Hoekics in t he Oligocene. 'J'o thi s be giYCs U1 e name 
BlacHoot . F old ing occmTcd i11 t li c llli oecne aceompani ccl hy th e 
well k no\rn Chief l\ fountain oyerthr 1st . I n the Pliocene, cro:,io:1 
was dominm1t in tll c h ig11e l' are,, ,'.·ith the c1cpcsition of th e I(cim e(ly 
high lcYcl gl'aYe],; ns alhwial con e c1ep Jc:its. Oi:tciill crnsion '\\·,,s 

p redominant in t he a rca c1ui'i ng the P leist ocene. 
Furth er to th e south in the g; p;horn }l:onni' ,,i ,1

~;, D ,,r ton
11 

r ecor ds 

t\';o p c1·iods of uplif t . 'l'hc mon 11t::1i11s o,,.·c th ei r orig in t o the Lar
amid e Re\' olution . A t the end o[ th e Oligocene n e 1·egio11 w;is 
aga in upliftec1. "'Shcth cr !11 0 r::rnge ]1 ;1c1 renrl1cc1 a stngc of p enc
p lana tion preYious to the Oli g-orcne is not st :1tccl. Stream er osim1 
was the import ant facto1· th rough out the ;,liccrne, P li ccc11e and 
Pleistocene ~,-ith mount ain glaciat ion importrrn t in th e later p eriod . 
During the P lei:Joccnc th e more important riYers c1eYe1opcd t el'l'nces 

whi eh DOW ,;t :rncl 200 t o 4-00 feet nlJOYe the strc:,rn': . 
The h istory of the '\Yind Riwr ::\Iountnins as gin·n b:: Bbck

, r eldc1·1 3 is b1·icfi~· sk ctcheJ ~s follo,Ys : The r,10,mtains Y,crc up-

1 1 D:n\· so n, Geor~c , '·On th r- Phys :ogrnph ic Gcologr of the R ocky ) fou nta in R eg ion in 

Canada," :/.'ra ns . R oya l Foe . of C'rrnada, Section JI , pp. 1·7•1, 1 890. 
12 Dc1ly, R . A., "Korth Ameri ca Cordillera ," 4 Dtl1 Pa ra:lel, Jl cmoir. 88, Canadia n Geo l. 

Snr1:ey, pp. 605·641 . 1 012. 
13 \\.illi ,; , B ., '·St ratigrr!l•hy an d St rudu re c f the L rw i'-> fin d Lh·in r,-s ton R a ng es, ~-Ion · 

t. a na ," B t1ll . Gcol. Soc . .1. , ,1., Y ol. 1 3, pp. :ios-352, 1902 . 
1-.1 Dar ion, K . II.

1 
"Grolog-~· of the J3i t h orn i\ founlain 8," r. S. C: eol. Sun: ., Prof. p r.pr- T 

5 1 , 1 Q06. 
1 :; Dlack\':~ ldcr, F.liot, '·],.fountains of Ccntr r. l '\Yestern \\'yoming ," J 01.:r . of Gco l. , Vol. 

XXIII , pp. 1 9~· ~0 7, 1915. 
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lifted at t he end of the Cretaceous p eriod. B y mid-Eocen e time 
the folds \\·er e d eep ly er oded, ,Yitlt or wit hout reduct ion t o a pene
p lane, and a change t ook pl ace wh ich su bs! itutcd t or rent ial or 
s~asonal all~1viation for con tinuou s degr adation . In u pper E ocen e 
tune th e Pmcy con glomerate ,m s d cpoi,itecl . 'rh is suggest the 
work of po\\·erful aggraclin g streams \\· ith constant ]:', sh if ting chan 
n el~ and a _ semi-::irid clima te. By Oligocene t ime t he processes of 
sed1mcnta t10n had producccl a gentl y gr aded plain beneath wh ich 
wer e buried the old E ocen e hills. Jn the l\fioccne, 1hc ea r ly sedi
ments of the Tertiary ,Yero gentl y fo lded and b roken a lo~1rr t he b 

scYcral sca tter ed norm al fa ults. This fold ing emphasized th e struc-
ture p r oduced a t tl1 e close of the Cretaceou s. Th e \\Tind River 
p en eplanc was then developed . Th e age of this old erosion su r fa ce 
is not d efinite bu t it is t en tat ively held to be Pliocen e. A r econ
flatness but \\·ith subdued mou ntains and hills with a r elief less th an 
1500 feet near the clivicles. E arly in the P leistocene rejuYena tion 
clue to regional u plift occu r r ed. Jn this lat er p eri od , B lackweld er 
out lines th e d cYcloprn cnt of four d istinct set s of stream t erraces. 

B aker 1 6 giYcs a Yer:r differ ent history for approximat ely t he 
same _ar ea and conclu d es t ha t the E ocen e and Oli gocene streams 

depos1_tcd ,~reat ai:1ounts of materi al in the in t errnont ane valleys . 
B y rn1d -~.110ccn c time a pcnep lanc ,ms clcYeloped o,·cr th e entire 
a r ea . _The cycle " ·as closed by r egional u p li ft accompan ied by 
vulcam sm . At th e base of H: c mounta in.' and far out on the p lain s 
1he , Y,roming conglon~cratc ,,;:.is d eposited b y P liocene st rea m s. 
During the Pleistocene t wo sub cyclcc; h aYe left their r ecor ds in 

r iver t erraces. 
B lackwclder 1 1 describes a pcncplane of P l iocene age in th e L ar

amie l\Iou n ta ins nn d calls it the Shc1-man pcneplane. It is r epre
sen ted b y a r c1ati\'ely eYcn surface b ut here 2nd there irrerrular 
k_nobs and p iles of exfoliatcd boulders r ise aboYe the general cleva
t10n. R ejuYcnation occurred during the Pl iocene and t he streams 
were pred ominantly crodill g st r eams d u ring th e Pleist ocen e. 

P owell18 in 1877 ou t li ned th e history of the 'Cinta ),founta in s. 
H e sta t es that ther e ,ms a gradual upli f t <lu r ing the Oli gocelle . 

16 B aker, C. L ., n:xotes on the Ce nozoi c Hi story of Centra l \ Vyoming," Bi1,ll. Geol. Soc. 
Ain. , V ol. 23, p. 73 , 191 2. 

1 7 B lackwelder, E liot, "Cenozo ic I-Ii story of the Lnramie R e 00 ion \ \ "yorn i,1g" J our. of 
Geol. , Vol. XVII , pp. 4.29-444, 1 909. 

0 

' • . ' 

_18 7.owell, J. W., "Reports of the Geology of the Eastern Porticn of t he U in ta Mo un · 
tams , Tl. S. Geo /. an cl Geog. S ·urv . Tcl'r., 2nd D i\'i s ion, 1 8 77 . 
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I n the Miocene dcnnc.1a tion t ook p]ncc under humid climatic con
ditions. During a pn rt of this pcl'iod t he ar ea ,ms a theatre of 
ex tendrcl Yulcan isrn . Dy the close of th e )Iiocene, the streams ,rer c 
at gracl c and th e mesas "·ere becoming small er a nJ smnller . In the 
Pliocene nnd PleHoccnc th e r egion ,ms fa ulted and th e strenrns 
flo,ring from th e hi gher nr c:is deposit ed graYcls widely over the 
adjncen t dist rict s. 

Rich 10 ass igns P liorenc age to an old p eneplanc in th e r eg ion 
r eaching f r om t he Uinta ) Iountn ins to the northern end of t he 
Lcucite Hill s in '\Yyomin g. H e sta les tha t th is pencplaue may be 
cor related ,1· ith tlia t of t l1e hi gh plnteau region of Arizona. 

A hist 01 ·y Yery simil ar to th e on e just outl ined is given by R. 'I'. 
Chamberlin" 0 t o tl1e R ock~, Hountains of Colorndo. In th e ea r ly 
E ocene, tli e deposit ion of the Dawson :n kose n:1 d the Arapahoe con
glomerate r ecords a remornl of a totnl th ickness oE more than 4000 
feet of sedi ment . L uter in t l1 e E ocene, an uplift occurred which 
was accomp::miecl by extensiYe outbm·c;ts of andcsitc. By P liocene 
tim e a p cneplane hacl deYcloped , with monad nocks ri sing 200 to 
2500 feet alJoye it. Tli e upli ft which followed accentu ated t he 
height of se,·eral of th e n rn ges b:-· ,rn rpin g. In the Pl eistocene, the 
newly uplif ted a1·c,1s were nrnclifi cd by streams and glaciers. 

11iclrnrdrnn21 outli nes a hi story similar t o tha t st ated by Cham
ber lin for t he Castle R ock !]_rn1cl rnnglc in Colorado. A p eneplane 
was developed in Pli ccenc ti me whi ch he thinks ma y be correlated 
with t he 'l'el'tiar y pcncphrn c of th e Sic;-ra J'·foyada range and the 
Summit penepl nnc oE t he , Vind River Mountains. Th e uplift 
" ·l1ich c1' dcd th e e:·cl e ,ras accompa nied " ·i th ti ltin g to the south 
and east. 

Thel'e haYe been othrr interpretat ions of: the Tertiary hi story of 
t he Rocky =1Iountnins of Colorndo. One of: the most recent p apers 
is t hat of Lee,22 " ·ho giYes eYidcnce of three distinct cycles of 
er osion in the Rocky ) Iountnin Na tion al P ark. Th e r emnan t of 
the ea r liest pencphrne may be found on Fl at top ?IIoun tn in , for 
which the old ernsion nu·face is nam ed. This peneplane was fo rmed 

1:.1 Rich, J . L ., "Phrs iography of the Bi shop Conglomerate, Southeaster n " ryom in g," 
J ow·. of (; eol., Vol. XVIII , pp. G0l-632, 1910. 

20 Chamberlin, R . T., "Bui ldin g- of the Colorado RoC'k ics ," J O'l.o-. Gcol ., Vol. X XVI I , 

p p. ] 45 ·164, 225·2 .5 ] , 1019. 

2·1 R ich:u·<lso11, G. R. , "Castle R ock Folio," rr. S. Geol . Surv., fo lio no. 196. 

:22 Lee-, \\'ilJi s 'l' ., "P encplnin s of the Front R ange nn d R ocky i 1oun la in N ati ona l Park, 
Colorado," V. S . Geol. Surv ., B ull . 730A, 1922. 
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sometime nea r the midd le of the Tertiar y. An intermediate cycle 
follo,rnd during which time th e. R ocky l\Iountain peneplane was 
developed . 'J' hi s is da ted ut Pl iocene . The th ird or Canyon cycle 
is, ns yet, not completed. 

Near t he sou tlrn·cstern comer of Colornclo in the San Juan 
l\Iountains, AtwoocF" finds evidence fo r a Tertiary peneplnne both 
in th e mounta ins proper and on the surrounding plains. The p r e
cise age of this old erosion su r fa ce is not given . 

COLORADO PLATU:AU 

The theory of plura l er osion cycles was first presented by Powell 
and Dutton24 in these r eports on th e Grand Canyon. Du tton 's his
tory of the r egion is ou tl ined as follows : 

1. Them was a period of erosion lastin g until the close of the Miocene. 
2. 'l' hc sm face was uplif ted, folded, and faulted. 
3. 'l' he outer gorge ,ms de,·elopecl dmin g t he P liocene. 
4. At t he close of the Pliocene fa ultin g occun ed and the inner gorge was 

cut during the Pl eist ocene and Recent. 

Since this time Davis,23 Huntington , Goldthwait, 2 6 and others 
haYe published on t he h istory of the Grand Canyon d istr ict. The 
most r ecen t paper by R obinson 2 1 gives t he history in much mor e 
detail. H e believes in the development of a peneplane dur ing the 
Miocene, another during t he P liocene and a third near the middle 
of the Quatern ary, and in t he ext reme you th of the inner gorge. 

I n I daho, l\Iontana, and '\Yashington lies the plateau area over 
which a con troversy arose concerning· the age of a peneplane and 
its Yalue as a datum p lane.28 This instance illustrates the difficu lty 

23 Atwood, "r· \Y. , "P hys iographic Studies in th e Sa n J uan Distri ct of Colora do.'' 
J on,·, Geol., Vol. 1 9, pp. 449·454, 1911 . 

z..t Po\\"ell , J. ,v., "R epor t on the Arid R egion of the U n ited States," V. S . Geog . an d 
Geo l. Surv. of ll, e R oc l,y l foiint a in R eg ion, 2n d E d ., 1 878 . 

Dutton 1 C. R ., "Tertiary Hi sto ry of the Gra nd Canyon D istri ct," V . S . Geol . Surv. , 
Mono. II, 1882. 

25 D av is , \\'m ., (a) "An Excursion to the Grand Canyon of the Colorado," BuU. M us. 
Comp. Zoology H a r rn r d College, XXXVIII, May 1901. (b ) " An Excurs ion to the 
Plateau P roY ince of Uta h and Arizona / ' idem . X LII , Ju ne, 1 903. 

26 Huntington, Ell s \\'Ort h a nd Gold th \\'a it, J . '-' ·, "The Hurri ca ne F ault in the Toqu er• 
vill e Distr ict, Uta h," B1,ll . M ns . Com]) . Zoology , H ar rnrd College, XLII, F ebruar y , 1 904. 

2 7 R obin son, II. H ., "New Erosion Cycle in the Gra nd Canyo n District," J our. Ge ol., 
V ol. XVII , pp. 742-763, 1910. 

28 (a) Umpl,;by, J. B., "An O!tl E rosion S urface in Eastern Idaho : Its Age and 
Va lue as a Datu m Pla in," J ou;·. (;col. , Vol. XX, pp. 1 39-1,17, 1912 . (b ) Black welder , 
E li ot, " A Criti cism," J om·. Geol. Vol. XX, 1ip. 4 10-4 14 , 191 2. (c) Atwood , ,v. ,v., 
" Physiographic Conditions at Bu tte, Montana , and Bingham Ca nyon , Uta h , ·when the 
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of dati ng old erosion su rfaces definit ely u nless conclusive evidence 
is at hand. 

P ACIFI C CoAST J.Iou~TAINs 

Th e Pac ific Moun tains in Brit ish Colu mbia have been described 
by S p cnce1·, 20 ,Yho corrclutes across all of th em an E ocen e er osion 
su r face . The warpin g of th is su rface allo, rcc1 t he fo r mation of 
fr esh ,rater lakes in th e Ol igoc-2ne. In t l1c Miocen e tl1 er c "as local 
folding nccompan ied by Yol ran ic fl o\\"s . T he Pli ocene marks the 
uplif t of continental charactcl' accom p an ied by warpin g, flexure, or 
displacement , r a ising of tecton ic blocks, ,Yh ich haYc n ot been ef
faced by subsequent erosion , nnd the fo rm ation of Yolcanic con es. 

