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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

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

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpiric lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

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

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri \"er VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllcc on the right merges into a gentle hill slope; lhat 
on the left is uaeked by a ascent to II cliff, or RCfll"p, \\ hidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features indicat.ed, direetly benoath its 
posiLion in the sketch, by contour lint'R, The map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A contour line reprt:'sentR a eertain height above' sea lc\·el. 
In this illustration thc contoUT interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of Lhe surface t.hat Ht"e 250 f~et above the sca~that is, 
this contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf' 200 
fcet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contonrs are ul1 pointR whose clevationH are aboy,=, the lower 
and below the lligher ('on tour. Thus the eontnur at 100 ft'f'L 
falls jUSL helow the edge of the tenare, and tlmt at :l00 feet lit:'i'l 
abovc the terrace; therefore all points on tile terrace arc shown 
to be more tlwn 150 hut less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); accordingly the contoUT at (),)o feet surrouuds it.. In 
this illust.ratiou all the eontoUl' lines are nuwbered, and those 
for 260 and ,")00 fef:t are arcentuated by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('centnating flnd unmht'ring of certain of them~say eyery 
fifth one-suffires and the ht'ights of the others may he l.lScer­
tained hy cOllnting up or dmvil from th('se. 

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

contours are eontinuolls horizontal they wind SlllOOtllly 
about smooth surfaces, rect:'dt:' into rt'entrant of 
rayil1ei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 

These relations of cont.Our curn's Hnd 1:..0 of' t.he 
can be Been f!"Olll. the map and 

lines sl~o\v the approximate of any sl~pc. 
Thc yertieal interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to attain a gi vell 
heif!;ht on a gentle slope olle must go £nther than on a HtCt'p 
siope, llll(l therefore eontOun> are fill' apnrt on gent.le slopes 
and near togethf'r on steep one8. 

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

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

Draina,lJe.-\Yater~oursf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a strcam sinks and 

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

by conventional signs in blue. 
for the works of' man and all letter­

are printcd in 
,)ca,tc.,.-j~l1e area of t.he United States (exclusiye of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scale of 1 mile to the inch 
would ('oYer 3,027,000 s<Juarc indIC;::; of pape1' aJul measure 
about 240 by 180 feet. Each square mile of ground Sll1-iace 
wonld be reprcsented hy a inch of lllilp surfllee, and a 
linear mile on the ground a linp..ar inch on the map. The 
seule ma.v be also a fradion, of whieh the numer-
ator is 11" 011 the map and the denominator the eorre-
spondiIl)!; lengt.h in nature expressed in the same unit. ThuB, 
as thcre arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 
Ilnd (\~.:-,()o, eorresponding approxi­

mately to -4 milf's, and 1 mile on the ground to an 
inch on t.he map. On the seale ot a bquare ineh of map 
surface ahout 1 square of earth surt"i-lee; ,on the 
scale of a bout. 4 s(]unre milf's; and on the se<lle of ~OOJ , 

alJOlti 1G '3<jIUlre mile8. At the bottom> of each atlas Bheet the 
scale is in three a gradua,ted line repre­

a similar line indieating 
a fraction. 

O"""',',,,,UI,,.·-j "cmap of the Unit.ed Stat.es 
is being Rhed~ of cOllvcnient size, wlrieh 
represent areas houl1(lc,d pamllelb awl meridians. ThCBc 
~neas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.1'e degree-that is, a of latitude by a 
degree of longitude; eaeh sheet on the of reprcbents 
one-fourth of a square degree, and cHch sheet on scale ot 

one-:-;ixteenth of a square degree. The areas of the corrc­
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'Y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of t.he United 
States, are not limited by politi('al boundary lines, such as 
those of States, ('ounties, all (I tow nships. ~hny of t.hc maps 

arell" lying in two or m'en three States. To each 
and to the quadrangle it represents, i::; given the name of 

some well-known town or natural feat.urc within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published. 

THE GEOLOGIC MAl'S. 

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

KDi'llS OF lWCKR. 

I{oeks are of many kinds. On the geologie mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

ignnH(s 1>oclcs.~Roeks that ha\€' cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
ha" from to t.ime l)een forced upwanl in fissures or ehan-
lIel,.; of and sizf's through rocks of all to or 
ll(;arly to the Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
below the suriu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximat.ely pHl'allel walls it is 
called u where it fills a large and irregular conduit the 
mass is termed a 8{ocA:. "\Vherc molten magma trayerSeR strat­
ified rocks it be intruded along betiding planes; sueh 

or "hed.s if eomparatively thin, and lacco­
chambers prod ueell by t.hc pressure 

roek molten material rool~ 
slowly, rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often huild up volcanir mounli:lins. rocks 
that. have solidified at" the surface are called 
LavHs generally cool mort:' rapidly than iutrllsive 
a:--1 a rule contain, espf:'f'ially in their superJieial parts, wore or 
lesH voleanic produeed by rapi(l ehillillg. The outer parts 
oflanl How,:;; are uHtmlly porous, owing to the expansion of' 
the gasc.,:; originally prcsent in the magma. Explosive action, 
due to these gases, often aceompanies volcanic eruptions, 
causing cjt,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breeeias, agglom-

and tuffs. 
l'oclcc~.~Uocks composed of thc transported 

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

di::;integration, of volcanic ejceta deposited in lakes and seas, or 

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

The ehief ngent in the transportation of roek 46bris is water 
in motion, including rain, streams, and the water of lakes awl 
of thc sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Bueh arc whieh are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are called 
or,!!anic if formed with the aid of lift.', or ('hcllIical if formed 
·without the ai.d of life. The more important roeks of chemical 
and organie origin are limestont', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'\eparatf:'ly formed, or the diITerent he 
intermingled in Hlany wayi'l, produeing a great variety 

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

Sedimentnry rocks arc usually made up of lllyt'r",. or beds 
which can be separnted. These fire caned .strata, 
and rocks in such layers are to be strHtified. 

The sllrf'aee of tl1e earth is n~t immomble; 0\ 121' wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
Rhol'E.' . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimelltmy, ro(~ks may hecome part. of the 
land, and most of our land areas are in fact orcupietl by rocks 
originally deposited as sediments in the 

Rocks exposed at the surff~ce of t]le air, 
watf'r, iee, animals, and plants, 
known as bacteria. They 
soluble parts arc leachp(l ont, the 
left as a residual layer. \Vater washes this 

and more 
matf'ria I being 
material down 

the slopes, and it. is 
other bodif's of wat~r. 
but it is 

can~ea by riYers t.o thc,oeean or 
its journey is not eontinuous, 

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

df'p()~its belong to 
laver is commonly inelnded 

Theil' upper parts, o~cupied by th~ roots of 
eon:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of matter. 
and by various 

processes, rocks may in composition 
and in t.exture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chcmic~ll 

may enter into new combinations nnd eertain substanccs 
may bc jost or new ones added. A complete gradHtion [rom 
the primary to the meimnorphie form mny exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to timc during 
been deeply buricd and hayc 
pressures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In sueh 
rocks the original structures may h:1\ e been lost entirely and 
new onE'S substituted. A system of planes of division, along 
which the rocK. splits most. readily, may have been deyeloped. 
This structure is caned and may cross the original 

rocks rbanwterized by it 
Crvstals of lllica or minerals nHly have gr~wn 

in tlIe rock in "such a as to produce It laminated or foliated 
structure known as Thc rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest rocks are most altered and t.he young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many impOlinnt t'speeially in l'CgiOllS of igncous 
activity fmd complex 

TOlOl.A.TlO.KS. 

For of 
abovc are into A :'!edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform charad~r or rocks lllore 01· 1ess uniformly 
"\\il.riell in eharader, for example, an alternation of shale and 
limcstone. \Vhere fn}m one kind of rocks t.o 
another is graduHl it. may TWef:'s:'!ary to two contigu-
ous formations by an arbitrary line, aTHl some rases the 
dis[.ill(~t.ion depends almost f'nt.irely on the eontained fossils. 
An igneous fOl'mat-lon eont.ains one or more bodies of one kina, 
of' similar occurrence, or of lil-:e origil1. .r\ metanH1l11hic for­
mation lllay C'Olwist of rock of uniform rharat'ter or of se\ eral 
roeks having comIllon eharaetel'istirs 01' origin. 

'Yhen for Reientifi(' or et'onomie reasons it is dcsimhle to 
recognize and map one 01' more deypioped parts of ;J 

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

.\GER OF ROCKS. 

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

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

The sedimentary formations deposited during a period are 
f!)'oll}wd to,2:f'ther into a 8yl:Jtnn. The prilleipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a Rf'l'ie); is called a !Jrollp. 

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

Many stratified ro('ks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of' ,ynter or were ... \ashed into 
them, or were bmied in surficial deposits 01] the hlncl. Ruch 
rocks' are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to l-l extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From time to time more 
complex kinds awl as the 8impler ones lived on in 
modified forllls life more yaried. But during each 
period there lived peculiar forms, which did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; thf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in which they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two :'l8dimentHl'Y formations are rernot.e from eac·h other ami it 
is impossible to oLscne their relative positions, the charncter-
istic fossil found in thelll may (If'termillC which 'was 
deposited Fossil remainR in the strata of different areas, 
provine(~"" and C"ontineutl' afford the Illost import.ant mean:'l for 
comhining local histories into a earth hist.ory. 

It is many places difficult or to dpterllliue the age 
of an igneons frfrlllfLtion, hut the rdatiw Hge~of .:mell a f()rm;l­
t.ion ean in generaJ be ascertaillcd by 
associated Redimentary formation of known 
igneous lllaRS or is df'positetl upon it. 
which metamorphic' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the ]'ccohled on Dlap i.., that of the 
masses llnd not. of diCir metamorphit>lll. 

culon;, and pa.itaus.-Ench f()l'lnation iR shown 011 
the map hy a dist.inetive combillation of color awl pattern allil 
is'laheled hy a speeiallett.er symbol. 

Patterns {CompoAed of parallel 
fOl"lnat.jom 

lineR m·e mwd to 
ill tlw jnlHkes, 

tlots awl 
eirdf's represent Idluyial, nnd eolian i{ll'll1lltions. Pat­
tel'l1~ of trianglf's and rhombs arc u::;ed for iguf'oUS f()l'IllaLions. 
:Metamorphic rO{'kR of unknown origin llTe 
Sh01i, <l~:shes irn.>)!"ulady placed; if the rOt-];:: is 
muy lw arranged in \\avy lineR pm'Hllcl to the t>truetllre 
Suihlble combination THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origin_ The 
patternR of eaeh cbs.., are in various (~61ol's. \Vith the 
patterns of parallel colors are used to indieate ag(~, a 
particular c0101' to CHell t>ystelll. 

The s\'mbols of two or more letters. If the age 
of a fOJ'~ation is known the snnhol includet> the 
bol, ..,,,hieh is H capital lett.p; or monogram; 
symbols atf' ('0111P08Cd of smalliettel's. 

I'lym­
tllC 

The ]JalIles of t.he systems and of Rl:'ries that have heell given 
diHtincti ve in or(ler from to 01d8Rt, with the 
color and assignetl to 
subjoined 

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

Sy.tAll 

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

llillfl, Ynll{,YK, 1ll1d 1,11 oiher snrfflC'c form8 IJaYI"' been produced 
F9r f'xample, most the re8u1t. 

strea1ll8 that llcnr through 1), 
plains hon]{'ring- mall)" streams were up 

hv the st-reams; \\a"es cut S{,11 ()lifI;" llIltl, in cooperation \\ith 
c~rrcllts, "(mild up sand 8pits and ham. Topographic form" 
thus confltitute part of the rceord of tIle of dlP {'firth. 

Some ionns are iIl8eparahly cOIlllecf,cd with TIH~ 

hookcd sh9wll in figure 1 is an illustration. To thil'( dnes 
alluyinl plains, lava streams, drumlillR (smooth 

of till), and moraines (ridg-('8 of drift made 
at tJlC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river ehannel'l, glacial furrows, 
and peneplains. In the making of a Rtream tf'IT1WC an n lluvial 
plain is first built and afttrward partly eroded flWlly. The 
shaping of a marine or lacust.rine plain i~ ul'lual1ya douhle 
process, hills bei~g- worn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee are suhject to thc action of air, 
water, and ice, 1'1"11ich slowly wenr tllem down, and streams 
carry the WflStD materia I t.o the sea. As 1.he Jf'P~'Tl(js all 
the £low of water to the sea, it ean no,t. {'arricd belo'w sea 
level, and t.he e.ea is therefore called the basf::-Iet'el of erosion. 
LnkPs or lHrg: rivers may dd(~rmine locfll hasc-Ievds for certain 
regions. When a largc tru('t is for a long time undisturbed hy 
uplift or suhsidence it is df'graded nearly to base-level, tmd tIll:' 
fairly f'ven snrface thus prodlH'ell is called If tlw 
tract, is aftenvan1 uplifted, the ele\ated 
rf'{'oTd of the former elose·rf'lation of the traei. to base-level. 

'1"111: V~UtlO\JS GEOLOGIC f'HEE'1"S. 

map ::lhowing the areas occupied 
is called nn areal geology map. On 

,vhieh is the key to tIle map. To as('e1'-
tain the meaning any color 01' pnttf'rn and its lett.Pr 
the rfwler should look for that color, pattern, und 
the where he will find tIle name and 

If it is desired to find 
name should be sought in the 
Iloted; thell the areas on the 
pnt.teTll may be iraeed out. TIle 
ment of tile ,2:eologic history. In 

aecording 
unknown 

group t.hey ure placed in the order 
RO far as known, t.be youngf'Rt at. t.he top. 

map.-The map reprf'stmt.ing the distribu-
tion of and roek::l ,ina their relat.ions 
to the topogrllphie fpatllrcs and to the 
~erJIled the economic Heolog!l map. The that appear 
on the areal geology lllnp are usually shown on thi:::; map by 
f1lint.er color and the areas of produdive formationH 

t~()1ors. .A mine symbol shows the 
or qualT,v and is aecompflllierl tlw 
mineral mined 01" stone If 

mining indust.ries or artetlillll in the 
limpy to show thuse additional economic features 
in tht' folio. 

shaftl', and otJlel' 
natural and artific'ia1 cuttings t.he different beds to 
one allother l)e seen. Any elltting that exhibits thosc 

a sectiun, and the same term is applied to a 
renTesomt.;ng the rebtions. The arrangf'illf'ut of'rock:'l 

is llOt limited, fIOWf'n'r, to natllrnl and arti­
for hi" iuforIllnt.ion eoneerning the earth'::l 

the JlHumer of f()rmation of rocktl and 
thc bC'{ltl on the surface, 

they Pl18S benellth Lhe 
surflwe and ('an draw repl'l"'s(,Jlt.ing the strurture to a 

collsicicrable J.ept.h. i:"3ueh a see~iou is illust.rated iIl flgure~. 

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

The figure represents a landscape which is cut. off sharply 
iu the foreground ou a vertical plane, so as to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicaLed by appropriate patterns of lines, and dasht:'-I:l. 
These patterns admit. of lTIueh variation, but. shown in 
Ggurc a are used to represent the commoner kinds of l"oek. 

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

ShaJylm18st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at tllf' kft of figure 2 presents t.oward 
the lower land an escarpment, or fi'ont, \\hieh is .made up of 

sHndstoncs, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt. of 10weT land IS t.raversed hy several 
ridges, which are spen in the scction to correspond to· the out­
crops of a lwd of Randst.one that rises 10 the sllrf~lce. The 
upturllf'a f'(lge", of tllis hed form the ridges, and the inter­
mediate yalleys follow the outcrops of limest.one and ealeareous 
shale. 

'Yhcre the edges of the strata appear at the surfaee their 
thickness can he meH'"mred and the angles at which they dip 
below the surffwe can be obseneJ. Thus their positions 
underground ('an be int"(·Tred. Thc direetion of the intersec­
tion of a bed widl a hOl~zontal plane is ealled t.hc ,~trike. The 
inclination of the bed to the horizontal plane, meHsllred at 
right angles to the strike, is caUed t.he dip. 

Tn many regions the Rtrata are bent into troughH and nrcheR, 
sllch as are seen in 2. The arches arc ('allt'{l anticlines 
ana the troughs As the sandstones, shales, alld 
limestones were deposited beneath the Sf'a in nearly flat sheets, 
thc fltrt that dley arc now bent. and f6ldf'd is proof that forces 
haye from time to time caused the f'arth's surface to wrinkle 
along certain zones. In places the 8trat.a arc broken across 
and the parts haye slipppd Nch other. Buell brenks arc 
tel'me(ljaults. Two kind8 are 8hown in iigure 4. 

At the rig11t of figure 2 the section tlhows schists that are 
tra "ersed by igneous roeks: The schists nrc much contorted 
llnd their arrangement uwlerground can not llC inferred. 
Hen('e that. portion of the· section delineates what is probably 
true but is not known by ohseryation or by well-fOlUldf'd 
inference. 

The st:'ction also showR three set." of formatioIls, distinguished 
by their underground relations. The uppermost set., ~een at 
the left, is made up of sandRtOllt'S and sbales, which lie ill a 
horizoIlt.al position. These ~t.rat9 were laid dO'wn under water 
hut are now hi,2:h above the SOIl, forming a plateau, Hnd their 
ohangc of olc"mtion shows that u portion of the carth's mast< has 
beell uplifted. T!le strata of tili8 Ret are parallel, a rplatioh 
wlJieh is called cmoero/·muolC. 

The sccond set ('onsistR of strata thnt have be-en 
folded into a1"t'hes and troughs. These strata were Ollee eOll­
tiUIlOUR, but the crests of the archeJ:l litl\Te b;'en remo\-ed bv 
erosion. The beds, like those of the jin>t set, ate conf'ormabl~. 

The horizontal strata of the plateau rest upon the upturned, 
eroded edges of thc heds of the :::;eco]](l set. shown Ht HIe lcft of 
the section. The are, from their position, 
e\·idently younger than deposits, and the bend-
ing awl ('roding of the older beds must havc occurred betwe~n 
tIlf'ir dcposition ttnd the Hccumulation of the youngf't beds. 
The roeks arc to the older, and the 
suriuee i", 11ll "nconformity. 

The third set of formations {'onsisti,; of crystalline olC'hists and 
igneou8 roe1o::s. At 80nle period of their history the J:lehist8 
were folded or by pn,>:::;sl1r.e and t.raversed by emptions 
of molt!:']] But the pTeSSUl'f' and int.rusion of igneous 
ro{·kg have not affected the overlyinf!: stmta of t.he se('ond set.. 
Thus it is evidellt that a con",iderabl!:' int.enal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the second set. During !llis inter'ntl the sehi,<;Its 
were metamorphoscd, they were disturbed by eruptive 
and they werc deeply eroded. The contact between the 
and third sets i~ another uneonformiLY; it marks a t.ime 
interyal bet.\\een 'two periodR 'of l'oek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustTnto aetnal relations. The seetiolls on the stl'uetUrL'­
spction sheet are related to the maps as the seetion in the 
figure is relat.cd to thc landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the s('{!tion line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
thc section may be measured USillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a columna,j· 8l.'ction, which contains a cone1se 
description of the sedimentary formations that oecUf in the 
qU~idrangle. It presents a summary of the filets relating to the 
eharacter of the rocks, the thi(~kness of the formations, awl t.hc 
order of aeeuIIlulation of ::luecessi ve deposits. 

The rocks are briefly described, and their eharadcrs are 
indicated in the eolumnar diagram. The thicklle8ses of for­
illations are given in figures thaL stilte the least and greatest 
meIL'lUl"ements, and the thicknesH of ca('h formation il'l 
shO\\n in the colulllTl, which drnwn to w~ale. The order of 
accuIllulation of t.he scdiment8 is shown in the columnar 
arrangement-the oldest being at the hottom, the youngest at 
the top. 

The intervalt> of t.ime that correspond t.o events of uplift and 
degradation and eonst,itute iut.erruptiolltl of deposition are 
indicat.ed graphically and hy the word" unconformity." 

GEORGE OTIS SMITH,. 

May, 1900. Director. 



DESCRIPTION OF TH'E CASTLE ROCK QUADRANGLE. 

INTRODUCTION, 

POSITION AND RELATIONS OF THE QUADRANGLE. 

The CnstJe Rock quadnmgle, which includes par'ts of 
Douglas, El Paso, and Elbert counties, Colo. , is ill the centl'l.t1 

part of the State, between Deliver and Colol'lldo Springs. It 
is bounded by meridian!; 104 0 30' and 1050 and parallels 39° 

'rhe IOCaLI,," of 'he eMU", Rock 'l,,,.d .. ItIgle Is oJ,o",n by the dlLrk~r ""Uug ( l!l8). 
folios de8CrilJiDJ; otberllre' ... ,illd ieRt.cd bylil/:"btcr rUliDI'(."reasfoHows : 7,I'ikesPt'nk; 36, 
Pueblo; 48, Tenmil & distric~; r.s, Ell"",..,; f06, Walsenburg; 71, Spll,lIi.h P"".8; HI5, Nepclita.; 
lS(l,AplRhapa 

and 39° SO', and covers 1)25 sq uare llli les. :Most of the qllltd­
mngle lies within the Great Plains, bllt its southwest comer 
includes part of the Fl'Ont Range of' tIle Hocky Mount.'lins. 
(Sec fiWl. 1 ""d 2.) 

SET'TLEMENT AND IND USTRIES. 

The lowland at the base of the Front Rallge is a natural 
route of trnvel anJ was much used by the carly ex pIO!"el's, As 
the country beca me populated settlcments grcw up along this 
line of travel, especially in places where good supplies of water 
were /l\'uilable. LlItf'r di e Denver &. J{io Gmnde and the 
Atchison, Topeka & Santil F e 11lilroads, eonllecting -Denver 
and Colomdo Spl'illgS, were built along this highway in the 
valleys of' Mon ll ment and Plum creeks. At Pa lmer Lake, on 
the divide betwecn thc Platte alld Arka llS1ls dminage, at the 
summit of the nlilroads, a sumlllcr resort hilS been established, 
llIal thc towns of Castle :({ock, Sedalia, Hnd i'rlonument lIre 
thl'i ving settlements. Another 1';1 ill'Oad con nect ing Den vcr and 
Colorado Springs, the Colol'1ulo &. SOlltherll , has been built on 
the plains ahout 15 miles to the eHst, and along this line the 
towns of' E lizabeth, Elbert, and El1stonville l1re s ituated. 

The plains area was long used ,IS a cattle I':lnge, and in the 
early days of scttlemcnt, becausc of thc scn.rcity of water for 
il'l"iga t.ion, little attention was given to f)mning. In recent 
yeHrs, however, with the iucreasin~ popularity of JI'y farmin~, 

this region has been developcd into a pl'osperolls agricultural 
district, and dnirying to su pply the ncar-by eitics of Denver 
and Colol'lJdo Sprinh'S is an additiol1ll1 source of wea lth. A 
loca l ind ll stry, confined to the Cll~t1e Rock quadrangle, is the 
quarrying of a fl ow of rhyolitc, which ] I,IS furnished It build­
ing stone much II sed in Ilear-by cit ies. The rugged mountains 
are ill adapted for settlement, and that portion of tile Front 
Hauge which lies within tJle qlladnmgle is not permanently 
inhabited. A wagon road has beell constnlCted across the 
mountains, conncctin~ Palmer Lake with the Cripple Creek 
district and Trout Creek valley. 

m~OGRAPHY OF THE REGION. 

ROCKY MOUNTAIN I'ROVINCK 

The Rocky Mountllin province cOllqll'ises a large part of dIe 
easterll most division of the North Aillerican Cordillera. It 
lies hetween tIle G,'eat Plains on the C:ISt and the Colorado 
Plate:lU; Gl'CHt Basin, Columbia Plat.eau, and Northern Interior 
Plateaus on the west and contains a gl'OlIjl of mnges that 
include many peaks which ri se from 9,000 to more than 
14,000 feet above 'sea level. In central 'Yyomillg a belt of 
comparatively low country between the headwaters of the 
North Platte and Green rivers separates the Rocky Mountains 
into a northel'll division comprising the ranges in northwest 

By G. B. I~ i ch:u·dsoll . 

