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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

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

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtcflu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy delermined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal ele\'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represcnted by 
each space bctwf'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"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

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

The skcreh :J river VB Hey bt'tweell two hills. In 
tIlt:' foregrOlliul tlll? seH, \\lth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley iB a terral'e. 
The terrllCC on the right merges into a gentle hill slope; lhat 
on the left is backed by a aSCf'ut to II cliff, or scm·p, whidl 
contmBts with the gradunl away from its ncst. In the 
map each of these features indicat.ed, directly bel10ath 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 represents a eertain height ahow sea IE'\·el. 
In this illustration thc eontoUT interval is 50 feel,; thel'efol"e 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove mCHn sea level. Along the eontour at 250 feeL lie 
aU points of Lhe surface t.hat Ht"e 250 f~et above the sca~that is, 
this eontour would be the shore line if the sea \vere to rise 250 
feet; alan!!: the rontour at 200 feet. are all points that nrf' 200 
fcet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are u11 points whose clevationH are aboy,=, the lower 
and below thc lligher ('on tour. Thus the eoutnur at 100 ft'f'L 
falls jUSL helow the edge of the tenare, and tlmt at :l00 feet lit:'i'l 
above the terrace; therefore all pointB on ille terrace are shown 
to be more tlwn 150 but lei:ls thnn 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); accordingly the ('ontoUT at ()oO feet surrounds iL. In 
this illust.ration all the contoUl' ]ines arc nuwbered, and those 
for 260 and riOO feet are arcentuated by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('celltnating flnd nnmht'ring of ('ertain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy cOlLnting up or dO\vll from th('se. 

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

contours are continuous horizontal they wind SlllOOtJlly 
about smooth surfaces, rcct:'de into rt'entrant of 
ra"ine8, 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 thc approximate of any sl~pe. 

The vertical interval between two \'(mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to at.tain a gi ven 
height on a gentle slope olle must go £ll'ther than on a HtCt'p 
slope, and therefore contOUlli are fill' apnrt on gentle ~lop('s 
and near togethf'r on steep onC8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating countr)'; a steep or mountainolls 
country ean, as a rILle, be a(leql1ately l'epresentell on the same 
seale by the use of a huger intenal. The smallest interYH 1 
used on thc atlas sheets of the Ueologieal 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 country ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet 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 hrokcn or dotted. 'Vhere a stream sinks and 

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

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

are printed in 
,)ca"C.,.-j~l1e area of the Uniied States (exclusiye of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, dl1Hvn to the Ecnle of 1 mile to the inch 
would ('over 3,0:27,000 s<jlHlre incile"" of pnpel' aJHl measure 
about 240 by 180 feet. Each square mile of ground Sll1-iace 
wonld be rcprcsented hy a inch of map snrfllee, and a 
linear mile on the ground a linp...ar i1lch on the map. The 
seale mav be also a fradion, of whieh the numer-
ator is a" 011 the map and the denominator the eorre-
sponding lengt.h in uature expressed in the same unit. Thus, 
as thcre arc 6:3,;~60 inehes in a the scale"] mile to the 
inch" i8 by the fradion 

Thrce are used on the sheets of the Geological 

inch on t.he Illap. 
surface 

a graduated line repre­
a similar line indieating 
a fraction. 

"U""""U"I(".·~j "cmap of the Unit.ed Stat.es 
is being nhed~ of eOllvcnient size, wlrieh 
represent areHS houwlc,d parallel.; atHl meridians. ThCBc 
~neas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUll'e degrec-that iB, a of latitude by a 
degree of longitude; eaeh sheet on thp of repre"ents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-:-;ixteenth of a squnre degree. The areas of the corre­
sponding quadranJ!;les arc about 4000, 1000, and 2;)0 square 
miles, thOllgh HH'y vary with the lat.itude. 

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

arell" lying in two or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some well-known town 01' natural featurc within its limits, and 
at the sideB and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'eprf:'6entillg the show, colors and 
conventiowll ~ip;ns printed on topographic map, the 
di:3tribution of rock masse's on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so fur 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

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

19n~'lms 1>oclcs.~Rocks that haw cooled and consolidated 
from a Hlate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upwanl in fissures or dtan-
lie},.; of and sizf's through rocks of all to or 
lI(;arly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
Lelow the surfu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular conduit the 
mass is termed a 8Ioch:. "\Vhere molten map;ma trayerses strat­
ified rocks it be iIltruded along betiding planes; sueh 

nr "hed.s if comparatively thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;Illa. by roek molten material rool.; 
slowly, witll the result that intrusive rocks are generally of 
crystalline texture. vVhere the channels reaeh the surface 
the molten material poured out t.hrough them iB called lwva, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the snrface are called 
LavHs generally cool mort:' rapidly than iutrusive 
a:--1 a rule contain, eBpef'ially in their superJieial parts, wore or 
lesH voleanie produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are uHlwlly porous, owing to the expansion of' 
the gase.,:; originally present in the magma. Explosive action, 
due to these gases, often aceompanies volcanic eruptions, 
causing qjt'etions of dust, ash, lapiili, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breccias, agglom-

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

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

disintegration, of voleanic ejecta deposited in lakes and seas, or 

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

The ehief ngent in the transportation of roek Q-ebris is water 
in Illation, including rain, streams, and the water of lakes awl 
of the sea. The materinls are in large part carried ns solid 
particles, and the are then said to be mechanical. 
Buch a.re which are latcl' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift.', or ('helllical if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin are limestont', ehert, salt, iron on" 
peat, lignite, and eoal. Anyone of thc named 
may be f'\ep~ll'ately formed, or the diITerent he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotion, or wind, lmd a 
third is ice in motion, or glaciers. The mORt characteristie of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most charaeteristic of glacial deposits is till, a heterogeneous 
mixture of bowlders and pebbles wit.h day or sand. 

Sedimentary rocks arc usually made up of lllyt'r",. or beds 
which can be separated. TheBe ure caned .strata, 
and rocks in such layers are to be stratified. 

The snrface of the earth is n~t immomble; 0\ er 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 sedimellt~1ry, ro(~ks may become part. of the 
land, and most of our land areas are in faet occupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the surff~ce of tlle air, 
watf'r, iee, animals, and plants, 
known aB baderin. They and more 
soluble parts HTC leach('(l ont, the material bcing 
left as a re8idual laveT. \Vater washes this material down 
the slopes, and it. is c~'elJt.ually can~etl by riYers t.o thc,oeean or 
other bodies of W(lt~r. lTsually its journey is not eontinuous, 
but it is huilt into river bars and flood plains, 

_·Ulu \·ial ~laeial deposits 
df'po~its belong to 

laver is commonly inC'lllded 
Their upper parts, o~ellpied by th~ roots of 

eOll:'!titute soils and subsoils, the soils being usually 
dist,inguisim! by a notable admixture of matter. 

and by various 
processes, rocks may in com position 
and in texture. If the new pro-
nouneed than the old such rocks arc called In 
the of metamorphism the cOllBtituents of a chemic~ll 

may enter into new combinations nnd eertain substances 
may be iost or new ones added. A complete gradHtion [rom 
the primary to the meimnorphie form may exist within a 
single rock mass. Such changes transform sandstone into 
quartzite and limestone into marhle and modify other Tocks 
in various ways. 

From time to timc during 
been deeply buried and hayc to enormous 
pressures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In such 
rocks the original 8tructures may h:1\ e been lost entirely and 
new onE'S substituted. A syslem of planes of division, along 
which the rock. splits most readily, may have been deyeloped. 
This structure is called and may cross the original 

roeks cbanwterized by it 
Crvstals of mica or minerals lllUY have gr~wn 

in tbe rock in "such a as to produce It laminaled or foliated 
structure known as The roelcs characterized by this 
structure are schisf.s. 

As a rule, the oldest roeks are most altered and the young,=,l" 
formations haw eseuped metamorphism, hut to this mle there 
are many illlpOlinnt t.'o'lpeeially in l'egiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are inlo A Redimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform ehflrw:-t~r or rocks more 01· 1ess uniformly 
"\\il.riell in eharaeter, for example, an altprnafion of shale and 
Hmestone. 'Vhere fn}m OIle kind of roeks t.o 
another is graduHI it. may TweesRary to two eontigu-
ous formations by an arbitrary line, aTHI some rases the 
disLill(~t.ion depends almost f'nt.irely on the contained fossils. 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oceurrence, or of lil-:e origil1. .r\ metanH1l11hie for­
mation lllay eonsist of rock of nniform character or of se\ eral 
rocks having ('omIllon eharaetel'istirs 01' origin. 

'Yhen for seientifi(' or economic reasons it is desimhle to 
recognize and map onc Ol' more deyploped parts of a 
yaried formation, such parts arc members, or In' oom(' 
odler appropriate term, as If!ntiIB. 

.\GEB OF ROCKS. 