Russell"0 outlines the Cenozoic l1ist ory of the cascades as follows : 

1. Eocene-deposition of freslnrnter sediments accompn11 iccl by volcan ic 
fiO\ \"S . 

2. Oligocenc- rnlca11ic flows. 
3. Miocene-deposition of lacust r ine sed iments intcrlJeclcled \Yith lam f! o\Y S. 

Mi ocene closed ffith fo lding. 
4. Pliocene or eaTly P leist oceae-dcYelopmcnt of the Cascade pencplane. 

a . Uplift and fo lding along t ho oltlcr strnctmal lines and dissection of 
t he Cascade pcncpla nc hy st reams ancl glaciers. 

b. Volcanic peaks fo rmed. 

Several worker s"1 in this ar ea g ive much the same h istor y, but 
d iffer on the nge of the pencplanc. Some date it as earl y P liocene 
and othel's believe it to be P leistocene in ngc. 

D iller 32 describes a summit p eneplan e of )Iiocene age in th e 
Klamath Mountains and stat es th at numerou s oscillations took 
p lace alon g the coast in la t e Tertial'y t ime. 

These studies have emphasized the fact that th e cor rect dating 

Copper Ores were Enriched," Econ. Gcol., Vol. X I , pp. 69 7-740, 1 916. (d ) Blackw eld er , 
E liot , "Phys iographic Con ditions and Copper En richment/' idem . Vol. XII , pp. 54 1- 545, 
1917. (e) Rich, J. L., "D ating of P cne plains : An Ol d Erosion S urface in I daho, 
\ Vash ingto n and l\fontana," id em., pp. 545-547, 1917 . 

29 Spencer , A. C. , "P aci fi c :Oi ount;tin System in B riti sh Columbia a nd Alaska," B ull. 
Geo'l. Soc. Am., Vol. X I V , pp. 433-46'1, 1 884 . 

30 Russell , I. C. 1 

44 A Geologica l Reconnni ssa nce in Southern Oregon," 4th Ann . R ep . U. 
S. Geo l. Sw-v., p p. 433 ·434 , 1 884. 

3 1 (a) Smith, George Otis and Calki ns, F ra nk C., "A Geological R econ naissance Across 
the Cascade R a nge Kear the 4 9th Pa r allel," V . S. Geol. Sw·v., B ull . 235, 1 904 . ( b ) 
Smith, George Olis an d \Villis B ., HGeology of \Vashington," U. S. Geol . S-u.rv., P rof . 
paper X I X, 1904. (c) Bretz , J . Harl a n , "The Satsop Formation of Orego n a nd Wash
ington," J ou.,·. Geol., Vol. XXV, pp. 446-458, 1 917. 

3 2 D iller, J. S ., nrropographic Developmen t of the Klamath l\f.ountains," U. S. Geol . 
Swrv., Bull. 196, pp. 367-402, 1 902 . 
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of widespread erosion sn rCaces is of great importance, for such 
su rfaces sei•yc ns datrn:1 pl .::11es for t1 10 int erpretat ion of t l1e greater 
p ait 01 t he Tertiary h ist or)· . It is clc:Jl' tl1at t l1 cr e is_ lack of agree
ment arn cng th e seYernl im·es1 i~ators. It i :; not p o:--s ilJlc, tl1c i'eCore, 
in the follo,l" ing clinptcrs t o fit t li e e rosionnl h istory o-f the n orthern 
n 1.,c1- T ; 1·11s 1· 11to .1,n- o-cncrnl ,:c-l1cmc upon " -h ich there is any con-
u1u i\.. _1__.., • ' · J. , : b 

sidernblc ,1greemcn t. 

'J'HE NORTHERN BLACK IIJLLS 

IC'ITH0D1TCTIO:.J 

I 11 th is r eport an attem pt is nicH1c to t ;·acc tli e topographic h is
tory oE the nortl1 ern Dlnck Hi ll s in ,rcslern South ~ akola _n nd 
e.::stcrn y ;yorning. Tl1e Cenozoic history of t l1c range 1s _c~.pecially 
cmph nsizcd and t11e pre-Tert iary conditions arc dcscnbcd only 

briefly. 
Loc:1.·n o::-s 

T hese mount ains li e bet ween the 43c1 nnc1 th e 4-5th p ~:. ral lcls and 
beh\' CCn t he 103d arn1 105th meridians. They occup y an irregular 
area apprnximatcly 120 mil es in leng1 h and b av~ n " -~d th of_ 4? to 
~o . · 1 (C'cc ]>lq+ e 1) '1"l1n ]''1 ]lCT0 is chnlled 1nto d1stm ct u r.111cs . ,) _ (_" . v <-, c 

p i·o\·inc-c,; by tli c d ifferen ces in tl1c topcg:·nphy . . The n or th ccn t r,al 

t . -[ 111~ DJ -1c '1- JT1"lls ],., s ·t t"v])00°· ·::r1)h,· wh tch h :is been l a1 ·gc,y por ,1011 0 \jJJ<, '- • · '"'' o · .; 

, <-ci•;,, 1·1,0(1 l)r the T crtic1 I':"- intrus. iY CS nnd snh~;equcnt s tream ue, . ,. •~ ., . 
1 crcs ion. Tl,e south ce:111·,,l vortion of the I',bck I11 l_l s, on_ the ot 1e1· 

l ] 111 ,, 11.,cl 1·t ,· to'r ""l"FJh,· <:h;,'1,cd lF sti-c:im d1'.;;;cct10n o:E the lc..1 11(, ,;__ ., .. u •-1 i._ Vo - L L , · ·~ • • . 

(_'·111 ' l"•i•111 0-1••,i,itn •111cl other l'; 'c-C\rn11iri,, n forml!t lOllS. p :•e- < " "" :C:, Ud• ~, "• , ' • 

!J. l•'ii o''o-]1 ""p al"li-C'l f1·"m the main .range of the R od::v l\Ioun t;:11ns 
.L1-. I.. L'- t"'J , ) V (. (. \ '-- > V • • l 

lJy seYeral humhed mile:, , the Black H ills nre :m111lar to t hem, b ot 1 

i:.~ chnrf_1ctcr n1HJ in structure. 
"Ia the strnctu1•c• of the hil ls theTe arc many points that make them a min-

J
·aturc TrrncsentatiYe compact and ,rnnc1crfu lly complete ,ri thin themselves, of 

(. . ' . t ''3~ 
the topography ,rnd geology of the grent Rocky :<.Iountam sys cm. · 

FIELD ,xora,;: 
'['he fi eld work upon which this stud:, is 1Jnscd ,ras done mostl y 

dui in o- tlie summel's of 1922 and ]!)23, hut rm nddi t iona l t wo ,Yecl,s 
'.':ere ; pent in the area du l' ing t}1e sumrnc1· of' 1927 . I n 1022 and 
19?.3 t h e ,rnrk v:ns confined mostly to the rc6ion of 1he north ern 
J3]ack Hi lls, but in the surnmrr of' El27 a corl'elation with th e Big 

3
:; X c\\"" ton , IIcnry and .Tet~n cy, '\\"a lter J>., '· R eport of U1c Gt'ologr an d R eso urces of 

the Blacl( Jliil s of Dakota /' r;. S. Geog. crn cl Geological Su rv., 1880 . 
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Baclla nd s \\est of th e Bl ack Hills w,1 s attem pted . In th e first two 
sensons. the ,11'e:1s -.rithiu n r aJins of h r en ty fi,·e m i les in each d i-
1·cctio:1 fro m t he 10-.rns of ',\° hit e,rnod ancl Hapill Cit.'· ,1·crc stn c.1icd 
in d eta i l an d othe1· nem·hy ar e,:s we,·c YisitcJ . I n 1!)22 t he wri te r 
wa s aceompan icll li :, , \ g n<'.s C'ozi11c, in ]023 b.'· -:\[ario n 1 1:~;el, nn cl in 
10:.?7 by Ca th er ine J.n cns, l > el::1t Gnrst, and Iren e Fi llman . 

Lpla ,Hl pl ai1,s. :Jre«m tc1·1 ·accs, ~tl'eams and th eir Yalleys, and 
otll"fic i,:1 <1cpos i1 s , ·.-cTc st u rli ccl in 01 ·clc1· t o clc tenn in c th e erosional 
hi story . The size g rade cl isl rilmt ion of th e g r:we] s ,ms detcr minccl 
fo r th e most p a r t in th e fie lt1. A set of _f'n ll h eight eight i ucl1 sieves 
of G-1 , :1 '2 , ] G, S, .J , u1Hl 2 m ill imet er 01w n:ng-s wa s ca 1Ticd . Su mp1cs 
of uhout '.?0 kilogrnms were co1l cetcd fro m th e faces of cxposu1·es. 
Sa mp le~; were -.,·e ighcd , 1· i1 h a spriq.~ bdai, ce, ;1fter ,rh ic-11 1 h ey , r e1·c 
nm through t he s:cYC:'-i . 'l' l1c - 2 m :11. ma teri al was put in saeks and 
ln·on n·}1t in for la ter ;-;t rnh in the la1Jol'a t or y . Tl1e r oa rse 1.· g 1·aclcs 
,1·ere ~ li en stn cl iecl for corn.p os ition ancl source am1 tl~eu ,1·cigh ecl . 

L ,\ DO,UTORY ',\T omz 

Frn t her '.-:tucl ics of collect eel ~arn p1es ,1 er e in a cle in tl ie sed iment a 
t ion la !Joi-a ton . :\fr(.'.h,rniea l anal :: scs of the fo1 cr gl'ad es of t h e 
gi'..l\'C]s ,rn1·c 1;1udc. 011 1.1· s,un ll :rn;oun t s of t h e fie ld sampl es were 
of the - 2 mm . ,;i1:c and 011 ly the ] , J/:2 , 1/ 1, %, ancl 1/ J G m illimeter 
op enin g.-; 1rere used . T hus, all t he sa mples wer e u lt ima tely d ivided 

in t o G..J. , 32, 16, 8, -1-, '..', 1, Y:2, %- 1/s, 1/ l G a nd -1 / lG rnm. grades. 
T he p el'ccntagcs of th e grmks \\·er e obh1 in ecl by th e u se of tl1 e s lide 
r ule and 11·c1·e th en pl otted into p _\·rnrn ids. 

The p ebble connt'-i m;1 ck in 1he fic l(J \YCl'C also r cJuced to p cr 
ccn tag,s nn Ll p lo1teJ into pyrnrn ic.1 s. These count '; wer e made, as 
a r ul e. in the same locality as th e mechanical an al _1·ses . 

T he. c:. 1nou11 t o[ r on n cl;:c-,s 1\·a,; o1Jt,tjnec1 b.'· t he u se of. a ,;l\ eet metal 
incli ne ef p,·og;:c,;:,~,.- el_v <kc ren~ing :-;lop e arn1 cal i1J rntec1 by t he u !'e 
of t h e cmH exity gauge. Th is d e, ·ice was d esign ed and is d escr ibed 
in d et a il b,· 1\'ent-.rnri.h .'1 1 Jii br ief, the mctb ocl is h asec1 en t h e fac t 
th at the r o.un dcr the p ieces 1he fa r ther t h ey ,ri ll roll. 

L rnR.IBY \ \' ORK 

Note the bibliogrn ph y 011 p ~ge - of t h e mor e im p or tan t publi
cat ions r elating to the geology of 1hc Black Hill s. 

,·1•1 ,,., 11,11_,,.,,,,. ' '"""e ,+,1t!ic<l C"l'Clll li Y ,m<1 th e coacl ns io1:s 1·each c(l - I ( .,( L ,I\.... , , , \ '- I • ' I ... . '--• • 

-~\·entwu1·;.h, C. K., '' T he Sha 1,<-'S uf l'cl;l;!cs, ·· l- . 8 . G' cul . Sttrr. , Dul l. 7:JOC, pp . 9 1-

114, 10~~-
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by the sc-v entl writers ch eck ed ,r i1 h each oth e l' a11Ll " ·it h th e con 
clus ion s th at r esult ed from t he p/ ese11 t i1n-est iga t ion s. 

In ord er t ha t the Cen ozoi c, hi sto1·y c1 1,cl it s 11robl e1w; may he clea r
l y understood ili e p 1·e-Camb1·i a11 the P t: leozoic, an cl ::\fcsozo ic rock s 
;re clcscr ibec.1 lJ1·iefiy and i n a gc1;er nl 1\·a.'· - Th e g:'nc1·nli zecl colum
n ar section is ns follows : 

SYSTElll 

P le istocene 

Oligocene 

Creta ceous 

I F OTD I ATJO N 

Terra ce Gra\·cl 

Ch adron 

La ramie 
Fox H ill s 
P ierre 
N iobrara 

Carli le 

Gran cros 

D a kota 

K IXD OF R OCK 

Gnt ,·els, Conglomera te , 
Sa nd , nnd CI:1~· 

Gra n~lf-, Co11g-lon1c r:tl c't 
San d, and Clny 

I 
RE S ISTAK CE 

'1' 0 F.ROSIO~ 

N onres istant 

N onresistant 

Sand sto ne, S iw lr, Li1,~ nilc Nonresistant 
Sa nd sto ne, some Slin le 
D ark Gn1~· Shale 
I mpu rl! Chnl k, C:dcnrcous 

Shale 
Gr ay Shn le, ,Yith Concre

t ions 
D ark Shale, Some Sand

stone 
B uff San <l c; tone "· it ]! Iron 

Con c:rct io ns R es istant 
------1----- ------~----

Corn unchean 

J urass ic 

'l1ri ussic 

P erm ian 

Fuson ::\Jnss in~ S hale Nonl'esistant 
La kota Coarse , Crnss -Beddcd Sand-

Morriso n 

U 11 k p apa 

Su ndance 

Spea rfis h 

~1in nckahta. 
Opcch e 

stone 

l\ f ns8 i \' (' 0 J'CCll iRh Grey 
Sh a le 

:.\Iass iYe Grc~- San ds lon c 
G'rar Sha le, B uff Sa nd

stone 

R L" d S;i ncl.,· Slw le, w ith 
Gypsum Beds 

Gray L irn estone 
Red San dstone a nd Sa nely 

S im le 

Rc~istant 

Non L"esistant 
Nonresistant 

Nonresistant 

Nonresistant 

R esistant 

N onrcs islan t 

'l'hi ckn css 

50 ' ± 

100'± 

2 5 00' 
250' 

1400' 

1 75' 

7 00' 

1 000' 

100' 

50 ' 

200' 

120' 

275' 

600' 

40' 

80 ' 
------ -------1---- ------- -------- -----
P cnn sylYanian ) [innclusa B u ff nncl R ed Sn ndsto a e 

an d Li mestone R r8 istan t 500 ' 

------ P-a-h-as-· a-pa,-- - -l\-la-s-s i_Y_c _ G_'_r r_y_ L-i1_n_cs-to- 1-,c-- I---R.- c-s-is-ta_n_t ___ 5_0_0_' -

:Miss issippian E ngle wood Pink S lnbhy Lim estone Nonres istan t '50' 
------ 1--- ---1------ ---- -----

Ordovic ian \\"hi te " ·ood 

Cambrian D cad ,rnod 

P re-Cambri an 

1Iass i,·(', B uff Li mesto ne N on resistant 8 0' 

Con glomerate San<l ~to nc, N onresistant 400' 
Green ish-Gray Shale and 
D olom ili c Limestone 

Sla te, Schist, Granite, 
Quartz ite , Marbl e N.R . ns a Rule Very Gr ea t 
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T he general d istr i1mt ion of each of th e fom · groups is sho:n1 on 
Plate II. Th e prc-Carnbl'ian crops out in the central portion of 
th e Hill s, th e P a lcozo ic in a belt arourn1 the old cl' core nnc1 the 
1\Iesozoic forma tions on the cllges of tlie H i11 s, clipping u m1cr the 
surrounding pla ins in nll d irect ions. 'f hc Cenozoic formations are 
found to cu t ,:cross all th e older rock;; fro m the ccnti-al l11 ll s t o the 

plain s beyond. 