'Yyoming, Montana, Idaho, and Canada, lind a southern divi­
sion comprising the mnges of southern \Vyoming, Colorado, 
and northern New Mexico. The sOl.lthel'll division of the 
Rocky Mountai ns is composed of a group of l'flnges of general 
north to northwest trend, between certain of which lie wide 
valleys known as "parks." 

In Colomdo the main subdivisions of the Rocky Mountains 
comprise the features shown in figure 2. The Colomdo or 
Front Range rises abruptly above the plains and extends from 
the northern boundary of the State to Arkansas River. South 
of Arkansas River the mountain front is formed by two ranges, 
W et Mount.'lin and that part of the Sangl'e de Cristo lVlIlge 
which is locally known as the Cu lebra Range. These three 
ranges are offset to the west in echelon and Hre separated 
by northwestward-trending valleys. 'Vest of the Front Hange 
are North Park, Middle Park, and South P;uk, and west of 
'Yet Mountain is W et Valley, the southward continuation of 
the intermont belt of lowlands. The Park Range towers 
above North and Middle parks on the west, and its southward 

FIGURK 2.-Rclicf mup of centra.l part of Colorado, 

Th", Ca.stl", Rock qURdrRDgle lies between ColorRdo Springs lIoDd Denver, covering the are1lo $hOWD 
by tbe d&rker ruling In tlgure 1. 

Scllole: I Inch-lO miles , Rppro::dDllltely. 

continuation is divided by tlle headwaters ot Arkansas River 
west of South Park into the Sawatch Range and the Mosquito 
Range. The southward extension of this group is the Sangre 
de Cristo Range. Still £)uther west are San Luis Park, the 
mountains of the San Juan region, the Elk Mountains, and 
others on the western slope. 

The Rocky Mountains form the Continental Divide in Colo­
rado. Middle Park and tIle mountains of tbe western slope 
drain t.o the Pacific Ocean by the hendwaters of Colorado 
River. The Rio Grande, flowing southward into the Gulf 
of Mexico, has its source in San Luis Park, and tIle rest of 
the mountains drain eastwftl'd to the Mississippi by Platte and 
Arkansas ri verso 

The main ranges of' the Rocky Mount.a ins are cOlIlposed of 
central cores of pre-Cambrian rocks along the flanks of which 
Paleozoic and .Mesozoic beds crop out. T ertiary sediments 
overlap the older formations at llIuny places and there are 
numerous occurrences of intrusive and extrusive igneous rocks. 
During Tertiary time, in particular, there was great igneous 
acti vity. In the Pleistocene epoch the higher peaks were 
centers of glaciation. 

The general structure of the Rocky Mountain province is 
characterized by an anticlinal arrangement of the stratified 
rocks about the main ranges as axes, but this arrangement is 
modified by extensive faulting. The major system of faults 
is longitudinal, trending north and south, and most of the 
dislocations are normal. 

The Colorado 01' Front Range, together Witll its northern 
continuation, the Lammie :Mountains in Wyoming, forms the 
eastern Cordilleran front for about 250 miles, terminating on 
the south in the great mass of Pikes Penk. Viewed from the 
east, the Front Range presents an imposing spectacle, towering 
above the plains in an abrupt escarpment. (See PI. I.) In 
central Colomdo the base of the mountai ns stimds about 6,000 
feet above sea level, and within a few mi les the mnp;e reaches 
altit.udes of 9,000 to 14,000 feet, the culminating point being 
Pikes Peak, which attains an elevation of 14,109 feet. The 
range extends 25 to 45 miles westward and thence descends 
more grJ.dually in to North, Middle, and South parks. It. is 
dissected by deep valleys which drain geuel':llly east.ward to the 
plains or westward to the parks. South Platte River, rising 
in South Park, flows northeashnll'd across the range in a 
canyon; North Platte niver, rising in North Park, flows 
around the north end of the Laramie Mounulins in 'Vyoming; 
and Arkansas River, rising in the Park Rnnge and flow ing 
between the Sawatch and Mosquito ranges, flows along the 
south end of the Front Range. 

Viewed from elevations between 9,000 and 9,300 feet in the 
vicinity of the Castle Rock quadrangle, the range p"esents a 
series of flat to gently undulating Hreas which in imagination 
can be extended across inter vening valleys so as to reproduce a 
former even surface. (See PI. II. ) These even-topped areas 
are interpreted as remnants of such a surface-a peneplain­
above which the higher peaks now rise like monadnocks. 

The greater part of the Front Range is com posed of pre­
Cambrian rocks consisting of all older group of dynomometa-
1ll0rphosed igneous and sedimentary rocks and a younger 
group of sediments and intrusive igneous masses which have 
not undergone such extensive metamorphism. In the Cripple 
Creek district, in the Pikes P eak quadrangle, which adjoins 
the Castle Rock quadrangle on the southwest, the pl'evailing 
rocks are described by Cross as granites, gneisses, and schists. 
Granite, which incloses blocks of Algonkian quartzite but is 
older than the only Cambrian sediments known in Colorado, 
constitutes the main mass of Pikes Peak and extends far to 
the north, where it forms the slllall port.ion of the Front Rnnge 
included in the Castle Rock quadrJ.ngle. During Terti:lry 
time volcanic eruptions broke through these ancient rocks at 
severa l points and piled tuffs, breccias, and lavas II pon them. 
In Quaternary time Pikes Peak was occupied by glaciers of tlle 
alpine type. Two p~riods of ad vance of t.he ice hll.\'e been 
recognized, but the glacial deposits are limited to elevations 
above 9,500 feet. 

GlmAT pr, .HNH P ltOVIN CE. 

Contrasted with thc Rocky Mountains, the tire<lt Plai ll s are 
simple, although the study of the province has revea led many 
perplexi ng geologic problems. 

The Great Plains pl'Ovince extends across the country in a 
broad nort.h-south zone ly ing between the nocky Mounwins 
and the Prairie Plains of Mississippi Valley. (See fig. 2.) 
It is characterized by rolling plains, varied by buttes, table­
lands bordered by escl.ll'pments, and areas of bHdlands. The 
province is drained clliefly by large rivers that flow in broad, 
shallow valleys, the largest of these stl'eams rising in the Rocky 
Mountain region. T he province :IS a whole slopes eastward 
at the rate of Hbout 10 feet to the mile from an eleva tion of 
6,000 feet at the base of tll e mountains to all elevation of 1,000 
feet in the Mississippi Valley. 

The sll d~tce of the Great Plains has been developed on a 
series of soft rocks, sa nds, clays, and loanls, cllieAy of Cenozoic 
age. The constituent mat.erials of tJlese rocks were derived 
mainly from the west and were deposited chiefly under COIl ­
tinental conditions. The rocks o\'el' the hugel' part of the 
Great Plains, exeept in a few gentle flex ures, have not been 
subjected to folding, but the region has been broadly uplifted 
and depressed a number of times. 

In the foothill region, which constitu tes a transition zone 
between the mountains and the plains, the ontcl'opping edges 
of the older sedimentary beds, which are here upturned, are 
exposed in many places. The dist.ribution and J'elations of 
these roc.:ks show that tile foothill zone has been subjected to 
great structural disturbance. 



During portions of Paleozoic and Mesozoic time a part at 
least of the Front Range region was submerged and covered by 
a continuation of the strata that underlie the plains. In large 
measure these rocks have been removed by erosion, but rem­
nants of Paleozoic beds in the valle v of Trout Creek, a tribu­
tary of South Platte River, 5 mile; west of the Castle Rock 
quadrangle, and of Mesozoic strata in the Breckenridge dis­
trict, testify to a former greater development of these sedimen­
tary rocks west of the plains. 

By a series of uplifts that started near the beginning of the 
Tertiary period and continued at intervals throughout the 
Cenozoic era the Rocky Mountain region has becn uplifted 
above the plains. The movement was apparently chiefly 
vertical but was in part lateral, and it resulted in tilting, 
folding, and faulting the strata in the foothill region. The 
largest of the folds is the syncline known as the Den vel' 
Basin, 'which extends from southern \Vyoming to Arkansas 
River, a distance of more than 250 miles. South of the 
Denver Basin there is a group of parallel diagonal folds that 
produce offsets in the mountain front, the chief of which are 
the Canon City and Spanish Peaks synclines and interven­
ing: anticlines that strike diagonally across the trend of the 
mountains. Other folds which cause lesser offsets in the 
topography are developed northwest of Denver. Unsymmet­
rical synclines are defined by the steep dips of the foothills 
strata on their western limbs and by low westward dips on 
their eastern limbs. 

Faults at the base of the Front Range in the vicinity of 
Bould€'r and Manitou have long been known, but not until the 
recent surveys has the more general presence of longitudinal 
dislocations been recognized. 

PHYSIOGRAPHIC SUMMARY. 

Davis has written the following terse outline of the physiog­
raphy of this region: 

The Front Range of the Hocky ·Mountains in central Colorado, 
norbhwest of Denver, is a highland of disordered and generally 
resistant crystalline rocks, which shows signs of haying been long ago 
worn down from its initially greater mass to a surface of faint relief, 
slowly depressed and more or less broadly buried under a heavy 
cover of sedimentary strata. Then, as the remit cf widespread 
uplift, a part of the ("om pound mal'os west of a prononnced monoclinal 
displacement along a north-sonth line, came to stand above the rest, 
and thus the highland province of the mountains was marked oft' 
from that of the less uplifted plains on the east. The forms of the 
highland. show that the whole re!):ion advanced far through the eycle 
of erosion introduced by the monoclinal uplift, so that the resistant 
underlying crystalline rocks of the mountain area were stripped of 
their coyer and worn down to a gently rolling peneplain, diver~ified 
by irregularly scattered monadnocks, rising Slingly or in groups, with 
a relief of from 500 to 2,500 feet, while the valJe;rs of the highland 
show that a renewed uplift gave the whole region a greater altitude 
than before, with a gent.Ie up-arching along the north-south axis in 
the mountain area 15 or 20 miles west of the monocline, whereby 
the peneplain with its scattered monadnocks gained the highland 
altitude of the present Front Range. * * * The weaker strata 
of the plains are now again worn down to small relief) but the harder 
crystalline rocks of the mountainous highland are only submaturely 
dissected by normal submature 01' mature valleys, the higher parts of 
which have recently been strongly glaciate(U 

PREVIOUS WORK. 

The general geology of the Castle Rock region has long 
been known, but little has been written about the Castle Rock 
quadrangle. The Hayden Survey devoted some attention to 
the quadrangle, and Hayden described part of it in several 
papers, notably in his resume of the geology along the eastern 
bas8 of the Front Han.ge, as did Peale also in the report of the 
South Park division. Parts of the quadrangle are considered 
in Darton's Geology and underground water resources of the 
Great Plains,2 and in his Geology and underground waters of 
Arkansas Valley,S as well as in shorter papers by Cannon, 
Lee, and Darton. 

The most comprehensive study of an adjacent area is that of 
Emmons, Cross, and Eldridge, published in the United States 
Geological Survey's monograph on the geology of the Den ver 
Basin. 4 The Pikes Peak folio by Cross, ~ and the reports ou 
the Cripple Creek district 6 by Lindgren and RRnsome, on 
the Breckenridge district 7 by Ransome, and on the George­
town district by Spurr, Garrey, and Ball,S throw light on the 
general geology of the region. The principal papers on this 
general region are listed below_ They are arranged in order of 
publication. 
HA.YDEN, F. V., Third annual preliminary field report of tbe United 

States geological survey of Colorado and New Mexico, pp. 39-40, 1869 
-- The geological features of the east slope of the Colorado Range 

of the Rocky ~:[ollntains from C.iche a 109, Poudr" River southward to 
Pikes Peak: U. S. Geol. and Geog. Survey Terr. Seventh Ann. Rept., 
for 1873, pp. 17-36, 1874. 

PEALE, A. C., Report of South Park dh·ision: U. S. Geol. and Geog. 
Survey Terr. Seventh Ann. Rept., for 1!:i78, pp. 197-200. 1874. 

1 Davis. 'V. M .. Relation of geography to geology; Geol. Soc. America 
Bull., vol. 28, pp. 94-95, 1912. 

• U. S. Geol. Survey Prof. Pa.per 82. 1905 . 
• U. S. Geol. Survey Prof. Paper 52, 1906 
4U. S. Geol. Survey Mon. 27, 1896. 
~ U. S. Geol. Survey Geol. Atlas, Pikes Peak folio (No.7). 1894. 
6 U. S. Geol. Survey Prof. Paper 54, 1906. 
, U. S. Geol. Survey Prof. Papf'r 75, 1911. 
"U. S. Geol. Sur\·ey Prof. Paper 63, 1908. 
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1874. 
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and Geog. Survey Tf'rr. Eighth 

1876 
collected in the valley of 
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yolo 8. pp. 
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Soc. America Bull. vol. 1, pp. 245-286, 1890. 
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CANXON. G. L .. jr., Lake, Color;~do: 

Colorado Sei. Soc. 
STANTON, T. W., The 

189B. 
Survey Bull. 106, 
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189..!. 
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MATHEWS, E. B., the Pikes Peak quadrangle; Jour. 
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U. S. Geol. Survey Prof. Paper 16.1903. 
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Bull., vol. 15, pp. 379-448, 1904. 
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vol. 20, pp. 178-180. 1905. 
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PATTOS, H. B., Faults in t.he Dakota formation at Golden, Colo: Colo 
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DAR'rox, N. R .. Geology and underground waters of the Arkansas Yaney 
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63,1908. 
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TOPOGRAPHY. 

GENERAL FEATURES. 

The greater part of the Castle Rock quadrAngle lies in the 
Great Plains, but the south·west cornel' includes a sllHdl part of 
the Front I Range, known as the HampRrt Range, which rises 
1,500 to 2,000 feet aboye its base, to an elevation of more than 
9,000 feet above sea leyel, and is the dominant topographic 
feature of t.he area_ The plains are ~o greatly dissected by 
streams that a large part of their surface is rolling upland, 
diversified here and there by conspicuous hnttes. Along the 
base of the Front Range a belt of foothills forlUs a transition 
zone between the plains and the mountains. The quadrangle 
is thus divided into three topographic districts-the mountains, 
the foothills, and the plains-the main features of each district 
having been determined by the character and structure of the 
underlying rocks. 

THE MOUNTAINS. 

The small portion of the Front Range included in the quad­
rangle, only 70 sqnare miles, is a deeply dissected mountain 
mass composed entirely of granite. At the eastern margin of 
the range the escarpment is more than 1,000 feet high, and 
some of the peaks rise 2,000 feet a bove the base of the moun-:­
tains. The escarpment, continuing its trend from the Colorado 
Springs qnadrangle, extends due north into the Castle Rock 
quadrangle for a distance of 13 miles; thence it turns north­
·westward and again northward around the Perry Park embay­
ment. Outwash slopes composed of debris from the mount.ains 

extend along the base of the escarpment (see PIs. I and XIX), 
above which the range rises precipitously, the granite locally 
forming almost perpendicular cliffs. These are conspicuous 
at Mount Hermon, 2 miles south of Palmer Lake, ·where the 
escarpment is 1,400 feet high, its height increasing to 1,800 
feet E'outh of Deadmans Creek, at the southern end of the 
quadrangle. The summits and main divides rise to eleva­
tions bebveen 9,000 and 9,400 feet aboye sea level, the highest 
point in the qlladrangle, near its southwestern corner, having 
an elevation of 9,888 feet. 

This upland apparently formed a rolling plain in the cycle 
of erosion preeecling the uplift of the mountains_ Stream 
erosion ('onsequent to the uplift, however, has so greatly dis­
sected the area that only the present divides testify to the 
former presence of the peneplain, ,,,hich is strikingly apparent 
when viewed from the top of the mountains. (See PI. II.) 
Viewed from the plains, the crest of the mountains shows 
an eyen sky line. (See PI. I.) A few miles west of the 
quadrangle several isolated summits, like the Devils Head, 
6 miled west of Perry Park, stand prominently above the 
general surface of the upland, suggesting that t.hey may be 
remnants of an older surface that withstood the previous 
general denudation. 

Since the uplift of the mountains the relatively resistant 
granite has heen dissected by streams which ha \'e carved 
canyons several hundred feet deep. 

THE FOOTHILLS_ 

The foothills of the Front Range in the Castle Rock quad­
rangle are of two main types. They constitute either a zone 
of parallel ridges and valleys as in Perry Park, at the central 
western border of the quadrangle, or a belt of dissected out­
wash slopes, as in the greater part of the area at the. base of 
the mountains sonth of Palmer Lake. 

Perry Park is an embayment of tilted stratified rocks along 
the base of the Front Hange, corresponding in a measure to 
the Canon City and :Manitou embayments, farther south. 
Although less known than the Garden of the Gods, in the 
Manitou region, Perry Park is in aU respects similar to that 
famons area, vying with it if not actually surpassing it in 
natural beauty. The outcropping rocks are sandstones and 
shales eroded to fantastic forms marked by striking color 
effects. The park is composed of' a group of ridges and inter­
vening valleys whi('h are the result of erosion acting differ­
entially on hard and soft tilted strata. Streams from the 
mountains, flowing trans\~ersely across the foothills strata, 
have cut notches ·where they cross the hardf'r beds, and tribu­
tary longitudinal streams have developed along the weaker 
rocks and formed the intenening valleys. The inner slopes of 
the ridges, toward the mountains, are relati vely steep and are 
more or less strewn with the debris formed by the disintegrR­
tion of the hardel' beds, and the outer, plains ward sides of the 
ridges are dip slopes developed on the inclined harder beds. 
The ridges, which vary ·with the' thickness, hardness, and dip 
of the strata, are more or less conspicuous. The Dakota sand­
stone, here as elsewhere along, the foothills of the Front Range, 
makes a conspicuous hogback, and other hard beds form other 
ridges. (See PIs. XII-XV.) A prominent ridge is formed 
by the Lyons sandstone which, west of' Bear Creek, because of 
the fault that separates it from the softer Fountain formation, 
stands almost vertical. To the southeast, away from the influ­
ence of the uplift, the dip flattens out and the sandstone 
becomes less conspicuous. A striking example of the effect of 
stratigraphy and structure on the topography is shown at the 
eastern end of the park, where the hogback ridges formed by 
hard Cretaceous and oldtl,r formations strike into the soft Pierre 
shale, from which they are separated by a fault. The ridges 
en9,. abruptly at the fault line and give way to a lowland 
developed on the soft shale. 

South of Perry Park hogbacks occur ouly occasionally, the 
most conspicuous being south of Deadmans Creek ju sec. 8, 
T. 12 S., R. 67 "\V. In the greater part of the foothills area 
between Perry Park and the sonthern end of the quadrangle 
the hogback-forming strata are covered by younger rocks, 
which produce ~ll1other type of topography. These younger 
rocks are outwash deposits of subaerial origin, ·which slope 
outward from the source of the material, in the mountains, 
toward the plains. There are two main types, one formed of 
the consolidated Dawson arkose and the other of unconsoli­
dated Quaternary deposits. 

The Dawson arkose along the base of the mountains south 
of Palmer Lake is tilted a.t various angles, in places as much as 
900, and forms dip slopes. Erosion has here and there caused 
the survival of conspicuous monument-like remnants of the 
arkose. One of these monuments is shown on the map just 
north of J)eadmans Creek, on the section line between sees. 
4 and 9, at an elevation of 7,200 feet. Another is 2 miles 
west of Monnment, for which the town is na"lll:ed. (See PIs. 
VII and VIIL) 

The slopes of Quaternary wash are the most striking feature 
of the topography at. the base of the mountains in the southern 
part of the quadrangle, ,,,here they are finely de\Teloped south 



of Bea vel' Creek. They include several sets of sloping tenaces 
at different elevations and are"much dissected by streams com­
ing from the mountains, so t.hat only at some places are 
remnants of the higher (older) terraces preserved, but the lower 
(younger) and more continuous slopes are well preserved. 
(See PI. XIX.) 

THE PLAINS. 

The greater part of the quadrangle lies in the Great Plains 
province and t.he surface forms are sculptured in flat-lying 
deposits, generally the soft Dawson arkose and the more indu­
rated Castle Rock conglomerate. Although erosion of the 
plains dates from the early part of the Tertiary period, the 
detailed sculpturing and the formation of the present features 
of the region was accomplished in late Tertiary· and Quater­
nary time, in large part while the callyons were being cut in 
the Front Range. The vastly different results of the erosion 
of the mountains and the plains is due to the relative hardness 
of the rocks. 'Vhile the steep nal'rrow gorges were being cut 
in the granite of the Front Range, widespread denudation was 
accomplished on the softer plains strata. Au impressive idea 
of the amount of this erosion can be obtained by a view from 
some high point in the plains llrea, such as Da,vson Butte, 
where the imagination can picture the immense volume of 
rocks which has been removed. 

As a result of this erosion the present surface forms of the 
plains area are in adjustment to the character and structure of 
the rocks. The harder rocks form' broad table-hillds and buttes, 
bordered by escarpments, and the surrounding lowlands are 
carved in softer material. (See PIs. III, IV, and VI.) The 
highland belt extending from northwest to southeast across 
the centml part of the quadrangle is upheld by the Castle 
Rock conglomerate, and a number of isolated hills including 
Dawson, Raspberry, and Larkspur buttes. Bald Mountain 
and other unnamed heights are capped by remnants of a 
flow of rhyolite occurring in the Da:w80n arkose. 

The Plains are drained by a number of streams, some of 
which rise in the Front Range and others in the highland belt 
in the central part of the quadrangle. Th'e principal streams 
are perennial, though none of them are very large, for the 
annual rainfall is only about 14 inches on the plains and 
the drainage area in the mouutains is small. The short 
tributaries are intermittent and carry water only after storms. 
Most of the streams, including Plum, Cherry, Running, and 
Kiowa creeks, flow northward to South Platte River, though 
a few, the chief among which is ~Ionument Creek, flow south­
ward to Arkansas River. The Platte-Arkansas divide crosses 
the southern part of the quadrangle between Palmer Lake and 
Eastonville. 

For the most part of their courses the streams occupy broad, 
open valleys carved in the soft Da·wson arkose. Where they 
have cut through t.he more resistant Castle Rock conglomerate 
they flow in narrow valleys bordered by cliffs, as does Kiowa 
Creek in the vicinity of Elbert, and where they have not yet 
cut through the conglomerate the streams flow in small can­
yons, as does Cherry Creek just east of Castlewood Reservoir. 

Terraces are more or less well developed along the major 
streams, but in places they are obscured by erosion or by later 
outwash deposits. The best-preserved· terraces are in the 
valley of Plum Creek, where there are two sets 25 to 30 feet 
apart. These are well shown just above the town of Castle 
Rock. (See PI. XX.) 

GEOLOGY. 

The rocks of the quadrangle are in part of igneous and in 
part of sedimentary origin and range in age from pre-Cambrian 
to Quaternary. The igneous rocks include pre-Cambrian 
granite and Tertiary rhyolite with ·which are associated beds of 
tuff. The sedimentary rocks, which occupy by ftlr the greater 
part of the quadrangle, comprise indurated strata ranging in 
age from late Camb~-ian to Tertiary, inclusive, and unconsoli­
dated deposits of Quaternary age. A generalized section of 
these rocks is shown on the columnar-section sheet. In the 
publications dealing with this region different names and ages 
have been given to some of the formations, as shown in the' 
table on page 13. 

PRE-CAMBRIAN IGNEOUS ROCKS. 

PIKES PEAK GRANITE. 

Definition.-That part of the Front Range which is included 
in the Castle Rock quadrangle consists entirely of granite, 
forming a part of the great batholithic mass of Pikes Peak, 
which was intruded into Algonkian quartzites. The Pikes 
Peak granite is thus defined by Cross: 1 

The mass of Pikes Peak is principally made up of a single granite 
type, belonging to what is apparently one great body extending for 
many mile,s in all directions. * * * The main granite type is a 
very coarse grained biot.ite granite, or granit-ite, in most places of a 
prominent red color due to a pigment of hydrous iron oxide which 
conspicuously imp~egnates the feldspars. 