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

/I 

• 



and still smaller ones stages. The age of a rock :is expressed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'oll}1f'd to,2:f'ther into a 8Yl:Jlent. The prilleipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'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 rcpons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under Hueh eondiLi,ons if prcsent, 
may indicate whieh of t.wo or more formations oldest. 

Mnny stratified rocks eontain 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. Auch 
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 mal·ine life existed when the oldest 
f()ssilifel'om; rocks were deposited. From t.im!:' to time more 
complex kinds de\'eloped, awl as the 8impler ones lived on in 
modified forllls life became more varied. But during each 
period there liYl:'d peculiar forms, which did 1I0t exist in ('arher 
timt's and lwvc not existed sinpe; t.hf'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 
linkcd the forming a chuin of life from the 
time of the rocks to the present. 'VJlerc 
two sedimentHry formations are rernot.e from eac·h other ami it 
is impossible to obscne their relative positions, the charncter-
istic fossil found in thelll may (If'termillC which 'was 
deposited Fossil remains in the strata of different areas, 
proVine(~8, and r-ontineutr: afford the most import.ant meHns for 
comhining local histories into a earth hist.ory. 

It is TllHIl~V places difficult or to df:'terll1iue the agc 
of an igneons frfrlllfLtion, hut rlw rdatiw age~of sndl n f()rm;l­
t.ion can in generaJ be ascertailled 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 l'('cohlt'd on nIap i.., that of the 
masses llnd not. of dICir metamorphit>lll. 

culon;, and pa.tiaus.-Ench f()l'lnation iR shown on 
the map hy a dist.ineti\e combillation of color awl pattern allii 
is'laheled hy a speriallett.er symbol. 

Patterns <COlllPOAPd of parallel 
fOl"l1lat.ions 

lineR are mwd to 
ill tlw jnlakes, 

tlots awl 
('irdps represent idluyial, nnd eolian i{ll'll1lltions. Pat­
terllS of trianglps and rhombs are u:::;ed for ignf'ous fi)l'Il1aLions. 
:Metulllorphic rO{'kR of unknown origill nre 
Sh01i, <l~:shes placed; if the r()(,k is 
may lw ~\avy lines pm'Hllcl to the t>truetlll"e 
Suihlble THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origin, The 
patterns of eaeh cbs.., are in vario\ls (~().IOl'S. \Vith tllt:' 
patt.erns of parallel colors are used to indieate ag{~, a 
partieular c010r to CHell t>YStelll. 

The s\'mbols of two or more lettf:'rs. If the age 
of a fOJ'~ation is known the symhol includet> the 
bol, whit'h is H eapital lett.p; or monogram; 
symbols al"f:' ('0111p08Cd of small letters. 

I'lym­
tllC 

The Hames of t.hc systems and of Iwrips that have heell given 
distincti ve in (mler fi'om to oltleRt, with the 
eolor and assignc(l to 
subjoined 

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

SystAll 

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

llillfl, Ynll!'ys, 11lld 1,11 oiher slLffflee forms lmyp beeD produced 
F9r f'xample, most the result. 

streallltl that llcnr through 1), 
plains hOJ"(]pring- mall)' streams were up 

hv thc st.Teams; \\a"es cut tlPJl ()lifI;" Hlltl, in cooperation \\ith 
c~rrellts, '6uild up sand spits aIld ham. Topographic form" 
thus confltitute part of the rceord of tIle of dIP Nl,rth. 

Some forms are inseparahly eOI11wcf,cd with Tlu, 
hooked sh9w11 in figure 1 is an illustration. To thif'( dnstl 

alluvial plains, lava streams, drumlins (slllooth 
of till), and moraines (ridg-('s of drift made 

at tilC 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 stream terruec an n lluvial 
plain is first built and afttnmrd partly croded awny. The 
shaping of a 1na~'iIle or lacust.rine plain i~ ul'lual1ya douhle 
proeess, hills being- worn awa.y (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee are to the action of air, 
water, and ice, \'l"1lieh slowly wenr down, and streams 
enrry the waste mat€rinl t.o the sea. As 1.he Jep~'nds 011 

the £low of water to the sea, it ean no,t ('arried belo'w sea 
level, and t.he e.ea is thereforp called the basf::-Ievel of erosion. 
LnkPs or hlrg: rivers may cL::t(,rmine Iocfll hase-Ievels for certain 
regions. When a large t.ract is for a long time undisturbed hy 
uplift. or suhsidence it is df'graded m'arly to base-level, and tIlt' 
fairly even snrface thus produ('etl is called If tlw 
tract, is aft€l"wlIl'd uplifted, the ele\ated 
re('ord of the former elose·rf'lation of the traei. to hasc-level. 

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

lllap tlllO'wing the areas oecupied 
is called an areal geology map. On 

,vhieh is the key to tlle map. To asC'er­
tflill the meaning any color 01' pnttf'rIl and its lott.Pr symbol 
the rfwler should look for that color, pnttern, (lnd symbol in 
the where he will find tIle name and description of the 

Hit is desired to find pfnticular format.ion, it.., 
name should he sought in the and its color and pattern 
llOted; well the areas on the in color lind 
pnt.teTll may be il'lIeed out. TIle also a partial state-
ment of tile ,2:eologic history. In the Ilflmetl of format.ions 

according 
unknown 

group t.hey ure placed in the order 
so far as known, t.be youngt'st at. the top. 

map.-The map reprf'stm1.ing the distribu-
tion of and roekl::1 ,ina their relat.ions 
to the topogrllphie fpatures and to the 
~erJIled the economic Heolog!l map. The that. appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
faint.er color and the areas of produdive formations 

(~()lors. .A mine symbol shows the 
or quatr,v and is nccomprmied tlw 
mincral mined Or stone If 

mining indust.ries or artetlilln in the 
nmp., to Rhow thuse additional economic features 
in tht' folio. 

shaftl-1, and otJlel' 
natural and artific'ial cuttings t.he different beds to 
one allother llf'O seen. Any clltting thnt exhibits those 

a sectiun, and the same t.erm is applied to a 
renTC'S,,,>t>;ng the rebtions. The arI'angf'illf'ut of'rocks 

is the enrth'c I5lrucium, and a seC"tloll exhihiting 
arrdn~,emenLis (,ll11ed <l :;lrudUt'(J section. 

is llOt limited, llOwpn'r, to naturnl and arti­
for hi" informat.ion eoneerning the earth's 

the llHumcr of f()rmation of roCkb and 
the be(lb on t.he surface, 

they P118S benclith thc 
surflwe and ean draw Tepl'Ps(,Jlt.ing the strurture to a 

collsi<irrable uept.h. i:"3uch a see~ioll is illust.ra1ed iIl flgure~. 

t'IGURR 2.-Hketch ~bowing a venieaJ section at the fronT and It landscape 
beyond. 

The figure represcnts a Iandsrape which is cut off sharply 
in the foreground ou a ycrtieal plane, so as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicated by appropriate patterns of lines, and dashe-l:l. 
These patterns admit. of lTIueh variation, but shown in 
Ggurc a are used t.o represent the commoner kinds of roek. 

':l=cj"t<>n~HalHl~'Hl' 
gIOLll<"Cate" 

ShaJylm18st0]1CS 

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

The plateau sJlOwn at tlw kft of figure 2 prescnts t.oward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

sHndstones, forming the cliffs, and shales, cOll.'ltituting t.he 
slopes. The broad belt. of lower land IS t.raversed hy several 
ridges, which are Sf:'en in the scction to correspond to· the out­
crops of a lwd of sandstone that rises La the surf~lce. The 
upturllf'a f'Clge8 of tIlis hed form the ridges, and the inter­
mediate valleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thiekness ean be measured and the angles at which they dip 
helm·" the surffwe ean be obscl'\"eJ. Thus their positions 
underground can be int"(·l'red. The direetion of the intersec­
tion of a lied witJI a hOl~zontal plane is called t.he ,~lrike. The 
iuclination of the hf:'J t.o the horizontal plaIle, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strat.a are hent into troughs and nreheR, 
such as are seen in 2. The arches nrc calle(l anticlines 
ana the troughs As the sandstones, shales, alld 
limestones were deposited beneath the Rf'a in nearly flat sheets, 
the fltrt that dley are now bent. and fcildf'd is proof that forces 
have from time to time caused the f'arth's surface to wrinkle 
along rprtain zones. In plaees the 8trat.a are broken across 
and the parts haye slipped eal'll other. ~uch brenks are 
tel'me(ljaults. Two kind8 are 8hown in iigure 4. 

At the rig11t of figure 2 the section chows schists that are 
tra "ersed by igneous roeks: The schists nrc much contorted 
nnd their arrangement uwlerground can not 1IC inferred. 
Hence that. port.ion of the seetion delineates what is probably 
true but is not known by ohservation or by well-fOlUldpd 
inferenee. 