P m::-C,Drnrn .\K Roc1.;:s 

Th e ou tcrops of p r e-Cambr ian rocks in the central H ill s c_xtei'. cl 
approxim ately six1y mi les nol'th and south and t\Ycnty-fiye m ~les m 
gr eatest ·width cast and 11-c~t, and comprise an area of app1·0xrni ate-

ly 850 square miles. . 
Th e rod rn of this grou p m·c composed of great tln c]mc,;ses of 

mctnmol'phoscd sediments chiefly qu:n-t zitcs, schi sts and cL.i~- sbtes 
into which in pl'e-Carnb1·i an time, th e Earn ey Peak gramtc was 
intruded. ~\.ll arc r cla ti\·cl )· coarse in text ure and contain many 
lent icular masses of qua r tz. All oE the metamorphic rocks arc so 
closely and complexly folded , that thicknesses of layers ' :ary from 
a few feet to t hree or fou r lnmdl'ed feet. .As a r ule, the n:ct a
rnorphi c rocks arc nonr esistant and t he r egion is made up o:i_ nn 
cxlensiYc system of shall m\' Yallcys of thorou ghly late mature forms . 
Some of t he mor e r es istant qunr tzites ri se conspicuomly aboYC t he 
surrounding country as d isti1,ct 1·idges only a few feet in wid th . 

The H arne;-· P eak gran ite is confined , in the rn nin , to th e cc:1 tr::l 
p ortion of the southern Bl ack H ills. T he coarse grain eL1 grnn1 te 1s 

of varying resistan ce, gi\· in g 1·ise in certain are_as to a ru gg~d , 
rough t op ogi'aphy; while in other a1·cns valleys m late matu n ty 

abound. 

PALEOZOIC R OCKS 

'fhe D eadwood formati on of upper Cnmbrian age is app1:oximatc
l 400 feet thick in the north ern Black Hill s. The basal member 
i: quartzite of great r esistance to erosion and commonly cr_ops out 
as a con spicuou s ledge. 'fhe middle part of the forrn at101~ 1s made 
u p of slialc, limestone conglomcrnt:e, ,md thin seams of limestone, 
and the surface in most places is hcaYily t imbered 0 1· g l'ass coYcr ell 
The upper member of th e format ion is al so qu artzite and forms 

conspicuous escarpments. 
The ·whitcwood l imestone is gener all y found as a grnss cover ed 

slope. It crops out n at urally in only a few l)laccs. 
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'l'hc En glewood and P ahasnpa l imeston es \Yhich arc ::'.\Iiss issippi an 
in age, are pla t·cau fo r mer s. Tl1 e P ahasnpa, as shown in the colum
n al' sec1 ion aboYe, is both t hicker and more resistant 1han t he under
lying E nglc\YOod. 

Th e } Ii1melnsa snndstonc and limestone arc also resist ant and 
pa rticipat e, ,rith th e P aha,:aria, in th e form ation of th e limestone 
p lateau of tli c Blnc·k Hills. '11 he P ermian fo rma ti ons, 1he Opeche 
shales and the i\fom ekal1ta l imestone, ha Ye a di s ti nctiYc topograph ic 
exp ression. The Opecl1 c shales are br ight r ed and non-r es istant. 
The 1\Iinnckahta, althou gh less th an fifty feet in thickness, forms a 
p rominent hogba ck rid ge, th e outer slope of ,rhich val'i es in steep
n ess according to t he d ip o f. t he forma tion . 

1\LESOZ:OI C RoCJ,;:s 

The Spearfish formati on , , rh ich is either T riassic or early Jurassic 
in age, is composed of red shales, thi n layc1·s of sandstone, and som e 
gypsum. The total thi cl;:ncss is npprox irna tel:r 600 feet . This is a 
nonresistan t fo r mat ion and forms ihc famous " R ed Valley" which 
encircles the en tire H ills. 

The Su ndance, th e u nkpapa and }for r ison fol'm ations ar e r ela 
tively nonrcsi'.,t ant and conse,1ucntly do not ou tcrop abundnntly . 

The cr est and inner 1·irn of. the hogback encirclin g the Black H ills 
area is formed by th e conr sc, resistant Lakota sa ndstone. To quote 
from D arton :B" 

'' Its cli ffs surmoun t ro un ded slopes of Sullll:rncc and Morrison shales and in 
many po1t ions of t he region arc of cons idernblc extent and prorn ineuce. F rom 
Rapid 11or tlmard for some distance, where t he cl ips are moderately , tcep, the 
outcrop is nun ow and t lte Randstone is in t he crest of the ridge. In the nor th
western porti on of th e upli ft, \1·herc the dips :nc Jo"·, the sandstone widens into 
slopin g plateaus of co11sidcmblc extent, capped to a grea ter or lesser extent by 
the Lakota sandstone. '' 

T he Fuson for mat ion consist s of n onresista nt sandstone or shale. 
I n some places 1hc entire fo rmat ion is concealed by talus from t he 
oYcr lyin g Ddrn ta sandstone. On the eas1 ern edge of the Hills, t he 
F uson is ind ica ted by a Yalley-likc dep1·ession bet,\·een the sand
stone cliffs of t he hogbnck 1·idgc. 

I n genera l, th e Dakot a sandstone forms d istinct cli ffs of t opo
graphic importance. On the eastcm edge of the u pl ift, especiall y 
from R apid City north almost to Belle Fourche, the sandstone is 

35 Darton, N . II., V. S . (,'col. Sttrv., P r of . paper 65, pp. 40-41 , 1909. 
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nonresistant. It crops out alon g th e ca st foot of tl1 e hogback ridge; 
but in only a few places docs it give ri se to cliffs or even ridges. 

Th e other Cretaceous formations a rc nonresistant shales, lime
stones, and sandstones. In a few places, the more 1·esistant parts 
of these formations giYe rise to flat-t opped mesas 01· buttes. 

T E RTI ARY I K'rTH.:SI\"ES 

Among the most striking geologic features of th e northern Bl ack 
Hills are the Tertiary intrusives. Th ey take the form of laccoliths, 
both covered and uncovered, ·which haYC been discussed in det ail by 
Jaggar36 and Irving. 3 7 In this report only the more important 
ones, from a topographic standpoint , ar c mentioned. The Bear 
Lodge Mountains are a true laccolith, whi ch is elongated from north
west to southeast. '\Varrcn Peak is the central mass and ri ses 
an elevation of 7,160 feet. 

Some of the other outstanding igneous masses ar c Devils Tower, 
l\Iissouri Buttes, Inyankara }fountain , Black Buttes, Elkh orn P eak, 
·Whitewood Peak, Crook ]\fountain, Deadm an l\Iountain, Bear Butte 
and the 'ferry Peak District , Plate I. 

STR.J.:CTl71:m 

The Black Hills uplift is an irregul arl y shaped dome extendin g 
from south of Edgemont to north of Alzacla, a di st:m cc of about 12G 

miles . .Again quoting Darton :38 

"It js elong·a ted t o the sou th and nortll\\'est, has steep slopes on the side~, is 
neal'ly flat on t op, and is subord in ately fluted. 'l' he greatest Yer ti cal di splace
ment of the strata, as in dicated hy the height at ,.-hich the granite and the 
schist flo or is now found, amounts to 9000 feet . ' ' 

In the northern Black Hills, the upli i:t is unsymmctl'ical. Th e 
central western portion is marked by a ,ride area of gentl y dipping 
rocks averaging five to six degrees to the \Y Cstwanl. This general 
dip is broken by a few laccolithic intrusions incl ml in g Inyankara, 
Black Buttes, Devils 'l'owcr, and l\Iissou ri Buttes \\'h ere locall y the 
dips are higher. North of the town oE Sundance, ·warren Peak 
rises abruptly with steep clips to the south and east. 

3G Jaggar, 'I'. A. Jr ., "Laccolilhs of the Ill ack Hill s," U. S . Oeol. S«rvey, 21st An n. 

R ep. , Pt. 3, pp. 1 63 -303, 1901. 
37 Irving, J. D. , Contributi on to the Geology of the Northern Black I-Iill s," .Ann als New 

York Acad. Sci., Vol. XII, pp. 1 8 7-340, 1899. 

38 Darton , N. H ., "Geology n.n d \ Va ter Resources of the Korthern BJack Hi1Is," V . S. 

Oeol. S urv., Prof . paper 6 5, p . 62. 
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In the central n o1thern area fro m Speai·fish south throu gh D ead
wood to Rapid City and nol'th to•Bcllc F orn ·cl1 e, 1.h c clip::; aYcrn ge 
fifteen to twenty degrees to the no1·th east, but Ytuy consiclcrnbl y be
cause of the laccoliths. The more important igneous clistul'hanccs 
are Terry Peak, Bald Mountain, Deadman Mountain , '\\'hitc\1·ood 
Peak, Crook Mountain, Elkhorn Peak and Bear Butte. 

The general anticlinal structure is r eYcrsed in some places by 
minor anticlines and synclines. One of these an ticliner;, ,rl1 ich ex
tends from north of Deaclman i\Iountain to beyond Belle P ourche 
has an almost straight north-south axis and is noti ceabl y asyrnctric
al. 'l'hc clips of th e western limb are as hi gh as se1·cnt y-:fh c de
grees and few of those on the eastern slope exceed t,rcnty deg rees. 
North of Crook l\Iountain, however, th e dips 0 11 both sides are 
lower. 

Another anti cline cast of Spearfish Creek pi tches to th e no, ·th. 
This is best seen in the Spearfish and Sundance fo rmations. Be
tween the '\Yhitcwood anticline and the Spea rfish anticline lies a 
syncline which brings the Grancros formation far up in the foot
hills area. 

Pm:-CEKozorc HISTORY 

The present Black Hills are not the first mountain system ,1·ithin 
this area. Aft er the deposition of many thousands of feet of sedi
ment during the pre-Cambrian , the ancestral Black Hill s arose as 
evidenced by th e profound stru ctural un conformity bel \\'ecn the 
Cambrian and the pre-Cambrian rocks. As to the exa ct amount of 
uplift and the extent of this former mountain range, there is little 
basis for judgment. 

From Upper Cambrian time to the close of th e Cretaceous period 
no important diastrophic movements seem to have occurred. 1\far
ine sediments record fol' the most part the conditions of the intc1Tal. 
According to Chambcrlin"9 " The Cretaceous period \\·ns th e long 
qui et before the storm. .At its close th e gro\\'in g stresses \1·ithi n th e 
earth sought relief in folding movements. ' ' 

The geologic date of the uplift and the Tertiary intrusions may 
only be stated in general at th e present time. A careful study of 
the sediments of the Lammie series should r cYcal more precisely 
the time of uplift, lmt as yet this has not been done. Since some of 

39 Chamb erlin, R. T., "The Buildin g of lh c Colorado Rocki es,!/ J o'll,r . Geol. , Vol. XXVII, 
p . 1 G2 . 
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the ig neous rn a,;s 1rns intl'udcd into the B enton ser ies of Upper 
Crctaecous age and pebbl es of 'l'crtia ry p orphy r ies occur in th e 
basa l p or tion oI: th e \ \" hite RiYCr beds, the uplift must h ave t aken 
place after t he dep osition of the uppermost Cr etaceou s and long 
befo re the dep os it ion of the ·\\'hit c R i,·er beds. It is clea r tha t the 
fo ld in g \\·as r.cconqJ:rniccl by igneous activity as in cer ta in p laces 
vulca nism was cc 1·ta in ly a competent agen t of folding . On t he basis 
of ::malogr a11 Ll on geologic CY iclcn ce th e Black H i ll s ·were prnbably 
u p l ifted in th e L nrnrn idc r eyo]ution , inau gurating the erosion al 
h isto1·y at the ye1·y beg inning of th e Ccn cozoic cn1. 

TOPOGfL\PIIY 

'l'opograpl1ica lly tli e Black H il ls a re c1 i ,:ideL1 i nto four maj or di
v1 s10ns : the inle1·iot' basin, the lim estone p la teau , the reel Yallcy , 
ancl the hogback ridge. They arc surrounded by the Great P la ins. 
An iLl ca o1 the top og ;·aphy may be gained from P late I. 

I :\"TEL:!OR l:h s rx 

'l'hc centl'al a r ea of the l3l ack Il ill s is an cleYat cd basin elonga ted 
from north to south. 'l'hc rim rises couspicu ousl;r above the basin in 
m ost places . 'l'ltc maximum width is approx ima t ely twen ty-five 
m iles, aml in lengt h i t stret ches from n ear the t o\\·n of Pringle to 
nort h of th e city of Lead, a d ista nce of fi f t y -th r ee miles. Rising 
from the fl oor of the basin ther e are ran ges of h ills made up of the 
rn o1·e resist an t quart zites, sch ists a nd granite. Th ese have, as a 
n1 lc, an alt itude of less than 7000 fee t, and Ham ey P eak , which is 
the h ighest poin t in the H ills, ri ses to an elevation of 7,216 f eet. 
Due to differ ential er osion , b road park-like valleys are intersp ersed 
with ridges and serrate p eaks. 

L D rnSTO:\" I; P L.\TEAU 

'l' hc na me limestone plateau 1Ya s appl ied by th e earliest geologist s 
to the interior h ighlanL1 r im " ·est of the int erior basin , aboYe which 
it 1·iscs consp ic uously. I n its \\ est cm por tion , ,rhcl'C t l1 e plateau is 
most extcnsiYe, the surface slo11es gently to th e westward. A t t he 
inn er cclgc, the su r fo cc is nearly lcl' cl and is borclcr ecl by a lin e of 
cliffs, nw 11y m iles lo11 g anL1 in nu merous p laces the tops of th e cliffs 
arc 800 Icct 2.hme the centrnl Yallc~·s. 