1 Cross, Whitman, U. S. Geol. Survey Geol. Atlas, Pikes Peak folio 
(No. 7),1894. 
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Occurr.ence.-This granite occupies the entire mountainous 
southwest' corner of the Castle Rock quadrangle, where it is a 
direct continuation of the type occurrence on Pikes Peak, 11 
miles to the southwest. Prominent outcrops form steep cliffs 
along the eastern border of the range and are exposed in deep 
valleys by which it is cut. On the summit of the mountains 
there are good exposures of typically weathered granite. 

Oharacter.-The rock is a coarsely granular biotite granite 
composed dominantly of quartz and feldspar and subordinately 
of biotite. On the whole it is remarkably uniform but it pre­
sents local facies which differ with differences 'in the size and 
abundance of its component minerals. Thus there are coarse, 
medium, ahd fine-grained varieties with quartz, feldspar, and 
biotite in various sized grains and in different amounts. Feld­
spars are the predominant minerals and the largest crystals are 
about an inch long: They are commonly anhedral, though 
the larger ones have imperfect crystalline faces and most of 
them are stained reddish, giving the prevailing color to the 
rock. In places they are whitish. l\1icrocline and orthoclase, 
which occur both individually and intergrown, are the most 
abundant feldspars, There are also small amounts of oligoclase 
and albite.' The quartz is in irregular white anhedral grains. 
It contains fluid inclusions and some minute hairlike crystals 
that may be rutile. The biotite is in irregular aggregates that 
tend to weather out and leave the rock pitted. In some places 
it is absent or poorly developed; in others it occurs in 
conspicuous bunches and forms flakes, some as large as 4 
inches long by an inch wide. The rock contains also minute 
amounts of apatite, zircon, and magnetite. 

Joints traverse the granite in a number of directions und 
lorally, as at Mount Hermon, are so prominently de\Teloped as 
to produce a gneissoid effect. On the plateau the outcrops of 
the granite are smooth, rounded surfaces showing pronounced 
spheroidal weathering. (See PI. XVIII.) The rock disinte­
grates into a coarse sand, which litters the surface and at the 
base of the mountains forms conspicuous outwash slopes. 

The granite is cut by small dikes of fine-grained biotite 
granite, fei,,, more than a foot thick having been seen, 
and also at some places by quartz veins. Fragments of a 
decomposed femic rock, presumably of a dike cutting the 
granite, were seen northwest of Palmer Lake, but the outcrop 
was not found. 

Composilion.-The chemical composition of the Pikes Peak 
granite is indicated by the following analyses of two samples 
collected about 40 miles apart, one southwest and the other 
northwest of the Castle Rock quadrangle. 

A nalY.ges of Pikes Peak granite. 

______ .~ _______ -_·I ' I' 
S1O._ 
AI~O" __ 
Fe.O. __ _ 
FeO __ 
MgO ______________________________________ _ 

OaO _ .. __ _ 

77.03177.02 

12.0°1'11.63 
.76 .32 
.86 1.09 

.041 .1' 

3: ~~ I ~::: 
~------- -I 4. 92 I 5.21 

~a~O ___ _ 
K,O __ _ 

H~O- __ _ .141······ 
H.O+ 

p.O. ____________________________________________________ _ 

Lees 0 for F_ 

1. From Sentinel Point, Pikes Peak, ColO. ADRlysis by W. F HlJIebrRnd. 
2. From Platte Canyon, Jefferson Connty, Colo. Analysis by H. N. Stokes. 

These are analyses of typical granite, although the content of 
silica is somewhat high. The sum of the alkalies is also high, 
potash being notably excessive. The lime is rather low. In 
the quantitative classification the Pikes Peak granite belongs 
in the subrang alaskose (I.3.1.3). 

Age.-In the Castle Rock and Colorado Springs quadrangles· 
the Pikes Peak granite is unconformably overlain by the 
Sa watch sandstone, of probable Upper Cambrian age. In 
the Pikes Peak quadrangle it is intruded into Algonkian 
quartzite. Its age is presumably Algonkian. 

SEDIMENTARY ROCKS. 

CAMBRIAN SYSTEM. 

The Cambrian system is represented in Colorado by a rela­
tively thin deposit of sandstone or quartzite, of probable Upper 
Cambrian age. The Middle Cambrian is only sparingly repre­
sented and so far as known Lower Cambrian strata do not 
occur in the State. Apparently sands of Upper Cam brian 
age were deposited offshore in a sea advancing upon an old 
land. A number of sections of Cambrian rocks observed in 
widely separated areas are strikingly similar, showing at the 
base white quartz sandstone, in places conglomeratic, overlain 
by iron-stained and glauconitic sandstone. These Cambrian 

deposits probably underlie a considerable area east of the 
mountains, and their upturned edges outcrop at several local­
ities along the Front Range, as in the Manitou embayment, 
west of Colorado Springs, and in the Castle Rock quadrangle. 

Name and definition.-In central Colorado, in the Crested 
Butte, Tenmile, Aspen, and other districts, the Upper Cam­
brian rocks are known as the Sawatch quartzite. The name 
was introduced by G. H. Eldridge in the Anthracite-Crested 
Butte folio in 1894, from the persistent occurrence of the for­
mation on the flanks of the Sawatch Range. In the Crested 
Butte quadrangle two dhTisions were recognized by Eldridge. 
The lower division, which is from 50 to 200 feet thick, is a 
white quartzite with a persistent conglomerate of pure white 
quartz at the base. The upper division, which has a maxi­
mum thickness of 150 feet, is a red ferruginous and somewhat 
calcareous sandstone, consisting chiefly of quartz and feldspar 
but containing a small amount of mica. A. green glauconitic 
mineral occurs in both divisions but more abundantly in the 
upper, which contains fossils of the Potsdam type. 

Along the Front Range in Colorado the section of Cambrian 
rocks is similar to that in central Colorado and their probable 
equivalence is indicated by both lithology and stratigraphic 
position. Accordingly the name Sawatch sandstone is tenta­
tivelyapplied to the supposed Upper Cambrian rocks in the 
Front Range region. In central Colorado, however, the sand­
stones have been metamorphosed to quartzite, but in the Castle 
Rock quadrangle they are not much alten'd. 

Distl'ibution and character. - The Sawutch sandstone is 
exposed in three small areas along the base of the mountains 
in the western part of the quadrangle, in the central and south­
eastern parts of Perry Park, and south of Deadmans Creek. 
In all three areas the beds are tilted and the formation crops 
out in narrow bands on the inner side of hogbacks along the 
flanks of the monntains. (See PIs. XVI aud XVIL) 

Immediately south of Deadmans Creek, in the NE. t sec. 8, 
T. 12 S., R. 67 ·W., and about 4 miles west of Husted, Cam­
brian beds occupy the saddle and inner slope of a small 
hogback of lower Paleozoic rocks and extend a short distance 
southeastward, the entire outcrop being only about one-fourth 
of a mile long and a little more than 100 feet wide. The dip 
of the beds is 35° E. at the north end of the hogback and 
becomes steeper farther south, being about 90° at the southern 
extremit.y of the outcrop, where they are apparently cut off by 
a fault. The following section was measured: 

Section of Sawatrh sandstone immediately south of Deadmans Gulr.;h. 

Manitou limestone, arena(leous, reddish gray, fossilifer· 
ous. 

Sawatch sandstone: 
Sandstone, fine grained, calcareous and glallconitie; 

thick and thin bedded; red to greenish ______ _ 
Sandstone, fine grained, quartzose: calcareous near 

top: white to reddish ______________ ~ _________ _ 

Sandstone, fine grained, quartzose; in places spotted 
with con~picuous rounded grains of qnartz; briel,­
red _ 

Sandstone, fine grained, quartzose: in places spotted 
with rounded grains of quartz, the lm'gest one-
eighth inch in diameter: white ___________ . _______ _ 

Concealed _____ _ 
Plkes Peak granite. 

20", 

75 

1.' , 
115± 

The relations of the sandstone and the granite are concealed 
by wash in the De2dmans Creek area, but at the ·west end of 
the exposure the sandstone appears to lie unconformably on 
the granite and at the south end the contact is probably 
faulted. The precise upper limit of the formation is also con­
cealed, although it is marked by a change from sandstone to 
the overlying Manitou limestone that forms the crest and east­
ern slope of the hogback. 

At the extre~le southeast end of Perry Park, 12 miles north 
of the Deadmans Creek outcrop, there is another exposure of 
sandstone which on lithologic and stratigraphic grounds is 
tentatively regarded as Sawatch. This sandstone strikes north­
westward and dips northeastward at angles ranging from 15° 
to 900 • It outcrops in sees. 1 all,d 2, T. 10 S.) R. 68 'V., and 
in sec. 35, T. 9 S., R. 68 'V., occupying a narrow strip about 
2 miles long between the granite at the base of the mountains 
and a hogback of Millsap limestone. The outcrop is cut off at 
its northwest and southeast ends by two great northward­
trending faults. 

The following section was measured in the S'V. t sec. 35, 
T. 9 S., R. 68 W., at the northwest end of this exposure: 

Section of Sawatch sandstone in /sW. isec. 85, T, 9 /S., R. 68 W. 

Limestone (}fillsap) ___________________ ~ 
Concealed _ 
Sawatch sandstone: 

Sandstone, fine grained calcareolls, glanconitic, red 
and greenish ______________________________ _ 

Shale, drab and purplish ____ . ___________________ _ 

Sandstone, fine grained, mottled red and whi":!' _" _ 
Sandstone, massive saccharoidal, white 

Concealed. 
Pikes Peak granite. 

Feet. 
60", 

5 

12 
30 
lS± 



Just west of the mouth of Gove Canyon, in the NE. t sec. 
2, T. 10 B., R. 68 W., about 100 feet of fine-grained laminated 
sandstone is exposed. The lower part is a pure quartzose 
white sandstone with a few rounded pebbles of quartz, the 
largest, which are at the base, half an inch in diameter, the 
sandstone lying on a smooth, even surface of granite. (Bee 
PL XVII.) Higher up in the section the sandstone is mottled 
brown and white and in places stained red. The upper 10 to 
25 feet consists chiefly of thin-bedded reddish calcareous sand­
stone containing a 4-foot bed of glauconitic sandstone, which 
lies 5 feet below a thin white limestone. Whether there is 
any Cam brian or Ordovician limestone in this section was not 
determined, but Mississippian fossils were found in cherty 
layers in the upper part of the limestone, which here is about 
60 feet thick. 

The remaining outcrop of sandstone, tentatively referred to 
the Cambrian, is 2 miles northwest of the locality just 
described, immediately southwest of the old hotel in sec. 22, 
T. 9 B., R. 68 'V. This sandstone, which is 90 feet thick, 
lies on coarse red granite and is overlain by Mississippian 
limestone. (See PI. XVI.) The outcrop occupies a narrow 
zone that is only a little more than a mile in length. At the 
base of the section is a little coarse arkose consisting of rounded 
pebbles of quartz, the largest a quarter of an inch in diameter, 
and grains of reddish feldspar, overlain by fine-grained saccha­
roidal quartzose sandstone, prevailingly white but in places 
stained red, which makes up nearly the whole section. No 
glauconitic sandstone was seen here. 

The sections are very similar and present a striking resem­
blance to the Cambrian sections of central Colorado. In both 
regions the lower part of the section is composed of quartzose 
white sandstone, which in central Colorado is metamorphosed 
to quartzite, succeeded above by less pure calcareous and 
glauconitic sandstone. 

Fos&ils. - Borne fossils obtained from reddish calcareous 
sandstone about 60 feet above the base of the Sawatch sand­
stone, on the hogback south of Deadmans Creek, were 
identified by E. O. Ulrich 'as Obolus sp.? and Lingulella cf. 
L. desiderata. 

ORDOVICIAN SYSTEM. 

Dwlribution and character. - The Ordovician system is 
represented in several areas in Colorado by a magnesian lime­
stone of Lower Ordovician age, called by Cross 1 the Manitou 
limestone, from its development near Manitou Springs and in 
Manitou Park. This limestone is not well exposed in the 
Castle Rock quadrangle, but sections in Williams Canyon 
near Colorado Springs show excellent exposures of the Sawatch 
sandstone and of the overlying Manitou limestone. In the 
Canon City embayment there are two younger Ordovician 
formations, the Harding sandstone and the Fremont lime­
stone, but these formations are not known in the Castle Rock 
quadrangle. 

The :Manitou is a thin-bedded gray or reddish limestone, 
which is kno'iyn to outcrop at only one place in the Castle 
Rock quadrangle-on the crest and eastern slope of the small 
hogback just south of Deadmans Creek, in the NE. t sec. 8, 
T. 12 B., R. 67 W., where it dips about 30° E. The upper 
part of the section consists of thin-bedded gray magnesian 
limestone, which is underlain by about 25 feet of reddish 
and gray arenaceous limestone, beneath which lies the Sawatch 
sandstone. The formation is not exposed in its fun thickness, 
for it is covered by wash and cut off on the east by a fault. 
It is barely possible that a few feet of Manitou limestone lies 
between the Bawatch sandstone and the Millsap limestone in 
the two areas in Perry Park where those formations are 
exposed, but no evidence of the presence of Ordovician strata 
in those areas was obtained. 

Age and oorrelation.-The fossils listed below, collected at 
hvo horizons in the Manitou limestone on the hogback south 
of Deadmans Creek, have been identified by E. O. Ulrich: 

Fossils from the basal red arenaceous limestone. 

BUUngBella plicatella. 
EoorthlB desmopleura. 
Owenella n. sp. 
Cameroceras sp. 

I EccyUomphalus sp. 
Holopea or Hormotoma. 
Fragmellts of trilobites. 

Fossils from the overlying thin-bedded gray magnesian 'limestone. 

~~;:oos~:aac~~;!~!i:~:dti~~S). I ~~~o~~!~an~;.p. 
Mr. Ulrich reports that the fossils from the gray magnesia.n 

limestone "seem to be Beekmantown, without doubt," and 
after comparing the collection from the red arenaceous lime­
stone with a larger collection obtained by L. D. Burling from 
a lithologically similar limestone at apparently the same hori­
zon neal' Ma.nitou, Colo., he reports that they too should be 
classed with the Manitou limestone rather than with the under­
lying Sawatch sandstone. 

Its fossils, together with its lithologic character and strati­
graphic position, establish the equivalence of this isolated out-

1 Cross, Whitlllan, U. S. Geol. Survey Geol. Atlas, Pikes Peak folio 
(No. 7),1894. 
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crop of limestone with part of the Manitou limestone at the 
type locality, 12 miles south. The Manitou limestone may be 
correlated in part with other formations in the Cordilleran 
region that contain a Beekmantown fauna, such as the Garden 
City limestone of northern Utah, the Longfellow limestone of 
central Arizona, and the EI Paso limestone of west Texas. 

CARBONIFEROUS SYSTEM. 

Middle and Upper Ordovician, Silurian, and probably Deyo­
nian time is not represented by sediments in the Front Range 
region where, howeyer, all three series of the Carboniferous 
system are believed to be developed. The Mississippian is 
represented by the Milhmp limestone, the Pennsylvanian by 
the Fountain formation and Lyons sandstone, and the Permian 
probably by the Lykins formation. Other names have been 
used from time to time for these formations, as shown in the 
table on page 13, but those adopted here represent cUITent 
usage. 

~lISSISSIPPIAN SERIES. 

Name.-The )'lillsa.p limestone WHS named by Cross in the 
Pikes Peak folio. In that quadrangle the formation is repre­
sented by about 30 feet of thin-bedded, variegated dolomitic 
limestone containing a few thin layers of sandstone. Chert 
nodules in the upper part of the limestone carry casts of 
characteristic Mississippian fossils. 

Dwtribution and oharaoter.-In the Castle Rock quadrangle 
the Millsap limestone outcrops at the base of the mountains at 
two localities in Perry Park, one at the southeastern extremity 
of the pa.rk and the other west of Bear Creek. These areas, 
which are about 2 miles apart, are separated by a fault. 

At the southeast end of Perry Park, in secs. 1 and 2, T. 10 
S., R. 68 W., and in the SW. t sec. 35, T. 9 S., R. 68 W., the 
Millsap limestone forms the crest and outer slope of a line of 
hogbacks at the base of the mountains. 

The formation is less than 100 feet thick and the outcrop 
forms a narrow band extending northwestward about 2 miles. 
For a considerable part of its extent the limestone is covered 
by vegetation and talus, but fairly good exposures are made 
by a few creeks which cross the formation. West of the 
mouth of Gove Canyon, in the NE. t sec. 2, T. 10 S., R. 68 
'V., the following section was measured: 

Section of Mill~ap limestone at mouth of Gove Oallyon. 

Fountain forma.tion: 
Arkose. 

Millsap formation: Feet. 
Shale, sandy, and clay, red 25± 
Limestone, thill bedded; gray to purplish chert 

nodules in upper part contfdnlng MisRi~sipplan 
fossils___________ _______________________ 60 

Sa.watch sandstone. 

'Vest of Bear Creek the formation occupies an area less than 
half of a square mile in extent at the western margin of the 
quadrangle. The following measurement was made in the 
BW. t sec. 22, T. 9 B., R. 68 W.: 

Section of Millsap limestone west of Bear Gt·eek. 

Fountain formation: 
Arkose. 

Millsap limestone: Feet. 
Shale, sandy, and clay, red _ 25± 
Limestolle, purplish to gray, fossiliferous chert nod-

ules ill upper part________ _________________ 40 
Sandstone. fine grained, quart.zose, reddish______ *-1" 

Sawatch sandstone. 

Plate XVI shows the general relations of the Millsap to 
adjacent forp:1a~ions at this pla.ce. A t.hin bed of indurated 
reddish sandstone rests on an uneven surface of white sand­
stone, which is tentatively referred to the Bawatch. At the 
top of the section the relations of the red shale to the overlying 
coarse white arkose of the Fountain formation are obscure. 
As no fossils have been found in the red shale its stratigraphic 
pla.ce is in doubt., but it is tentatively referred to the Millsap. 

Age and oorrelation.-The fossils listed below, found in chert 
nodules in the upper part of the limestone below the red shale" 
were determined by G. H. Girty: 

Fossils from the Millsap limestone in SW. t sea. t2, T. f} S., R. 68 W. 

Fistulipora? sp. 
Fenestella ap. 
Lioclema? ap. 
Schuchertella Bp. 
Cranaena subelliptica var. hard· 

illgensls. 
Spirifer centronatus. 
Spiriferilla. solidiroatris. 

Composita subquadrata? 
Myalina arkansana? 
Conocardlum Bp. 
Streblopteria meuia. 
Small gastropods. 
Beyrichia Bp. 
Paraparchites sp. 

Fossils from SW. i sec. 3o, T. 9 S., R. 68 W., west of (}OfJe Ot·eek. 

Crallaena subeUiptica var. hard- I Conocardlum sp. 
illgenBis. I Orthoceras Bp. 

~~:~~:t~P~UbqUadrata? I Paraparchites1 sp. 

FOS8ils from NE. t sec. fl, T. 10 S., R. 68 W., west of mouth oj Gove Oanyon. 

Stenopora? sp. I Myalina arkans.ana1 
Cralla.ella subelliptica var. hard· COllocardium sp. 

ingensis. Paraparchitea sp. 
Spil'Her centronatus. Priroitia sp. 

~~!~~i::~arcYi I Beyrichia ep. 

Mr. Girty sta.tes that this is the well-known fauna of the 
Millsap limestone, which is of Mississippian age. All the 
fossils came from the upper part of the limestone, so that 
the lower part may possibly be Devonian. This possibility 
must be borne in mind, because in southwest Colorado the 
Ouray limestone, which contains a Mississippian fauna in its 
upper part, contains in its lower part a Devonian fauna. But 
Devonian fossils have not been found in any of the Front 
Range _sections of Paleozoic rocks, and in the absence of evi­
dence to the contrary it may be assumed that the strata between 
the Pennsylvanian and Cambrian rocks, in Perry Park, com­
prising less than 100 feet, are Mjssissippian. 

Marine waters were apparently widespread in the Cordilleran 
region 'during Mississippian time, and it seems probable that 
the Millsap is equivalent to the upper parts of the Leadville 
limestone of central Colorado, the Ouray limestone of south­
west Colorado, and the Madison limesto;le of Montana, Wyo­
ming, and Utah; also to the Escaorosa limestone and the lower 
part of the Red wall limestone of Arizona. 

Name.-The name Fountain formation was given by Cross 
in the Pikes Peak folio to a series of red sa.ndstones, grits, 
and conglomerates, a part of the so-called fiRed Beds," found 
in typica.l development on Fountain Creek below Manitou 
Springs. In the Castle Rock quadrangle the Fountain forma­
tion is about 2,000 feet thick and is of the same general char­
acter as at the type localit.y, which is only 10 miles to ·the 
south. 

DistTwution.-In the Castle Rock quadrangle the Fountain 
formation occupies an area of about 5 square miles in Perry 
Park. On the east it is brought into contact with the Pierre 
shale by a great fault and on the west it is divided into two 
parts by another fault that almost completely separates the 
area of outcrop of the formation into two parts, which are 
joined by a strip only a quarter of a mile wide in the SE. 1-
sec. 22, T. 9 S., R. 68 'V. The southeastern area is the larger 
of the two and is characterized by low strike ridges and inter­
vening valleys formed by relatively hard and soft beds. The 
strata strike almost east-west and dip from 12" to 15" north­
ward, except at the south end of the outcrop, where the dip 
steepens to 45°. Only a small part of the northwestern area 
of the Fountain formation lies in the quadrangle. In this area 
the beds outcrop in irregularly dissected masses, which dip 
northeastward at an angle of about 1.1°. Against the granite, 
however, at the base of the mountains the dip increases to 75° 
and 80°. 

In the southern pflrt of the quadrangle, in the foothills, a 
few small areas of steeply eastward-dipping beds of the Foun­
tain formation have been exposed by erosion of the coyer of 
out\'\'"ash deposits. 

CharacteT.-The Fountain fprmation is a complex mass of 
arkosic sandstone a.nd conglol!lerate and subordinate shale, and 
1S of various color, composition, and texture. In the Castle 
Rock quadrangle the bulk of the formation consists of medium 
to coarse grained sandstone. Beds of conglomerate are llOt 
common and where pebbles are present they are generally 
interspersed in the sandstone in irregular layers. Interbedded 
with the prevailing coarse sandstone are thinner bedded fine­
grained sandstones a,nd a few thin beds of shale. The rocks 
weather into irregular forms, as shown in Plates X and XI. 

Red in various shades is the predominating color of, the 
formation, dark brick-red being the most common tint, but in 
places the lower 200 to 300 feet of the formation is light 
colored or eyen white. The preYailing red color is due to 
ferric oxide that occurs in two forms-as an inclusion in the 
feldspars and as an interstitial filmlike coating on the minerals 
composing the rock. 

The dominant mineral constituents are quartz and feldspar 
of various degre~s of coarseness, embedded in a matrix of finer 
grains of the same minerals. Mica is very subordinate, but 
muscovite, presumably in large par_t a decomposition product of 
orthoclase, is rather common in the finer grained sandstone. 
The conglomeratic layers are composed of subangular and 
rounded pebbles, the largest 3 inches in diameter, chiefly of 
quartz but also of granite, red sandstone, chert, and limestone, 
probably chiefly Millsap limestone, though no fossiliferous 
pebbles were found. Cross-bedding is common throughout the 
formation. 

Relations.-In the Castle Rock quadrangle the Fountain 
formation lies unconformably on the Millsap limestone and is 
overlain in apparent conformity by the Lyons sandstone. In 
parts of the foothills it overlaps older rocks or occupies faulted 
relations with several formations. 

Age and oorrelation.-In the absence of fossils the Fountain 
formation was formerly assigned to the "Jura-Trias" system by 
some geologists and to the Carboniferous by others, but fossils 
collected in it at different localities 'in recent years show that 
it is of Pennsylvanian age. Along the foothills in the northern 
part of the State and elsewhere thin beds of Vmestone in the 
formation haye yielded species of undoubted Pennsylranian 



fossils. Neither limestone nor fossil Rhells have been found 
in the formation in the Castle Rock quadrangle, but a lycopo­
diaceous root was discovered in white arkose above the Mill­
sap limestone in the SW. t sec. 22, T. 9 S., R. 6-8 'V. This 
root is identified as Stigmaria Ver1'ttcosa (Martin) S. A. :\liller 
by David "\Vhite, who states that "this type of root, familiarly 
known as Stigmaria ficoides, probably belonged to several 
sigillarioid or lepidodendroid species, the differentiatioll being 
too little for corresponding specific correlation. The verrucosa 
type is essentially characteristic of the Pennsylvanian." No 
other fossils were found in the formation in the quadrangle, 
but inasmuch as the lower part of the overlying Lyons sand­
stone has yielded a Pennsylvanian fauna in northern Colorado 
the Fountain may he considered to be entirely of Pennsyl­
vanian age. 