The st'ction also ShOWR three set." of formations, distinguished 
by their underground rehttiolls. The uppermost set., ~een at 
the left, is made up of sandst01ws and HllHlf:'s, which lie ill a 
horizoutal position. These ~t.rat9 were laid dO'wn under water 
hut are now hi,2:h above the BOll, forming a plateau, lind their 
ohange of ekmtion shows that u portion of the earth's masl'l has 
beell uplifted. T!lC strata of' tili8 seL are parallel, a relatioil 
whieh is ealled cm,ero/·maolC. 

The s('cond set ('OnsistR of strata thnt have be-en 
folded into a1"t'hes and troughs. These strata were onee con­
tinuous, but the crests of the arChl:'B litl\Te b;'en remo\'ed bv 
erosion. The beds, like those of the lin>t set, are eonf'ormabl~. 

The horizontal st.rata of the plateau reBt upon the upturned, 
eroded edges of thc beds of the :::;eco]](l set. shown at HIe left of 
the section. The arc, from their position, 
e,·idently younger than deposits, and the bend-
ing awl t'Toding of the older beds must havc occurred betwe~n 
tIlf'ir deposition and the Hccumulation of the youngf'r beds. 
The roeks arc to the older, and the 
suriuee ic llll ""conformity. 

The third set of formations ('onsisti,; of crystalline sehists and 
ign('ou8 roe1o::s. At 80nle per.iod of their history the tlehists 
were folded or by pn-':::;sl1r.e and t.raversed by emptiolls 
of moltf:'H But the pressuTe and int.rusion of igneous 
ro('ks have llot afieetpd 1he overlyinf!; stm1a of the second set.. 
Thus it is evidellt that a eOIl!3iderablf:' int.enal elapsed between 
the formation of the sehists and the beginning of deposition of 
the st.rata of the second set. During tJlis int.erval the sehi,<;Its 
were metamorphoscd, they were tlisturbed by eruptive 
and they werc deeply eroded. The contact between the 
and third sets i~ another uneonformiLY; it marks a t.ime 
intetYal bet.\\een 'two }lel'iodR 'of l'oek forrr;ation. 

The section and landseape in figure 2 are idf'al, but. t.hey 
illush'Me aetnal rplalions. The sections on the stl'uetUrL'­
spction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The profile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the s('{!tion line, and tile depth from the surface of any 
min~ral-producing or water-bearing stratum that appea.rs in 
the seetioll may be measured usillg the Reale of the map. 

Columnar sccLion.-The maps arc usually accom-
panied by a c()lumnaJ~ :;('ction, which contains a concise 
description of thc sedimentary forlllation~ that oecm in the 
qU~idrangle. It. presents a summary of the fiwts relating to the 
<charadeI' of the roeks, the thi(~kness of the formations, awl the 
order of aeeuIIlulation of sIH:eessi ve deposits. 

The rocks are briefly deseribed, and their eharaders are 
indicated in the eolumnar diagram. The thicknetlscs of fo1'­
illations are given in figures thaL stnte the lenst and greatest 
meIL'lUl"ements, and the thickness of cach formation il'l 
shown in the colulllTl, which drnwn to w~ale. The order of 
accuIllulation of t.he sediment8 is shown in the eolumnar 
arrangement.-the oldest being at the hottom, the youngest at 
the top. 

The intervalt> of t.illle that eorrespond t.o events of uplift. and 
degradation and eonst,jtut.e iuterruption", of deposition are 
indieat.ed graphically and by the word" unconformit.y." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION 

INTRODUCTION. 

GENERAL RELATIONS OF THE QUADRANGLE. 

The Colorado Springs quadrangle is bounded by parallels 
38° 30' and 39° and by meridians 1040 30' and 1050 and thus 
covers one-fourth of a "square degree" of the earth's surface, 
an area, in that latitude, of 931 square miles. It is in east­
central Colorado and includes a considemble part of EI Paso 
County and small parts of Fremont, Pueblo, and Teller coun­
ties. (See fig. 1.) The city of' Colorado Springs, from which 
the quadrangle is named, is in its northwest-central part. 

FmURK t.-Judex llIap of central Colorado. 
The. looa.tlon or the Color .. do SprJl1g~ and )llIultou qundrltnglu I~ 8hoWll by I},e. dflrker 

fullng (~IlI) . Publ!~hed tollo~ descrlblng other are" •• indIcated by IIgbtel' ruUOI!', are a8 

!ollow~: 7, Plke~ Pe .. k; 86, Pu .. blo; 48. T.mmll" dlatrl<'t: M, Elmoro; !\S,W .. l"""burg; 
71, Sp«nlsh Peak. ; 1~5, Nepe~ta; lM, Aplshapa: 108, 01l.8t\ .. Rook. 

This folio contains also maps of the Manitou quadrangle, an 
area including Pikes Peak, )'fanitou, and Colorado Springs. 
This area is bounded by meridiaus 1040 47' 30" and 1050 05' 
45" and by parallels 380 43' 30" nnd 380 54' and covers a little 
less than 200 square miles, about 137 square miles of which 
lies in the northwestern part of the Colorado Springs quadran­
gle and about 63 square miles-the western part-in the Pikes 
Peak quadrangle. The area described in this folio therefore 
covers also the Manitou quadrangle, and wherever in this text 
the term "the area" is used, it should be understood to include 
both the Colorado Springs and Manitou quadrangles. 

GEOGRAPHY AND GEOLOGY OF THE REGION. 

ROCKY )WUNT .... rN PROVINCE. 

The Rocky Mountain province comprises a large part of the 
easternmost division of the North Amcrican Cordillera. It 
lies between the Great Plains on the east and the Colorado 
Plateau, Great Basin, Columbia Plateau, and Northern Interior 
Plateaus on the west and contains a group of ranges that 
include many peaks which rise from 9,000 to more than 
14,000 feet 8bo\'e sea level. In central tVyomillg a belt of 
comparatively low country between the headwaters of the 
North Platte and Green rivel"$ separates the Rocky Mountains 
into a northern division comprising the ranges in northwest 
Wyoming, Montana, Idaho, and Canada and a southern divi­
sion comprising the ranges of southern Wyoming, Colorado, 
and northern New Mexico. The southern division of the 
Rocky .Mountains is composed of n group of ranges of general 
north to northwest trend, between certain of which lie wide 
valleys known as "parks." 

In Colorado the main subdivisions of the Rocky Mountains 
comprise the features shown in figure 2. The Colorado 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, 
Wet Mountain and that part of the Sangre de Cristo Range 
which· is locally knqwn as the Culebra Range. These three 
ranges are offset to the west in echelon and are separated 
by northwestward-trending valleys. 'Vest of the Front Range 
are North Park, Middle Park, and South Park, and west of 
Wet Mountain is 'Vet Valley, the southward continuation of 
the intermontane belt of lowlands. The Park Range towers 
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above North and Mi~dle parks on the west, and its southward 
continuation is divided by the headwaters of Arkansas River 
west of South Park into the Sawatch Range and the Mosquito 
Hange. The southward extension of this group is the Sangre 
de Cristo Range. Still farther west are San Luis Park, the 
mountains of the San Juan region, the Elk Mountains, and 
other mountains on the western slope of the Rocky Mountains. 

The Rocky Mountains form the Continental Divide in Colo­
rado. Middle Park and the mountains of the western. slope 
drain to the Pacific Ocean by the headwaters of Colorado 
Riyer. The Rio Grande, flowing southward into the Gulf 
of' Mexico, has its source in San Luis Park, and the rest of 
the mountains drain eastward to the Mississippi by Platte and 
Arkansas ri verso 

The main ranges of the Rocky Mountains are composed 
of central cores of pre-Cambrian rocks along the flanks of 
which Paleozoic and Mesozoic beds occur. Tertiary sediments 
overlap the older formations at many places and there are 
numerous occurrences of intrusive and extrusive igneous rocks. 
During Tertiary time there was great igneous activity. In the 
Pleistocene epoch the higher peab were centers of' glaciation. 

FIGUllE S.-ReHer IlllI.p of oentral part of Colorado, showing tbe geographio 
subdivisions. 

The ColorlL(\o Sprlng8 and M .... ltouquadrangl..sco ... er th8aNOliabout CoioradoS prlngl Mownby 
th .. darkerruUnglDtlgurel. 

Scale: llDch_ 40mUel,approxlmatel,. 

The general structure of the Rocky .Mountain province is 
characterized by an anticlinal arrangement of the stratified 
rocks about the main ranges 8S 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 faults. 