A s t he p lat eau extends sout h,rn rd and s,r ings a rnund the east er n 
ecl gc of the H ill s, it 11a1-rmrs to a mere r idge 1Yi th a steep inner face, 
bl'oken by the cunyon s of a ll th e streams which :fl ow t o the sou th or 

the cast. 
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Rim '.'ALLEY 

Th e Reel Y allcy is a consp icuou · (1cpress ion n mil e or mor e in 
w idth , \\'hich cnci l'c lcs the en t ire Black Hills. T he inner wa ll con
sists o.C lon g slop es o f. t he p a1·cmen t-likc ::\Iin nclrn h ta l imest one, ,rhilc 
th e oute r wall is made up for the most pai·t of th e r cs istm1t Lakot·a 
samlstonc stam1i ng in precipit ous rliffs . Tl:c Yullc.1· p :·op et· is mn tl c 
c-011spi cuous by th e! l'Ccl soil of th e S pc,tl'fo:h fo l'm at ion and nlso by 
the absence of trees, fo r tli c ma in forest s encl on t h e li mesto ne 

pl at e:rn . 
·with in t h is Ya ll cy, t he Jamlscnp c is monotonou s. 'J'hc nillcys 

con tai n t ,rn sets of t en-aces, ,rl1i eh a r e cove l'cd by coarse gravels, 
and th e presen t da)· st rea ms haYc wide, op en rnllcys. H er c and 
t her e arc r ed buttes r ising fi fty t o 01,c hundred feet aboYC the gen
eral surfa ce, ,Yhi('h owe th eir or ig in to a cap pi ng of r e,;istant gyp

sum. 
H OGBACK RIDGE 

'l'h e ho"'bark ridge is com p oseJ of 1·esistan t L akota and D akot a. 
san dston e: and foi· rn s th e ou ter 1·im of the Hil ls. In most places it 
con st itutes a sing:e r icl~'C ,vli ic-h Y~wics in i;t ccpnes!:i o f: ,dope. 

' ' It nearly cYCl'J IYlt cre p resents a st eep face tmrn rd the Red Valley, aboYe 
\':lti clt i t s c re,t li ne Ti s;c~ se ,·crnl huntlrcll f ee t, but ou t he outer s ide i t slop es 
more or lc,s ,tct>ply clown to t he p lain s tltat e,dentl fa r ou t f rom the Black H ills 
in c ,·e ry di1·ectio11 . Tltc hoghack ri tlge i '.l crossed by numerous va ll eys or 
callyons, 11·hd1 di,ide it i nto ]eye'! t op [)CLl ridges of rn ri ous leng ths. A t th e 
sou them poin t of t he H ill s, the Cheyenne River has cut a tortuous rn ll ey 
t!n oc:gh the Tidgc fu r sc,·era l m iles, a nd Lh e Delle F om che Llocs the same a t the 

north cu d of the upli f t.' ' -10 

T HE PLA! ;»;S 

T he ar ea here considered is su n oundcd by th e Great Pla ins. 
The rneks dip gentl y away from th e Hills aml arc csscntiull y hori
zontal ut a short d istance. S in ce the fom rn t ion for th e most p ar t 
arc nonresistant shales and sandstones, their treeless sm ·faccs a r c 
essenti a ll y fla t exce pt for , r ide, i hallow \' alleys nn<l small buttes 

cap p ed by m or e r esistant formut ion s. 
'J'h c topograph y oJ' th e B ig Badlamb, whi ch l ie to t he cast of the 

Rapid City a rea, is mm:h mon, d issec ted th an th e r emain der of th e 
Great P lains ar ea. The r egion is in early ma tu r ity of r cg iom1l 
d cYClopm cnt. 1Ic1·c t he precipit ous Yalley ,m ils owe th ei e ch a r-

'1 0 D ar ton N . JT. , ,; Geo logy and "\\'atcr R eso urces of th e Nort he rn I'<~1·tio n of the Dl:itk 
I--li !l s c1iHI t}~~ A djoi n ing R eg ions in Sout h D a kota and \\·yarn ing ," U. S . G' eol. Surv. , 

Prof . p:.1 per 6 :~, p. 11. 
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actcristics to rocks which are sli ght ly, thou gh un equa lly r es istant. 
'l'he formation s al'e largely composed of cby beds wliich altem ate 
with discontinuous layel's of sandstone and g l':wels. 'l'lte semi-arid 
climate with a concentration of th e p,·ecipitation giY cs 1·i se to a 
maximum amount of rain-wa sh and presc1Tation of th e :-- teep slopes 
from season to season. 

RELIEF 

The highest eleYation is found in the south ern part of th e Black 
Hills, where H arney P eak at tains an altitude of 7,216 feet. Ter ry 
P eak in the northern section r eaches an altitude 0£ 7,069 feet. The 
surrounding plains haYe an aYeragc altitud e approximating 3,000 
feet. The maximum relief, ther efore, i'.; about 4,21G fee t . 

DRAJ:-s'AGE 

'£he main streams of th e regions arc shown on P late III. All 
belong to the Missouri RiYer system. '11 he Cheyen ne, which is the 
main stream draining th e Hills area, and is the la rgest tributary of 
the Missouri in South Dakota, ri ses in , \' yoming and ,1·ith its two 
branches almost encircles th e Black Hills. In orclinal'y stages, it is 
fifty to one hundred feet in width and is choked with sand. 

The North Fork of the Cheyenne or the Belle F ou rche Rinr 
encircles the northem and western portions of the Hills. Its chief 
tributaries are Inyankara Creek, which ri ses on th e ,1·es ten1 slope 
of the Bear Lodge uplift and flows in a genera l nortlmest direction, 
Red ,Vater Creek l'i sing on the east flank of the Bear Lodge l\Ioun
tains, Speal'fish Cl'eek which has its origin on the limestone plateau 
and flows in a deep canyon almost clue n or th to th e Bell e Fourche 
,Vhitcwood Creek which ri ses in th e inte1·ior basin and flows 1, 01th~ 
eastward across the plains, and Bear Butte Cl'eek ,rltich heads in 
the interior basin and flows east,rnrcl 1 o the plains. 

The South Fork of th e Cheyenne lw.s its origin ou 1 he plains of 
, \Tyoming and encircles th e southern edge of the Hill s. Th e main 
tributaries which arc importan t in the Northern Hills arc Elk, Dox
clder , Rapid, Spri11 g and Battle C1·ecks, all of whi ch ri se in th e 
interior basin and How eastward , draining the eastcm slopes of the 
Black Hills. 

On th e northem edge of the uplift the Little l\Iissour i is separated 
from the Belle Fourche by a few mil es only. Ordi na ril y this str eam 
is very small and is of Ycry little importance ,rhcn consi<lel'ing the 
drainage of the Black Hills region. 

CE~OZOIC IIIS'rORY OF THE BLACK HILLS 

TOPOGRJ\ P HIC HISTORY 

MOUKTAIN MEAD(nv SUR.FACE 

!11 t rodiicl ion 
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One of the most striking cl1aractcristi cs of the Bl ack Hill s area 
is tl1 c pronoun ced contrast between the gently undulating topog
raphy of the gl'ca ter port ion of th e interior basin and the deep, 
almost Yel'ti cal wall ed canyons crossing th e pl ateau . The flatti sh 
upland surfaces haYe been conclatcd on the basis of physiography, 
as an old erosional surface, and mapped over wide areas in the 
northern Black Hills. Because this upland surface is typically seen 
on l\Iountain l\Ieadow, just a mile and a lialf ca st of the town of 
Dead wood, it shall be called in this paper the l\fountain l\Ieadow 
surface . 

General Disirib1ilion 

Th e Mountain l\Ieadow surface is widely distributed in the inter
ior basin where the streams have not, as a rule, cut deep canyons 
but still flow through open parklike Yall eys. On the western edge 
of the Hills on the limestone plateau, the l\Iountain l\Ieadow surface 
is ,1·cll prcscn ·cd. In ot her areas, such as on the plains portion 
near the foot-hills distr ict , the flat-topped divides and inter-stream 
areas arc the l'Cmnants of the l\Iountain l\Ieadow surface. (See 
Plate IV ) . F arther out on the plains, the l\Iountain l\Ieadow sur
face is bul'ied beneath younger rocks. 

Between almost any two of the stream valleys on the plains sm·
round i ng th e Hills, mesas and clendriti c ridges occur, which arc ac
cordant in level. Some of these arc shown on Plate IV. Illustra
tions arc found (1) between Spring creek and Belle Fourche l'ivcr; 
(2) just east and south of the toW11 of Belle Fourche ; and (3) in 
an area paralleling the riYer north and ,rest of Belle Fourche. 

Just west of the town of \Yhitewood, at an elevation of L! ,2::i0 feet, 
ther e is a prominent , approximately fl at summit , capped by an un
known thickness of gravels. On this surface there are several small 
undraiJJ cd areas. A few miles to the south of this point , Crook 
l\Iountain has only gentle slopes above the 4 ,250 foot level. The 
same is tru e of Elkhom P eak two mil es west of the ,Yhitcwood flat. 
These accordant lcYels are 400 to ::i00 feet above the present day 
str eams. 

At many points in the Hills there arc similar flat-topped divides. 
Some of the important ones occur (1) on a ridge one mile due south 
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of Rapid Cit y ; (2) on the i\Jinnelnsa fornrn tion above S lagcbam 
Cu nyon sou th of P iedmon t· ; (3) on the J.Iinnclnsa for mat ion abO\·e 
Dear Dnttc canyon; un d (-n al ong Sanely cr eek, just sou1h of 
B eul ah , , ·.- li e,·e thcl'C is a h igh diviL1e at an clrn1 tion of ,~,100 feet 
cap p ed by gravels and conglomer ates. 

In summary, it may lJc said, that t here arc m,m,\· cl i\·icl cs whose 
sum mits are noti ccnl lly fla t ; th a t some of t hese upl and fl::i ts arc on 
conti nuous ridges fro m 1hc cen t ral hills to tl1c p lains, althou gh 
othc l'S are isolated rn cs11 s or h ills ; and th .:: t the r clic E oC 1hcsc sur
fn ces is consiclcr <1 bly less than t hat of th e presen t t op ogTaphy . If 
th ese su mmit arc<1s ar c p r oj ected un til they mee t , a surface is con
st rnctcd in the nol't hcrn Hill s, \\'hich hus fOl' it s hi gh est point s 'ren y 
an d \Yan en peaks. 'J'hc 1·eli ef 1vitl1in sho l't dist;rnces on th is 11lai11 
is as h igh as 1000 feet bu t 1l1c nvcragc relief is lc ,;s thnn 400 feet. 
Ilere and there are fou nd r emnan ts r ising above tl ic genera l su rfa ce. 

}{elation lo Sfruct11re 

The J.fo untain J.[cadow sn l'facc lJcvcls all tl1e geologic formations 
from the prc-Camb l'ian to th e Bcll t on shales, as shom1 in the fol
lowing t able. 

T abulation of local iti es showing th e :;\fountain l\Icadow su rface 
bcYeLing vn rious formations : 

1. P m Carn lJrian rocks : 
a . Eastern edge of L ead 
b. North fo rk of Rapid Creek near Dumont 
c. F ren ch Creek at Custer 
d . Spri ng Creek a bo1·e H ill City 
e. Slate Creek neal' Redfe rn 
f. Castle Creek nea r Deerfield 
g . K er th, Mi ddle, ancl South B oxckk r and H ay Cl'ccks ll'est and north 

of Nemo, especia l ly on Mountain i\Ieacl ml'S 
h. Elk Creek aho,·e t he settlr111 en t of Elk Creek 
1. Bear B utte CI'eek l ½ mi les so uth of i\Ioll 
j. 1\'hitcwood Creek aboYe E ngJc>1rnoc1 

2. Li mes tone P lateau- Pa ha~apa, i\Iinncl usa, am1 Minn clwlita fo r ma t1 ,rnE : 
a. Spearfi sh CI'cck abo,·e H anna 
b. Cold Springs Creek 
c. H ead of Sanely Creek 
d. Mountai n i\Irndow cast of Dca th rnod 
e. Shoulder of E lkhorn P eak 
f . Sh oulder of Crook Mounta in 
g . Anticline east of CI'ook 
h. AboYe S tagebarn Canyon near Piedmont 
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i. Exteusi,·e flat begiimin g oue m ile south of Rapid City 
j . F la t abo,·e Hay1rnl'c1 • 
k. 11/2 mi les south of B eula h alJoye San<ly CrCL'k Ca nyon 
I. Kume!'ous 111111a mcc1 Yall eys on th e l imestone pl a teau 
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3. Ou th e Spca r fi s l1 form at ion: 

a . R idge extending from pI'e-Cambl'ian across t o t he plain s arna be• 
t ll' een B a ttl e and Spring creeks 

4 . On the Su nd an ce for mation : 

a . I n th e Dear Lodge Moun tai ns west of Gow' rn rn e11t n1 lkv 
5. O n t he H ogback ridge (L akot.i, Fuson, r, 11cl Dakota fo rnrntions ) : 

6. 

a. Extens i,·ely in the Dea r L oclgc i\Jountain s 

b . On th e cfo·i cl c bct,Ycen th e heathrat<' l'S of i\rill cr and 1Ie1Yiston creeks 
c. O n t he cl iYiclc bet,Yeen the head 11"atel's of' i\I illcr and L ytle creeks 
cl . Nol'th of the to,rn of 'i; 'hitcll'ood- iu \\"l1ite\\·ood creek ga p 
e. Abol'C E lk Creek on P ieclnrn nt lJt1tte 
f . 
On 
a. 
b. 
c. 

cl. 

Al101·e Rap id Creek 11·h ern it crosses th e hog 1Jack r idge 
B enton shal es : 

A t t he base of t he i\fissom i Buttes 
Di,·id e bebYcen P oison and Barloll' Creeks 

Stonel'i lle F la t betn-een B ig Deu el of t he B elle F ourche RiYcr, and 
th e tom 1 of Alzada, i\Io11 tana 

O n t he d ivides among the fo lloll' ing st reams on th <' pla im,-- \1"hi te
\\"OO cl , Dear Butte, E lk, Rapid, Spring, B a ttle and F rench c;-ceks 

lJJalu rc Fa llevs on th e lllountain r.Ieacloii- Surface 

\V ithin the interi or basin and on t he l im est one p latc:rn on the 
west ern edge of tl1 c Hills, there is n p c ,·frct- n eh rnrk of Ya11 cys in a 
late ma ture stage of dcYelopm cnt . 'J1l1csc arc bi-ond , well gru el ed 
vall eys with gently sloping sid es 0 1· w itl1 indistinct va ll ey wn ll s. 
All are mature t o their hcncl s, CY C'n tl1on /:d1 th e ir st r en rn s arc inte r
mitt ent. This t~·p e of Yall cy nw~- be seen on }fountain J.Ieado\1·s 
n ea r Nahant ; south of Dumont ; :i r cl on tl1c l imest one plateau above 
Spearfish canyon. (Plate V, F igs . I nnd 2 ) . 

In th e B ear Lodge l\fou ntai ns th er e m·c cx t en s iyc ckrnl ri t ir ~haped 
r idges, from 5,000 to 5,900 feet in elcntion. \\·hi eh slope from 1101·th 
to south and are cover ed by an u nknO\rn th iekncss of grnYel. On 
the west side of these mountains, t here is an cxtensiYe r i(_lge at th e 
head of the B as t F ork of H ewi ston C l'cck , at an clcYa1 ion of 5,800 
fee t ancl an otl1 e l' rid ge p arall eling l\Ii ller Cr eek , wl1ich lws an alti
tude of 5,300 to 5,800 feet. The la st t\1·0 1·i dgcs r i;-;e }l S di st inct t e r
r aces aboYC th e sunoundin g a1·ca . O n th em may be found rna tnl'c 
valleys simil ar t o 1hosc of th e in t erior bas in . 