The formation has been traced, except in areas occupied by 
younger overlapping deposits, from northern Colorado to the 
vicinity of Pueblo, and throughout that distance it is appro­
priate to designate it by one name. The Fountain is equiva­
lent to the lower part of the "Lower Wyoming" of the 
Denver region, and probably also should be correlated with 
the }Iaroon conglomerate of the Anthracite-Crested Butte 
region and '",ith the Hermosa formation of the San Juan region. 

Name.-In the Front Range foothill region at severallocali­
ties between the Colorado-'''yoming boundary and Arkansas 
River the coarse-textured arkosic sandstones of the Fountain 
formation are succeeded by several hundred feet of fine-grained 
red and white quartzose sandstone, 'which has been recognized 
as a distinct formation and named by Fenneman the Lyons 
sandstone, from the town of Lyons, in Boulder County. Eld­
ridge 1 included these beds in the upper part of the" Lower 
Wyoming." 

The formation can not be traced from its type locality to the 
Castle Rock quadrflngle because of the cover of Quaternary 
deposits in intervening areas, and in the absence of direct trac­
ing or of distinctive fossils the absolute equivalence of these 
beds to the Lyons formation can not be established, hut it 
seems appropriate to apply the name Lyons to the beds in the 
Castle Rock quadrangle becunse of their similarity in general 
lithologic character. and in stratigraphic position to the Lyons 
formation farther no~,th. In the area under consideration the 
sandstone is less indurated, is not so flaggy, and is not notably 
cross-bedded, as in the type locality. It is ahont 600 feet 
thick. 

Distrwt!l'ion and clw,1'acter.-~early everywhere throughout 
its extent the Lyons sandstone forms prominent topographic 
features. In Perry Park it crops out in a narrow cur red ridge 
conforming to the general structural trend. At the suutheast 
end of the park, in sees. 36 and 25, T. 9 S., R. 68 ·W., it 
occupies a narrow zone between the Fountain formation and 
the Pierre shale. In sees. 25 and 26 it occupies a broader 
belt, a little more than a mile in length, northwest of which 
the outcrop is again narrow. Northwest of the lake in Perry 
Park the sandstone forms a striking feature of the topography, 
standing out in a narrow dissected ridge of brick-red sandstone 
200 or 300 feet high, rivaling in effect some of the celebrated 
scenery of the Garden of the Gods. (See PIs. XII-XV.) 

The Lyons I!andstone lies in apparent conformity between 
the Fountain and Lykins formations. Just east of the road in 
sec. 25, T. 9 S., R. 68 'V., fine-grained quartzose red sandstone 
lies directly on a coarse-grained arkosic reddish sandstone. 
The surface of separation is somewhat uneven and a few 
pebbles of quartz, one-eighth to one-fourth inch in diameter, 
occur at the base of the generally fine-grained sandstone. A 
mile southeast of the lake in Perry Park there is an apparent 
transition from the Fountain to the Lyons, marked by lemles 
of fine-grained red sandstone at the top of the arkose and 
by streaks of coarse arkose at the base of the Lyons. 

The formation is an evenly fine grained sandstone composed 
of rounded grains of quartz. Local variations are caused by 
irregular streaks of coarse sandstone, composed in some places 
of larger grains of quartz and in others of quartz and feldspar. 
Small bits of feldspar and mica are distributed in minor quan­
tity through the sandstone. A notable feature of the sandstone 
in Perry Park is that the lower part is generally pinkish red (a 
color due to the coating of the quartz grains by a thin film of 
iron oxide) and the upper part of the formatio~ is generully 
white. A mile southeast of the lake in Perry Park, in sec. 
23, T. 9 S., R. 68 W., the twofold color is well shown, but 
from that place westward to the lake the upper part of the 
sandstone is valicolored. This is 'well shown in the bluff 
immediately southeast of the lake, where the colors are buff, 
gray, and various shades of red, all merging one into 'the other. 
West of the lake the sandstone is practically all red. The 
white sandstone is in places seamed with minute veinlike 
streaks of silica, which, being harder than the surrounding 
material, stands out conspicuously on weathered surfaces. A 
conglomeratic phase of the sandstone, which occurs in the 

1 U. S. Geol. Survey Mon. 27, p. 19, 1896. 
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Colorado Springs quadrangle, wus not found in the Castle 
Rock area. 

Age and correlat£on.-Fossils have not been found in the 
Lyons sandstone in central Colorado, but at Owl Canyon, 16 
miles south of the Wyoming boundary, Henderson, of the 
Colorado Geo~ogical Survey, reports the presence of Pennsyl­
vanian shells iIi a limestone at or near the base of the Lyons 
sandstone. Six miles farther south the limestone is rep~rted 
practically to disappear and to pass into the Lyons. The 
Lyons is therefore, at least in part, of Pennsylvanian age. 
The oyerlying Lykins formation is tentatively referred to the 
Permian by Girty, but where to draw the line between the 
Pennsylvanian and Permian here as in other regions is not yet 
known. In the absence of evidence to the contrary the whole 
formation is here tentatively referred to the Pel1nsyh'anian. 

The Lyons formation is probably in part represented in the 
Denver region by the "Creamy sandstone" of Eldridge, which 
Darton has shown is probably equivalent to the Pennsylvanian 
Tensleep sandstone of W yorning. 

PERMIAX (l) SEItIES. 

Name.--The Lykins formation is the name given by Fen­
neman to a group of strata comprising several hundred feet 
of soft red sandstone, and sandy shale, including some limf'­
stone and beds of gypsum in its upper part. In the Castle 
Rock quadrangle it is about 225 feet thick. The nume is 
taken from Lvkins Gulch, north of Boulder, Colo. The 
Lykins fo]'mat"ion outcrops in detached areas in the foothill 
region bebveen the Colorado-Wyoming boundary and Arkan­
sas River, where it is eflsily recognized by its characteristic 
lithology and its stratigraphic position between the Lyons 
sandstone alld the Morrison formation. Eldridge 1 named the 
same beds "Upper '''Joming.'' 

Distribution and cha'l'acter.-In the Castle Rock quadrangle 
the Lykins formation outcrops in a narrow, curved belt about 
4 miles longo, varying in width from less than 100 feet to a bout 
600 feet, and extending northwest and southeast of the lake 
in Perry Park. Neal' the boundary between T. 9 S., R. 68 'V., 
and T. 9 S., R. 67 'V., the formation strikes into the Pierre 
shale, from which it is separated by a great fault, and it 
extends westward beyond the limits of the quadrangle. 

As it is composed in general of soft, easily eroded beds the 
formation occupies a valley between the more resistant Lyons 
sandstone and a lesll conspicuous ridge of limestone neur the 
base of the overlying }forrison formation. (See PIs. XII-XIV.) 

In sec. 23, T. 9 S., R. 68 'V., the lowe]' part of the forma­
tion is made prominent by two small hogbacks formed by thin 
beds of limestone, but such a development is uncommon. The 
full section of the formation is nowhere exposed in the quad­
ran,G!;le because the soft rocks are generally covered by debris. 

The formation is composed chiefly of sundy and clay shale, 
brilliantly colored in various shades of red, with thin beds of 
gray sandy limestone, a bed of crinkly laminated white sand­
stone in the lower part, and considerable gypsum at the top. 
The most complete section was measured about a quarter of a 
mile northwest of Bear Creek as follows: 

Partials€ction of Lykins formation in sec. 15, T. 9 S., R. 68 w. 
Morrison formation. 
Lykins formation: Feet. 

Gypsum, whit.e__ _ ____________ ._ 50± 
Concealed; probably sandy and clay shale and thin 

sandstones, red__ _ 100± 
Sandstone, quartzose. thin bedded, bro"n___ 8 
Sandstone, quartzose, white __ 
Shale. red_ 
Sandstone, calcareous, quartzose, thin bedded and 

massive; brecciated __ ._ . ________________________ _ 

Sandstone, quartzose, thin bedded. reddish and 
white __ 

Shale, sandy, red ______________________________ ._ 
Sandstone. quartzose, crinkly, white 
Shale, sandy, and clay, red (partly covered) _ 80 
Limestone, eandy, brecciated, pitted__________ 4 
Shale, red. 

215± 

Two thin beds of limestone, ranging in thickness from a few 
inches to 4 feet, are well exposed in plaC'es in the quadrangle 
and in sec. 23, a mile southeast of the lake, they form two low 
ridges. There the gypsum at the top of the Lykins is the 
most conspicuous member of the formation. It is about 40 
feet thick and is 'well exposed in a line of low hills. (See PI. 
XIV.) The following section of gypsum 'was measured in the 
face of the hill just west of the road in sec. 24: 

Gypsum at top of Lykins formation in sec. 24, T. 9 S., R. 68 W. 

Morrison formation. 
Lykins formation: 

GypSUIll, 1llassi,e and thin bE'dded: banded with thin 
streaks of gray shale and sandstone__ 35 

Gypsum, massive. white and pinkish__ tu 
Concealed__ 35 
Shales, l'ed. 

The gypsum is a massiye-bedded granular variety of various 
degrees of purity, the variation being due to admixture of sand 

1 U. s. Geol. Survey Mon. 27, p. 20, 18116. 

and clay. Bands of satin spar 3 to 4 inches thick with strite 
perpendicular to the bedding occur in some places. 

Age and correlation.-The fossils listed belo'w, identified by 
G. H. Girty, were found by the writer in 1911 in a thin bed of 
white limestone a few feet above the base of the Lykins for­
mation three-fourths of u mile southeast of the lake in Perry 
Park. 

Fossils from Lykins formation in NW. t sec. 28, 1'. 9 S., R. 68 W. 

Allerismasp. 
Edmondia sp 
Myalina perutt.enuata? 

I A viculipecten sp. 
Alula squamulifera. 

I Loxollema sp. 

Mr. Girty tentatively regards these fossils as Permian and is 
inclined to cOl'l'elate the Lykins with the Rico formation of 
the San Juan district. On stl'a'tigraphic evidence Darton 1 has 
correlated the Lykins with the Chugwater formation. It is 
possible that the upper part of the Lykins is of Triassic age, 
but of this there is no evidence. 

JURASSIC OR CRETACEOUS SYSTnJ, 

In this region the absence of rocks belonging to the Triassic 
system and to part, at least, of the Jurassic indicates a con­
siderable hiatus after the deposition of the Lykins formation, 
for the Morrison formation, which directly overlies the Lykins, 
is of doubtful Upper Jurassic or Lower Cretaceous age. 

Name.-The Morrison formation, named by Eldridge 2 from 
its development near the town of Morrison, in Jefferson 
County, Colo., consists at the type locality of about 200 feet of 
varicolored shale, a few bands of sandstone and fresh-water 
limestone, and a conspicuous bed of sandstone 60 feet below 
the top. The clays of the lower part of the formation have 
been called the "Atlantosaurus beds," from the predominant 
form of a remarkable series of reptilian remains which have 
been found in them. 

Distribution and character. - The format.ion outcrops in 
Perry Park in a narrow curved zone extending about 4 miles 
in a general northwest-southeast direction and lying between 
the Dakota hogback and the low gypsum ridge that marks the 
top of the Lykins formation in T.9 S., R. 68 W. Like the 
underlying Lykins the Morrison formation is composed of 
soft, easily eroded strata, and the two together occupy a strike 
valley between ridges formed of more resistant rocks. (See 
PIs. XII and XIII.) This valley is longitudinally bisected by 
the low ridge formed by the limestone near the base of the 
Morrison. The greater part of the ~lorrison occupies the 
inner slopes of the Dakota hogback. (See PI. XIV.) 

The soft rocks of which the formation is composed are rarely 
exposed in the quadrangle, as they occupy either a grass­
covered low lund or a slope littered with talus of the overlying 
beds. Theil' estimated thickness is 200 feet. The best expo­
sure of the formation 'was found in sec. 15, T. 9 S., R. 68 W., 
where the following partial section was metlsured: 

Partial seoUon of JIorrisonformation in sec.l5, T. 9 S., R. 68 w. 
Sandstone of Purgatoire formation. 
Morrison formation: 

Interval, in part red shale ______ _ 
Sandstone, quartzose, white._ 
Interval_____ _ ______________ _ 
Limestone, fine grained, gray __ 
Interval, in part drab clay shale __ 

Lykins formation; gypsum. 

Feet 
150 , 

10 
2± 

35 

200± 

In the S\V. 1- sec. 24 the following section of the lower part 
of the formation is exposed: 

Section aflower pal·t of Morrisonfol'mation in sec. 24,1'.9 S., R. 68 lV. 

Limestone. fine grained, gray; showing on weathered sur· 
face cross sections of fresIl·water gastropods __ 

Shale. drab to green__ 15 
Sandstone. quartzose, fine grained, gray._ 
Shale, drab, green, an?- red__ 15 
Gypsum; top of Lykins formation. 

Along the western border of the lake in Perry Park small 
patches of fine-gruined quartz sandstone, thin gray limestone, 
and gray and reddish shale of the Morrison formation are 
exposed, but in general the Morrison outcrop is covered by 
debris which conceals the character of the formation. 

On account of the poor exposures t.he character of thp- upper 
and lower contacts of the Morrison formation ill the Castle 
Rock region is not evident, but in other places the formation 
lies unconformably on the underlying rocks. In the Pikes 
Peak quadrangle it directly overlies the Fountain formation. 

Age and cOTrelation. - These rocks are assigned to the 
Morrison formation because of their lithologic character and 
stratigraphic position. Theil' occurrence in Perry Park is only 
25 miles south of the type locality at Morrison, and although 
the formation can not be traced continuouslv between the 
localities on account of overlap by younger dep~sits, there can 
be no doubt of their equivalence. 

The only fossils obtained by the writer from these rocks in 
the Castle Rock quadrangle are remains of fresh-water gastro­
pons, crol'ls AE'{'tions of which were found on weathered surfaces 

1 Darton. N. H., U. S. Geol. Survey Prof. Paper 82, pp. 83-88, 190.): Grol. 
Soc. America Bull .. ,01. 1;5, pp. 421-423, 1904. 

IIU. S. Geol. Survey Mon. 27, p. 60, 1896. 



of a bed of limestone near the base of the formation. An 
unidentified dinosaur bone, preserved in the collection of the 
East Denver High School, is reported also to have been 
obtained from thEse beds in Perry Park. 

At several loc'alities in the foothills of the Front Range, 
notably at Morrison and at Garden Park, near Canon City, 
a variety of well-preserved vertebrate remains, including dino­
saurs, crocodiles, and turtles, have been found in the Morrison 
formation. 1\~ otwithstanding these collections, the age of the 
~forrison is in doubt. At first it was considered Jurassic, but 
during recent years the drift of opinion seems to be toward 
assigning the formation to the Lower Cretaceous. 

CRETACEOUS SYSTE!lf. 

Though this region was a land area in the early part of the 
Mesozoic era it was submerged during Lower Cretaceous time, 
when the marine Purgatoire formation was deposited. Until 
recently this formation was thought to be part of the Dakota 
sandstone, but the discovery in it of Comanche fossils proves 
that the early Cretaceous sea invaded this area, although the 
deposits: are very thin compared with those of the Comanche 
in Texas. 

Distribution and character.-The Purgatoire formation, a 
name given by Stose in the Apishapa folio to the Lower Creta­
ceous strata of part of southeastern Colorado and derived from 
the name of Purgatoire RiYer, comprises about 200 feet of 
sandstone and shale. Although a thin formation, the Purga­
toire has been recognized in a number of areas east of the 
Front Range. In the Colorado Springs quadrangle Finlay 
has di dded the Purgatoire into two parts, an upper shale 
member and a lower sandstone member, to which he gives the 
name Glencairn shale member and Lytle sandstone member, 
respectively. Characteristic Lower Cretaceous fossils have not 
been found in the Castle Rock quadrangle, but shale and sand­
stone that occupy the stratigraphic position and possess the 
lithologic character of the Purgatoire are present and are 
tentatively correlated with that formation. The exposures are 
so poor, however, that the two thin members are not separately 
mapped. 

The strata assigned to the Purgatoire formation ontcrop in 
Perry Park on the inner flanks of the Dakota hogback, a 
prominent strike ridge that curves north westward across the 
central part of T. 9 S., R. 68 W. (See PIs. XII, XIII, and 
XIV.) The beds dip northeastward at angles ranging from 
20° to 80°. The formation is cut off on the southeast by a 
fault and on the northwest is exposed for only a few miles 
beyonq. the quadrangle and is again cut off by a fault. In 
general the beds are concealed, the belt of outcrop being 
littered with debris of the Dakota sandstone. The lower sand­
stone member of the Purgatoire formation, however, is well 
exposed at some places, as immediately west of Bear Creek. 
(See PIs. XII and XIII.) In sec. 15, T. 9 S., R. 68 W., the 
strata are almost vertical, and in places the weathering of the 
upper shale member of the Purgatoire causes a narrow depres­
sion just below the crest of the hogback. 

The formation is composed of a lower sandstone member, 
about 80 feet thick, and an upper shale member, about 160 
feet thick, corresponding respectively to the Lytle sandstone 
member and the Glencairn shale member of the Purgatoire 
formation as mapped by Finlay. 1 The sandstone member is 
best exposed at the north end of the lake in Perry Park, in the 
SE. i sec. 15, T. 9 S., R. 68 'V., where 80 feet was measured 
above the covered base. The sandstone is fine grained and is 
composed chiefly of quartz, but it is also locally feldspathic, 
especially in its lower part, which contains grains of kaolinized 
feldspar. It includes also conglomeratic lenses consisting of 
rounded pebbles of chert and quartz, the largest a quarter of 
an inch in diameter, as well as iron-stained concretions. The 
upper beds of sandstone are ripple marked. Although the 
upper part of this formation is not well exposed, the outcrops 
in places show beds of drab and carbonaceous clay shale. 

Age and correlation.-The only fossils obtained from these 
beds were found near the base of the shale immediately above 
the lower sandstones in the SE. t sec. 15, '1'. \) S., R. 68 W. 
These were identified by Stanton as Lingula sp. and worm 
burrows. He reports that though it is probable that this col­
lection is from beds referred to the Lower Cretaceous' series 
neal' Canon City, the specimens of Lingula do not in them­
selves furnish sufficient evidence to demonstrate that fact. 
There are species of Lingula in the Upper Cretaceous as well 
as in the Comanche, and they do not show enough differences 
to make them safe stratigraphic guides. 

The sandstone and shale of the Purgatoire formation, by 
their lithology and stratigraphic position, suggest comparison 
with the Lakota sandstone and Fuson shale of the Black Hills 
region, but the Purgatoire is'marine, whereas those formations 
are presumably fresh-water deposits. 

1 Finlay. G. I .. U. S. Geol. Survey Geol. Atlas, Colorado Springs folio 
(in preparation). 
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.UPPER CRETACEOUS SERIES. 

Upper Cretaceous time in this region was characterized by 
continued subsidence and by the presence during most of that 
epoch of a great interior sea. in which many thousand feet of 
strata were deposited. These stmta are subdivided into the 
Dakota sandstone, t.he Colorado and Montana groups, and the 
Laramie formation. 

The Dakota sandstone, the oldest of the Upper Cretaceous 
deposits, is exposed only in Perry Park, where it forms the 
crest and dip slope of the ridge, which here, as elsewhere in 
the foothill region, is the most conspicuous of the Cretaceous 
hoghacks. The Dakota hogback curves from north west to 
southeast across the central part of T. \) S., R. 68 'V. (See 
PIs. XII and XIII.) The sandstone caps the ridge and forms 
the dip slope, as shown in Plates XIV and XV. Good expo­
sures of the sflUdstone are shown where West Plum and Bear 
creeks have cut across the ridge. 

The Dakota is a fine-grained ·white to gray quartzose sand­
stone indurated by siliceous cement. About 60 feet of it is 
exposed at localities favorable for measurement, but the con­
tacts with the underlying and overlying shales are concealed 
by debris. 

Fossil leaves, identified by F. H. Knowlton as Salix pro­
tem/olia Lesquereux and 8apind-us morrisoni Lesquereux, 
were collected from the Dakota sandstone in the SE. t 
sec. 15, T.\) S., R.. 68 W., a quarter of a mile northwest of 
Bear Creek. ..Mr. Knowlton reports that these are both ·well­
known Dakota species, found in the beds of that age at Mor­
rison, Colo. 

BENTON AND NIOBRARA FORMATIONS. 

The Colorado group, which overlies the Dakota sandstone, 
is ordinarily divided into the Benton shale and the Niobrara 
limestone, but in the Castle Rock quadrangle the rocks are so 
covered by Quaternary deposits that it is not practicable to 
divide the group. 

Character and distJ'ibution.-The Benton consists of about 
600 feet of dark shale with interb~dded fossiliferous gray lime­
stone and in places a sandstone, which is locally developed in 
the upper part of the formation. In the area south of the 
Castle Rock quadrangle the Benton is divided into three forma­
tions-the Graneros shale at the base, the Greenhorn limestone 
and the Carlile shale above. The Niobrara consists of about 
400 feet of limestone and calcareous shale, generally with a 
well-developed limestone at the base. 

The Colorado group outcrops in two areas in the south~ 
·westel'll part of the quadrangle, one north of Deadmans Creek, 
and the other in the hogback area northeast of Perry Park. 
A complete section is not exposed because of faulting in the 
area north of Deadmans Creek and of Quaternary covel' north­
east of Perry Park. 

In the hogback region, in T. 9 S., R. 68 W., most of the 
Colorado group occupies a lowland belt lying parallel to and at 
the base of the Dakota. hogback. In this belt" it consists of 
soft shale and thin limestone, but a harder zone of sandy lime~ 
stone forms a ridge which in places is more prominent than the 
Dakota ,hogback. 

In the area north of Deadmans Creek, in the NE. t sec. 5, 
T. 12 S., R. 67 W., a narrow belt of the Colorado group is 
exposed, for a distance of about half a mile. The strata are 
steeply tilted and locally overturned in a fault zone. In this 
area there is a threefold division of the Benton, apparently 
corresponding to the Graneros shale, Greenhorn limestone, and 
Carlile shale, but pe~ause of the poor exposures and the scale 
used it is not practicable to map the group in this area. 

The following section was measured in the NW. t sec. 5, 
'1'.12 S., R. 67 W.: 

Partial section of Colorado group in NE. i sec. 6, T. 12 S., R. 67 W. 

Ft. J.D.. 
Limestone, whitish_. 50+ 
Shale, drab, clay ____________ .________ _________________ 1 

Sandstone, caleareons gray, fossiliferous__ 10 
Shale, fissile, blue-black, clay _____________ 25 
Limestone, thin bedded, fine grained, gray __ 75 
Shale, drab to bluish__ 50 

Scatt.ered exposures in gullies northeast of Perry Park show 
dark fissile clay shale streaked with thin bands of fossiliferous 
gray limestone in the lower. part of the section. These soft 
strata are 500 feet thick and are succeeded aboye by a ridge­
making zone of gray sandy limestone which is about 50 feet 
thick. 

F08sil-s.-The following fossils, referred to the Benton by 
T. 'V. Stanton, were collected from the Colorado group in the 
Castle Rock quadrangle: 

Fossils fi'om lime&tone lenses in ~·hale in NW. t sec. 15, T. B S., R. 68 W. 

Ostreasp. I Inoceramus sp. 

Fossils f1'om limestone in SE. t sec. 15, T. B S., R. 68 W. 

Inoceramus fragllis Hall and Scaphites warreni Meek and Hay-
Meek. den. 

Fossils from calcareous sandstone in BE. t sec. 5, 1'. 12 S., R. 67 W. 

Ostrea sp. I Prionocyc1us wyomingensis Meek. 
Inoceramus fmgilie Hal! and Fish vertebra. 