The Colorado or Front Range, together with its northern 
continuation, the Laramie Mountains in Wyoming, forms the 
eastern Cordilleran front for about 250 miles, terminating on 
the south in the great mass of Pikes Peak. Viewed from the 
east, the Front Range presents an imposing spectacle, towering 
above the plains in an abrupt escarpment. (See PI. I. ) In 
central Colorado the base of the mountains stands abou t 6,000 
feet above sea level, and within a few miles the range reaches 
altitudes of 9,000 to 14,000 feet, the culminating poin t being 
Pikes Peak, which attains an elevation of 14,109 feet. The 

range extends 25 to 45 miles westward and thence descends 
more gradually into North, Middle, and South parks. It is 
dissected by deep valleys which generally drain eastward to the 
plains or westward to the parks. South Platte Ri \'er, rising 
in South Park, flows northeastward across the range in a 
canyon; North Platte River, rising in North Park, flows 
around the north end of the Laramie Mountains in Wyomingj 
and Arkansas River, rising in the Park Range and flowing 
between the Sawfltch and Mosquito runges, flows along the 
south end of the Front Range. (See fig. 2.) 

Viewed from elevations abo\"e 9,000 feet the range presents 
a series of' flat to gently undulating areas, which in the imagina­
tion can be extended across intervening valleys so as to repro­
duce a former extensive even surface, above which rise a few 
prominent masses, such as Pikes Peak. (See PI. I. ) These 
even-topped areas are interpreted as remnants of an old ero­
sion surface-a peneplain-ahove which the higher peaks now 
rise as monadnocks. 

The grE'..ater part of the Front Range is composed of pre­
Cambrian rocks consisting of an older group of dynamically 
metamorphosed 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, west of the Colorado Springs quadrangle, 'the 
prevailing rocks are granite, gneiss, and schist. Granite, which 
incloses blocks of Algonkian quartzite but is older than the 
Cambrian sediments in Colorado, constitutes the main mass of 
Pikes Peak. During Tertiary time volcanic eruptions broke 
through these ancient rocks at several points and piled tuffs, 
breccias, and lavas upon them. In Quaternary time Pikes 
Peak was occupied by glaciers of the alpine type. Two 
periods of advance of . the ice have been recognized, but the 
glacial deposits are limited to elevations above 9,500 f~t. 

GREAT PLAINS PROVINOE. 

Contrasted with the Rocky Mountains, the Great Plains are 
simple, although the study of the province has revealed many 
perplexing geologic problems. 

The Great Plains province extends ru:ross the country in a 
broad north-south zone lying between the Rocky Mountains 
and the Prairie Plains of the Mississippi Valley. (See fig. 2.) 
It is characterized by rolling plains, varied by buttes, table­
lands bordered by escarpments, and areas of badlands. The 
province is drained chiefly by large rivers that flow in broad, 
shallow valleys, the largest of these streams rising in the Rocky 
Mountain region. The, province as a whole slopes eastward 
at the rate of about 10 feet to the mile from an elevation of 
6,000 feet at the base of the mountains to an elevation of 1,000 
feet in the Mississippi Valley. 

The surfuce of the Great Plains has been developed on a 
series of soft rocks) sands, clays, and loarns, chiefly of Mesozoic 

. and Cenozoic age. The constituent materials of these rocks 
were derived mainly from the west and a part of them was 
deposited as ~edimen ts in the sea, but the lar~er portion was 
accumulated on the land. The rocks over the larger part of 
the Great Plains, except in a few f!;ent1e flexures, have not been 
subjected to folding, but the region has been broadly uplifted 
and depresRed a number of tim ea. 

In. the foothill region, which constitutes a transition zone 
between the mountains and the plains, the outcropping edges 
of the older sedimentary beds, which are here upturned, are 
exposed in many places. The distribution and relations of 
these rocks show that the foothill zone has been subjected to 
great structural disturbance. 

At times during the Paleozoic and Mesozoic eras a part at 
least of the Front Range re~ion was submerged in the sea Rnd 
was covered by sediments that formed a continuation of the 
strata that underlie the plains. In large measure these rocks 
have been removed by erosion, but remnants of Paleozoic beds 
in the valley of Trout Creek (see fig. 5, p. 11), a tributary of 
South Platte River, just northwest of the Colorado Springs 
quadrangle, and of Mesozoic strata in the vicinity of Brecken­
ridge, in the heart of the mountains, farther west, show a former 
greater extension of these sedimentary rocks west of the plains. 

GEOLOGIC STRUCTURE. 

By a series of uplifts that began early in the Tertiary period 
and continued at intervals throughout the rest of the Cenozoic 
era the Rocky Mountain region has been uplifted above the 
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plains. The movement, which was chiefly vertical but was in 
part lateral, produced a great anticlinal arch ~nd tilted, folded, 
and faulted strata in the foothill region. The largest of the 
synclinal folds is known as the Denver Basin, which extends 
fmm southern W yorning 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 syn­
clines and intervening anticlines that strike di~gonally north­
westward across the trend of the monntains. Other diagonal 
folds and faults, which cause lesser ofi"l::lets in the topography, 
occur elsewhere along the mountain front, one west of Colorado 
Springs (see fig. 5) and another northwest of Denver. 

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

PHYSIOGRAPHIC SUMMARY. 

Davis has written the following terse outline of the physiog­
raphy of tllis region: 1 

The Front Range of the Rocky Mountains in central Colorado, 
north west of Denver, is a highland of disordered and generally 
resistant crystalline rocks, which shows signs of having 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 compound mass west of a. pronounced monoc1inal 
displacement along a north· south line, came to stand above the rest, 
and thus the highland province of the mountains was marked off 
from that of the less uplifted plains on the east. The fonns of the 
highland shO\v that the whole region advanced far through the cycle 
of erosion introduced by the monoclinal uplift, so that the resistant 
nnderlying crystalline rocks of the mountain area were stripped of 
their cover and worn dowD to a gently rolling peneplain, diverl!!ified 
by irregularly scattered monad nooks, rising llIingly or in groups, with 
a relief of from 500 to 2,500 feet, while the valleys of the highland 
show that a renewed uplift gave the whole region a greater altitude 
than before, with a gentle up-arching along the north-south axis in 
the mountain area 15 or 20 miles we!:lt of the monoeline, whereby 
the peneplain with its scattered mooadnooks gained the highland 
altitude of the present Front Range. * * * The weaker strata 
of the pbiins are now again worn down to small relief, but the harder 
crystalline rooks of the mountainous highland al'e only submatllrely 
dissected by normal snbmature or mature valleys, the higher parts of 
which have recently been strongly glaciated. 

PREVIOUS WORK. 

The general geology of the Colorado Springs region has long 
been known, but little has been written about the Colorado 
Springs quadrangle. The Hayden Survey devoted some atten­
tion to the quadrangle, and Hayden described part of it in 
several papers, notably in his resume of the geology along the 
eastern base of the Front Range, 8S did Peale also in the 
report of the South Park division. Parts of the quadrangle 
are considered in Darton's Geology and nnderground water 
resOUl"('eg of the Great Plains,:I and in his Geology and under­
ground waters of Arkansas Valley,S as well as in shorter papers 
by (''''annoD, Lee, and Darton. 

The most comprehensive study of all adjacent area is that of 
Emmons, Cross, and Eldridge, published in the United States 
Geological Survey's monograph on the geology of the Denver 
Basin. 4 The Pikes Peak folio by Cross ~ and the reports on 
the Cripple Creek district by Lindgren and Ransome, Bon' 
the Breckenridge district by Ransome, 'I and on the George-­
town district by Spurr, Garrey, and BallS throw light on the 
general geology of the region. The principal papers on this 
region are listed below, in the order of publication. 

HAYDEN, F. V., Third annual preliminary :Q.eld report of the United 
States geological survey of Colorado and New Mexico, pp. 89-40, 1S89. 

-- The geological featUres of thil east slope of the Colorado Range 
of the Rocky Mountains from Cache ala. Poudre River southward to 
Pikes Peak: U. S. Geol. and Geog. SUJ"vey Ten Seventh Ann. Rept., 
for 1S78, pp. 17-88, 1S74. 

PBALK, A. C., Report of South Park division: U. S. Geol. and Geog. 
Survey Terr. Seventh Ann. Rept., for 1878. pp. 197-200, 18'74. 

COPE, E. D., Report on the vertebrate pale-ontology of Colorado: U. S. 
Ge-01. and Geog. Survey Terr. Seventh Ann. Rapt., for 1878, p. 480, 
1874. 

HAYDEN, F. V .• Rtlsum~ of the geology along the eastern base of the 
Front or Colorado Ranlf9: U. S. Gaol. and Geog. Survey Terr. Eighth 
Ann Rapt .• for 1874, pp. 88--87, 40-46, 1878. 

WHITR:, C. A., Not.9.!I on the Laramie fossils collected in the valley of 
Bijou Cref'k, Colorado: U. S. Geol. and Geog. Survey Terr. Eleventh 
Ann. Rept., for 1877, pp. 188-192, 1879. 

CANNON, G. L, Jr., On the Tertiary Dinosaurla found in Denver bedl: 
Colorado Set. Soc. Proc., vol. 8, pp. 140-147, 1889. 