The lat e mature Yall cys ar c strong eviden ec of a form er eyc lc of 
erosion, in which the maj ority of th e stream s ha<l ckveloped open 
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park-like va lleys. This feat u re nddcd to the evidence of an ac
conbn t summit lnel ,•:hich bevels successively younger beds from 
the central Hi ll s to the sunounding plai ns, strongly suggest the 
follow ing history :-(1) 'rho strat a "·ere fok1cd forming an ellip
tic:i l dome with a few anticl inal ridges nnd S?nclinal troughs. (2) 
The surface " ·as cr oL1cc1 nnti l a large part " ·as brought npproximatc
ly to g rade leavi ng an undulating surface. (3) 'rh o area \Y aS up
lifted cnusing r cnc,vcd degradation b~· the strcnms. 

S1uficial Deposits (J'h c Uo1rnlai11 Mcaclou.: Fornrntion) 

Newton and ,1cnncy' 1 describe gravel nt the ba ,.;e of the \ Yhitc 
Rinr bells as 

"piles of loose pclJbles, h:"n·in g all the appeanrnce of a grnsel beach on the 
seashore. I ndcctl it is cYident ly a shore deposit, th e remains of the beach of 
the old fr0s h-vcate r lakes, f ormeil before the \Yaters attained their greatest 
height and \Yhi le thry \YCre so rting o,·er material s brought by the riYers from 
the J1 eighbo1·ing Black Hill s.'' 

Later, Cro:-;by·12 r epor1" cd a gravel deposit resting on the resistnnt 
,:md nonresistant formations of the highest hills as " ·ell as on the 
plains. Ile believed that 1hc,.;e grnvcls ,vere residunl from the base 
of "\Vhitc R iver bed s, which " ·ere deposited in a broad shallow lake, 
covering the ent ire Hills area. 

Todd "3 states 1 hat there is an c. ·tcnsiYc deposit of houlders and 
gravels ] 00 to 150 mi les from the Blnck Hill s. The nature of t he 
ma terin l , 1he 111 inni11g a way from 1l10 Hi I ls and the gradual d iminu
tion in :-;ize of th e pebbles indicated to him that the materia l must 
haYe been dcriYcd from the H ills. The general distribution of the 
graYcl 

'' ,m s accompli shed lJy ya ri ous streams fl o,Ying from the Black H ill s o\·er the 
Plains smToum1ing, at a time \Yhcn the slope "·a s slight, the water abundant, 
and the dcposit io11 of the materia l rapid . This must be referred to a time 
preceding the cxcarntion of th e present Yalleys. In other \Yord s, this drift may 
he considered as a kind of de lta formed hy streams shiftin g to and fro upon a 
plain of depositi on. Such a condition of t,fi'airs seems probable at an earlier 
t ime than when th e ice was occupying t he eastern half of the state.'' 

-n Newton, 1-Tcnry nnd Jenn ey , \\'alter, "Geology of the Illack I-Iill s of Dakota," U. S. 
Gcol. and Geog. Surv., p. 129, 1880 . 

12 Cr osb y, W. 0. , " Geology of the l31ack Hills of Dakota ," P,·oc. of tlw Boston Socie ty 
of Nat ura l llisl o,·y , Vol. XXIII , pp. 516·517, 1 882. 

-J8 Todd1 J. E., "A Preliminary R eport on the Geology of South Dakota ," South Dakota 
Geo!. Siirv., Bull. no . 1, pp. 120-12 1, 1900. 
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In 1909, Darton-1-1 described some Oligocene deposits of gr avel 
near Lead , near Beulah , in 1he JJear Lodge l\Iountains, near the 
Missouri Buttes and south of Rnpid City, ,d1ich he believed to have 
been dep osi1 cd by stl'cnrns or hy loca l lakes of bnyous. He named 
them the Chad ron fo rmation from Clrndron, Nebraska , from which 
plncc t hese sa me materials were traced into the Black Hi ll s. 

Di st rilmtion 

At many localities r emnants of the Hountn in ::'lleadow format ion 
occur on th e plain oC th e same name. Th ey arc found on the 4,250 
foot flat west of "\Yhi1 c" ·ood ; on the sh oulders of Crook }\fountain 
nnc.1 Elkhorn P eak; on i\Iountain ::\Ieac1ow cast of Deadwood; on the 
anticline cast of Cl'ook l\Iountain; at mnny p oint s on the li mestone 
plntcau on the ea stern edge of: the Hill s ; on the d iYidc between 
Rapid and Spring creeks; in the Bear Lodge l\Iountains; at the base 
of Missouri Buttes ; and at many other places too numerous to men
t ion. Although they are found most abundantly on the Mountain 
Meadow surface , they are widely scattered over t he su rfaces r esult
ing from post-1\fountnin 1\Icacl ow erosion. 

Thickness 

The thickness of th e graYel ca n be accur ately obtained only in a 
few pla ces. On the divide between Spring a nd Rapid creeks, it has 
a thickness of 103 feet and on l\ lountain l\Ieadow cast of Deadwood 
of 97 feet . The ,lYCl'ngc original thickness can not be stated but 
probably did not exceed 20 or 30 feet . 

St 1·a ti fi cation 

The l\foun1 ain l\Icad ow g1'a, cl is poorly stratified (Plate V I ) . 
l\Iost of the materia l is of coar se t exture v; ith a very lm,· percentage 
of sandy material. In those parts, whi c-h are most perfectly strati
fied, there arc lcm-sliapcc.1 masses of gravels buried in finer gravels 
and sands. Generally, hmrever, the mnteria ls show but slight sort
mg. 

Texture and Litl1ology 

Plate VII gives th e locations in the no1-thern Black H ill s and the 
adjacent phins, from which sam ples of the l\Iountain l\Ieadow 
gravels were taken for field and laboratory unalysis. P lates VIII 

44 Darton, N. H. , " Geology and Water R esources of the Korthern Por tion of the Black 
Hills," V. S. Geo l. S,wv., Prof. paper 65 , pp. 58-59, 19 09. 
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and IX give in pyramidal form the r esults of lithological analyses 
in the second and fourth horizontal columns and of mechanica l or 
textural analyses in th e first and third horizon tal columns. Th e 
numbers on each of the ana lyses correspond to tl1 e locality numbers 
on Plate VII. These ana lyses were made as described on pa ges 22 
and 23. 

The mechanica l analyses (Plates VIII-IX ) bring out the fact 
that a large percentage of the gravel is of p ebbl e size. An exception 
to this is seen in number 14 in which there is no pi ece larger than 
t wo millimeters in diameter. In some of the pyramids a doubl e 
maximum occurs. It will be noied that these gravels arc prnctically 
of the same texture 0YCr the enti re area. 

In order to make more clear th e results of these mechanica l 
analyses an average ana lysis wa s made. (Plate X). The l\Iountain 
Meadow Summary (Mechan ical) gra ph of thi s plate shows (1 ) that 
15 per cent of the pieces are more than sixty-four millimeters in 
diameter; (2) that 77 per cent arc less than sixty-four millimeters 
and more than four millimeters in diameter; ( 4 ) and that in the 
fine grade most of them arc concentrated in the one-half millimeter 
grade. This, according to "\Ventworth 's classification45 would be 
called a pebble gravel, or if cem ented , a pebble conglomerate . 

It is made clear from a carefu l study of the lithological pyramids 
in the second and fourth horizontal columns of Plates VIII and IX 
and of the loca tion map, Plate VII, and of the geologic map, Pl ate 
II, that the lith ology of each sample from within the Hills is de
termined to a considerable extent by the rock wbich outcrops at or 
near the loca tion. For instan ce, numbers 1, 8, 11, lG, 18 and 23, all 
of which are located on the Paleozoic limestones and sandstones, 
contain higher percentages of these same mat erial s t han do samples 
taken from other geologic locations. In other words, a considerable 
fraction of the materials in the l\Iountain Meadow formation of the 
Hills was locally derived. Samples from the p lains, however, con
sist almost en tirely of foreign matter from the H ills. 

In addition, the ana lyses and locations show that the percentages 
of quartz in the formation increases and the percentage of P aleozoic 
limestone and sandstone decreases with inc1·casing distance from 
the central Hills. This is doubtless due to the fact that quartz is 
the most durable material derived from the Hills proper and that 

45 \ Ventworth, C. K ., 11Grad c and Class Terms for Clastic Sediments ," J our. Geol., Vol. 
XXX , p. 3 81, 1922 . 
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materi als of infer ior resistcmcc \\·ere worn out in tra nsporta tion or 
wea thc1 ·ccl to p icccs. 

An avm·agccl :1Jount:1in l\fcndo,1· l ithologic-al anal,1-sis (Ploto X ) 
shmrs (1 ) th a t p orphyry is the most alrnnclnnt mat ei·ia l, making up 
28.7 p er cent ; (2) that qua1'tz is nex t morit abundant with an aYcr
agc 01 16.4 per cent; (3) am1 that J)l"C' Cambrian quartzit e is last 
with an avcrn gc of 13.-l--lc per cent . Of ih csc ma terials. the quartz 
and pre-Ca mbrian qna r tzitc-29.91 per cent of the total- ,1·cr o de
rind from the p rc-C11rnbr ia11 rocks 01 t l1c centra l Hills. Th e fact 
!hat so large a pcrccnt,:2c 01 ih c ~Iountni n }Icadow formn tion ,rns 
der iYcd fro m t bc p rc-Cam1Jl"ian cm ph ac:izcs the amount of erosion 
between ih c La n 1micl e Revolution ,!rnl th e cl rposit ion of these grav
els. 'l'hc grnvel, enn in its lowest bcJs conta ins a high percenta ge 
of pre-Cambrian rocks whi ch at th e close of the l\Icsozoic era ,1·crc 
coYercd by at least 7,000 feet of scdirncn 1s. The pre-Cambr ian mu st 
have been exposed o,:cr wide ar eas b~· the time these gnn-cls began 
to be deposi1 ed . 

It is clea r from these anah ses am1 the avera ge mechanical 
analYses th nt ,l"lia tever may h; YC been th e depositi ng :Jgcnt and 
ho11·~yc1· far from th e solu~cs these materials may haYc been de
posited the 1:gent or agents of t ransportation frorn th e sources to 
the sites of deposi t ion must haYc lwcl co11 sidc1·able power . It ap
pears also tha t ili cre must hnYc hccn abou t as much po,rc1· for 
transporta1ion thirty mil es from th e I1i1ls ;is in the central Hills 
thcmsc h ·cs. 

Sh;:i pcs 

Th e slw p e~; of the pcbhl es and cobhlcs nrc variable. One hundred 
and eight pebbl es pi cked up at r :rn c1om ,rcrc brought into t]1 c labor
atory nnd mcnsm·c(1 for sk1pc imlcx. These ,rcre ca libra ted ns 
stated on pages - nnd - . These vnlue:; a1·c t abulated on pnge - . 

Th e tahlc shows that tl1c grnYels of the monntn in J.Icadow fonna
tion arc Ycry an gular , and as a rul e. show Yc1 ·y littl e r ounding. 
This is cspec inll y tl'll c of loc-al nrn 1" cr i,il such as the l\Iinnckahta 
lim estone. It mi s noticed in the field tlrnt the far ther fro m the 
source of rn atcr inl the rounder t l1c pclJhlcs appear ed. No r ound
ness ana lyscs ar c aYailablc to JW0YC 1 hi s fact in thi s r e~pcc t. 

Cementa t ion 

Locally th ese sediments are cemented by calcium carlJonate into a 
resistant conglomerate, alth ough fo r the most pa r t they are largely 
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unconsolidated. South of Rapid City, between Spring and Battle 
creeks, tl1e topmost eight or ten feet of the formation is firml y 
cemented. 

The causes for this selective cemcntation have not been definitely 
determined. There at least two possibilities which have been con
sidered. 

In the present day stream valleys calcareous tufa is lJeing de
posited where the stl'eams flow across the JHinnclusn formation. In 
Sandy Creek above Beulah, "\\' yoming, falls four or fo·e foot in 
height are mnde lJy tufa. In Polo Creek, at the base of Elkhorn 
Peak, gravel is being cemented by tufaceous mate1·ial. '11 he cause 
for the deposit ion of this material by streams unknown. It has 

ROUNDNESS ANALYSES OF THE MOUNTAIN MEADOW GRAVELS 

Number of Radius of Cun-aturc Shape Index 
Kind of Rock Pebbles Average Maximum Average Maximum 
Size of piece 
16-32 111111. 

Pre-Cambrian qnaitzite 2-Jc 
Deadwood quartzite 5 
Quartz 21 
Poiphyry D 

Size of piece 
8-16 mm . 

Pro-Cambrian quartzite 25 
Doacl\\'ood quartzite 7 
Minnolrnhata ] 0 
Porphyry 6 

.0071 

.00 

.0065 

.00 

.077 

.0256 

.00 

.00 

.168 

.052 

.27 

.077 

.318 

.36 

.00 

.082 

.000291 

.00 

.00277 

.00 

.00633 

.00213 

.00 

.00 

.007 

.00216 

.112 

.00320 

.0265 

.03 

.00 

.00683 

been suggested that evaporation causes a saturation of the stream 
and that with agitation carbon dioxide is lost with a reduction of 
bicarbonate to carbonate and precipitation occurs because of loss 
of solubility. 

It is also possible th at the cementalion moy have been due to 
ground water precipitating calcium c:wbonatc in the usual manner. 
This is suggested by the local incgular areas of cemcntation . 

Fossils 

A few fossils hove been found in the l\Iountain JHcadow forma
tion,46 which nrc identical with those commonly found in the Oligo-

•1 G Darton, N. I-I. , "Gl'ology of the Southern Portion of the Black I-Iill s of Dakota," 
V. S. Geol. S11rv ., 21st Ann. R ep., Pt. 4, p. 543, 1899-1900. 
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cone "\Vhite Rivet· bec1s of the Big Badlam1s forty miles to the east 
of the central portion of the Black• IIills. The fauna consists of: 

Oreoclon culuerlsoni 
Pocbrotl1Cri 11 ,n wilsoni 
IIyracodon neurascensis 
Stylemys neurasccnsis 
I scliyomys typu s 

All of these animals wern upland form . Pocbrnthcrimn wilsoni 
belonged to the camel family and was perhaps the commonest South 
Dakota species. SI ylcm !JS nc/Jrasc e11sis was a land form of tortoise. 
'l' he head, as a rule, is absent. 'l'his is due p cl'lrnps to the fa ct that 
they were land forms and , being carried b.r the streams, _-1·er·e rolled. 
'l'he remaining forms lfyracodon 11cbrnsccnsis, and Ischyrnmys 
typiis, an ancestral squirrel , arc found occasionally in the l\Iountain 
l\Ieadow. 'l'he presence of such land forms and the absence of 
aquatic forms suggests fluviatile ratl1er than lacustrinc origin for 
the l\Iountain Meadow gravels. 