Meek. 
Scaphites warreni Meek and 

Hayden. 

MONTANA GROVP. 

PIERRE SHALE AND FOX HILLS SANDSTONE. 

The Montana group, which overlies the Colorado group, 
comprises the Pierre shale and Fox Hills sandstone, marine 
deposits that aggregate several thousand feet in thickness. In 
normal sections in this region the Pierre shale conformably 
overlies the shale of the Niobrara group and grades upward 
into the overlying shale and sandstone of the Fox Hills forma­
tion, which represent the final marine deposits of the great 
interior Upper Cretaceous sea. 

Both the Pierre shale and the .Fox Hills sandstone are 
exposed in the area about Denver and Colorado Springs and 
doubtless underlie the Castle Rock quadrangle, but their char­
acter and thickness in that quadrangle are not known, for the 
rocks are faulted and in large part are cm'ered by Quaternary 
deposits. It is impossible to Eepal'ate the Pierre and Fox Hills 
formations in this area, and they are therefore mapped together. 

The Montana group occupies an area of a little more than 5 
square miles in the northeastern part of T. \) S., R. 68 W., an 
undulating lowland area mantled with Quaternary debris and 
traversed by West Plum Creek. A small continuation of the 
outcrop extends in a narrow belt into the southwestern end of 
T. \) S., R. 67 W., where the Pierre shale is brought into con­
tact with all the underlying formations down to the Fountain 
formation by a great normal fault. In the southwestern part 
of the quadrangle, where the Montana would normally out­
crop, it is covered by younger deposits. 

The Pierre in adjacent areas is a great mass of dark-colored 
clay shale reported to be 2,500 feet thick in the Colorado 
Springs quadrangle and 7,700 feet thick in the Denver 
area, although the enormous thickness last given has been 
questioned. The uniformity of this great mass of shale is 
relieved by scattered thin lenses of limestone, which in places, 
as a result of ~yeathering, cap low hills that form characteristic 
features of the Pierre outcrop and have been named "tepee 
buttes." One of these buttes is poorly developed in the Castle 
Rock quadrangle, near the center of sec. 10, T. \) S., R. 68 W. 

The Fox Hills sandstone in adjacent areas consists of several 
hundred feet of sandy shale capped by a bed of persistent 
sandstone. It is reported to be 500 to 1,000 feet thick in 
the Denver area and about 600 feet thick in the vicinity of 
Colorado Springs. 

Fossils.-The fossils named below ,vere identified by T. W. 
Stanton. 

Pierrefossilsfrom limestone near center of sea. 10, T. 9 S., R. 68 W. 

Inoceramus barabini Morlon. 
Lucma occidentalis (Morlon). 

Fossils fi'om limestone lens 200 feet below the base of the Laramie formation 
inNE. tSerJ.3, T. (IS., R. 68 W. 

Avicula nebrascana Evans and I Scaphites sp. 
Shumard. Fragment of a large specimen 

Limopsis (?) sp. apparently belonging to S. con· 
Anchura americana (Evans and radi (Morton). 

Shumard). 

Stanton states that the fossils' last named are either Fox Hills 
or upper Pierre. 

LARAMIE FORMATION. 

Name and identification.-The status and the nomenclature 
of the Laramie formation haye been the subject of controversy 
for many years, and it is still a question ,vhether certain strata 
in the Rocky )lountain region shall be called Laramie. It is 
generally agreed, however, that the beds in the Denver region 
referred to the Laramie by Eldridge 1 are correctly assigned, 
and the foothill region of the Front Range in the Denver 
Basin has come to be recognized as the type area for the 
Laramie. rrhe name .Laramie is applied to brackish and fresh 
water beds that conformably succeed the uppermost marine 
,Montana. It is the youngest Cretace9us formation in the 
Colorado Front Range region. 

In the vicinity of Denver the Laramie formation, which 
there conformably overlies the Fox Hills and is unconform­
ably overlain by the Arapahoe, is reported 1 to be between 
600 and 1,200 feet thick and divisible into two parts, a lower 
sandstone member about 200 feet thick and an upper clay 
member. Both divisions carry workable seams of coal. 

In the foothill region of central Colorado the Laramie for­
mation outcrops in detached areas separated by overlapping 
deposits in a. narrow belt of steeply tilted eastward-dipping 
strata that extend from a point a few miles north of Denver to 
the vicinity of Colorado Springs. The dip becomes less toward 
the east and in the central part of the Denver Basin, where the 
rocks lie almost fiat, the formation is deeply covered by the 
Dawson arkose or by the Arapahoe and Denver formations. 

lEmmons, S. F., Cross, Whitman, and Eldridge, G. H., Geology of the 
Denver Basin in Colorado: U. S. Geol. Survey Mon. 27, 1896. 



On the eastern limb of the basin, where the dips are low to the 
west, coal-bearing rocks, which are thought to be the eastward 
continuation of the Laramie formation but from which satis­
fadory collections of fossils have not yet been obtained, are 
revealed by the erosion of the prevailing cover of younger 
deposits. These rocks are underlain by the Fox Hills sand­
stone, fossiliferous beds of which crop out in the breaks of 
Beaver Creek, 5 miles east of Agate, a station on the Union 
Pacific Railroad. 

No complete section of the Laramie is exposed in this region 
on account of a '\yidespread covel' of Tertiary and Quaternary 
deposits, and the original thickness of' the formation is not 
known because of the erosion that followed the post-Laramie 
uplift of the Rocky Mountain region. In the vicinity of 
Colorado Springs only the lower 250 or 300 feet of the 
'Laramie formation is preserved. 

Distribution and characler.-In the Castle Rock quadrangle, 
which is on the western limb of the Denver Basin, an isolated 
outcrop of strata referred to the Laramie lies about midway 
bebveen the area covered by that formation in the Denver 
Basin and the area covered by it in the Colorado Springs 
quadrangle. The Laramie formation has been traced south­
eastward from the Denver area to a point within 8 miles of 
its outcrop in the Castle Rock area. Farther south there is 
an interval of 18 miles between the Laramie in the Castle 
Ro~k quadrangle and the nearest exposed Laramie in the 
Colorado Springs quadrangle, the formation being covered by 
younger deposits in both the intenening areas. The Laramie 
in the Castle Rock quadrangle crops out in a narrow curved 
belt about 9 miles long and less than half a mile wide in 
the southeast quarter of T. 8 S., R. 68 W., in the northeast 
qum:ter of T. 9 S., R. 68 W., and in the southwest quarter of 
'r. 9 S., R. 67 W. In the northern part of the area the strike 
is northwest·southeast and the dip is N. 45° to 50° E.; in the 
southern part the strike is north and the dip is steeper. East 
of the outcrop nothing is known of the Laramie formation 
within the quadrangle except t.hatit is deeply buried under the 
Dawson arkose. Even along the zone of outcrop the beds are 
generally covered, being exposed only here and there. The 
best exposures are west of West Plum Creek, where the forma­
tion occupies a width of 1,630 feet, and as the dip is 50° a 
thickness of about 1,200 feet is there indicated. No complete 
section of the formation is exposed in the quadrangle, but local 
outcrops, as in sec. 34, T. 8 S., R. 68 W., show that it is a 
massive fine-grained white quartzose sandstone near the base, 
with associated thin-bedded buff and brownish sandstone, 
though apparently most of it consists of sandy and clay shale, 
carbonaceous, buff or drab in color, intercalated with thin­
bedded fine-grained sandstone composed chiefly of quartz but 
conta.ining subordinate feldspar a.nd muscovite. Small nodules 
of clay ironstone OCCUl' throughout the formation. Coal is not 
exposed in the quadrangle, but it is probuble that here, as in 
the areas to the north and south, the Laramie is conI bearing. 
It is possible that the lower pa.rt of the formation, including 
the coal zone, muy be concealed by the northvmrd extension of' 
t.he fault which borders Perry Park on the east. 

Fossils.-Good collections ot fossil plants, including about 100 
species, hase been obtained from the lower few hundred feet of 
the Laramie forma,tion in the vicinity of Denver and Colorado 
Springs, and a few bmckish and fresh-water shells have been 
found in the formation in the Denver area. 

In the Castle Rock quadrangle the plants listed below, which 
were identified by F. H. Knowlton, were collected fi'om the 
whitish sandstone in sec. 34, T. 8 S., R. 68 W. Concerning 
these Mr. Knowlton reports that the plants are not very well 
preserved and that the species were therefore not positively 
determined~ but there can be no doubt that they are properly 
l'efemble 00 the Laramie. 

Fossil plants from sandstone of the La1'ami~ formation. 

From BE. i sec. 34. T. 8 S .. R. 68 W.: 
Palm, rays only. 
Populus Illutabilis ovalis1 Heer. 
Viburnum platanoides? Lesq. 
Juglans? sp. 
Ficussp. 

FromNW. isec. 84, T. 8 S., R. 68W.: 
Palm, rays only. 
Ficus not unlike F. spectabilis but secondaries fewer. 
CinnamOInnm afHne Lesq.? or Ficus of the type F. planj· 

costata. broken at the base 

TERTIARY SYSTEM. 

Continental uplift and erosion marked the end of Cretaceous 
and the beginning of Tertiary time in the Front Range region. 
A considerable thickness of Mesozoic and older rocks 'was 
removed and a complex mass of continental deposits accumu­
lated on an eroded surface of the Laramie and older forma­
tions. In the Castle Rock area and on the Platte-Arkansas 
divide the post-Laramie deposits have long been known as 
the" Monument Creek group." The name was introduced 
in 1869 by Hayden, who described the rocks as a "series 
of variegated beds of sands and arenaceous clays * * * of 
various colors * * * and of various degrees of texture." 
During the recent survey of the Castle Rock quadrangle it was 
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found desirable to separate the ")lonument Creek group" into 
two formations, separated by a well-marked unconformity, 
which was first pointed out by Emmons and Eldridge,1 This 
unconformity is well marked on Castle Rock, north of the 
town of that name, and can be readily traced throughout the 
field. The upper formation, named the Castle Rock con­
glomerate, is of Oligocene age and the lower, named the Daw­
son arkose, is referred to the Eocene. 

Name.-The Da\vson arkose was named from Dawson Butte, 
which stands 4 miles northeast of Perry Park. The formation 
includes that part of· the Monument Creek group of Hayden 
which lies between the unconformity exposed on Castle Rock 
and the Laramie formation. 

Distribution and characler.-The DR'wson arkose outcrops 
on the Platte-Arkansas divide between Denver and Colorado 
Springs and extends an undetermined distance eastward from 
the base of the mountains, at least as far as the valleys of 
Kiowa and Bijou creeks, a distance of 40 01' 50 miles. (See 
fig. 3.) This formation occupies by far the greater part of the 
surface of the Ca~tle Rock quadrangle. Originally the Daw­
son arkose was more widely distributed, extending to the base 
of the Front Range and farther out on the plains to the east, 

FIGURE B.-Sketch map and section of Castle Rock quadra,ngle and 
vicinity. showing the distribution of the Tertiary formations. The 
Eocene-CretaceoU6 boundary on the eaAt has not been determined. 
The section below the map shows the profile and relation of the rocks 
nnderground along the line A-B on the map. 

but it has been extensively eroded. Throughout the greater 
part of the quadrangle it lies almost fiat, but locally, in the 
foothills, the beds are tilted at angles which are in places as 
high as 900. Where the arkose adjoins the Pikes Peak granite 
in the vicinity of' Palmer Lake the contact is faulted. Along 
the base of the mountains the Dawson in large part is con­
cealed by wash of Quaternary age. (See PI. XIX.) 

·In places the Dawson arkose weathers into peculiar erosional 
forms (see PI. IX), such as fantastically shaped ('olumns capped 
by local protecting harder layers. These forms are notably 
developed in Monument Park, a few miles south of the Castle 
Rock quadrallgle, but similar forms are not so well preserved 
in the area under consideration. In the southwestern part of 
the quadrangle there are, however, isolated erosion remnants 
or "monuments" of the Dawson arkose, from one of which 
the town of Monument is named. (See PIs. VII and VIII.) 

The Dawson arkose has a maximum thickness of about 2,000 
feet. It is thicker on the west, toward the source of the 
deposits in the mountains, and thins out eastward. Its original 
t.hickness was greater, but how much greater is not known 
because of pre-Oligocene erosion. 

This formation is composed of a complex mass of varicolored 
and varitextured arkosic conglomerate, sandstone, shale, sub­
ordinate carbonaceous deposits, and clay derived chiefly from 
the rocks of the Front Range and deposited under various 
continental conditions. Sandstones' comprise the greater part 
of the Dawson arkose. They are medium to coarse textured 
arkosic grits, composed chiefly of angular and semirounded 
bits of quartz and weathered feldspar derived from the Pikes 
Peak granite and associated rocks. The finer textured sand­
stones contain mica, both biotite and muscovite, in addition 
to the prevailing quartz and feldspar. Beds ·and lenses of 
conglomerate occur throughout the formation but are more 
common in its lower part and in areas near the mountains, 
where a well-developed basal bed consists of pebbles of granite~ 
quartz, quartzite, chert, and scattered fragments of limestone 
and sandstone derived from the strata in the foothills and 
embedded in an arkose matrix. It includes also local bodies 

1 u. S. Geol. Survey Mon. 27, pp. 88, 2152, 1896. 

of clay. The formation is notably nner textured in its eastern 
part, away from the source of the material, than it is neal' the 
mountains. 

The prevailing tone of the formation is whitish, a shade due 
to quartz and feldspar, but where the feldspars are iron stained 
various shades of red and yellow appear, so t.hat rusty tones are 
common. At some places the clays are brilliantly varicolored. 

The Dawson arkose shows various degrees of induration. 
Although the greater part of the formation, where exposed at 
the surface, is somewhat loosely consolidated, local ledg~s are 
formed by hard layers. The hills east of Palmer Lake, for 
example, are formed of local hard beds, whose induration, how­
ever, extends for only a few miles, for farther southeast, .along 
the st.rike, the hard beds give way to loosely cemented material, 
which is topographically inconspicuous. The plateau east of 
the railroads and north of Larkspur is a plain underlain by 
uncommonly hard beds. In general the arkose does not form 
cliffs but commonly weathers to form a gently undulating sur­
face and is prominently exposed, principally on the flat1ks of' 
buttes that are capped by the rhyolite which occurs in the 
upper part of the formation. (See p. 9.) 

No complete section of the Dawson arkose is exposed in the 
quadrangle, so that a detailed measurement can not be made of 
the entire formation without drilling, and even such a measure­
ment "muld have little value, for no two sections would be alike. 
Pronounced irregularity in the arrangement and sequence of 
the deposits is a characteristic feature of the Dawson arkose. 
Abrupt changes in composition and texture of the rocks are 
common and, as is usual in continental deposits, there are a 
number of local unconformities. 

An unconformity in the Dawson arkose of more than usual 
prominence is exp~sed near the top of a number of the buttes 
that are capped by rhyolite in the yicinity of Larkspur and 
Greenland. The following section, measured on Larkspur 
Butte, is typical: 

Seetion of upper part of Larkspur Butte. 

Feet. 
Rhyolitic rocks, cfl.pping hill ____ " _____ . ___ ,,______ i.lO± 
Arkose, reddish, conglomeratic; conta.ining fragments of 

white arkose lil,e the underlying beds and pebbles of 
granite, quartz, andquartzite ________________ .__ 25± 

Unconformity: uneven eroded surface. 
Arkose, whitish, fine textured _ 25+ 

This unconformity evidently records changed conditions, 
but whether it represents a.ny considerable hiat.us is not known, 
because no fossils have been obtained from the immediately 
overlying or underlying rocks. 

Another unconformity is shown by the uneven surface below 
the rhyolite on the west side of Dawson Butte. Although 
the surface on which the rhyolitic rocks lie is generally C011-

cealed, this exposure on Dawson Butte suggests that the igne­
ous rocks were deposited on a.n eroded surface of the Dawson 
arkose, but there is no evidence of the length of time repre­
sented by this erosion. 

In the greater part of the arE'a erosion has carried away 
the deposits that formerly overlay the rhyolite, but about 4 
miles southeast of Castle Rock :W to 30 feet of fine-textured 
arkose lies between the rhyolite and the base of the Castle Rock 
conglomerate. 

The lower contact of the Dawson arkose is characterized by 
an erosional unconformity that separates it from the underly­
ing Laramie. In the Castle Rock quadrangle the base of the 
arkose outcrops for only a few miles west and south of Da.wson 
Butte, and there the actual line of separation between the 
Laramie deposits and the arkose is conceal~d. The zone~ how­
ever, is characterized by conglomeratic debris, and the change 
from the fine-textured sandstones and shale of the Laramie 
formation to the conglomeratic Dawson arkose is pronounced. 
The best exposures are west of Dawson Butte, on both sides of 
'Vest Plum Creek, where the typical fine-grained Laramie and 
the characteristic basal conglomerate of the Dawson are in close 
proximity~ both formations dipping northeastward at an angle 
of about 45°. The contact, showing an une\'en, eroded surface, 
is well exposed neal' Pulpit Rock in the Colorado Springs 
quadrangle. 

Andesitic membeT.-In the valley of' Cherry Creek, at the 
north end of the quadrangle, there is an exposure of sand­
stone and shale composed of andesitic material. The rocks· 
consist of about 50 feet of drab to grayish-green sandy and 
clay shale and thin-bedded sandstone composed of fragments of 
andesite, plagioclase feldspars, micas, and subordinate f'erro­
magnesian minerals. Quartz is conspicuously absent and the 
material contrasts sharply with the arkose. The beds lie 
practically flat. Theil' base is not exposed and they are over­
lain by arkose typical of the Dawson. The upper contact is 
undulating, and there is an abrupt change from the fine­
textured andesitic material to the overlying coarse arkose. 
Presumably this andesitic material is a lens in the Dawson 
arkose, the undulating contact at its top marking one of the 
many local unconformities in the Dawson arkose. This out­
crop of andesitic material on Cherry Creek is the direct south­
ern continuation of the Denver formation as mapped in the 
monograph on the geology of the Denver Basin. 



Relation of Dawson arkose to Denver and Arapahoe forma­
tion.s".-Before considering the age of the Dawson arkose it is 
necessary to refer to the post-Laramie Arapahoe and Denver 
formations, which are well exposed immediately north and north­
west of the Castle Rock quadrangle and have been described 
by Eldridge and Cross.1 The Arapahoe formation, which is 
separated from the underlying Laramie by a well-marked 
erosional unconformity, is reported by Eldridge 2 to consist of . 
"two well-marked series of beds-a lo\ver of sandstones and 
conglomerates," composed of pebbles of the older formation, 
"50 to 200 feet thick, and an upper of clay, 400 to 600 feet 
thick." The Den vel' formation, which overlies the Arapahoe, 
is composed of sandstone and conglomerates about 1,400 feet 
thick, the lower part consisting chiefly of the debris of eruptive 
rocks (andesites) and the upper part of material derived from 
granite or gneiss mixed with andesitir debris. 

Both the Arapahoe and Denver formations have yielded 
many plffllt remains and a number of vertebrate fossils, includ­
ing turtles, crocodiles, and dinosaurs, among which the genus 
'rriceratops is notable. Because of the Mesozoic affinities of 
these fossil vertebrates, the Arapahoe aud Denver formations 
were reluctantly assigned to the Cretaceous system by Emmons, 
Eldridge, and Cross,s who pointed out that the unconformity by 
which they are separated from the Laramie would otherwise be 
sufficient reason for the assignment of these post-Laramie con­
tinental deposits, so unlike the underlying Cretaceous beds, to 
the Eocene. 

The "Monument Creek formation," as described by Eld­
ridge,4 consists chiefly of sandstone and grit of Archean or seni­
mentary debris lying unconformably on older beds, in places 
on the Denver, in others on the Arapahoe, and in still others 
on the Laramie, and was provisionally assigned to the Miocene 
in conformity with the practice of'the Hayden Survey. 

Recent stunies in the Castle Rock quadrangle have led to 
the recognition of previously unsuspected relations between 
the Arapahoe and Denver formations and the }Ionument 
Creek group of Hayden. The upper part of the" .Monument 
Creek group" is now known to be Oligocene and a portion 
of its lower part, the Dawson arkose, is known to be equiva­
lent to the Arapahoe and Den vel' formations. These relations 
are shown by both stratigraphic and paleontologic data. 

The Dawson arkose strikes into and merges into both the 
Arapahoe and Denver formations, as shown in figure 3. Any­
one following the Dawson arkose northward along the strike 
from the vicinity of Dawson Butte to the area mapped as Arapa­
hoe in the Denyer monograph will find it impossible to separate 
these formations, even at the type locality of the Arapahoe 
along the bluffs of Willow Creek, 3 or 4 miles southeast of the 
entrance to the Platte Canyon, ,vhich is only 3 miles west of 
the Castle Rock quadrangle. Eldridge recognized this diffi­
culty, but on the assumption of the Miocene age of the "Monu­
ment Creek," an arbitrary boundary between it and the 
Arapahoe was drawn east of\Villow Creek. 

Likewise, the Dawson arkose and Denver formation merge 
into each other. Changes from andesitic to arkosic material 
occurring as interfingering lenses are common near the south 
end of the Denver formation, a few miles north of the Castle 
Rock quadrangle. In a gulch 8 miles north of Sedalia, for 
instance, layers of arkose typical of the Dawson are inter­
calated with and8.9itic Denver material. The marked difference 
in lithology between the andesitic Denver and the arkosic 
Dawson may be acconnted for by the geographic distribution 
of the rocks that supplied the sediments, the arkose being 
derived mainly from the Pikes Peak granite and associated 
rocks, whereas the Denver formation was derived, apparently 
simultaneously, from a local source of andesite. 

This stratigraphic evidence of the equivalence of the lower 
part of the Dawson arkose and the Arapahoe and Denver 
formations is corroborated by paleontologic evidence, for both 
fossil plants and vertebrates ,found in the Dawson arkose are 
correlated with more complete collections from the Arapahoe 
and Denver fonnations, as mentioned below. 

Fossils.-Several collections of leaves and a few fossil bones, 
listed below, have been obtained from the Dawson arkose. 

Fossillea'(Jes from fhe Dawson arkose. 