- NotflS on the ~ology of Perry Park, Colo.: Colorado Sci. Soo. Proc., 
vol. 8. pp. 808-815.1891. 

EMMONS. S. F., Oroln'aphic movements in the Rocky Mountaina: Geol. 
Soc. America. Hull., voL 1, pp. 2411-286, IS90. 

HILL~, R. C., ()rographic and structural. features of Rocky MOllDtain geol· 
OII:Y: Colorado Sci. Soc. Proc, vol. S. pp. S62--45R. 1891. 

CANNON, G. L., Jr., Notes on the geology of Palmer Lake, Colorado: 
Colorado SP.I, Soc. Proc., vol. 4, pp. 22(-284, 1892. 

STANTON, T. W., ThE' Colorado formation: U. S. Geol. Survey Bull. 106, 
1898. 

1 Davis, W. M., Relation of geography to geology: Geol. Soc. America. 
Bull .. vol. s.~. pp. 94--95, 1912. 

au S. Cfeol. F1nrvey Pl'of. Paper 82. 1110.'). 
I U. S. Geol. Survey Prof. Paper 32, 1906. 
'u. S. Heol. Survey Mon. 27, 1898. 
'U. S. Geol. Flurvey Cfeol. Atla~. Pikes Peak folio (No.7). 1894. 
6U. Fl. Heol. Buney Prof. Paper .~4. 1906. 
• U. S. G£'.ol. Aurvey Prot. Pap,·r'15. 1911. 
au. S. Geol. Sur\'ey Prof. Paper 83, 1908. 
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CBOSS, WKI1'),U.N, U. S. Geo1. Survey Gool. Atla.ll, Pikes Peak folio (No. 7), 
1894. 

EMHONS. S. F., Cnoss, WHITHAN, and ELDRIDGE, G. H., Geology of the 
Denver Basin in Colorado: U. S. Geol. Survey Mon. 27, 1898. 

CROSBY, W.O., Archean-Cambrian contact near Manitou, Colo.: Geo1. 
Soc. Ameriea. Bull., vol. 10, pp. 14t-164, 1899. 

MATHBWS, E. B., The granitic rocks of the PIkes Peak quadrangle: Jour. 
Geology, vol. S, pp. 214-240,1900. 

LBE, W. T., The areal geology of the Castle Rock region, Colorado: Am. 
GeologIst. vol. 29, pp. 98-109, 1902. 

(fIRTY, G. H., The Carboniferous formations and faunas of Colorado: 
U. S. neol. Survey Prof. Paper 16, 1908. 

DARTON, N. H., Comparison of the stratigraphy of the Blaok Hills, Big· 
horn Mountains, and Rooky Mountain frollt range: Geol. Soc. America 
Bull., vol. 15. pp. 879-448, 1904. 

-- Age of the Monument Creek formation: Am. Jour. Sol., 4th ser., 
vol. 20, pp. 178-180, 190r;. 

STANTON', T. W" The Morrison formation and Its relations with the 
Comanche series: Jonr. GeoIOll:Y, vol. 18, p. 637, 1903. 

FENNEMAN, N. M., Geology of the Boulder district, Colorado: U. S. Geol. 
Survey Bull. 2M, 1905. 

DARTON', N. H., Geology and undergronnd water resources of the central 
Great Plains: U. S. Gaol. Survey Prof. Papsr 82, loms. 

PATTON. H. B., Faults In the Dakota formation at Golden, Colo.: Colo· 
rado School of Minea Bull., vol. 8, No.1, pp. 26-82. 1903. 

DARTON, N. H., Geology and undergrollDd waters of the Arkansu Valley 
in eastern Colorado: U. S. Geol. Survey Prof. Paper 62. 1906. 

LINDGRBN, W ALDEHAR. and RANSOME. F. L., Geology and gold deposIts 
of the Cripple Creek district, Colorado: U. S. Geol. Survey Prof. 
Paper 54, 1908. 

FINLAY, G. I., The Gleneyrie formation and its bearing on the age of the 
Fountain formation: Jour. Geology; vol. 13, pp. 6811---689, 1907. 

SPURR, J . .E., GARREY, G. H., and BALL, S. H .• Economic geology of the 
Georgetown quadrangle, Colorado: U. S. Gcol. Survey Pro!. Paper 
6S,1908. 

HENDERSON, JUNIUS, The foothills tormations of north-central Colorado: 
Colorado Geol. Survey First Rapt., p. 149, 1909. 

CROSS, WHITMAN, Pre·Cambrian roclu! of Colorado (In Van H:lse and 
Leith, Pre·Cambrian geology of North America): U. S. Geol. Survey 
Bull. 860, pp. 824:-826, 1909. 

--' The Laramie formation and the Shoshone group: Washington 
Acad. Sel. Proo., vol. 11, pp. 27-41i. 1909. 

GOLDMAN, M. I., The Colorado Springs coal field, Colorado: U. S. Geol. 
SurvPy Bull. 881, pp. 817-840, 1910, 

KRUGER, H. A" HAMILTON, W. J., and ENRIQUEZ, E. W .• Geology of the 
Perry Park aynmine, Colorado: Colorado School of Mines Bull., vol. fi, 
No.2, pp. 86-99. 19tO. 

RANSOMI'l, F. L., GeoloA'Y and are deposits of the Breckenridge dlstriot, 
Colorado: U. S. Geol. Survey Prof. Paper 76.1911. 

DAVIS, W. M., The Colorado Front Ra.nge: As~oc. Am. Geo~ra.pherl 

Annals, vol. 1, pp. 21-811. 19U. 
RIOHARDSON, G. B" The Monument Creek group: Geol. Soc. America. 

Bull., vol. 28, pp. 2-57--276, 1912. 
- Structure of the foothills ot the Front Range. oentral Colorado: 

Washington Acad. Sci. Jour., vol. 2, No. 17, pp. 429-4110, 1912. 
GIRTY, G. H., On some invertebrate foyils 'from the Lykins formation of 

ea.stern Colorado: New York Acad. ScL Annals, voL 22, pp. 1-8,1912. 
BUTTRRS, R. M., Permfan or "Permo-Carboniferous" of the ea.stern foot· 

hUls of the Roeky Mountalna in Colorado: Colorado tieol. Survey 
Bnll. 6. pt. 2, 19t5. 

LEE, W. T., Recent discovery of dinosaurs in the Tertiary: Am. Jour. 
Sci., 4th ser., vol. iii, pp. 58t-l584-, 1918. 

KNOWLTON, F. H., Reeults of a paleoilotanlelLl study of the ooal-benring 
rocks of the Raton Mesa region of Colorado and New Mexico: Am. 
Jour. Sci, 4th eer., voL iii, pp. 112tl-1i80, 1918. 

GEOGRAPHY OF THE QUADRANGLE. 
GENERAL FEATURES OF THE RELIEF. 

Lying as it does acrOBS two widely different physiographic 
provinces, the Colorado Springs quadrangle presents consider­
able diversity of relief. More than half of it lies in the Great 
Plains, but the surface is trenched by broad valleys and is more 
or less rolling, though nearly level areas occur on the main 
divides. The Front Range rises abruptly 2,000 to 7,000 feet 
above the plains, forming a great scarp that crosses the north­
western part of the quadrangle, where the surface is mountain­
ous, and culminates, farther west, in the Manitou quadrangle, 
in Pikes Peak, 'at an altitude of 14,109 feet above sea level. 
(See PI. 1.) Along the ba.e of the mountain. a belt of low 
foothills, reaching in one place an altitude of.? ,400 feet., forms 
a zone of transition between monntains and piains. The gen­
eral upland surface of the plains slopes gently southeastward 
from an altitude of 6,500 feet or more near the baBe of the 
mountains and 7,400 feet near the middle of the north side of 
the quadrangle to less than 0,100 feet at its southeast (.'Orner, 
the lowest point in the quadrangle. 

The quadrangle thu. Ii .. in three topographic di.tricte-the 
mountains, the foothills, and the plains. The relief in each 
district has certain characteristic features, n>.8ulting chiefly from 
the natnre and altitude of the underlying rocks, and each will 
be described in turn. 

THE MOUNTAINS. 

A good deal of the mountain area, the highest summits 
of which are in the Manitou quadrangle, attains altitudes of 
11,000 feet or more above sea level. Pikes Peak stanos at an 
altitude of 14,109 feet. Other prominent points are Bald 
Mountain (12,365 feet), Mount Rosa (11,495 feet), Mount Big 
Chief (11,220 feet), and Cow Mountain (11,150 feet). Blod­
gett Peak, in the northwest corner of the Colorado Springs 
quadrangle, QCCupi(>s a commanding position on the mountain 
front. Cheyenne Mountain (9,060 feet), which stands south­
west of Colorado Springs, is the highest peak adjacent to the 
plains in this quadrangle. Blue Mountain, farther south, is 
part of an elevated block occupying about 11 square miles. 
Mount Pittsburg (8,210 feet) stands clo .. to the foothill. near 
the .outh edge of the quadrangle. 