Origin 

The lithology, texture, :; trntification, fossil content, am1 topo
graphic distribution all point u11111i stakabl y to the eonclusion that 
the l\Iou ntain l\Icadow is v,h olly fluviatilc in origin, at least in so 
far as the region under cfo:cussion is concerncL1. 'J'hc formation 
occurs from the central H ills to the Plains, nrnntling a topogrnphic 
surface which was c1e\·elopcc1 at the same time. This surface repre
sents a late mature topograpl1y \1·ith relief ]ora lly 1000 to ]500 feet. 
'l'he gravels arc poorly :;orted both mechanic•ally :rnd lithologically. 
'l'he absence of la cust l'ino fossih; points to the fluv iat il c origin of the 
formation. All of the fossil remain s arc of anim:1ls which lived 
either· along the stream cour::c:cs 01· on the plains. 

The l\Iountain Meadow fol'mation was fonncd by stream s which 
were depositing OYer wide ar eas. No doubt thc,·c wer e othcl' streams 
on the l\Iountain Meadow sm·facc wl1ieh were degn1lling mt her than 
aggrading. Sti ll othel' streams \Yei'C depositi ng fin e rna1c1·ial which 
has either become ,rnl'ked 0\'cr to become a p ,~1t of the soil or has 
been canied away by stream s 01· tl1 e wind. 'l'hc gi-uYels bci11g more 
resistant and more porous lu'.\'C rcmai1, ec1 ove,· large portions of the 
area. 

Some of the gravel ,vhich occul's on tl1c pbin s sunounc1ing the 
Black Hills was undoubted ly deposited on 1hc flooLl plains of the 
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strenms due to decrease in grnd ient s follo1Yi11g th e post-)Ion ntnin 

Jiendo11· npliit in th e Hills woper. 

Sll'cam Acljn8lme11 t ancl /h e Jlonntain Jlleaclou; Surface 

Int 1·odnction 

1\n tececlent st.reams, as used in this disc-ussion , nrc those 1Yhich 
de--.-elop courses im1ep c- m1cntly oi' r oc-k st1·ucturc in one c1·osion 
cycle am1 hold t hose co ur ses al"tcl' uplift which is acco mpani ec1 hy 
,rn rp i11n·. Streams of thi s type arc th e Su.-cru elia1111a nrn1 P otomac 

of the .Appalaehian region. 
DaYis" outlined thl' c stages of stream ncljustmcn t in regions of 

folded. strata during c1·osion eyelcs. ln the fi rst ;;tagc the slope of 
the land cont rols the stream courses nm1 as n 1'esult the major 
sti·earns :f! oll" in the synclines parallel to th eir nxes. In stuge t,rn , 
the stl'cnms on th e flm1ks of 1hc anticlines ha--.- c th e a(lrnnt age; 
\l"hilc in st~1gc three, the major streams flow on the crcc:t of tl1 c 
anticlin es. A four th ~tagc h,:s been ac1L1 CL1 by Tro11·briL1gc;'

8 
in 

which th e stream which flml"s th e shortest di str111c·C' to tli c sea 11·i\l 
be th e ma jol' stream iuespcctiYc oC the sll'u cturc of th e u11Ll crlyin g 
rocks. If the main streams in au~· ea rlier stages of the 1·cduct ion 
cycle th ::m extreme old age fto 11· ir1.·c;;pccti,·c of structure, it is strong 
evidence of a former cy<:ic of erosion. ,_;omc oi' the st reams of the 
Black ] [ills flow in de ll gol'gcs ar ross fo lds in such a ,..-ay ns to 

appear to ha--.-c gone to old age in a Jll'CYious cycle. 

B ear Dutte Creek 

In th e northcm Black IIills. !}car Butte creek rcp,·esents a 
stream in the foul'th st age of ad;j ustrnent, which is not in hal'il !Ony 
with th e stage of rccluction in th e present c~·clc. This sl1·ea1:1 hcad.s 
in th e int crio1· lJasi11 arnJ Jlmys east \\' nrd to th e plain s. It flo\1·s do\\'n 
the dip of the rock, in general , until Boulder Pal'k, about h rn an,..1 
one-half mil es 11·cst of: ~1turgis is r cac hec1 .. \t this ])Oinl, th e rrcck 
flows e.:st ,rnn1 alt hough 'tl1c r oe ks ar c t ilted us Ii igh ns ,5 L1 cgi ccs to 
the west. On th e axis of th e anti(•lin c, th e stl'cam is c1cflcc1ed to tl1 c 
noi·th pani llcd to the ,1xis o[ tl1c an t icl ine . .1 Cter flOYiing L1uc nor th 
a fell" hundred yal'L1s, i t .·uc1c1c11 ly turns .::g;::in to th e cai;t. Jt s course 

•ii DaYi s , \\"m. ) f. , '·Ri Ycrs :ind \-; ll lc.:ys of P en n c.;y lYa11ia," Sal. (,'cog . Jla g ., Y ol. Ti pp. 

1 s:1-:2G3 . .l 8~0. 
48 Trow bridge, A. C., 1 • 1fh c 'Ero~ ional ]Tisto r~· of the Drif lless An!a/

1 

L'1ii i; . of l oira 

Studies ill Sat . 11.i:.;l. , Y ol. ]X , ~o. :), p. 32, 10~0. 
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across the anticline must have been developed in old age of some 
previous cycle. • 

\Vhitcwood Creek 

"Whitewood Creek also has several anomalies which can not be 
explained on the basis of a singl e cycle of erosion. It heads in a 
late mature valley in the interior basin aboYe the town of Eiwle
wood and flows, in genera l, eastward across the pre-Carnbr~an 
strata. Below Deadwood it has cut a deep canyon in the resistant 
limestones. It is deflected sharply to th e eastward and remains in 
the resistant limestone; although a few hundred yards to the north 
of the point of deflection arc the nonresistant red beds. F lowing 
eastward ·whitewood creek has cut through th e periphery of Crook 
1\Iountain and across the axis of the 'Whitewood anticline just a 
quarter of a mile east of the town of Crook. From this last point, 
the cr eek follows in general the axis of the anticli ne. 

This lack of harmony between the original slope of the land, rock 
structm e and the present course of 'Whitewood creek can only be 
expla ined on the basis of a prcYious cycle, in which \Vhitewood 
creek flowed across the shoulder of \Vhi tcwood Peak, the Boulder 
P ark syncline, across the periphery of Crook l\Iountain , across 
Crook valley syncline to the axis of Whitewood anticline irrespec
tive of structure. 

Interrupted Profiles with Respect to the Mountain l\Ieadow 
Surface 

In the northem Black Hills, the streams all have high gradients, 
except where their hcadward portions are on the l\Iountain l\Ieadow 
surface. The slope may change and become less steep 011 the non
resistant fo rmations but no decided interruption is noticeable. If 
the obscner, howeYcr, follows a str eam to its head, a decided break 
is found at the edge of the l\Iountain l\Icadow smface. Below the 
l\Iountain Mead.ow surface the streams have high grad ients and 
canyon.- ·haped Yalleys in the main, but on the former erosion sur
face the va lleys are pa1·k-like and. have indistinct valley walls and 
low gradients. In many cases the interruption is at the edge of the 
1\Iountain Mead.ow ·urfacc where the material is of the same resis
tance above and below the break. Since all the nlleys are in late 
maturity and have relatively low gradients in the interior basins 
and on the inner edge of the limestone plateau where the resistance 



32 IOWA STUDIES IN NATURAL HISTORY 

is certa inl y not constant, the inte1Tuptetl profiles seem to le good 
evidence of more than one cycle of erosion. It appea rs that 1 he 
streams must have liad low gradients even to their heads during th e 
closing stages of the 1\Iountain l\Ieadow cycle and that the rej uvena
tion clue to the uplift of the old surfa ce has not as yet become 
effective there. 

Age of the 1\Iountain l\Icadow Surface 

The precise age of thi s fol'mer erosion surface can not be stated 
from physiographic data. It is younger than the Fox Hills sand
stone of uppermost Cretaceous age, for the surface bevels this 
formation. It is probably older tha n the Pleistocene for deposits of 
that age fill valleys which were cut after the uplift of the Mounta in 
Meadow surface. 

However, the age of the surface is fixed by the foss ils contained 
in the gravels which lie upon it. There can be no doubt that the 
fossils ar e in place in the gravels and the fossils include five typical 
mid-Oligocene forms. rrhis is, thel'efore, the date assigned to the 
l\Iountain l\Icadow surface. 

Another strong suggestion as to the age of the J\Iountain l\Ieadow 
peneplane is found in the Badlands. The author has not found any 
outcrop of 1\Tountain l\Ieadow gravels from the point on the plains 
where the 1\Iountain 1\Jeadow is covered by younger materials. 
\Vard,-rn in speaking of the formation in the Badlands says, '' The 
rritanotherium is sepal'ated from the overlying Oreodon by an un
conformity. The contact is well displayed along a lal'ge part of the 
" \Vall " as well as on a gr eat number of outlying buttes. Reference 
to the map (Plate I ) will disclose the fact that ther e arc many 
miles of observed as well as inferred contact. Probably two-thirds 
of the cases where the contact was seen it was found to be a discon
formity. In the rcmaind01· of the exposures the unconformity was 
angular. 'l'hc angle between the two foi-ma tions was in almost every 
case low, one to three degrees, bu t in one instance was as much as 
twelve degrees.'' \Vanless50 also speaks of the unconformity be
tween the Titanotherium and Oreodon formations. 

The writer, after visiting the area and studying the u nconform
ity, believes that the Titanotherium-Oredon break, which is so pre-

49 ,vard, Freeman, "The G'eology of a Portion of the Badlands," Bitll. Vn'iv. of S . Da'i,:. 1 

Seri es XXII, No . 6. pp. 23-2-1, 1922. 

50 ,vanless, Harold, " Lithology of the White R iver B eds," Am. Ph-il. Soc., Val. 62, p. 

205. 
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Yalent in th e Bac1lancls, marks the Mounta in .Meadow surface in 
this area. \Yanl ess" 1 in discussing i-hc lithology of the "\Yhitc River 
beds expresses exac tl y the belief which the writer holds. 'l'hc conc1i
tions dming the Titanotherium time favored degradation in the 
Hills. " It is quite reasonable to believe that streams may have 
been clistril.mtaries from the points where they left the mountains 
until their disappearance by absorption and evaporation on the 
plain." These conditions prevailed until the close of the Titan 
oth erium epoch " ·hen differential uplift occurred. Then both the 
Black Hills and the surrounding plains were sub jected to erosion. 

History of the 1\1ountain 1\Ieadow Surface 

The Mountain Meadow surface with its topographic and structur
al relations, high level gravels, an tecedent streams, and interrnpted 
profiles, is th e result of a previous erosion cycle interrupted by up
lift during mid-Oligocene times. The Oligocene surface was not a 
geometrical plane or perhaps even a peneplane, but neither did it 
haYc the relief or the ruggedness of the surface of today. Some of 
the streams were depositing gravel, some were doubtless eroding 
and others were prnl.rnbly at grade an d depositing material finer 
than gn1vcl. In some localities, as for example, near 'l'erry Peak 
an d "\\'anen P eak, the r elief may h2Ye reached 1000 feet in short 
distances. 

Amount of rpli ft 

The amount of uplift at th e close of the l\Iountain 1\Icadow cycle 
rnay be at least approximately nsc-ertained on the 11lains and in the 
foothill s by the difference in eleYation between the p r esent day 
elevation of the 1\Iounta in Meadow surface and the present day 
stream beds. Below is given a tabulated list of different localities. 

L ocation 
On the Plains 

1. Stoneville Flats 
2. Section 3; T. 8 N.; R . 4 E . 
3. East edge of Rapid map T. 5 N . ; R. 4 E. 
4. Section 21; 'r. 3 N.; R. 9 E. 
5. Ridge east of Rapid City 
6. Snake Bench, SE. po1-tion of St. Onge map 
7. Divide bet,veen Rapid and Spring creeks 

51 \Van less, Harold, op, cit., p. 206. 

Difference in elevation 
between Mountain Meadow 
surface and the stream b eds 

100-300 feet 
200-240 '' 
200-300 ,, 
200-300 
250-350 
180-220 

235 

" 
" 
" 
" 
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8. Di,· i<le bcbYccn Spring an<l Battle creeks 
D. Divide bct\\·cc11 Battl e an<l FreJJch creeks 

. \.Yernge 

In the Foot-Hills 
1. ::\fountain ::\Icaclo11·s 
2. Aborn Bear Butte creek, a mi le \\'Ost of Sturgis 
3. North shoulder of Crnok ~Iou11tai 11 
4 . "\\'hitewood Flat 
5. Shoulder Elkhorn Peak 
6. AboYe Stagcbarn canyon 
7. Sections 25 and 26; T. 1 N . ; R. 6 E. 
8. Sout lmest of Big Bend or Sto11evill e F lat 
D. Section rn; T . 1 K.; R. 7 E.; Southeast of 

Rapid City 
10. Above I-Iay1rnrcl on the H ermosa map 
11. Crnter section 18; T . 2 S .; R. 7 E. 
12. On e and one- half miles Soutllll"est of Beulah 

A,Tcrage 

200-400 feet 
200-400 '' 

250 '' 

500-G00 '' 
500-600 '' 
800-000 , , 

600-700 '' 
450-550 '' 
500-G00 '' 
550~650 , , 

600-700 " 

500-600 '' 
500-700 '' 
400-600 '' 
500-600 ,, 

575 " 
Judging from the above fi gures it seems that the avcn:ge uplift 

of the plains area was about 250 feet and tlrnt of: the foothi lls about 
575 feet. 

None of the stream s arc at grade in the central Hills and conse
quen tly it is nece.-sa n · t o make certain assumption s in order to ar
rive at a datum gmdient with which to compare the eleYntion of 
the 1\Iountain l\Iead ow surface ther e. The Belle Fourche River for 
a distance of eighty-five miles is essentially at grndc with a g1·adient 
of 6.76 feet per mile. Assuming that the tributaries of the Belle 
Fourche will haYe a gradient of seYen feet per mile " ·hen they 
reach grade in the cent ral Hills i t is concluded tha t the uplift in 
the central Hill s must have been at least 3000 feet . The method 
used is explained on the accompanying chart. This figure may be 
stated as a rather high estimate sin ce all the streams arc smaller 
than the Belle Fourche and may have higher gr adients than as
sumed after they reach grade. 

According to a second assumption that the streams' gradients 
will be fourteen feet per mile when grade is establislied , the chart 
shows an estimated uplift of 2800 feet in the cent r al Hills. 

A third assumption that the gradi ent of the graded stl'eams will 
be twenty-eight feet per mile lea ds to the est imate of 2200 feet of 
uplif t as may be seen by reference to the chart. 

'I'hcsc series of assumption and tabulations show that th e vertical 
uplift in the central H ills was between 2000 fee t and 3000 feet in 
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contrast with an uplift not to exceed 235 feet on t he plains. It is 
clear, therefore, that not only during the La ramide Revolution but 
at the close of th e l\Iountai n l\Ieaclow Cycle there was marked differ
ential uplift so that th e Black Hills were raised far above the sur
rounding plans. 