[Identltledby F.H.Knowlton.j 

Sec. 11, T. 12 S., R. 62 W., 1 mile eouthwest of Calhan, Colo., about BOO 
feet above top of Laramie formation: 

~~~:~~:;;~:r!;:~~n~!? L~:;~. 11~~c:~~~~?? ~;~r of Lesq. 
Palm, Sabalites? sp. i Ficus latifoUa? Lesq. fragment. 
Populusnebrascen~is? Newberry. Ficus sp. 
Fj~~:~.type of F. planicostata I Sapindus? ep.' 

Sec. S, T. 14 S., R. 65 W., 9 miles east of Colorado Springs, about 400 
feet abo'"e top of J~aramle formation: 

Ficua sp., type of F. trinervi~ I' Flabellaria eocenica Lesq. 
Knowlton, but not the same. (iigant,ic leaf. genu5? No margin. 

Cyperacites? ep Ficus tilhefolla Al. Braun of Lesq. 
Fun~u8 (genus? parasitic on Ficus sp., type of F. plallicostata 

G~~~~~tC~!'~:~~lf~~Chi9 Le~q. . I Pt:;iesq~l'Osa Lesq. 

1 U. S. Geol. Survey Mon. 27, pp. UH~252, 1896. 
"Idem, p.152. 
"Idem, p. 250. 
t Idem, pp. 252-258 . 
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Sec. 3, T. 14 S., R. 65 W., 9 Illiles east of Colorado Springs, about 500 feet 
above top of Laramie formation: 

Platanus rhomboidea Lesq. 
Cinnamomum affine Lesq. 
Ficus denveriana? Cockerell. 
Rhamnus goldianus? Lesq. 

I ~~~~~:~t:· ;:u~~i~~~~;:' (~~g~raun) 
I p~!e:~arpon commune? Lesq. 

NW. t sec. 84, T. 6 S., R. 68 W., 4 miles northwest of Sedalia, on Lillside 
east of road; 

Carpites sp. I Laurus brossiana ? Lesq. 
Ficue sp., narrow leaf of the I Quercus or Ficus sp., probably new. 

general type of F. planicostata Dombeyopsis obtusa? Lesq. 
Lesq. 

From several localities, at about the same horizon, between 2 and 4 
miles southeast of :Monument and 2 miles east of the railroads: 

Carpites sp. Ficns denveriana Cockerell. 
Platanus raynoldsi? Newberry. Undescribed species of ferns. 

N'V. t sec. 2, T. 7 S., R. 66 W., from andesitie member of Daw~on arkose 
'6 miles north of Franktown: 

Ficus denveriana Cockerell. I Ficussp. 

Fossil plants collected by Arthur Lakes from Daweou arkose ~E. t sec. 
20, T. 7 S., R. 68 W., 8 miles west of Sedalia, 700 to 900 feet above the base 
of the Laramie formation: 

Acer trllobatum productum? 
(AI. Braun) Heel'. 

Acorus brachy~tachie Heel'. 
Pteris eroea Lesq. 
Berchemia multinervis (AI. 

Brann) Heer. 
Cissusloovigata Lesq. 
Cissus lobato·crenata Lesq. 
Dicksonia n. ap. 
Dombeyopsis obtus& Lesq. 

Dryopteris lakesii (Lesq.) Kno"\vl-
ton. 

Dryopteris lesquereuxii Knowlton. 
Ficus plank-ostat,a Lesq. 
Hicoria sp. Knowlton. 
Laurus prlmigenia Unger. 
Nelumbo lakesii (Lesq.) Knowlton. 
Phyllites n. sp. 
Quercus n. Bp. 
Vibumum n. sp. 

I WoodwarC\ia latifolia Lesq 

These leaves, from the lower half of the Dawson arkose, are 
stated by 1Ir. Knowlton to be undoubtedly Denver in age. 

From a higher horizon, estimated to be near the middle 
of the formation, the leaves listed below were obtained, concern­
ing which Mr. Knowlton writes: 

So far as I am able t,o tell, it appears in large measure to be Dew, 
and such being the case, it is difficnlt to place n. Apparently there 
is uot a single form that is found in tbe beus referred to the Denyer 
formation. In some ways it slightly snggests the Greeo River forma· 
tion, but this suggestion is too indefinite to be of much use. 

Fossil plants from cut at 
Colo., 

Asplenium D. sp. 
Hemitelia? D. ep. 
Pteris? n, sp.? 

I Quercus n. sp, 
Ficus? n. sp.? 

I Several fragmentary dicotyledons 

A few fragmentary vertebrate remains have been found in 
the Dawson arkose, and these, too, were obtained in the lower 
part of the formation. All the bones, except one mammalian 
fragment are remains of turtles, Ceratopsia, and other dinosaurs 
like those from the Arapahoe and Denver formations. Kone 
of the bones were found in the Castle Rock quadrangle, 
although they all came from the Dawson arkose in areas near 
the quadrangle. 

Many years ago Prof. O. C. Marsh found fragments of 
vertebrate remains, evidently of this same characteristic fauna 
(fauna of the "Ceratops beds") in the well-known roek 
columns (composed of Dawson arkose) of Monument Park. 1 
This discovery by Marsh has recently been corroborated by 
Gilmore and Lee. 2 In 1912 Lee found pieces of turtle and 
ceratopsian bones in the Dawson arkose a few miles east of 
Colorado, Springs, and in 1913 Gilmore visited the same 
locality and obtained similar fragmentary material. 

In 1910 the writer found a small Q.lammalian bone in the 
S'V. -! se,c. 2, rr. 14 S., R. 65 W.,9 miles east of Colorado 
Springs, in' the Dawson arkose, at a horizon estimated to he 
600 feet above the base of the formation. This is about the 
place at ,;"hich Gilmore and Lee later obtained reptilian fossils, 
whose association wi,th mammalian remains is very interesting. 
Although the mammalian bone was found loose on a hillside, 
it was presumably in the immediate vicinity of the rocks in 
which it was entombed. 

Concerning this mammalian bone J. 'V. Gidley, of the 
United States ~ational Museum, reports: 

It is the distal eDd of a tibia, which, while not generically deter­
minable, is characteristically creodont, and indicates a rather highly 
advanced species of this group. 'rbe fore and aft concavity of its 
articular face, together with the Considerable development of a 
median ridge, denotes a specialized type of hind foot leading toward 
the true carnivores. 

Age.-The Daw£On arkose is assigned to the Tertiary by all 
who have described it. Hayden, in 1869, before any fossils 
had been found in the rocks, regarded the "l\Ionument Creek 
group" as "modern Tertiary," because of "the modern appear­
ance of the group of coarse sandstones and conglomerates above 
the true Cretaceuus beds." Later the group was assigned to 
the Miocene because of the discovery in it of' vertebrate fossils 
characteristic of the'Vhite RiYer group, which was formerly 
classified as Miocene, though it is now referred to the Oligo­
cene. In 1896 Emmons,3 referring to the fact that the hori­
zon or source of the bones by which the Miocene age of the 

I U. s. Geol. Survey MOD. 27, p. 479, 1896. 
eLee, 'V. T., Recent discovery of dinosaurs in the Tertial'y; Am. Jour. 

Sci., 4th ser., vol. SO, pp. 531-1'584, 1913. 
"U. S. Geol. Survey :Mon. 27, p. 38, 1896. 

beds was determined had not been precisely fixed, suggested 
that they probably came from the lower division of the "}Ionll­
ment Creek beds" and that the upper division might be Plio­
cene. Recent work has shown, however, that the Oligocene 
bones must have come from the upper part of the group, that 
is from the Castle Rock conglomerate, and the lower part of 
the group, the Dawson arkose, is assigned to the Eocene. 

Although the Dawson arkose has always been considered 
Tertiary, the faet that it is in part equivalent to the Arapahoe 
and Denver formations was not recognized until recently. 
Notwithstanding the reasons given by Cross 1 for regarding 
them as Tertiary, the Arapahoe and Denver formations were 
classed as Cretaceous because of the Mesozoic affinities of the 
vertebrate remains found in them. The correlation of part 
of the Dawson arkose with the Arapahoe and Denver for­
mations has reopened an old discussion involving the classifi­
cation of the" Cera tops beds" of Wyoming and adjacent States, 
no\\" known as the Lance formation. Because of the presence 
in the Arapahoe and Den Yer formations of Triceratops and two 
or three other genera of dinosaurs which also OCCIll' in the 
Lance these formations have been thought to be equivalent, 
although their equivalence has not been established. The sub­
ject will not be discussed at length here; only some of the main 
points involved will be mentioned. 

The evidence for the Cretaceous age of the Lance formation 
may be summarized as follows: (1) The Mesozoic affinities of 
the vertebrate fossils, which, besides Ceratopsia, includes a COll­

siderable reptilian fauna; (2) the closer relationship, accord­
ing to Stanton, of the bnlckish and fresh water invertebrates to 
known Cretaceous fauna.." than to known Eocene faunas; (3) 
the Cretaceous character of the in vertebrate fauna of the Can­
nonbal12 marine member of the Lance formation in North and 
South Dakota, a fauna which, according to Stanton, is closely 
related to and directly derived from the Fox Hills fauna; (4) 
the apparently ~ontinnous sedimentation from the acknowledged 
Cretaceous to the Lance. 

On the other hand the evidence indicating the Eocene age of 
the Lance formation may be thus outlined: The flora of the 
Lance, compared with that of the underlying Cretaceous for­
mations, according to Knowlton, includes a considerable pro­
portion of new genera and is in large part identical with and 
generally indistinguishable from the flora of the overlying Fort 
Union format.ion, of' recognized Eocene age. These two forma­
tions, the Lance and Fort Union, over large areas constitute a 
stratigraphic unit which can not be satisfactorily divided; and 
the Lance formation contains mammals which, according to 
Gidley, more closely resemble the mammals of the Fort Union 
and other lower Eocene formations than those of any known 
Cretaceous types. l\Ioreoyer, in places there is evidence of ero­
sion at the base of the Lance formation, which, together with 
the fact that the Laramie has not been recognized in areas occu­
pied by the Lance, suggests a time interval between the depo~ 
sition of that formation and that of the underlying Cretaceous 
(Fox Hills or Pierre), corresponding, it is thought, to the wide­
spread post-Laramie unconformity of Colorado, southern Wyo­
ming, and northern New.Mexico. 

But whate\Ter may be the age of the Lance formation the 
Dawson arkose may be assigned to the Eocene on both strati­
graphic and paleontologic grounds. 

The erosional unconformity 'separating the brackish and 
fresh water Laramie beds from oyerlying continental deposits 
in the Den ,'er Basin is pronounced. It is shown by the 
marked change in the chara'cter of the deposits from the fine­
grained, prevailingly dull-colored, evenly stratified Laramie 
formation to the overlying coarse-grained, varicolored, irre/l:u­
larIyassort.ed Dawson arkose, the basal conglomerate of which 
contains pebbles of many of the underlying formations and 
rests on an uneven surface of the Laramie. The extent of the 
hiatus involved by the post-Laramie and pre-Dawson erosion 
need not be discussed here, but it may be pointed out that in 
the vicinity of Colorado Springs the Laramie is less than 300 
feet thick, whereas northeast of Perry Park, in the Castle Rock 
quadrangle, less than ~5 miles north of the Colorado Springs 
area; it is at least 1,200 feet thick. The "widespread extent of 
a'u' unconformity, presumably at this horizon, in the Front 
Range region is indicated by the stratigraphic break between 
the "Upper Laramie" and "Lower Laramie" in southern 
"\Vyoming, described by Veatch, and by the unconformity in 
the Raton Mesa region of New Mexico, which separates the 
Eocene Raton formation from underlying beds of Montana age, 
described by Lee. Cross in several papers has emphasized the 
importance of the unconformity in the Denver Basin and has 
regarded it as a Eufficient reason for assigning the post-Laramie 
deposits to the Eocene. 

In addition to these physical grounds for drawing the bound­
ary bebveen Mesozoic and Cenozoic deposits of the Front 
Range region at the top of the Laramie, recent paleontologic 
work affords evidence of the Eocene age of the post-Laramie 

1 U. 8. Geol. Survey Mon. 27, pp. 206-208, lS96 
e Lloyd, E. R., and Hares. C. J., The Cannonball marine memoer of 

the Lance formation of North and South Dakota and its bearing on the 
Laramie·Lance problem; Jour. Geology, vol. 23, pp. 523 .. M7, 191;). 



deposits of the Denver Basin. The creodont bone found in 
the Dawson arkosf', associated with fragrnentaTY ceratopsian 
remains, indicates, according to Gidley, a rather highly deyel~ 
oped species of the group, of a type not hitherto found in 
beds older than 'Vasatcll; and Knowlton and Berry, as a 
result of their recent study of the fossil floras, correlate the 
Dawson ark08e, and the Arapahoe and Denver formations 
with the Eocene "'"ilcox formation of the Gulf CORSt. Assum­
ing that this correlation is correct, a link has thus been 
established between continental Rocky Mountain deposits 
and a ,yell-known marine section. In this connection it is 
noteworthy that in the Athmtic and Gulf coastal plains the 
line of separation of Cretaceous and Eocene deposits is marked 
by evidence of erosion, which is believed to ha\'e been COll­
temporaneous with the post-Laramie diastrophism in the Front 
Range region. 

It therefore appears that the major part of tbe evidence now 
available indicates that the Dawson arkose is of Eocene age and 
it is therefore assigned to the Eocene in this folio. But con­
sidering the difference of opinion as to where the boundary 
shall be drawn between Cretaceous and Eocene rocks in the 
Rocky Mountain region, as shown by the diverse views 
expressed at the recent symposium on that subject conducted 
under the aUl'lpices of the Geological Society of America,l it is 
evident that the final word on the subject still remains to be 
said. 

OLIGOCENE SERIES. 

Widespread erosion preceded' the deposition of the Oligocene 
deposits in Inost if not all of the areas in which they now out­
crop in the Great Plains and Rocky Mountain regions. This 
erosion is indicated by differences in the age of the rocks that 
immediately underlie the Oligocene, which range from Eocene 
to Pierre and older. Later Tertiary and Quaternary erosion 
has in turn carried away these middle Tertiary deposits from 
large areas and the Oligocene rocks in the Castle Rock 
quadrangle are outlying erosion remnants of a former greater 
extent of rocks of the age of the 'Vhite River group, which 
is typically developed in southwestern South Dakota and 
western Nebraska. 

CASTLE ROCK COXGLOMERATE, 

Name.-Castle Rock conglomerate is the name now assigned 
to the uppermost part of Hayden's Monument Creek group­
that part of it lying above the unconformity which is finely 
exposed on Castle Rock, a prominent hill immediately north 
of the town of that namE;'. 

Distribution and characle1"-The Castle Rock conglomerate 
outcrops in detached areas on the divides between the tribu­
taries of South Platte River from the vicinity of Elbert to the 
vicinity of Sedalia, a distance of about 40 miles. (See fig. 3.) 
The conglomerate was undoubtedly chiefly derived from the 
rocks of the J;ront Range, the material apparently being laid 
down as wash and fluviatile deposits after a period of uplift of 
the mountains to the west, during which period the underly­
ing Dawson arkose was eroded. The conglomerate occurs in 
the south-central part of the Denver Basin, where the strata lie 
nearly flat but have a distinct though slight northward dip, 
confol'ming with the pitch of the syncline. Throughout its 
extent the formation is generally well exposed, for, being com­
posed of hard material overlying the softer Dawson arkose, it 
usually forms cliffs. (See PI. VI.) 

Thf' greater part of the Castle Rock conglomerate lies in 
the Castle Rock quadrangle, where it caps the dissected upland 
that extends northwestward across the quadrangle. Kiov,'a 
and Cherry creeks have cut through the formation, separating 
it into its two largest areas, but a number of smaller isolated 
outliers occllr as mapped. 

The Castle Rock conglomerate has a maximum present 
thickness of 300 feet" its original thickness not being known 
because of erosion. Over a large part of its extent this forma­
tion is now less than 50 feet thick, and in places it is repre­
sented. only by residual pebbles, which caused diffi(',ulty in 
mapping, for differellces of opinion may naturally exist as to 
whether certain areas that carry a thin sprinkling of pebbles 
should be mapped as Castle Rock conglomerate or not. For 
example, in an area east of Eastonville, at the border of the 
quadrangle, a few scattered pebbles form the last residue of the 
conglomerate, but they are so few that the area is mapped as 
Dawson arkose, whereas the top of the plateau west of Eliza­
beth, although certain areas are doubtful, is mapped as Castle 
R.ock conglomerate because it bears an extensive sheet of 
residual pebbles of that formation. Some ledges show that 
these pebbles are practically in place. Difficulty was also 
encountered ill determining the line of separation between this 
formation and the underlying arkose in the northern part of 
the quadrangle, northeast of Sedalia-difficulty due to the 
presence of beds of' conglomerate throughout an unusually 
great stratigraphic intervaL In the absence of Titanotherium 
bones or of fragments of rhyolite in the conglomerate the 
delimitation of the formation is in places extremely difficult. 

l'Geol. Soc. America Bull., vol. 25, pp. 821-4.02, 1914. 

9 

A complet~ section of the Castle Rock conglomerate is not 
exposed. Its composition is so variable, however, that even if 
such a section were found its detailed measurement would not 
apply to a wide area. The formation is composed essentially 
of indurated conglomeratic arkose. It includes a cliff-making 
basal conglomerate, usually well developed, above which lies 
coarse arkosic sandstone streaked with lenses of conglomerate, 
these making up the remainder of the formation. Cross­
bedding and lenticular structure are comlhon. The pebbles 
..,yere derived from various rocks in the Front Range and 
foothills and also from the rhyolite in the upper part of the 
Dawson arkose. The most abundant pebbles include red and 
gray coarse and fine textured granite, coarse and finely lami­
nHted gneiss, white and gray qual'tzite, white vein quartz, bits 
of black and gray chert, scattered fragments of porphyry 
and rhyolite, in rounded and in angular blocks. These 
pebbles are embedded in a medium to fine grained matrix com­
posed of angular to subl'ounded fragments of quartz and feldspar, 
indurated by siliceous cement. The pebbles differ considerably 
in size, ranging from a fraction of an inch up to a foot or more 
in diameter. l\fost of them are between 2 and 4 inches in 
diameter. The large size of some of the pebbles found at a 
distance of 30 to 40 miles fi'om their source is diffieult to 
account for. They may have been t.ransported by torrential 
streams, but the action of floating ice is also suggested, 
although no proof of the presence or action of iee in this area 
hHS been obtained. 

The Castle Rock conglomerate lies on an uneyen eroded 
sllrfHce of the Dawson arkose, which is well exposed at many 
places, notably on Castle Rock and in the vicinity of Castle­
wood reservoir. (See PIs. III-VI.) Castle Rock is capped 
by 90 feet of indurated conglomeratic arkose, which at the 
bAse is a coarse conglomerate that marks an abrupt change 
from the underlying fine-textured Dawson arkose. The con­
tact is uneven. In the vicinity of Castlewood Reservoir the 
conglomerah'l forms a line of cliffs, and the undulating line of 
separation bebveen the conglomerate and the Dawson arkose 
is wen exposed. 

Age and cOTrelation.-A number of vertebrate fossils have 
been found in the Castle Rock conglomerate. The collections 
from the "Monument Creek group" obtained by Cope in 1873 
doubtless came from the Castle Rock conglomerate, although 
the places at which they were found are not recorded. Like­
wise the collections by Darton and ]'isher from localities 
northwest of Calhan and southwest of Elizabeth were made 
from the same formation. l The writer obtained at the places 
indicated below a number of Titanotherium bones. which were 
determined by J. W. Gidley, of' the United States Natiomd 
l\I useum, as follows: 

About 4 milE'S northwest of Elbert, in the NE . .r sec. 80, 'r. 9 S., R. 64 
\V., embedded in the Castle Rook oonglomerate about 100 feet above its 
base, a nearly completo femur and the distal end of a humerus of a 
Titanot,herium. 

About (it miles northwest of Eastonville, in the SE. t sec. 2, T. 11 S., 
R. 65 W., in an outlier of the Castle Rook conglomerate, the distal portion 
of a humerus of Titanotherium sp. and portion of calcaneum of Crenopus 
,po 

About 2 miles east of the border of the sheet, in the S'V. i sec. 29, 
T. 10 S., R. 68 W., from the Castle Rook conglomerate 120 feet above its 
basE', fragments of an upper jaw containing one premolar of Titanot,he­
riumsp. 

'From about 5 miles east of Elbert a jaw bone and teeth of Titanothe­
rium trigonia8? or possibly T. coloradense. 

The best specimen examined was found in 1906 by J. A. 
Bos~on, of Elbert, 1f miles east of Elbert near the middle of 
sec. 36, T. 9 S., R. 64 'V. This was the left jaw with teeth 
Qf Titanotherium trlgonoceTasf. 

These hones prove that the Castle Rock conglomerate is of 
lower Oligocene age and it is correlated with the Chadron for­
mation or "Titanotherium beds," the lowest formation of the 
",Vhite RiYer group, as typically developed in southwest South 
Dakota. The representative of the ",Vhite River group that 
lies nearest to the Castle Rock conglomerate is in the bluffs 
west of Akron, Colo. 

Late Tertiary deposits have not been recognized in the 
Castle Rock quadrangle, although such deposits are found in 
areas to the east and southeast. At least a part of the quad.., 
rangle was probably once mantled with late Tertiary deposits 
that have been removed by erosion. Erosion has been pre­
dominant in this region since Oligocene time and has carried 
away a considerable thickness of rock, the products haying 
been transported, deposited, and re-sorted many times. 

QUATERNARY SYSTEM. 

In addition to the general veneer of little-transported debris, 
composed of the disintegrated underlying rock and soil which 
cover the entire area except where the bare hard rock is 
exposed, the Quaternary deposits of the quadrangle consist of 
wash debris and stream alluvium. 

Wash.-The highlands are flanked by wash consisting of 
disintegrated material that has been transported, chiefly by 
torrential floods, from higher to lower elevations, where it 
usually forms graded debris slopes. The best developed 

1 Darton, N. R .. Age of the :llonument Creek formation Am. Jour. 
SeL, 4th ser., vol. 20, pp. 170.:-180, 1905. 

deposits of this kind lie at the base of the Front Range 
between Palmer Lake and the southern end of the quadrangle, 
where conspicuous wash-covered slopes extend from the moun­
tains almost to Monument Creek. (See PIs. I and XIX.) 
Streams that head in the mountains have cut through these 
deposits so that they are not continuous but consist of discon­
nected areas of sand and gravel, which form a \'eneer ranging 
in thickness from less than a foot to about 20 feet. In places 
several different sets of wash deposits rise in tiers one above 
another, but parts of the older or upper ones have been 
removed by erosion, so that the best preserved is the lowest or 
youngest set, which is illustrated in Plate XIV. The slope of 
the surface of the ,'{Ush is generally about 2° or 3°. 

Stream alluvium.-The yalleys of all the streams are floored 
with alluvium, but only the principal deposits are shown on 
the map, and it was not found practicable to distinguish those 
of Recent from those of Pleistocene age. Along Plum Creek, 
for instance, there are two sets of terraces. (See PL XX.) 
On East Plum Creek, between Sedalia and Castle Rock, the 
stream has cut down 20 feet in an old flood plain composed of 
well-stratified sand and clHY. Above this old flood plain are 
remnants of another, 25 to 30 feet higher, which is obscured 
by ontwash slopes from the adjacent uplands. Similar terraces 
occur on 'Vest Plum Creek. There is also a wide exposure of 
alluvium in the valley of Cherry Creek below the gorge lead­
ing from Castlewood Reservoir, where the flood-plain deposits 
merge laterally into the outwash slopes. 

Immediately southwest of the quadrangle, on the peneplained 
surface of the Front Range, at an altitude of about 9,300 feet, 
there is a veneer of unconsolidated deposits of unknown extent. 
Similar material probably once occupied an adjacent part of 
the Castle Rock quadrangle but hl'ls been removed by erosion. 
It consists of rudely assorted bowlders, gravel, and sand, com­
posed of granite debris and fragments of different kinds of 
volcanic rocks like those of the Cripple Creek district. In 
these deposits several prospect pits, dug in a search for placer 
gold, ha.ve been sunk, one to a reported depth of 50 feet with­
out striking bedrock. The dist.ribution and composition of 
this material suggest that it is of fluvial origin and Pleistocene 
age, or possibly older. 

Fossils.-Bones of Pleistocene elephants have been found in 
the outwash and terrace deposits at severAl places, namely: 

In the outwash deposits along the base of the mountains a 
few miles south of the quadrangle, a tooth of Elephas columbi. 

In the banks of a branch of Running Creek 4 miles south­
west of Elbert, parts of three vertebrre of Elephas sp. ? 

At a pll'lce half a.mile west of Cherry Creek, in the SW. i­
sec. 34, T. 7 S., R. 66 W., the posterior portion of a molar of 
Elephas columbi? 

In the valley of Cherry Creek, 8 miles north of the Castle 
Rock quadrangle, in sec. 19, T. 5 S., R. 66 W., the inner 
half of the lowel' end of the left humerus and the upper end of 
the left tibia of Eleph~ columbi'? or E. imperato1·? 

In the valley of 'Vest Plum Creek, 2 miles northwest of 
Dawson Butte, in ser. 26, T. 8 S" R. 68 ",V., on the plaee 
of Mr. Upton Smith, the tusks and teeth of an extinct elephant. 