A prominent topographic feature along the whole mountain 
front is the rolling plateau that stands fit an altitude of about 
9,500 feet and thot extends from Blodgett Peak on the north 

without notable break to Ute Pass, which is traversed by the 
Colorado Midland Railway. Between this pass and the Pikes 
Peak mass the surface of the plateau block is less regular, bnt 
its general character is fairly distinct. This plateau is also a 
conspicuous feature of the Blue Mountain region. 

The Pik .. Peak rna" riees boldly above thi. plateau. (See 
Pl. I.) Its most striking ff'.ature is its linear, precipitous 
northeastern face. From liThe Crags," at its northwestern 
end, to Windy Point the edge of the mountain fronting the 
plateau i. sharply defined by deep valley.. Bald Mountain 
and Mount Big Chief, separate masses farther southeast, form 
continuations of the ridgelike northeast crest of Pikes Peak. 
The south western slope of Pikes Peak is gentle and along the 
upper edge of this slope is laid the track of the last few miles 
of the railroad that climbs the mountain. The top of the 
mountain is dome-ehaped (see PI. II), and the descent on the 
south and west for about a thousand feet is smooth down to 
the head. of Bevera! well-marked valley •. 

Much of the mountain area shows mature dissection, and 
along the mountain front from the north line of the quadran­
gle to Cheyenne Mountain there are at many places bold scarps 
that face the foothills and the plain.. At the .outh end of the 
mountain area there is no scarp, yet the slope from the moun­
tains to the plains is steep. Along the mountain front sharply 
cut canyons lead to the plains. The principal canyons in the 
area north of Manitou are those of North Creek and West 
Monument Creek and Queens CaO:yon. In its upper reaches, 
about 4 miles back from the plains, Queens Canyon has a 
gentle slope, but not mr downstream it becomes steeper and is 
irregular in course. Along its middle reach it is deep, and near 
its mouth its walls are in many places precipitous. Williams 
Canyon, which is about 3 miles long an~ has unusually steep 
walls (see PI. V), extends southward toward Manitou. Engel­
mann Cany~n is much longer than the other canyons mentioned, 
and its walls are not so steep. Bear Canyon, North Cheyenne 
Canyon, and South Cheyenne Canyon, all southwest of Colo­
rado Springs, are long and deeply incised and have steep walls, 
which in places rise nearly a thousand feet above the streams. 
These canyons are famous for their picturesque beauty, and 
among their scenic features are numerous waterfalls. Rock 
Creek, Little Fountain Creek, Little Turkey Creek, Turkey 
Creek, and Red Creek, which emerge from the mountain front 
farther south, flow in canyons that are almost as well marked 
as those near Colorado Springs. 

The canyons that lead away from Pikes Peak to the plateau 
northeast of it present a marked contrast to those thus far 
described. Glen Cove, the Bottoml ... Pit, the sharp valley 
known as The Crater, the prominent valley at Windy Point 
immediately southeast of The Crater, and the valley in which 
Lake Moraine lies, unlike the canyon valleys leading from the 
mountain front eastward to the plains, have gently sloping beds 
along their lower courses and precipitous rock walls about their 
heads. These valleys owe their forms to glacial erosion, and 
their mode of origin is discussed on pa.ge 14. From tqe crest 
line of Pikes Peak, which marks the head of each of these 
valley., to the gently rolling plateau block below, the drop i. 
at some places not less than 2,000 feet and at others as much 
as 2,000 feet. The sides of many of these valleys are straight­
walled and their cross section is U-shaped. Irregularities occur 
around the precipitous heads of these valleys at places where 
long spurs extend down into them from the crest line of Pikes 
Peak. 

The valleys that run southwestward from points near the 
summit of Pikes Peak show similar U-shaped cross sections, 
but nowhere about their heads do walls of sheer descent of 
more than a thousand feet appear. Their side walls are sharply 
cut, notably those of West Fork of West Beaver Creek, and the 
floor in this valley and in that of East Fork of West Beaver 
Creek has a step and tread form. Boehmer Creek, which leads 
down to Seven Lakes, Hows in a long, gently sloping valley, 
not so deeply incised in the mountain block 8S the valleys just 
named .. 

The eastward-facing mountain front is very bold from the 
north line of the quadrangle to the mouth of Queens Canyon, 
where it is interrupted by the deep embayment in which stands 
the town of Manitou. (See PI. 1.) Thi. is a marked topo­
graphic feature and similar embayments are found in the Perry 
Park region, north of the quadrangle, and near Canon City, 
southwest of it. The striking topographic feature of the Mani­
tou embayment is the presence of many sma.ll, nearly parallel 
rocky ridges, along the most picturesque of which lies the Gar­
den of the God.. The embayment i. bounded by relatively 
gentle mountain slopes on its northern edge and steep mountain 
slopes on its southwestern margin. These steep slopes con­
tinue southward to the south end of Cheyenne Mountain. 
From Cheyenne Mountain southwestward no such abrupt tran­
sition from the foothill region to the mountain tops is observed. 

The topography of small areas northeast of' Bison Reservoir 
and in Cathedral Park is remarkable for its sharp forms. The 
granite stands in many small columns, each of which is capped 
by a remnant of an original surface that had been made more 
resistant ·by the deposition of .econdary quartz. 



THE FOOTIDLLS. 

The foothi1ls in and north of the Manitou embayment are 
unlike the foothills in Deadman Canyon and those still farther 
south, in Table 'Mountain. Ragged lines of low hills extend 
from near Blodgett Peak southward to the Garden of the Gods, 
where bold masses of rork make sheer wall-like ridges that rise 
more th!lll 200 feet above the surrounding country, (See PIs. 
VII, VIII, and XI.) The crests of these ridges show many 
small, shflTply cut peaks. In the Manitou embayment, south 
of Fountain Creek and between Manitou and Bear Creek, the 
ridges exhibit nearly perfect alignment. The Table Mountain 
region is unlike the foothill zone of the Manitou embayment in 
the fact that its bordering foothill ridge has an even crest line 
and is much hi.!l:her. From the bottom of the interior vaHey 
to the top of Table Mountain the relief amounts to 1,200 feet. 
Deadman Canyon shows features common to both the Manitou 
embayment and the Table l\Iountain region. Its western foot­
hills have a sharply rectilinear arrangement. Its eastern side 
is formed by a llearly level table top, almost 400 feet higher, 
from which the ground drops aW9Y abruptly eastward, toward 
the small tributaries of Fountain Creek. 

Close to the foothill ridges along the whole line of the moun­
tains lie gently sloping mesas, which begin among the foothills 
and extend several miles eastward with very gentle slopes down 
to the plains. rrhey appear on both sides of West Monument 
Creek near the north line of the quadrangle and extend as far 
eastward as Monument Creek. Near Glen Eyrie the gently 
sloping, flat-topped hill that has been named The Mesa extends 
southeastward for about 4 miles with a slope of somewhat less 
than 100 feet to the mile. (See PI,. I and IV.) It is a nearly 
plane surface marked by gentle rolls but is everywhere sharply 
cnt along its margin. A similar prominent mesa is the site of 
the town of Broadmoor. Another, nearly 7 miles long, lies 
north of Rock Creek and extends from the mountains to a point 
3 miles south of Fountain. Its slopes are comparable to those 
of The Mesa near Colorado Springs, being on the average some­
what less than 100 feet to the mile. A less marked mesa lies 
in the Deadman Canyon region. Its area is about 6 square 
miles. A long, narrow mf'sa extends from the south end of 
this area near Lytle for a distance of more than 10 miles to the 
south line of the quadrangle. 

THE PLAINS. 

The Great Plains extend from the foothills of the Ro('ky 
Mountains to the Mississippi Valley on the east. About haif 
the quadrangle lies in the plains region, which extends west­
ward as far as the line of the mesas. This part of the quad­
rangle is divisible into two distinct topographic.: areas, one, with 
relief of 1,000 feet, lying north of a series of low irrep;ular 
escarpments that extend from Pulpit Rock through Austin 
Bluffs and Corral Bluffs to the east boundary of the quad­
rangle, the other occupying the remainder of the plains area. 
The low escarpments that form the line of demarkation between 
the two areas are due to the outcrop of a coarse sandstone, 
the Dawson arkose, which is more resistant than the rocks in 
the plains area on the south. In the region northeast of this 
line the plains are gently rolling and are nowhere deeply eroded 
by streams, though long. low dividing ridges stand between the 
valleys, distinguishing them from those in the southern plains 
area. In Corral Bluffs there is a drop of about 300 feet to the 
smoother surface of the southern area. \ 

The only marked topographic feature on the generally level 
surface of the southern plains area consists of scores of little 
conical hills, called H tepee buttes" because of their resemblance 
to Indian wigwams or tepees, most of them less than 50 feet 
high. They are clustered together in small groups along a line 
extending from a point ahout 4 miles south of Fountain to a 
point on the southern boundary of the quadrangle 3 miles east 
of Henke1. Two of these hills have suggested the names 
applied to Little Butte and Butte stations, on the Denyer & 
Rio Grande Railroad. 