Summary 

In summary, it is concluded that the l\Iountain Meadow erosion 
cycle, which began as the surface emerged from the seas during the 
closing epochs of the Cretaceous period with the Black Hills tower
ing above the surrounding plains, and which resulted in the re
moval of more than 7000 feet of sediment from the central Hills 
and the reduction of the surface to a late mature stage of erosion, 
was interrupted in mid-Oligocene time by a differential uplift 
amounting to 2000 to 3000 feet in the central Hills, 250 feet in the 
foot hills and 20 to 30 feet in the Badlands, as indi cated by the 
Titanotherium-Oreodon unconformity. 

POST- MO UK~' AIN M EADOW HISTOTIY 

bi trodiiction 

As a r esult of the mid-Oligocene uplift last mentioned, new val
leys were carved out below the Mountain Meadow surface. Before 
the close of this cycle of reduction the valleys in the Hills had de
veloped almost to their present conditions, while on the Plains the 
non-resistant formations were eroded to form a peneplane. It is in 
these va lleys and on this erosion surface that stream deposits 
younger than those of the l\fountain :Meadow are found, recording 
later events in the physiographic history of the region. 

The Rapid Cycle (High T errace) 

Historical Mention 

The first mention of the terrace deposits of this region was made 
by Newton52 in 1880, as follows: 

"The Quaternary deposits ha\'e had little interest geologically, as they con
sist merely of certa in local deposits of gravel along a portion of the foothills 
and alluvial deposits of boulders, gravel, sand and clay, fo rming the bottoms 
or floors of the valleys of the creeks. . . . The deposits all belong to very 
recent geologic t ime, and are the result of wearing and abrading action of 
existing streams. Of the glacial drift we could find no evidence.'' 

52 New ton, H enry, and J enney, \ Va1ter P., 11The Black !-!ills of Dakota," U . S. Geol . 
a11d Geog, Siirv ., p. 44, 1880. 
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Todd53 mentions the presence of two distinct terraces in the val
ley of Cheyenne River, as follows: • 

' ' Along Elk and Rapid creeks, and probably all of the streams of the Black 
Hills there aTe two high, broadly developed terraces traceable. Thi s appears 
not only outside of the foothill range but in the Red Valley, at least this is 
true of the higher one.'' 

The terraces of the northern Black Hills are discussed briefly in 
Darton 's report of 1909.54 

" Remnants of old terrace deposits occuT at va rious levels above the present 
stream bottoms in many portions of the northern Black Hills.'' 

General Description 

There are two distinct terraces within the area of the northetn 
Black Hills. These have been ca lled, as previously mention ed, the 
Upper and th e Lower terraces. \\'hen th e so-called Upper terrace is 
tra ced from 1he Hills proper it is found to eut acro~s the Mountain 
Jieadow surfa ce on th e Plains. In this latter area , it forms the 
most conspicuous feature of the landscape. ·w ard55 has called this 
high surface the Prairie or Upper Prairie. 

Since, however, the topographic expression of the Upper terrace 
of the Hills and the P rairie surface of the Plains is markedly dif
ferent , and since the Upper terrace is well developed in vall ey of 
Rapid Creek in and near Rapid City, the name Rapid is given to 
the Upper terrace of the Black Hills proper , the materials which 
cover them and the cycle in which they were formed. The name 
Prairie may be retained for th e flat interstream summits of the 
Plains. 

Topographic Expression 

'rhe Rapid cycle is r ep1·esented by well developed tenaces within 
the Hills from the outer edge of the lim estone platea u to th e adja
cent Plains where they pass oYer the l\Iountain Meadow surface . 
The terraces form conspicuous flats within the main Yalleys. They 
are identifiable in part by their hoiglit aboYe th e stream s and in 
part by tracin g their accordant remnants up :md do\\'n :otream from 
point to point. All rise either abruptly fro m the lower terrace or 

53 Todd , J . E., "A Preliminary Report of the Geology of South Dakota," South D akota 
Gcol. Sll1'V . , Bull. J , pp. 1 24, 189 4. 

5-1 Darton, N. H ., "Geology and \\·at er Resources of the Northern Black Flills ," fi . S. 
Geol, Sur vey, Prof. paper 65. p. 60, 1 909. 

ri~ \\~n. rdi Frecmani op. cil.i pp. 1 3· 14. 
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from the str eam bed. They are strikingly flat-topped and in places, 
as two miles cast of Belle Fourche, arc two to three miles in width . 
Se.-eral miles out from the Hills, the Rapid bench occurs as inter 
stream summits. This Rapid level has been t raced fro m Rapid City 
acr oss t he Cheyenne eastward to the Badlands. Gravel accom
panies this le-ml either as a thin capping or as a deposit thirty to 
for ty feet in thi ckness. An idea of the widespread distribution of 
r em nants of the Rapid cycle may be ga ined from Plate I V. The 
surface bevels the non-resistant format ions of the Reel Valley, and 
the sur roundin g plain . In the Badlauds, this erosional surface is 
well marked. It cuts across the Pierre shale, the Oreodon and 
Titanotherium beds, and fa r ther south the Leptauchenia and Rose
bud beds, as Y\7 anless"6 descr ibes in his paper on the Badlands. 

All students who have worked on the Rapid terrace arc impressed 
with the fact that it is found oYer wide ar eas at approximately the 
same height above the p resent day streams within the Hills and on 
the border of the Hills. A table is given below showing the heights 
of the terraces a bove th e presen t day valley bottom s in many p or
tions of the region. These heights were obtained in most cases by 
hand leveling but occasionally an aneroid barometer was used. 

Location 
Bello Fourche Ri,·er 

½ mile aboYe Hulett 
Ceu ter Section 21; •r. 56 N.; R. 64 iY. 
Corner Sections 10, 11, H , 15 ; 'l'. 56 N.; R . 64 iV. 
NE.¼ Section 11; T. 56 N.; R 64 W . 
NW. ¼ NW. 1/; Section 35; T . 57 K.; R. 64 W. 
Center Section 23 ; 'l'. 57 N . ; R. 63 W. 
StoneYillo F lats 
Section 18 ; T. 57 N.; R 62 i i' . 
Corne!' Secti on 16, 17, 20, 21; T. 57 N.; R. 62 W . 
Northern pol'tion Section 27; T . 57 N.; R. 62 ·w. 
NW. 1/; SiY. ¼ Section cl5 ; T. 9 N'.; R. 1 E. 
Terrace which parallel s Belle F ourche RiYer northeast of the 

t o,Yn of Belle F om che 
J ust north of town of Bell e F omche 
Section 1; •r. 8 K.; R . :.: E . ; Section 6, 7; T . 8 N . ; R. 4 E. 
% mile caEt of 'l'\\'in Buttes 
Section 1, 2; T. 8 N.; R. -1 E . 
-ortheast co rn er of Rapid Quadrangle 

5G \\'a nless, Harold R. , op. cit. , Vol. 62, p. 261. 

H eight above 
valley bottom 
Rapid Terrace 

100 
100 
100 
102 
104 
103 
100 
102 
100 
103 
100 

103 
105 
102 
100 
102 
106 
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White,rnod Creek 

Eastern p or tion Section 27 and southeai1t por t ion Section 22. 
T. 6 K.; R. 4 E. ' 

S\\'. 1
/; SW. ¼ Section 21; T. 6 N. ; R. 4 E. 

Center Section 22; T. 6 N.; R. 4 E. 
SE. 1

/; KE. ¼ Sect ion 21; T. 6 N.; R. 4 E . 
NE. 1/1 SE. ¼ Sec. l G; 'l'. 6 N.; R. 4 E . 
SW. ¼ KE. 1/; Sectio n 16; T . 6 N.; R. 4 E. 
SB. 1/4 SW. ¼ Secti on 24; N W. ¼ Sect ion 25 · KE. ¼ SE. 

1
/; Sect ion 26; T . 7 N . ; R. 5 E . ' 

Kor th centnll, centra l and south central por tions Section 16 · 
T. 7 N.; R. 5 E. ' 

Si\' '11 Sectio n 33; SE. 1/; Section 32 ; T . 8 N. ; R. 5 E .; NE. 
1/4 Section 5; T . 7 N.; R. 5 E . 

At mouth of Whitewood Creek 

Falsebottom Creek 

East portion Section 35; T . 7 N.; R. 3 E . 
P arallels st ream in Section 5 8 16 • T 7 NT • R 2 E 

Bear Butte Creek 
2 miles \\'es t of Sturg is 
1/2 mile west of Sturgi s 
Eastem edge of Sturgis 

' ' ' • . , • tJ • 

SW. '11 Sect ion 13 · T 6 N · R 7 E 
Mouth of Bear Bu;te .Creel/ · · 

Rapid Creek 
North of Rapid City 
1/2 mile cas t of Rnpicl City 
l¼ miles east of Rap id City 
Southern edge of Rap id Ci ty 

C:ntral and southern portions Section 11 ; T. 1 K . ; R. 8 E. 
West portion Section 15; 'l'. 1 N. ; R. 8 E . 
Mouth of Rapid Creek 

Battle Creek 

KW. 1/1 SE. 1/4. Secti on 2; T. 3 S. 
½ mil e ,res t of U ennosa 
In the \\-cstern edge of town of H ermosa 
SW. 1

/1 SW. ¼ Sec. 6 ; T. 3 S. 
Ni\-. ½ K11'. ¼ Section 35; T. 3 s. 

101 
100 
102 
100 
100 
101 

103 

100 

100 
101 

100 
100 

100 
104 
105 
102 
103 

100 
100 
100 
103 
102 
102 
104 

102 
100 
9S 

101 
99 
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_A:~. i~ seen jn the ahm·_e tables the Rapid terra ce 1·emains at ap
proximate]~ 1hc sa me height nhoYe the p resent da~- streams ,rithin 
tl:c rcgwn o~ the Hill s. 'I'l 1i s is of importance in in1 erpretin0' the 
li istory of 1lns rnller c,rcle. It must mean that the streams ,:hich 
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form ed these terraces had developed valley flats with gradients ap
proximately the same as those of today. 

The Rapid Formation 

'l'he Rapid formation is composed typically of pebble and cobble 
gravel. So similar is it with the Mountain l\Ieadow that it is diffi
cult to distinguish the two formations even after an analysis. Por
phyry, quartz, and quartzite make up the greater percetnage in 
both formations and texturally they are n otably similar. This 
similarity is not surprising since both are fluvatile in origin and 
the same rocks were exposed during both periods of deposition. 

'l'he characteri stics of the formation as to texture and lithology 
are presented in Plate XI ; the localities of samples being given in 
Plate VII. 

The important features brought out by these charts are (1 ) the 
coarseness of the material , 27.95 per cent being more than 64 milli
meters in smallest diameter and 63.85 per cent larger than 4 milli
meters in largest diameter; (2 ) the high percenta ge of porphyry 
pebbles and cobbles, which constitute 26.12 per cent of all the 
materi al ; (3) the high per centage of quartz with a n average of 24 
per cent; (4) and the high per centage of local materials. 

Th e p ebbles of the formation are of about the same roundness as 
those of the Mountain l\Ieadow formation. The quartz, porphyry, 
and quartzite are usually well worn. Some of the pieces of local 
origin, such as th e limestones, are very angular, som e of them hav
ing been 1ransported only a fra ction of a mile. 

'l' he thickness of th e Rapid form ation can only be obtained in a 
fe w pla ces. A maximum thickness of thirty-eight feet was exposed 
at stati on 35 (Plate VII ) just east of the town of ·whitewood. The 
formati on more commonly has a thickness of fi ft een to twenty feet. 
Even on the high surfaces near Scenic- fi f t y or sixty miles from 
the Black IIills- the1·e is a covering of gravels and alluvial mate
rials eight to ten fee t thick. 

In a gnwel deposit , such as th e Rapid, fossils ai·e ordinaril y Yery 
scar ce. In the three summers work no fossils were found by the 
writer although hundreds of exposures ,Yer e Yisited . It has been 
repor ted that a Pl eistocene horse tooth has been found in the Rapid 
t errace o-ravcls of India n Creek. 'fhis creek is one of th e tributaries 

b . 

of the Belle Fourche riYer in the northeastern porti on of the area 

under consideration. 
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Origin of the Rapid Surface 

Any th eory fo r the origin of the Prairie surface must explain 
(1 ) th e near parallelism of th e terraces within the Hills with the 
present stream beds; ( 2) the Rapid level on the Plains; ( 3) the 
coarse materials found on this smface; and ( 4 ) the limitation of 
the terraces to the outer edge of th e limestone plateau and beyond 
to the badlands area. A complete understanding of these fa ctors 
can be secured only through a broad study of the Great Plains and 
the eastern Rocky l\Iountain region with particular reference to the 
history of the l\Iissouri river, but some of the events and conditions 
are clearly indicated in the terraces of the streams of the Black 
Hills and the erosion surface of the adjacent plains. 

Following the differential uplift of the l\fountain l\Ieadow sur
face , the streams began to erode the entire area. 'fhe streams in 
the Black Hills area cut valleys several hundred feet in depth be
fore they reached grade and became depositing streams. On the 
Plains due to the smaller amount of post-l\fountain l\Ieadow uplift, 
the st/ earns were soon at grade. A peneplane with little relief was 
developed on the non-resistant form ations of the plains. Streams 
corning from the foot-hills deposited their materials widespread 
over the area. Still later erosion was renewed in the area. 

Such changes as these from post-Mountain l\Ieadow erosion to 
Rapid deposition and back to post-Rapid erosion are never easy of 
explanation. Th ey have usually been ascribed in this region and 
elsewhere to diastrophism, but the competence of climatic changes 
to produce these sam e results haYe been brought out by Jolmson"7 

and Davis.58 

If the r ejuvenation of streams such as is indicated by the renewal 
of erosion following deposition of the Rapid gr aYel be th ought to 
have resulted from di astrophisrn , the followin g history is invoh ·ed. 
With th e in terruption of th e Chadron cycle by differential uplif t , 
the stream · began cutting downward. 'J'hey first r eached grade on 
the non-re.·istant , less elevated , porti on of the area. The streams 
were developin g flat s and depositing on th ese flat s from th e edge of 
the limestone pl ateau out to the main drninnge line ; while they 

57 Jo hnson , \ V. D. , "The Uti li za ti on of the Hi gh P la in s ," Ti . . Geol . S ur v ., 2 1st A.1111. . 

R epL, P t . 4 , p p. 63 ~631 , 1900. 
58 D aY iS, \\'m . 1\1. , 0 Explorati on in T ur kesta n," Carneg ie Jnsti ltttion Publication, No . 

26, pp . 203-206. 
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were still degrading in the higher H ill s. Th is Yall e,r c,rcle was then 
interrupted by a vertical upli ft of app roximately fif ty feet. 

J ohnson 's'39 explanation of climat ic control is about as follows : 
The streams developed ,ride valleys in the foot hills and on the plains 
as a r esult of a change from humid to semi-arid conditions. The 
greatest precipitation would occu r then in t he elevated portions, 
thus allowing the strea ms to degrade in the main port ion of the 
Hills at the same time that they \\·ere deposit ing in the foot hills an d 
on the plains where the rainfa ll would be less than that in the Hills. 
The streams deposited most of their materials in the semi-arid dis
tricts causing wide flood plains. Later the change to,rnrd increased 
r ainfall occurred and the streams bega n again to degrade through
out their en tire courses. 