All the bones but the first and last mentioned were examined 
and identified by J. W. Gidley, of the National Museum. 

TERTIARY IGNEOUS ROCKS. 

RHYOLITE LAVA A~D ASSOCIATED T(!FF. 

Toward the close of the time during which the Dwwson 
arkose was being depositerl, volcanic activity in the vicinity of 
the Platte-Arkansas didde resulted in the eruption of a small 
amount of tuff followed by a flow of rhyolite. The locatio!l of 
the vent and the original extent of these rocks are not known. 

Distribution and occurrence.-These rocks occur only in 
the Castle Rock quadrangle, where they cap a number of 
isolated hills and small mesas between and near Palmer Lake 
and Sedalia. Rhyolite forms the conspicuous cap rock of prom­
inent buttes like Raspberry, Larkspur, Dawson, and others not 
named on the map. (See PI. X.) 

These separated masses presumably are the remnants of a 
formerly continuous sheet of lava which has been elsewhere 
removed by erosion. Each of the remnants lies practically 
flat, but, considered as a whole, the bed of rhyolite dips nOl'th­
eashvard about 7':5 feet in a mile, in conformity with the dip of 
the overlying and underlying deposits. Thus the altitude of 
the outcrops decreases from nearly 7,900 feet east of Palmer 
Lake to 6,700 feet north of Castle Rock. 

These volcanic rocks are interstratified with the extreme 
upper part of the Dawson arkose. The tuff apparently did 
not extend over s~ large an area as the rhyolite, but its dis­
tribution is not clear. It is well exposed in the group of small 
buttes 3 to 5 miles northeast of Palmer Lake, where 20 feet of 
tuff was measured, although the ordinary thickness is eOl1-

siderably less. 
The overlying sheet of rhyolite is about ]5 feet thick_ 

Exposures of the contacts are rare but where observed show 
an abrupt change from loosely consolidated tuff or arkose to 
compact hard lava. Where the contact is exposed, as at the 



western end of Dawson Butte, the rhyolite lies on an undulat­
,ing eroded surface. On Larkspur Butte fragments of arkose 
.are included in the rhyolite, which at the contact is glassy. 
Inclusions of indurated (baked) arkose also occur in the lava 
5 miles northeast of Palmer Lake. At most places the beds 
that immediately overlay the lava have been removed and the 
rhyolite caps the hills, but at a few places the lava is overlain 
by arkose without evidence of intervening erosion. About 2l 
,miles southeast of Castle Rock, for example, about 30 feet of 
Dawson arkose lies between the rhyolite and the Castle Rock 
conglomerate. 

Oharacter and compoaition.-The rhyolite in general is a 
relatively hard, though rather porous fine-textured gray to 
reddish porphyritic rock, composed of small crystals of fel4spar 
and less abundant biotite, which Bre irregularly distributed 
through an aphanitic ground mass that comprises the great 
body of the rock. Local variations are caused by differences 
in hardness and porosity, in color, and in the abundance. and 
size of the phenocrysts. Gas cavitiea of irregular shape and 
jagged internal outline are common. At some places, as for 
instance in Hathaway's quarry, 2,. miles southeast of Castle 
Rock, well-shaped crystals of barite, the largest found 3 inches 
ill length, occur in the cavities. Radiating crystals of barite 
also occur in films along joint planes. The barite was prob­
ably formed soon after the magma solidified. 

Under the microscope the feldspar phenocrysts are seen' to 
be chiefly idiomorphic crystals of sanidine, less commonly of 
oligoclase, and rarely of microcline. The crystal faces are 
generally of perfect outline, but some show evidence of resorp­
tion. Next to feldspar in abundance is biotite, which occurs 
here and there as perfect hexagonal plates. Grains of quartz 
occur sparingly as phenocrysts. The groundmass ranges from 
cryptocrystalline to partly glassy. Its distinguishable com­
ponents are minute crystals of quartz and feldspar, which occur 
locally in spherulitic aggregates. In some of the slides the 
groundmass shows flow structure. 

Two sets of perpendicular joints traverse the rhyolite. 
Quarry faces usually show vertical jointB, which are generally 
curved, and the rock breaks characteristically with eonchoidal 
fracture. In the San Frandsco quarry, west of Castle Rock, 
weathering along intersecting joints has broken the rock into 
polygonal blocks, the results simulating columnar structure. 
The rock breaks up along horizontal fracture planes, so that 
the tops of most of the hills on which it crops out are littered 
with slabs ranging in thickness from a fraction of an inch to a 
few inches. In places where the cap is thin the entire mass is 
thus broken up. These fracture planes are presumably caused 
by flow structure, and this is also apparently the cause of the 
horizontal banding of the rhyolite which, though not common, 
is locally clearly developed. 

A partial analysis of a sample of the rhyolite from the 
western knob of Raspberry Butte, by J. S. Fairchild, gave the 
percentages BiO g , 73.75; K,O, 5.83; NagO, 3.72; indicating 
a normal rhyolite. Its composition iS'closely like that of the 
Pikes Peak granite. 

This rhyolite has been erroneously called tuff in publications 
that followed the earlier usage of Eldridge. l 

Age.-As the rhyolite OCCUI'S in the extreme upper part of 
the Dawson arkose, its age must be Eocene, but in what stage 
of that epoch it was poured out is not yet known. 

STRUCTURE. 

GENERAL CONDITIONS. 

The metamorphic complex which constitutes so large a part 
of the Front Range bears witness to the diastrophism which 
the region suffered in pre-Cambrian time. Although the 
greater part of the deformation of this mass antedates the 
intrusion of the Pikes Peak granite, the many fractures by 
which the granite is traversed testify that it too was subjected 
to considerable stresses. The succeeding period, in which the 
several thousand feet of Paleozoic and Mesozoic rocks accumu­
lated, was a time of comparatively little structural disturbance. 
There were beyond doubt a number of broad earth movements 
and oscillations of land and sea, resulting in unconformities 
and overlaps, yet the structurally conformable sequence of beds 
from the Cambrian through the Cretaceous indicates relative 
freedom from deformation. But beginning with the final 
withdrawal of the sea and the emergence of the continent, dat­
ing from the close of Laramie time, the rocks were subjected to 
.uplifting and compressive forces which, continuing at interv~ls 
during the Cenozoic era, resulted in tlie present attitude of the 
strata. The dominant structural feature of the quadra.ngle is 
the steeply tilted and faulted foothill zone, which marks the 
uplift of the Front Range. East of this zone the strata of the 
plains are gently folded into the broad syncline known as the 
Den ver Basin. 

STRUCTURE OF THE FOOTHILLS. 

The structure of the foothills is characterized by steeply 
upturned and dislocated strata, which lie at the base of the 

lEmmons, S. P., Croy, Whitman. and Eldridge. G. H., Geology of the 
Denver Basin in Colorado: U. S. Geol. Survey Mon. 27, p. 899, 1896. 
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Front Range. The prevailing dip of these beds is eastward, 
away from the mountains, but in the northern part of Perry 
Park the beds in one place are overturned' and dip steeply 
westward. The monoclinal structure is complicated by curved 
strikes, by varied dips, and by pronounced faulting parallel to 
the general trend of the mountains. 

The mountain front trends almost due north from the 
·southern border of the quadrangle northward for 13 or 14 
miles. Thence it trends northwestward for 6 miles to the 
west border of the quadran'gle, beyond which it again trends 
north ward. (See fig. 5.) 

In Perry Park the strike of the beds, which are well exposed 
in ridges, is distinctly curved. From the southeast to the 
northwest end of the park the strike passes from directly north 
through N. 40° W., N. 75' W., to N. 35' W. at the we.t 
margin of the quadrangle, beyond which the strike is north 
for a few miles. West of Sedalia, just beyond the border of 
the quadrangle, the strike. turns again to the northwest. These 
strikes are found only in the rocks below the Montana group. 
for the outcrop of the Laramie formation in the quadrangle 
forms a broad curved belt which is only approximately paranel 
to the outcrop of the older strata. Apparently some of the 
stresses that deformed the more resistant beds nearer the 
mouI\tains were taken up by the Pierre shale, so that the out­
lying Laramie and younger rocks were not so much disturbed. 

Profound faulting has occurred in the foothill zone pamllel 
to the trend of the mountains. In the southwestern part of 
the quadrangle the faulting is in large part concealed, but in 
places it is plainly apparent, and there can be no doubt that a 
fault zone lies,parallel to the mountains along their base. 

Two north ward-trending faults are exposed in the south­
we.tern part of the quadrangle, in T. 12 S., R. 67 W. They 
are well shown in sees. 5 and '8 and are represented in 
structure sections forming figure 4. The dip of these faults is 

FIGURE ',-Strncture sections at the foot of the Front Range in vicinity of 
Deadmans Gulch, 

a,8ectionDOrthotthegulch.CI"OIIBnorthernpartofllec.5,T.11t8..R.6l"W.:b,Seot1onl!lOuthot 
thegulchBCf(lllIiDOrtliernpBrtofsec.8,T.1SS.,R.87W. 

Qw. We.ah; Td, Da.Waon a~kc3fl; Kbn, Benton and Nlobl'&r& tormBtlcllB; Cf, rountaln formBtlcn; 
Om. Manitou limestone; Co, BBwatch IlAIldstone; PI'. PlkeB PIIBk I'rBnlte. 

Scale: lllncbeB_lmtle. 

apparently about 900 • The displacements can not be measured 
closely, but in the exposure in the NE. 1 sec. 5 they are 
sufficient to bring rocks of the Colorado group into contact 
with the Fountain formation on the west and into COD­

tact with the Dawson arkose on the east. 'rhe Fountain in 
turn is probably faulted against the granite on the west. (See 
section a, fig. 4.) 

Half a mile .farther south, in the BE. t sec. 5, along the 
strike of the Colorado beds just mentioned, a different section 
is exposed, the interpretation of which appears· to demand the 
presence of a branched fault. If the white quart.zose sand­
stone exposed hEme is ·the upper member of, the Lyons and the 
overlying limestone is a part of the Lykins formation such a 
branched fanlt must be inferred, but as no fossils were obtained 
here the identifications suggested are doubtful, and these rocks 
are therefore mapped as the e:outhern continuation of the nar­
row band of Colorado mentioned above. This narrow block, 
only a few hundred feet wide, in which the strata stand almost 
vertical, is separated by faults from steeply dipping beds of the 
Fountain formation on the west and from beds of the Dawson 
arkose on the east, as in section a, figure 4. 

South of Deadmans Creek the relations are concealed by 
Quaternary outwash, but it is e¥ident that the outcrop of the 
8awatch sandstone and Manitou limestone forming the hog­
back in sec. 8, T. 12 S., R. 67 W., is cut oft' from .the younger 
rocks to the east by a fault, because there is not sufficient space 
between them to accommodate the normal thickness of the 
.trata. (See ,ection b, fig. 4.) 

The northward continuation of this zone of faulting along 
the base of the mountain is defined in the vicinity of Palmer 
Lake by outliers of Dawson arkose abutting against Pikes Peak 
granite, which rises abruptly several hundred feet above the 
arkose. 

The most pronounced exposures of dislocations in the quad­
rangle are about Perry Park, most of the park area lying in 
the quadrangle being a fault block between nearly parallel 
fault planes. (See section B-B, structure-section sheet.) These 
faults are represented. on the geologic map and their extensions 
beyond the limits of the quadrangle are indicated. in the sketch 
map forming figure 5 and in the sections in figure 6. , 

The fault on the east side of the block causes the formations 
from the Fountain to the Colorado inclusive to strike into and 
abut against the Pierre shale. Near the contact the Pierre 
strikes north and stands almost vertical, but on the opposite 
side of the fault the strike is northwest and the dip is 100 to 

45° NE. Thi. fault trend. for about 3t mile •• lightly ea.t of 
north from the south end of Perry Park to a point where, con­

. forming :with the general structure of the region, it apparently 
turns northwestward and continues to and beyond the west 
border of the quadrangle. After tnl'ning northwestward, how­
ever, its position is concealed, but it probably forms the bound­
ary between the Montana group and the Laramie formation, 
cutting off' the lower part of the Laramie, as is indicated by the 
fact that the lower coal zoue, prominently developed in the 
vicinity of Denver and Colorado Springs, is not exposed in the 
Ca.tle Rock quadrangle. (See .ection F-F, fig. 6.) A .mall 
branched fault occurs between the upper part of the Lyons 
sandstone and the Fountain formation in sec. 38, T. 9 S., 
R. 68 W. 

The fault along the west side of the Perry Park block is in 
a general way parallel to that which borders the block on the 
east and is also well exposed. This displacement causes the 
Fountain formation, dipping 100 to 150 N. and striking about 
N. 800 W., to abut abruptly against the Pikes Peak granite in 
.ec •. 34, 27, and 22, T. 9 S., R. 68 W. (See section B-B, 
structure-section sheet.) South of Perry Park Lake this fault, 
in cutting across the Fountain formation, here about 2,000 feet 
thick, reduces the outcrop to a width of less than 1,000 feet. 
Thence to the west border of the quadrangle the fault lies 
between the Fountain formation and the Lyons sandstone, 
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FIGURE li.-Geologlc sketch map of the foothfll region fro~ Perry Park 
, .northward to South Platte coal mine west of Se~a:lla.. 

the Fountain dipping about 150 NE. and the Lyons standing 
almost vertical. (See section A-A, structure-section sheet.) 
Subsidiary strike faults are developed in the belt of 'nearly 
vertical rocks northwest of Perry Park Lake, as is shown by 
slickensided surfaces. and by local thinning of the formations. 

The continuation of this zone of faulting beyond the quad­
rangle is shown in figure 5. Half' a mile west of the border of 
the quadrangle, in the NW. t .ec. 4, T. 9 8., R. 68 W., .lightly 
overturned limestone beds of the Colorado group strike north 
and dip steeply westward, in contact with the Lykins forma­
tion. (See section E-E, fig. 6.) A little farther north the 
strata on the west side of this displacement strike abruptly into 
the Pikes Peak granite, indicating another fault along that 
contact. 

Near the mouth of the canyon of Jackson Creek, 4 miles 
northwest of Dawson Butte, these Perry Park faults appear to 
come together, and thence the zone of displacement continues 
northward along the base of the mountains. The relations of 
the rocks in this part of the disturbed zone, however, are com­
pletely concealed by wash as far north as Jarre Creek, a dis­
tance of 6 miles,' where the steeply tilted strata are again 



exposed in fault relations shown in· sections A-A, B-B, and 
C-C of figure 6. 

The contact between the Pikes Peak granite and the sedi­
mentary rocks is generally concealed. At some places, as on 
Bear Creek southwest of Perry Park Lake, the sediments lie 
on the granite in apparently undisturbed relations, but at other 
places, as for instance It to 2 miles south of Jackson Creek 
and also north of the mouth of J arre Canyon, the sedimentary 
rocks strike toward the granite, indicating faulting. 

Two and a half ,miles southwest {If Raspberry Butte a longi­
tudinal fault along the base of the mountains has caused the 
repetition of a block of Sawatch sandstone and Millsap lime­
stone, which are separated from the main outcrop of those 
formations by a narrow belt of Pikes Peak granite. This 
fault is similar to the one between the South Boulder Peaks, 
northwest of Den vel', which has been explained as a thrust fault 
whose plane originally dipped eastward but has been rotated 
to its present position by later movement. Such an explana­
tion of the fault south\vest of Raspberry Butte seems unneces­
sary. Apparently it is a normal fault with downthrow on the 
southwest, as shown in section G-G, figure 6. 

Section A-A 

SectionC-C 
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son arkose, whieh occupies so large a portion of the area, and 
because of the absence of deep-well records to reveal the posi­
tion of the underlying strata. The rhyolite in the upper part 
of the Dawson arkose and the base of the massive and per­
sistent Castle Rock conglomerate, despite the fact that both 
the rhyolite and conglomerate were laid down on an uneven 
surface, are the best available guides to the structure of the 
plains region in the quadrangle. A general northward dip 
is illustrated by the difference in altitude of the rhyolite on Bald 
Mountain east of Palmer Lake (7,900 feet) and its altitllde on 
the hills south of Douglass (6,900 feet), a dill'erence of 1,000 feet 
in 11 miles. The northward dip along the east side of the 
quadrangle is shown by the base of the Castle Rock conglom­
erate, the altitude of' which decreases 700 feet, from 7,500 
to 6,800 feet within 8 miles. 

The axis of the Denver Basin apparently crosses the north­
east corner of the quadrangle in a curved line trending in 
general northwestward. Its north'westward pitch is indicated 
by the decrease in altitude of' the base of the Castle Hock 
conglomerate from about 6,800 feet in tlle Yicinity of Elbert to 
about 6,400 feet in the northwestern part of the quadrangle. 

SectionB-B 

SectionD-D 

SectionE-E 

SecLlonG-G 

l<'IGURE 6.-Structure sections across foothills region from Perry Park northward to Lehigh coal mine along lines shown on the map in 
figure 5. Scale: 2 inches=l mile. 

Tro. Rhyol!te lava and tUff; Td. Dawson arkose; KI. L,uamie formation; Kp;, PlerNl shale and Fox Hms sand.tone; Kbo, Benton and N!obr!!ol'a formatIOns; Kd. D!\kota SIl,Ddsoone; 
Kp. Pnrgatoire tormation; Km, Morrison torDla.t!on; Clk, Lykins fonnation; Clo, Lyons sa.ndstone; Cf, Fountain form!\tion; Cm. MilI"ap limestone; C" Sa.watoh sandstone; 
II'r,granlte and gneisa • 

What appears to be a small thrust is exposed at the base of 
the monntains on the east side of the mouth of Goye Canyon, 
shoyl'll in Plate XVII. There the Pikes Peak granite seems 
to haye been thrust oyer the oft';vatch sandstone and Millsap 
limestone for a few hundred feet, but the relations are obscure. 
The slightly overturned beds in Perry Park, immediately wes~ 
of the quadrangle, also suggest a possible westward inclination 
of the fault plane, so that this dislocation also may be of the 
reverse type. 

The discoyery of faults along the base of the Front Range in 
this region lead~ to a modification of the former interpretation 
of the structure. Instead of producing a simple monocline, as 
hae: been heretofore supposed, the uplift produced also la series 
of longitudinal faults, some lying between the sedimentary 
rocks and the pre-Camhrian complex, and others lying farther 
out in the foothills. The occurrence of these faults also neces­
sitates the discarding of aJormer explanation of the relations 
of the beds in Perry Pal"k inyolving marked unconformities 
and oYerlaps in the hypothetical "Castle Arch" and "Perry 
Park syncline."l . 

STRL"CTURB OF THE PLAINS. 

East of the disturbed foothill belt the dip of the strata 
decreases rapidly, so that within a few miles of the mountains 
the beds lie at low angle~ and over wide areas are practically 
horizontal. (See structure-section sheet.) They slope toward 
the axis of the Den YE!r Basin, which lies 15 or 20 miles east 
of the Front Range, beyond which the strata gently rise to 
form the eastern 'limb of the syncline. 
. The detailed structure of this part of the plains in the 

Castle Rock quadrangle is not known because of the vatiabil­
ity of the subaerially accumulated deposits that form the Daw-

1 Lee. W. T., Geology of the Castle ROck region: Am. Geologist, vol 
29, pp. 96-109, 1902. 

GEOLOGIC HISTORY. 

PRE-CAMBRIAN TIME. 

A long and varied record of sedimentation, metamorphism, 
igneous intrusion, diastrophism, and erosion is revealed by the 
pre-Cambrian complex of the Front Range. Presumably the 
Castle U9ck region shared in this history, although there 
the greater part of the record is blank, for only the youngest 
pre-Cambrian formation-the Pikes Peak granite-crops out 
within the quadrangle. This gl'8nite, which is part of a great 
batholith, was in late Algonkian time int.rude-d at some distance 
beneath the surface into pre-Cam brian rocks. It has not 
undergone dynamo metamorphism, but the many joints by 
which it is traversed testify to the strains to which it has been 
subjected. After the intrusion the region was uplifted and 
eroded to such an extent that the deep-seated granite was 
laid bare. 

PALEOZOIC ERA. 

During Paleozoic time in general the Rocky Mounhlin 
region was submerged beneath the sea and was an area of 
deposition. The beds then laid down comprise several thou­
sand feet of marine sediments, but the sedimentary record of 
the Paleozoic era in the region is not complete in anyone 
area and a number of u[lConformities testify to uplifts and 
considerable breaks in t.he record. 

Early Cambrian time is not represented by sediments in 
the Castle Rock region. The area was then doubtless a land 
mass composed of the uplifted pre-Cambrian rocks, which were 
reduced by long erosion to a peneplain, as indicated by the 
remarkably e\'en floor on which the overlying sands were 
deposited. This peneplained surface ·was submel'ged probably 
in Upper Cam brian time, which witnessed the transgression of 
the sea and the deposition of the Sawatch sandstone. At 

first only pure white quartz s!tnd, cleansed of impurities by 
attrition, accumulated, but subsequently sands not so well 
sorted, of various composition, were laid down, probably 
farther offshore. 

The deposit.ion of the Sawatch sandstone was followed, 
apparently conformably, by that of calcareous material rela­
tively free from terrigenous debris, forming the Manitou lime­
stone, of Lower Ordovician age In the Canon City region 
the Manitou limestone is succeeded by two other Ordovician 
formations, the Harding sandstone and the Fremont limestone, 
but their original extent is not known. 'Vhether the absence 
of later Ordovician and of Silurian and Devonian strata in this 
area means nondeposition or their removal by erosion is unde­
termined. Here, as elsewhere in the Rocky Mountain region, 
a considerable thickness of early Paleozoic limestone may have 
been deposited, only a relatively small amount of which 
remains. A period of emergence and erosion preceded the 
deposition of the lowermost Carboniferous rocks, for in Perry 
Park the Sawatch sandstone is immediately overlain by the 
:M:ississippian }Iillsap limestone. 

The accumulation of the Mississippian limestone, ,,·taS 

followed by continental uplift and widespread erosion, shown 
by the overlap in the Front Range district of deposits of 
Pennsylvanian age on eroded surfaces of the older formations. 
These Pennsylvanian deposits are the red beds which outcrop 
so conspicuously in the foothills of the Front Range. They 
were laid down under various conditions, but their general 
composition and prevailingly red color give them unity. In 
large part they are composed of the waste of crystaUine rocks 
of the Front Range. These rocks, presumably were reduced 
to a residual red soil, although some of the red color no doubt 
is due to dehydration of disseminated ferric hydrate, a change 
that occurred after the deposition and burial of the sediments. 
The coarse grits of the Fountain formation apparently accumu'" 
lated in large part under subaerial conditions, although fossils 
from calcareous beds in the Colorado Springs quadrangle indi­
cate local incllrsions of the sea. The overlying fine-grained, 
more homogeneous Lyons sandstone, composed chiefly of pure 
quartzose sand, indicates a better sorting of the sediments. 
The general absence of the red coloring material in the upper 
part of the Lyons may be accounted for by offshore attrition of 
the particles of sand, which removed the pigment and washed 
it away. Later Carboniferous time is recorded by the Lykins 
formation, which accumulated under conditions permitting the 
alternate deposition of sandstone, shale, and thin beds of 
marine limestone. Finally the waters became landlocked and 
the climate more arid, and the close of the Paleozoic era is 
marked by the deposition of gypsum. 

MESOZOIC ERA. 

During the early part of the Mesozoic era there was appar­
ently a considerable land area in the Colorado Front Range 
region. In the Castle Rock quadrangle, so far as known, 
Triassic and Jurassic time was not recorded by sediments, 
unless the Morrison formation belongs t.o the Jurassic period. 
Fossils of supposed Triassic age have been reported in south~ 
eastern Colorado, and marine Jurassic beds are of widespread 
occurrence in \Vyoming and extend southward into Colorado, 
but whether beds that ·were formed in either of those periods 
were deposited in the quadrangle and subsequently removed is 
not known. 

The variegated beds constituting the Morrison formation 
are of subaerial and lacustrine origin. Although this for­