DRAINAGE. 

The entire area is drained southeastward to Arkansas River, 
one of the principal tributaries of the Mississippi. All parts of 
the area are well drained exC'ept some tracts at the heads of 
mountain valleys on or above the old. plateau, at altitudes 
greater than 9,000 feet, where there are a few small swampy 
tracts. A number of mountain tarns lie in hollows south and 
southeast of Pikes Peak, and a score or so of artificial lakes or 
l'eservoirs are scattered over the plains near the base of the 
mountains. 

STREAMS. 

The greater part of the area is tributary to Fountain Creek, 
which enters- the quadrangle from the west 5 miles south of 
its northwest corner, flows diagonally across it, and leaves it 
6 miles west of its southeast corner. In the part of its course 
that lies in the mountains the creek falls from 7,600 feet above 
sea level at the place where it enters the quadrangle to 6,100 
feet at the place where it emerges upon the plain below Mani­
tou. In the lower part of Ute Pass its grade is steep, for it 
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descends 300 feet in little more than half a mile through a 
stretch that includes a waterfall. From Colorado City the 
stream descends another thousand feet in crossing the plains 
and leaves the quadrangle at an altitude of about 5,100 feet. 
The principal tributar.y of Fountain Creek within the quad­
rangle is Monument Creek, which enters the area from the 
north and flows nearly due south to Colorado Springs, where 
it joins the main stream. Other bran('hes from the northeast 
are Sand and Jimmy Camp creeks, both of which drain con­
siderable parts of the plains area. :From the west Fountain 
Creek receives the ,',raters of Little Fountain, Cheyenne, and 
Bear creeks and of some smaller streams that rise in the 
mountains and flow out upon the plains. In the parts of 
their courses that lie in the mountains all these streams, as well 
as Fountain Creek, flow swiftly in rather straight, steep, and 
narrow valleys, and in the parts that lie on the plains they flow 
in meandering courses in rather broad, open valleys. Only the 
principal streams are perennial, and their flow is subject to con­
siderable seasonal variation, determined by the rate of melting 
of the snow on the mountains. During the greater part of the 
year the beds of most of the streams are stretches of dry sand, 
but occasionally during the summer they are filled to a depth 
of a few feet by sudden torrential rains. 

The southwestern part of the area is drained by Turkey and 
Red creeks and the middle-western side by branches of Beaver 
Creek, all of which flow south to the Arkansas. A strip 
several miles wide along the east side of the area is drained by 
tributaries of Black Squirrel Creek, which joins the Arkansas 
some distance to the southeast. 

LAKES AND SWAMPS. 

All the lakes of the Colorado Springs region except those in 
the mountains haye been made by building dams across the 
waters of small streams. The level of the glacial lakes near 
Pikes Peak has been raised by dams built to obtain a water 
supply for Colorado Springs and Victor. These lakes are 
shallow, none of them reaching a depth of 50 feet. The larg­
est are Lake Moraine, Bison Reservoir, and the lakes known as 
Resprvoirs Nos. 2,4,5,7, and 8. Pro!'pect Lake, southeast of 
Colorado Springs, is a shallow body of water about one-third 
of a mile long and about one-sixth OP It mile wide. Farther 
southeast are the Fountain Valley Reservoir, near Skinners sta­
tion on the Santa Fe Railway, and the large reservoir 2 miles 
east of , Vide field, which coyers about half a square mile. 

In many of the valleys that lead southward from Pikes Peak 
there are swampy places. One swamp extends a mile upstreAm 
from Reseryoir No.8, in the valley of the East Fork of West 
Beaver Creek. Swampy areas along the headwaters of Boeh­
mer Creek south of Reservoir No.2, in Bull Park, and notably 
at the upper end of the valley of Lake Moraine indicate the 
existence of former shallow lakes or the wide~ extensiolJ of 
the lakes that are now used as reserYoirs for the Colorado 
Springs water sy~tem. Along ('~uld Creek and Middle 
Beaver Creek and about their headwaters there are areas of 
swampy ground. 

PRECIPITATION AND RUN.OFF. 

The effect of altitude on precipitation is clearly shown in 
the Pikes Peak region. During most ~f the year the prevail­
ing winds are from the west and northwest. As the moisture­
laden clouds strike the western slope of Pikes Peak they are 
deflected upward and their moisture is condensed and precipi­
tated, the precipitation increasing with the altitude. In the 
summer there are long periods when easterly winds prevail and 
when the clouds from the plains on striking thi! eastern slope 
of the mountains are deflected upward and their moisture is 
precipitated. 

The U uited States Weather Bureau has maintained precipi­
tation stations at Cripple Creek since 1903 and at Victor since 
1905, both southwest of Pikes Peak; on the summit from 1874 
to 1887; at Lake Moraine since 1895 and at Fremont Experi­
ment Station since 1910, both on the eastern slope; at Glen 
Eyrie, in the foothills, from 1892 to 1909; and at' Colorado 
Springs, on the edge of the plains, since 1886. The records 
taken at these stations show that the mean annual precipitation 
at altitudes ranging from 9,500 to 10,000 feet south west of 
Pikes Peak is about 17 inches and that it increases to 29.5 
inches on the summit of Pikes Peak (elevation 14,109 feet). 
The precipitation on the eastern slope does not decrease so 
rapidly with decrease in altitude as on the western. It is 25 
inches at an elevation of 10,200 feet (Lake Moraine), 19 inches 
at 8,850 feet near Manitou, 16 inches at 6,500 feet, and 15 
inches at 6,100 feet, on the edge of the plains. In other words, 
the precipitation is heavier on the eastern than on the western 
slope at the same altitude. 

The United States Geological Survey has made no records of 
discharge in the Pikes Peak region, but for several years the 
Colorado Springs water department has maintained weir sta­
tions at certain points on the southern and eastern slopes of 
Pikes Peak. To show the run-off at different altitudes the 
records of three of these stations, furnished by the water depalt­
ment, have been selected and are given in the next column. 

The fir.3t station is at the Strickler tunnel, in sec. 25, T. 14 S., 
R. 64 'V., at an altitude of 11,500 feet, and shows the run-off 
from an area of 3.2 square miles above the tunnel, comprising 
the headwaters of West Beaver Creek, which lie at altitudes 
ranging from 11,500 to 14,000 feet. The eum of the inflow 
into the tunnel and the flow over the Victor weir give the 
run-off from the entire area. The second station, known as the 
Boehmer Creek weir, is in sec. 30, T. 14 S., R. 68 W., at an 
altitude of 11,150 feet, and shows the run-off from 7.1 square 
miles, comprising the area above Strickler tunnel and the head­
waters of Boehmer Creek, which stand at altitudes ranging from 
11,150 to 14,000 feet. The third station, known as the Rux­
ton Creek weir, is in the S\V'1- sec. 11, T. 14 S., R. 68 'V., 
at an altitude of 8,600 feet. To the flow at the weir is 
added the flow over the seepage weir below the Seyen Lakes 
and the flow over the Victor weir to show the entire run-off 
from the area above the Ruxton Creek weir, which comprises 
17.1 square miles, including the area above the Strickler tunnel 
and Boehmer Creek weirs. The altitudes range from 8,600 to 
14,000 feet. 

As Colorado Springs operates a series of reservoirs in this 
area all the records are affected by storage ~nd do not show 
the natural run-off. By averaging the record at each station 
for the entire period the effect of storage is nearly eliminated 
except for the relatively small loss by evaporation from the 
surfaces of the reservoirs, which cover 0.7 square mile, or 4 
per cent of the entire drainage area. 

The following table shows the monthly and annual flow at 
the three weir stations: 

IJisfJlIarge in second·feet at weir stations in Pikes Peak region. 

Strickler tunnel. Boehmer Creek. 

_____ + __ 1_"_12 1 1918 1911 1191211918 1911 19111 1918 

January.. 0.1 -;:;~I~I~--;;·--;; -;;-
Feb~u .. ry .8 .10 1.8 1.S 1.0 88 1.7 8.8 
March. .4 .20 1.~ 1.9 1.0 8.0 8.6 8.1 
AprlL _______ .. .6 .48 4.0 2.1 1.5 8.~ 90 8.1 

May__ .7 .88 1~.4 9.0 2.7 9.1 1.9 B." 