If a change fro m humid to semi-arid back to humid climate be 
called t o explain the deposition and erosion of the Rapid gravel, it 
does not seem probable that the te r races would parallel so closely 
the slope of the presen t day stream s. Changes in volumes of the 
streams should result in changes in stream gradients. It seems 
more likely, therefo re, that the Rapid ter ra ces ar e not the result of 
climati c changes. This hypothesis can hardly be rnled out entirely, 
however , until its principles have been worked out in greater detail. 

P erhaps changes i1wolving the distribution r ather than the 
amount of r ainfa ll might late l' be found t o affo rd nn explanation 
for su ch histor ies ns these st r enms seem to have hnd . Uniform d is
tribution of rninfa ll giYes rise to a h igh ground water surface nnd 
to permnnent streams with relatiYely unifor m flow which never 
have great transpor ting power. In termittent precipitation on the 
other ha nd increases th e totnl run-off and causes streams t o flow 
with g1·ea t volume, Yelocity and tl'ansport in g pmver, when they flow 
at al l. P erhaps such in termittent streams might cut into cleposits 
la id b:· p reviously perm nnent st reams ,Yit h pel'manent thou gh al
ways small carryin g p ower . 

It is 11ossible nlso that chan ges in tempera ture might influence 
stream actio:1 in important \\·a:·s. Durin g preYailing conditions of 
high temperature, vegeta tion might liaYe flou r ished in the Yalley 
bottoms causin g the stl'cmns to deposit t]1ere and \\·ith decreasing 
tern peratu l'es the n getation might k 1Ye loo~ened its hold on the 
deposi ts permitt ing them to be ca n icd on agu m. A change from 

50 Jo hnson, \\'m . D. , ibid, p p. 63 0-63 1. 
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humidity to arid ity would presumably lrnve about the same indirect 

effect . 
'l' he evidence is clenr that the Black H ills were not di r ectly ef-

fected by Pleistocene glaciers, but they mny have been coYered by 
great n eve- and icefields. Even if effect ed by only such incipient 
glaciel's, it may be that so much material was prepared for t rans
p ortation in the central Hills and the melting ice gaYe rise t o. so 
much water that the st r eams carried more sediment to the footh1lls 
and plains than could be carried fa rther r esulting in a par t ial fill
ing of the valleys. Af ter these ice fi elds had melted away during a 
following inter-glacial epoch, the streams would not carry so much 
debris out from the Hills and might erode the previous deposits for 
the same reason that valley tra ins ar e commonly eroded. 

As these terrace gravels represent mechanical rather than chem
ical disruption at their sources, changes from er osion to deposition 
and back to erosion as recorded might be explained on the basis of 
t emperature changes in the central Hills not involving even i_n
cipien t glacia tion there. ·with low temperatures in the ar ea of ~1s
ruption, rocks would not be covered by vegetation , the mecham cal 
processes of exfoliation , crumbling, wedge-work of ice, gr avity ac
tion, etc., would be effective and much mnt erial would be prepared 
for transportation. Under these conditions mu ch mechanically dis
rupted debris would be carried to the foothills and deposited. Then 
if condi t ions should be altered t oward higher t emperntures in the 
H ills, th e vegetal covering would thicken there, mechanical dis
r uption would be decreased , and the streams r eaching the footh_ills 
and plnins with decreased loads would pick up some of the materials 
previously deposited thus tu rning flood plains into ter races. 

Todd00 has shown that certain terraces in the i iissouri. valley and 
its main t ributaries ar e due to glaciation from the north and cast. 
H e treats especially th e 'Wisconsin hi story of the r iver ns follows : 

'' In the yaJloys of the Missouri and its principal t ributaries, t here are many 
yery striking riYer ten aces. 'l' hese t erraces arc mainly the result of erosion, 
the lo\';er part of them beill g composed of bed-rock and t ho top composed 
lar gely of coarse materials, ma inly from glacial dr ift, t he fi ner silty mater ial 
bein g largely \\'ashed a \\'ay . . . . They Ya ry in altitude abo,·c the st ream 
from 20 to 450 fee t . . . . Th ese terraces arc as near le,·el as usua l under such 
circumstances, except scYeral miles below Bihou Hills, ,vhere some of the ter 
r aces show a much steeper slope down stream. This uniform hist ory of tho 

GO T od d , J. E., " I s t he Cha n n el of the :Missou r i R i,·cr through Korth Dakota of T er· 

tiary Origi n!." Bull. Geol. Soc. A,n., Vol. 34, pp . 49 1·493 , 1923. 
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streams in these three states has been unusually uniform. . . . We know no 
reason why the stream changes were not as numerous and striking in the 
Nebraskan or Illinoian as we have found them in the Wisconsin." 

The possibility presents itself that the valley terraces of the Black 
Hills region are genetically related with the glacial terraces farther 
east and downstream. It is conceivable that as the Missouri River 
was blocked and deposited materials, the tributaries to it from the 
west also became aggrading streams, at least in the lower parts of 
their courses. The gradients in the higher portions of the Black 
Hills region would remain the same but coarse materials would be 
deposited in the gentler valleys of the plains. With the retreat of 
the ice blocking the Missouri, that river would re-excavate permit
ting all the tributaries to do likewise, thus making terraces in their 
valleys. 

The Rapid terraces in the Hills and the Rapid peneplane on the 
plains may, therefore, r epresent the ponding of the Missouri and 
consequently all of the tributaries during one of the glacial epochs 
and renewal of erosion during the following interglacial epoch. Al
though the complete history of the Rapid cycle must await an ex
tensive study of the whole drainage basin, it is thought likely that 
its explanation may be found in glaciation and deglaciation either 
directly or indirectly or in other climatic changes less profound. 

Drainage Changes During the Rapid Valley Cycle 

At Stoneville Flat, located thirty miles north of Belle Fourche, 
the Rapid terrace is a flat area which was once the bed of the upper 
portion of the Belle Fourche river,61 which during the Rapid, 
flowed into the Little Missouri river. This fact is proven by the 
flat gravel-covered bench which is valley-like in contour and also 
by the small ponds which .occur on this flat , being the present re
mains of the deeper parts of the former river. 'fhe sharp bend of 
the Belle Fourche r iver is also indicative of stream piracy. (Plate 
IV ) . 

The upper Belle Fourche river during the Rapid cycle was the 
largest tributary of the Little l\Iissouri river, for it received the 
run-off of the greater portion of the western slopes of the Black 
Hills. On the north eastern edge of the Hills during this sa me cycle 
was the lower portion of the present Belle Fourche river working 

61 Darton , N. H., "Stream Piracy Upon Which the Belle Fourche Irrigation is Based," 
Science N. S ., Vol. 29, pp. 556-55 7, 1909 . 
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headward. 'fhis was a small stream with a high gradient and dur
ing the Rapid cycle cut across 0 the narrow divide diverting the 
Upper Belle Fomche River. 

The Sltlrgis Valley Cycle ( low t errace) 

General Description 

The terrace level, which is found approximately fift y feet below 
the Rapid terrace, will be called the Sturgis terrace in this paper 
since in the town of that name, the lo,Yer terrace is well deYeloped. 
Terraces, which are apparently of the same age, since they are found 
in a similar topographic position have been described by "\Vard62 as 
follows: 

"Bet1>een the flood plain and the "Wall" is a flat to gently rolling 
prairie. It averages three miles in width ranging from half to twice that 
a1nount. '' 

The Sturgis terraces occur in the main valleys between the present 
flood plains and the Rapid terraces both horizontally and vertically. 
'fhe Sturgis terraces are characteristically flat-topped and covered 
with coarse gravels. They rise abruptly from the present flood 
plains and are found in all the main streams from the limestone 
plateau area to the Badlands. 

Topographic Expression. 

The Sturgis terrace system is similar to the Rapid benches except 
that they are on a smaller scale. These terraces also parallel the 
stream gradients of today and remain approximately fifty feet 
above the present day flood plains over the entire area studied. 'fhe 
following table shows the height of the Rapid terraces above the 
present stream beds. 

Location 
B elle Fourche River 

Directly opposite Devil's To1Yer 
NW. ¼, Section 1; 'l'. 55 N.; R. 6-! W. 
NW. 1/i Section 31; 'r. 56 N.; R. 6-! W. 
NE. 1/1 Section 29; T. 56 N.; R. 64 W. 
SE. ¼ NE. ¼, Section 11 ; T. 56 N.; R. 64 W. 
·w estern edge Section 1; 'l'. 56 N.; R. 6-! ·w. 
NE. ¼ NE. ¼ Section 35; T. 57 N.; R. 64 W. 
SW. ¼ NW. l/4 Secti on 25; T. 57 N.; R. 63 W . 

Height 
Sturgis Tenace 

53 
52 
52 
50 
51 
50 
50 
51 

62 \Vard , Freeman, "G'eologi' of a Portion of the Badlands," Bull. univ . of S. Dakota, 
Series XXII, no. 6, p, 12, 1922. 
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SW. l/4 NE. J/4 Section 20; T. 57 N . ; R. 62 W . 
NE. l/ 1 Section 28 ; T. 57 N.; R. 62 \\'. 
S\\". 1/1 1'1\". 1/1 Secti on :JG; T. !J N . ; R. 1 E. 
Southern portion Section 31; T. 9 :N.; R. 3 E. 
Southern po1tion Section 7, 8; 'r . 8 N.; R. 4 E. 
Section 15, lG; 'l'. 8 X.; R. 4 E. 
Corner Section 5, G; T. 8 N. ; R. 5 E. 
Northeast portion of Rapid quadrangle 

1\'hite,Yood Creek 
S\\·. 1/ 1 NE. 1/ 1 Sect ion 27 ; 'l' . 6 K.; R. 4 E . 
KE. 1/1 N iY. 1/.1 Section 27; 'l'. G K.; R. 4 E . 
XW. l/4 NE. 1/1 Section 25; T. 7 K.; R. 4 E. 
SW. 1/.1 NE. J/4 Srction 17; T. 7 :N.; R . 5 E. 
At mouth of 1\'h ite,rnod Creek 

P olo Creek 
NW. 1/.t Section 23; 'r . 6 N .; R. 3 E. 
1'T\\~.y1 N W.¼ Section H; T. G N . ; R. 3 E. 

Rap id Creek 
Mouth of Rapill Creek 

Battle Creek 
NW. 1/1 SE. ¼ Section 2; T. 3 S. 
½ mil e west of Hermosa 
In \Yeste rn edgr of H ermosa 
SW. 1/1 SW. ¼ Section G; T. 3 S. 
1'T\V. 1/2 NE. ¼ Section 35; T. 5 S. 

Bear Butte Creek 
2 miles west of Sturgis 
½ mile west of Sturgis 
Eastern edge of Sturgis 
SW. ¼ Section 13; T. G N.; R. 7 E. 
Mouth of Bear Butte Creek 

Rapid Creek 
U. S. Indi an School 
Western edge of Rapid City 
NW. ¼ NW. ¼ Section 10 ; T. 1 N.; R. 8 E. 
East ern portion Section 15; T. 1 N . ; R. 8 E. 
SW. ¼ Section 24; T . 1 N.; R. 8 E. 
7 miles east of Rapid City 

Sturgis Formation 

4g 

51 
51 
51 
50 
51 
48 
51 

50 
52 
53 
50 
54 

45 
50 

51 

49 
52 
52 
48 
50 

50 
52 
52 
50 
49 

50 
51 
52 
50 
52 
52 

These terra ces like tl1e Mountain ~Ieadow and Rapid surfaces, 
which are developed on bed rock, are covered with gravel. Litholog
ically and texturally the formation is similar to the older Rapid and 
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l\Iountain Meadow gravels. P orpbyr~', quartz and quartzite arc the 
predominant rocks but in some 1~laces the local formations have 
furnished a hll'gc percentage of the material. The Sturgis gr,wcls 
a1·c locall y cemented ju st as tl1 c }founta in }Icado,r gravels a re. On 
the Sundance road just east of the tO\rn of Beulah. \ Y~·oming, a 
portion of the Sturgis formation is cemented by calcium carbonate 
in to a resistant conglomerat e. 

On Plate XII separate mechanical and lithological analyses of 
samples of th e Sturgis formation arc given. The chart showing the 
averages, Plate X , summarizes these anal:·scs. The Sturgis forma
tion is made up of 30 per cent of cobble size. The finer materia l is 
all locally derived either from the red beds 01· the non-resistant Up
per Cretaceous shales on the plains. Locally, the i\Iinnclusa and 
1\Lnnekahta formations fumi sh a high percentage of the material. 

The Sturgis g1·avels reach a maximum thickness of fo l'ty-three 
feet in the terrace along Sandy Creek in the eastern edge of the 
town of Beulah. }lore commonly the formation is fifteen to twenty 
feet thick. 

Hi story of the Stmgis Valley Cycle 

'I'he records of the Sturgis cycle are similar in all r espects to 
those of the Rapid cycle, suggesting that the history of the Rapid 
cycle was merely repeated during the Sturgis time. \Yh cncver and 
however the Rapid ten-aces arc finally explained , the explanation 
will doubtless fit the Sturgis cycle ai:; \\'ell. 

Present Day F'loocl Plains 

'I'hc streams of the present have developed wide valley flats from 
the Red Valley out to th e Grea t Plains. On these flood plains there 
is gravel now in process of deposition. On Plate XII numbers 45 
and 46 arc mechanical and lithological analyses of these gravels. 
The average analysis are given on Plate X. 



48 IOWA STUDIES IK KATl.RAL HISTORY 

SUI\IlUARY OF' TIIE CEKOZOIC EVE:'\TS 

The folding and the intrusio11 of the Black Hills occurred at 
the close of the Cl'etaccons period. The movement l'esulted in a 
mountain ran ge l'isin g seYeral 1 housand fee t above the surrounding 
plains. 

This post-Cretaeeous folding was follo,red hy a long period of 
erosion, during whieh tim e th e surfaec was roughenecl , and finally 
by mid-Oligocene time wa s reduced to an imperfect plain. On this 
Mountain Meadow surface some, but not all , of the st reams ,rere at 
grade. 'l'he general surface of this time had a relief of: about 1800 
feet. 

In about mid-Oligocene time th el'e was a differential uplift, in 
which the plains were uplifted approximately 100 feet and the 
central Hi lls 2500 to 3000 feet . 

This uplift started a new cycle of erosion, during which the ex
isting va lleys were cut. Later, probably, in some Pleistocene epoch, 
the streams outside the centra l H ills " ·ere graded, while on the non
r esistant formations of the plains a peneplanc was formed. Be
cause of diastrophic uplift, climatic change, or the remornl of 
glacia l obstructions, e1'osion ,1·as renewed and the Rapid surface 
was dissected to the Sturgis lenl. The Sturgis cycle was inter 
rupted, probably because of u repetiti on of whatever ehanges 
brought the Rapid cycle to a close, and the rnllcys ,1·ere deepened 
below the lcYel of the Sturgis flood p lains. 
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