mation is thin, generally less than 300 feet thick, it is of 
widespread distribution, indicating a preyalence of similar 
conditions of deposition over a large area. Immense reptiles 
thrived in this region during the deposition of the Morrison 
formation, which is notable for the remarkable saurian forms 
entom bed in it. The land in which these animals lived was 
then submerged by the northward advance of the Lower Cre­
taceous sel}, in which the Purgatoire formation was laid down. 
This adyance of the sea is marked by the change from the 
variegated }Iorrison deposits to the overlying white quartzose 
sand and drab clay shale of the Purgatoire formation, in which 
marine sheUs occur. 

Upper Cretaceous time was characterized by the presence 
during most of that epoch of a great interior sea, extending 
between the present Great Basin ann Mississippi Valley and 
connecting the Gulf of Mexico with the Al'ctic Ocean, in which 
many thousand feet of conformable strata were deposited. 
The Dakota sandstone, the basal Upper Cretaceous formation, 
is succeeded by a thick series of marine sediments of wide­
spread uniformity, constituting the Colorado and l\Iontana 
groups. These groups include several thousand feet of fine­
grained deposits, which maintain their individuality over many 
thousand square miles and emphasize the similarity of the 
conditions that preyailed in a ~reat area during the Upper 
Cretaceous submel'gence. The withdrawal of the later Creta­
ceous sea began with the accumulation of the Fox Hills sand~ 
stone toward the close of }Iontana time and finally the 
coal-bearing Laramie formation was deposited in brackish and 
fresh water. 



CENOZOIC ERA. 

TERTIARY PERIOD. 

Eocene epoch. - Uplift of the Front Range region and 
accompanying erosion, after the deposition of the Laramie 
beds, marked the close of the Mesozoic and the beginning of the 
Cenozoic era. A great thickness of Cretaceous and older rocks 
was eroded from the Front Range region and a mass of conti­
nental deposits accumulated 011 an uneven surface of the 
Laramie and older formations east of the mountains. The 
Dawson arkose, derived from the Pikes Peak granite and asso­
ciated. rocks, was laid down Ruder various continental condi­
tions, chiefly as wash and fluviatile deposits accompanied by 
local ponding. During the accumulation of the arkose this 
region may be conceived of as a piedmont area having a moist 
and temperate climate, an area in which the vegetation was char­
acterized by the presence of many fig trees, palms, magnolias, 
poplars, willows, oaks, maples, etc., and which was occupied by 
Triceratops (huge three-horned dinosaurs), crocodiles, turtles, 
and other reptiles and by primitive mammals. An outburst 
of volcanic activity toward the close of the period of accumu­
lation of the Dawson arkose is shown by the local deposits of 
tuff and rhyolitic lava. 

Oligocene and later Tertiary epochs.-After the Dawson 
arkose was laid down there was further uplift and renewed 
erosion, resulting, finally, in the deposition of' the Castle Rock 
conglomerate, of Oligocene age. This formation, which is com­
posed of debris of the Pikes Peak granite and associated rocks 
of the Front Range, including reworked Dawson arkose 'with 
angular fragments of rhyolite in the basal conglomerate, is 
apparently composed of wash and fluviatile material. It 
represents the coarse-grained Piedmont phase of the usually 
fine-grained Oligocene deposits laid down farther east on the 
plains. The region was occupied by huge rhinoceros-like 
herhivorous mammals (Titanotheridoo), remains of which are 
found in the conglomerate. 

Later Tertiary e"ents are not recorded by sediments ,vithin 
the quadrangle. but there is abundant evidence of prolonged 
erosion of the Front Range region, which was reduced to a 
rolling plain. This period of relative freedom from diastro­
phism was succeeded by uplift, which culminated in the moun­
tRin. zone rising above the plains. The uplifted peneplain is 
recognizH ble in the ~eneral even surface of the mountain top 
as shown in Plate II. Subflequent to the uplift erosion pro­
ceeded with renewed energy, and a great quantity of sedimen­
tary rocks from the eastern slopes and the plains was removed 
while canyons were being cut in the more resistant granite. 
Differential uplift and erosion resulted in the mountains stand­
ing out in bold relief against the plains. 

QrATERNARY PERIOD. 

During the Pleistorene epoch glaciers of the alpine type 
occupied the higher portions of the Front Range. In the 
Pikes Peak district, for instance, a few miles southwest of the 
Castle Rock quadrangle there are cirques, moraines, and other 
evidences of the former presence of glaciers. But such phe­
nomena do not occur below an altitude of about 9,500 feet, and 
no indication has been found that glaciers occupied the Castle 
Rock quadrangle. In this area during Pleistocene time wflsh 
deposits were laid down along the base of the Front Range and 
alluvium accumulated in the river valleys. In Recent times 
these Pleistocene deposits have been dissected into a series of 
disconnected terraces, and the s('ulpturing of the hills and Yal-, 
leys has been continued and has finally produced the present 
aspect of the country. As the result of long-continued erosion 
the surface forms are adjusted to the character and structure of 
the underlying rocks, as has been stated in the description of 
topography (p. 2). 

ECONOMIC GEOLOGY. 

RESOURCES AVAILABLE. 

The mineral resources of the quadrangle include building 
stone, limestone, gypsum, S~ll1d, clay, gravel, prohably coal, 
some gold, and underground water. These substances are of 
so widespread occurrence along the foothills of the Front 
Range, except of course the gold, that proximity to market 
rather than the existence of the material is the controlling 
factor in produr.tion. Most of the mineral resources in the 
vicinity of Denver, Colorado Springs, and Pueblo are available 
for use in the Castle Rock quadrangle, but the present demand 
is not sufficient to warrant their exploitation. The rhyolit~, 
which is quarried for use as building stone in the vicinity of 
Castle Rock, however, is Hmited in occurrence to this area. 

BUILDING !:lTONE. 

The formations that are particularly suitable for use as 
building stones fire the rhyolite in the upper part of the Da,,,­
son arkose, the Lyons sandstone, and the Pikes Peak granite. 
Other thou~h less important building stones are available in 
selected sandstones from the Sawatch, Fountain, Lykins, Purga­
toire, Dakot(l, and Laramie formations. 

]2 

Rhyolite.-The rhyolite is said to have been first quarried 
about 1876 and since then it is reported that some 30,000 car­
loads have been marketed. The stone has been extensiyely 
used for building in D~nver, Colorado Springs, and Puehlo, 
where it has given general satisfaction. The quarries, to which 
railroad spurs have been constructed. are near the town of 
Castle Rock. Prospecting, however, has been extended to 
most of the outcrops, the oc('urrence of which is shown on the 
geologic map. 

The stone is readily accessible, is easily worked, is of 
pleasing gl'ay to pinkish color, stands the weather well, flnd 
is sufficiently strong for ordinary purposes, although the 
more porous varieties are not adapted for use where great 
strength is desired. In recent years the production of this 
stone has fHllen off bec.ause of the competition of other build­
ing materials. 

Lyons sandstone.-The Lyons sandstone is much used as 
building stone in the cities along the eastern base of the Rocky 
Mountains. Its popularity is due to its pleasing colors, rang­
ing from various shades of red, brown, and cream to whitish, 
and to its uniform and fine-grained texture. It is easily 
worked and is quarried at a number of places along the out­
crop but not yet in the Castle Rock quadrangle. 

Pikes Peak gram·te.-The Pikes Peak granite is available in 
enormous quantity when demand arises for its use. A large 
slab in front of the old hotel in Perry Park shows the excel­
lent quality of the rock. This grunite has been quarried in 
Platte Canyon, but no attempts have yet been made to utiJize 
it in the quadrangle. 

LIMESTO~E. 

Large quantities of limestone are available in the foothill 
region for the manufacture of lime and cement. The }Ianitou 
and Millsap limestones are magnesian and are suitable for 
making fertilizer and some wall plaster; non magnesian lime­
stone suitable for making cement or wall plaster occurs in the 
Lykins and Morrison formations and in the Colorado and 
"Montana groups. 

Gypsmr. 

Gypsum of variable thickness, in places measuring 40 feet, 
occurs at the top of the Lykins formation and is available for 
use as plaster and fertilizer. )1uch of the gypsum is pnre and 
white and of high grade. It has not yet been utilized. 

GRAVEL, ~~!.<\ND, A~n CL~'l.Y. 

Enormous quantities of sand and gravel of varied composi­
tion occur in the Da,,,son arkose. Good grades of rather pure 
quartz sand can be obtained from sandstone in the Purgatoire 
formation and from the Lyons and Dakota sandstones. There 
are also inexhaustible supplies of clay in the shale of the 
Colorado and Montana groups and in the Purgatoire formation. 
High-grade fire clay occurs in the Dawson arkose at Calhan, 
a few miles southeast of the quadrangle, and deposits may be 
found in the area here considered. 

COAL. 

Coal has not yet been found in the quadrangle, although it 
probably occurs there, because the Laramie formation carries 
the coal beds that have long been mined near Denver and 
Colorado Springs. 

'Vherever the Laramie formation has been systematically 
exploited in 'the Deuyer Basin coal has been found, but the 
beds are irregular and are not everywhere of workable thick­
ness. Two general coal zones are reported in the Laramie of 
this region, one in the lower 200 feet of the formation, which 
is prevailingly sandy, and the other near the top of the forma­
tion, some 1,200 or more feet above its base, where shale pre~ 
dominates. The lower zone carries the coal beds that are mined 
in the vicinity of Den Vel' and Colorado Springs. The beds at 
Scranton, 20 miles east of Denver, are in the upper zone, accord­
ing to Eldridge, and the coal which crops out. in the valley of 
'Vest Bijou Creek, east of the Castle Rock quadrangle, appears 
to be approximately at the same horizon, although the age and 
correlation of these beds has not vet been determined. 

The Denver and Colorado Springs coal fields have been 
described in detail by Eldridge, Martin, and Goldman in reports 
of the United States Geological Survey. (See bibliography on 
p. 2.) Only the lower zone occurs in those areas, where, in 
general, there are from one to three lenticular beds of coal 
showing a maximum thickness of 14 feet, but averaging, where 
they have bflen developed, perhaps 4 01' 5 feet. As they con­
form with the general structure of the region the coal beds are 
highly inclined neal' the base of the mountains, but their dip 
decreases eastward, and under a large part of the basin they 
are either gently inclined or practically level. The coal is a 
fairly good snbbituminous yariet.y, formerly called black lig­
nite, which successfully competes with better grades because of 
the proximity of good markets. 

The upper coal zone is not. so widely distributed. The coals 
of the upper beds contain more ash and moisture than those of 
the lower beds and are distinctly of lo\"er grade. 

In the Castle Rock qUfldrangle the Laramie crops out about 
midway between the exposures of the formation in the Denver 
and Colorado Springs areas, the connection being concealed by 
a covel' of younger deposits. The outcrop occupies a narrow 
curved belt flbout 9 miles long in the central western part of 
the area, and the entire f1uadrangle, except the south\vest corner, 
where older rocks occur, is underlain by the Laramie formation. 
If coal is not fonnd after systematic prospecting along the out­
crop of the formation its absence at the surface may be due to 
the fault which extends along the eal3t side of Perry Park (see 
p. 10), in which event the lower coal zone should be encoun­
tered in drilling, In the greater pflrt of the quadrangle, how­
ever, that zone lies at R considerable depth beneath the surface, 
and in the central hi~hhmd belt, where the Castle Rock con­
glomerate and the upper part of the Dawson arkose are present, 
the lower coal zone lies below the workable limit for subbitumi­
nous coals, which is now considered to be 2,000 feet. In places, 
particularly in the northeflstern part of the quadranglE', the 
upper coal zone may be present beneath the cover of younger 
rocks bnt if so can be deterrhined only by drilling. . 

GOLD. 

One of the early finds of gold in Colorado was made in 1'B58 
in Russell ville Gulch, about 5 mUes southeast of Franktown 1 

and ever since then there has been desultory prospecting for 
placer gold in that vicinity. The chief localities explored, 
besides Russell ville Gulch, are Ronk Gulch and Gold Run, a 
few miles southwest of Elizabeth, and Newlin Gulch, 7 miles 
northeast of Sedalia. Recently there has been renewed activity 
on Kewlin Gulch, in and adjacent to sec. 36, T. 6 S., R. 67 W., 
where several drifts have been driven into the alluvial deposits 
bordering the gulch. No considerable amount of gold has been 
found, but the fact of its actual presence has served to maintain 
sporadic interest in the occurrence. 

The gold had its source in the mountains and was carried to 
the q uudrangle with the associated sediments by streams, becom­
ing finer and finer grained by transport. The gulches where 
gold has been found are cut in the Dawson arkose, bnt the 
divides are capped by the Castle Rock conglomerat.e. With 
which of these formations the gold originally was laid down is 
not known. In view of the more vigorous stream action t.hat 
accompanied the deposition of the conglomerate it seems prob­
able that the gold was deri ved from it and later accumulated 
in alluvial deposits in the present valleys. Undoubtedly it has 
been deposited, eroded, and redeposited a number of times. 

The product is reported to be in general very fine, practically 
flour gold, and this fact, taken in connection with the difficulty 
of obtaining water economically and in sufficient quantity for 
work on a large scale, has so far caused the deposit to have 
little commercial importance. Several attempts in which large 
sums of' money are said to have been spent resulted in failures. 
But on the other hand the gold has afforded a poor living to 
some persons at times when more profitable employment was 
lacking. The value of these deposits can not be determined 
until the area is systematically prospected. 

WATER. 

The Castle Rock qU!:ldrangle is in the semiarid region. The 
mean annual rainfall at Colorado Springs is 14.3 inches and at 
Denver 13.i inches. On the Platte-Arkansas divide, in the 
southern part of the quadrangle, and in the mountains, the 
precipitation is somewhat greater, but statistics are not available. 

Su.rface water Bupply.-There are no large streams in the 
quadrangle and most of the drainageways are dry during the 
greater part of the year, although the principal creeks carry 
a small perennial fio,,,. At a few favorable places storm waters 
are impounded in reservoirs. Thns near the head of l\1onu­
ment Creek in the mountains west of Palmer Lake water is 
stored in two reservoirs, and others are located at Palmer 
Lake and at Monument. The lake in Perry Park collects 
the water of Bear Creek, which is used for stock. The largest 
reservoir in the quadrangle is formed by Castlewood dam, at 
the head of the gorge 3t miles south of Franktown, where 
the water of Cherry Creek, is impounded. (See PI. VI.) 
This water might be used for irrigating the broad lowland in 
the vicinity of Franktowh, but instead it is transported in 
the Arapahoe canal aboLlt 25 miles northward to irrigate land 
in a stiburb of Denver. 

In the greater part of the quadrangle the supply of surface 
water is so meager that only small tracts can be successfully 
irrigated. Ground water lies near the surface in the bottom 
lands along the drainage ways, however, and most of these are 
consequently very fertile. The rainfall usually is sufficient 
for dry farming on the uplands and is so well distribut.ed 
through the growing season that good crops are common. 

A conspicuous group of springs occurs in Cherry Creek 
valley north of Franktown, at the north end of the quadrangle. 
They are situated at the contact of coarse-grained sandstone 
and ·of underlying more compact clayey material of the andes­
itic member of the Dawson arkose and extend for a distance 
of about 3 miles. A spring in the flood plain of Cherry Creek 

1 Hall, Frank, History of Colorado, vol. 3, p. 383, 1891. 



in the SE. i sec. 3, T. 7 S., R. 66 W., is reported to How 
125 gallons a minute. 

Underground water supply.-The underground water sup-­
ply of the quadrangle is obtained from consolidated rocks 
and from unconsolidated deposits chiefly in the Hood plains 
of creeks. 

In a large part of the quadrangle the older formations lie at 
a great depth beneath the surface and the consolidated rocks 
available for water supply are chiefly certain beds in the 
Dawson arkose. The eastward dip of the strata causes: the 
water to be under presaure, but the altitudes: in practically all 
the region are so great as to preclude surface flow. Only in 
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a small area in the valley of Plum Creek below Sedalia are 
flowing wells obtained. 

At the Dq Pont Powder Works at Lou viers, 3 miles below 
Sedalia, just lJeyond the boundary of the quadrangle, there is 
a flowing well 680 feet deep. In this well a nurober of water­
bearing beds were encountered at depths between 85 and 652 
feet beneath the surface, the well yielding in August, 1911, a 
total flow of 178 gallons a minute through a 6-inch pipe. This 
is the southernmost flowing well of the Denver artesian area. 

At Sedalia and Castle Rock several deep wells have been 
sunk without obtaining flows, although the water is reported 
to have risen within 60 or 70 feet of the surface. 

On the central highland belt between Castle Rock and 
Elizabeth a few wells have been sunk to a depth of 150 feet, 
only to obtain a small yield, and a number of dry boles have 
been dug at various localities. 

The main water supply of the quadrangle is obtained from 
shallow wells sunk in the unconsolidated flood-plain deposits 
of the creeks. From this source most of the towns and out­
lying farms get their supplies. The town of Castle Rock, for 
instance, obtains its water by pumping from underground 
galleries and from shallow wells sunk in the flood plain of 
Plum Creek. 

December, 1913. 
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GEORGE OTIS SMITH, DIRECTOR 

PLATE I.- THE FRONT RANGE FROM HILL EAST OF PALMER LAKE. 

COLORADO 
CASTLE ROCK QUADRANGLE 

The mountains are composed of Pikes Peak innite; the slopes alai'll! their base are covered with Quaternary wash. Cliffs of near iy horizontal Dawson arkose in foreground: Palmer Lake at extreme riah!; Mount Hermon in left center. Photol!,aph by Denver & Rio Grande Railroad Co. 

PLATE It.- PENEPLAIN ON TOP OF THE FRONT RANGE AT AN ELEVATION OF 
ABOUT 9,000 FEET. 

View northward along the rani!fl west of Mount.Hermon. Peneplain is cu t on Pikes Peak II ranite. 

PL"TE V. - UNCONFORMITY AT BASE OF CASTLE ROCK CONGLOMERATE AT CONTACT 
WITH DAWSON ARKOSE IN CLIFFS OF CASTLE ROCK. 

Shows uneven surface of contact and bowlders of rhyolite;n basalconi"lomerate. 

PLATE VII.-CASTLE-LIKE EROSION REMNANT OF DAWSON ARKOSE, JUST NORTH 
OF DEADMANS CREEK. 

Lookin!! northward aloni;!:Quaternary wash-covered slope at loot of Front Rani"e. 

PLATE III.-CASTLE ROCK, A BUTTE CAPPED BY CASTLE ROCK CONGLOMERATE. PL .... TE IV.-CASTLE ROCK AND MESA IN DISTANCE, BOTH CAPPED BY CASTLE 
ROCK CONGLOMERATE. Lookini" east. 

Lookini" north. 

PL .... TE VI._ CASTLEWOOD RESERVOIR AND MESA TO THE EAST CAPPED BY CASTLE ROCK CONGLOMERATE. 

Unconformable contact of Dawson arkose and overlyini" Castle Rock coni"lomerllte occurs in cliffs I t left. 

PL .... T£ VIII._ "MONUMENT" OF DAWSON ARKOSE, 2 MILES WEST OF 
THE TOWN OF MONUMENT. 

PLATE IX._ GROTESQUE EROSION REMNANT OF DAWSON ARKOSE CALLED "ELEPHANT'S HEAD" EAST OF 
PAtMER LAKE. 
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PLATE X .~TYPICAL EXPOSU RE OF FOU NTAIN FORMATION. 

COLORADO 
CASTLE ROCK QUADRANGLE 

Looking southeast from west s,de of Gove Creek. Perry Park. Raspberry Butte. capped by rhyol ite, in centra l distance. 
PLATE XI.-$CULPTU REO EROSION FO RMS O F FOUNTAIN FORM AT IO N IN SOUTHEASTER N PART OF PERRY PAR K. 

·'ProlileRock"atright. 

PLATE XI I._ HOGBACK RIDGES O F PERRY PARK. 

Looking northwest across Bear Creek. Curved double row of hogbacks of vertical Lyons sandstone on left 
and Dakota. sandstone on ri2'ht,sep&rated by valley of softer rock. Sandstone of Purgl.toire formation 
makes shoulder on left slope of Oakota hOl!;back in distance. Gypsum of Lykins formation composes low 
wh ite ridge in middle ground. 

PLATE XV.- GATEWAY TO PERRY PARK. 

Looking east from a point near Bear Creek. Nearly vertical Lyons sandstone in foreEround. HOg'back in distance 
capped by Dakota sandstone. Sandstone of PurEatoire formation makes lower cliff and slopes. 

PLATE XlIl.- CLOSER VIEW OF H OGBACK RIDGES OF PE RRY PA RK . 

Looking' northwest Icross 8ear Creek. Dip of Dakota sandstone, which is nearly vertical on the h iEh 
knob, becomes les$ steep toward the rillht. Sandstone of the Purgatoire, which forms a shoulder on 
the Dakota hOEback. makes the wh ite hi ll across the lake. Morrison and Lykins formations occupy 
depress ion between hOEback ,idEes. Vert ical Lyon, sandstone makes an a lmost continuous wall on left. 

PLATE XVI .- GENTLY DIPPING PALEOZO IC ROCKS RESTI NG ON PIKES PEAK GRANITE, 
W EST SIDE OF BEAR CANYON, PERRY PARK. 

White Sawatch sandstone in lower part of cliff. thin·bedded Millsap limestone in up~r part, and white 
sandstone of Fountain formation on top of hill. 

PLAn X IV.- DAKOTA HOGBACK IN PER RY PARK WEST OF GOVE CREEK. 

LookinE nor thwest. Band of white Eypsum of Lykins formation ;n middle Eround. Lyons 
sandstone in foreJi:'round. Front Rang'e in distance. 

PLATE XVlI .- W HITE SAWATCH SANDSTONE RESTING ON PIKES PEAK 
GRANITE, OFFSET APPARENTLY BY A THRUST FAULT . 

looking' southeast ac ross Gove Canyon. Sawatch sandstone cliff capped by thin-
. bedded Millsap limestone. 

PLATE XVII I.-PIKES PEAK GRAN IT E ON TOP O F FRONT RANG E SOUTH W EST 
OF PALMER LAK E. 

PL ..... TE XI X.- SLOPING T ERRACE OF QUATERNA RY W ASH AT BASE O F FRONT RANG E. PLATE XX.-QUATERN ARY TERRACES IN VALLEY OF EAST PLU M CREEK AT CASTLE ROCK. 

Showing'iointi ng and rounded weather ing' of t he g'ranlte. 
Looking south across Beaver Creek. Lower terrace ;n lo rellroundand slre, m at r;zht; h;g'her terrace at left. Cast le Rock in backg'round. 
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• The texts and eoonomic-geology maps of the Placsrville, Sa.cramento, and Jackson folios, 
which are out of stock, have been reprinted and published as a sini'le folio (Folio reprint. NOl. 3, 6, 
and 11), the price of which is $1. . 

100 Alexandria........... South Dakota ........ . 
101 San Luis. . . . . . . . . . .. California .......... . 
102 Indiana.. Pennsylvania . . . . . . . .. 
105 Na.mpa........ Idaho-Oregon 
104 Silver City. . . . . . . . Idaho ......... . 
106 Patoka... Indiana-Illinois 
106 Mount Stuart . . . . . . . Washington ......... . 
107 Newcastle. Wyomlng-South DakQta .. . 
lOB Edgemont.. South Dakota-Nebraska. .. . 
109 Cottonwood Falls . . . Kansa.a . . . . . . . . . . . . . 
110 Latrobe Pennsylvania 

tIll Globe.......... Arizona ..... . 
112 Bisbee (reprint). . . . Arizona. . . . . . . . . 
1 U5 Huron South Dakota. . . . . . 
114 De Smet . South Dakota ... 
116 Kittanning. Pennsylvania 
116 Asheville... North Carolina-Tennessee .. 
117 Casselton-Fargo North Dakota-Minnesota ... 
118 Greeneville Tennessee-North Carolina .. 
119 Fayetteville.. Arkansas-Missouri ..... . 

t 120 Silverton . Colorado . . . . 
121 Waynesburg. Pennsylvania 
122 Tahlequah... Oklahoma (Ind. T.) . 
1215 Elders Ridge Pennsylvania . 
124 Mount Mitchell. North Carolina-Tennessee .. 

t 125 Rural Valley ... Pen.nsylvania ........ . 
126 Bradshaw Mountains. . . .. Arizona ............ . 

t127 Sundance........... Wyomlng-South Da.kota .. . 
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t 129 Clifton ............ Arizona.... .. 
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11180 Claysville Pennsylvania. 5 
11181 Bismarck.. North Dakota. . . . 6 
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U Octavo editions of these folios may be had at same price, 
'IT Octavo editions only of these folios are in stock. 
§ These folios are also publi&bed in octavo form at 60 cents each, exoept No. 196, 

which is 76 cents. 

Owilli!' to a fire in the Geological Survey building the folios in stock were slightly damaged, but those that were saved are usable and will be sold at 6 cents each. They are priced -accord· 
ini'ly in the list above. Circula.rs showing the location of the area cavered by any of tb.e above folios, as well as information concemiIli' topographic maps and other publications of the Geological 
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