June --------- 9.~ 1.4 7.6 11.6! 4.6 12.S I 7.0 9.2 

;;~~~~_~_~~~-~~~ 2.4 U 6.8 61 82 8.4 9.4 10.7 

U ~ ~ ~ ~I~ ~ ~ ~ 
~:::~~~;~~~ ~~:~~~~~~~~~I 1:~~ ~:; i 8:~ ~:~ ::~ I ::: ::~ I ::: ::: 
December· __ ·_····_· ____ ··I~~I-~~ ~~I~_~I.~~ 

._._. __ • ___ • 2.6812_84 2.40 4.61 5.41 4.02 9.481 8.82 8.48 

::::::::~~~:::~:] .82 .B9 .7~ I .6~ .77 .57 .721 .49 .60 

The above records cover a period too short to show cop­
elusively the effect of altitude on the run-off in the Pikes Peak 
region, but they show in general that the run-off per square 
mile increases wich the altitude. In connection with the 
Ruxton Creek records it should be noted that the average 
yearly run-dff' of 0.57 second-foot per square mile includes 
the heavier run-off from the hip;her altitude of 0.67 second­
foot for the area above Boehmer Creek and 0.82 second­
foot for the area above the Strickler tunnel. Therefore the 
run-off from the lower portion of the area below Boehmer 
Creek must be considerably less than 0.57 second-foot. The 
effect of altitud,e is still further obscured by the relatively 
heavier precipitation on the southeastern slope than that on 
the western. 

SETTLEMENT AND INDUSTRIES. 

Colorado Springs is the chief city in the quadrangle. 
Oolorado City adjoins Colorailo Springs on the' west. and 
Manitou lies 3 miles west of Colorado City. The combined 
population of these places i~ about 40,000. Th~ most popu­
lous suburb of Colorado Springs is Broad moor, and the town 
of Fountain lies 11 miles southeast of the city. The plains 
region east and southea~t of Colorado Springs supports a 
scanty population, whose chief o('cupation is ran('hinli!:. ExC'ept 
for a few permanent dwellings, occupip-rl chiefly during the 
summer, the mountains are almost unsettled. The Santa Fe 
and the Denver & Rio Grande railroad lines cross the qu~d­
rangle. A branch of the Chicago, Rock Island & Pacific Rail­
way starts from Colorado Springs and connects with the main 
line running eastward from Denver at Limon .Junction, ahout 
80 miles northeast of Colorado Springs. The Colorado Mid­
land Railway Opf'l'Rtes along the Ute PABS, the line extending 
from Colorado Springs to Grand Junction. The Manitou & 
Pikes Peak Railway runs from Manitou to the summit of 
Pikes Peak. The Colorado Springs & Cripple Creek District 
Railway, about 45 miles long, is the ('hief means of communi­
cation between Cripple Creek and Colorado tlprings. 

Valuable agricultural land lies along Fountain Creek but is 
confined to the vallpy bottoms. The lack of water in the 
regi()n east of the mountains makes the cultivation of the soil 
practically impossible. Within the quadrangle" however, 
there are large areas of land that are well adll pted to cl'tttIe 
raising. Coal has been mined extensively between ~Ianitou 
J unction and Pike dew. Colorado Springs and ~IHnitou are 
famous health resorts and are peculiarly fitted by their climate 
for sufferers from pulmonary complaints. 



GEOLOGY, 
STRATIGRAPHY, 

GENERAL FEATURES. 

The rocks of the quadrangle are in part of igneous and in 
part of sedimentary origin and range in age from pre-Cam­
brian to Quaternary. The igneous rocks are of two different 
kinds and of widely different ages. They ('oneist of granite 
and associated varieties of intrllsive rocks of pre-Cambl'ian age 
and intrusive phonolite of Tertiary age. The sedimentary 
rocks compl'ise more than 10,000 feet of indurated strata, 
ranging in age from late Cambrian to early Tertiary-although 
the Silurian and Devonian systems are not represented and the 
Triassic and Jurllssic are only doubtfully represented together 
with some glacial deposits and considerable unconsolidated 
gravel and alluvium, of Quaternary age. In the mountains 
there are a few small bodies of ancient metamorphic rocks, of 
uncertain origin, probably in part igneous and in part sedimen­
tary, and several sandstone dikes of supposed Oambrian age 
filling crevices in the granite. 

A generalized section of the rocks of the quadrangle, show­
ing the succession and grouping of the formations and their 
average thickness and character is given on the columnar­
section sheet. In the geologic literature dealing with the region 
diverse names have been applied to some of the formations. 
The various names used and their correlation as at present 
determined are given in the table on page 16. 

PRE-CAMBUlAN ROCKS. 

Small, irregular masses of metamorphic rocks that are 
included in the Pikes Peak granite are exposed here and 
there in the mountains. Such rocks are abundant in some 
parts of the Front Range, as in the Pikes Peak quadrangle, 
on the west, but they are scarce in thiEl area and are not sepa­
rately mapped. Some are regarded as remnants of an older 
granite ap-d others as of sedimentary origin. 

Gneiss.-Well-foliated granitoid crystalline pink or light-red 
gneisses crop Qut at severalloealities in Queens Canyon, at the 
southern end of Oheyenne Mountain, and about the head­
waters of Turkey and Little Turkey creeks. Their boundaries 
are indistinct and their aggregate mass is small. Similar rocks 
are widely distributed in the Pikes Peak quadrangle, on the 
'west, and are believed to be at least in part remnants of a 
granite older than the Pikes Peak granite. 

...\. study of thin sections shows that the gneiss is made up 
chiefly of two kiuds of feldspar, with which are associated 
much smaller amounts of quartz and biotite and a little apatite, 
zircon, and magnetite. The dominant feldspar is oligoclase, 
in crystals 2 millimetE'rs or less in diameter, closely twinned 
according to the albite law. A few of the crystals are clear 
and glassy but most of them are somewhat kaolinized. With 
the oligoclase are associated small amounts of glassy micro­
cline. Quartz, which forms clear grains that carry abundant 
fluid inclusions, makes up le~s than 15 per cent of the rock. 
Biotite, in irregular flakes and patches, is much less abundant, 
and the accessory minerals are present only in minute amounts. 

Schist.-The schist crops out in narrow dark-gray bands, 
which are commonly associated with the gneiss. It is well 
foliated and easily cleavable and consists chiefly of quartz and 
biotite, 'which are accompanied by some feldspar and minute 
amounts of zircon and magnetite. 

A study of thin sections shows that quartz is the chief con­
stituent, forming glassy grains a millimeter in diameter and 
generally containing inclusions arranged in lines. Albite, 
altered and containing secondary muscovite, makes up about 
10 per cent of' the rock in irregular patches that generally 
show polysynthetic twinning. Light-brown biotite in irregu­
lar shreds and flakes is the. only abundant dark silicate. 
Zircon forms minute subhedral prismoidal individuals, grouped 
together; minute needles associated with the biotite are probw 

ably rutile; and magnetite, in part altered to hematite, is 
sparingly present. 

IGYEOUS ROCKS. 

Practically the whole of the mountainous portion of the area 
is occupied by igneous rocks, chiefly granite, and all exc~pt 
the phonolite are of pre-Cambrian age. By careful field study 
ten types of g'ranite have been discriminated, chiefly by means 
of differences in texture. The several types are strikingly 
similar in mineralogic character and chemical composition, and 
a number of them are closely related local facies of a·single 
granite mass. Partly for this reason and partly because of ' the 
irregularity of the contacts and the difficulty of tracing them, 
oI}-ly four types are mapped-the Pikes Peak, Cripple Oreek, 
Windy Point, and Mount RoSa granites. The Pikes Peak 
granite is remarkably uniform iu texture and composition 
throughout large areas, but the minor varieties differ in these 
respects even in the same small mass. A few dikes of pegma~ 
tidc and lamprophyric rocks that cut the granite in some 
places have also been mappe~. 
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Distribution.-Nearly the whole of the mountainous area is 
occupied by the Pikes Peak granite, which forms all of Pikes 
Peak except some relatively small intrusive masses and is well 
exposed on the mountain slopes. (See PI. II.) It is of wide­
spread occurrence throughout the Front Range for some dis­
tance north and south of Pikes Peak. 

Character.-The rock is a coarse-grained granite composed 
of alkalic feldspar, quartz, and biotite, and its color, mostly 
light pink, is due to the abundance of the feldspar. Quartz is 
much less abundant, and biotite is relatively rare. The feld­
spar crystals average one-fourth inch in length but range from 
grains no larger than the accompanying grains of quartz to 
what appear to be phenocrysts 1 or 2 inches long. In places 
the development of large feldspars has been accompanied by 
the almost total disappearance of other constituents, as near 
Windy Point, on Pikes Peak, where a syenitic phase of the 
granite is exposed. The quartz is generally milky white or 
gray and opaque, but much of it is perfectly transparent. It 
OCClll'S in oval grains one~fourth inch or less in diameter. Bio­
tite, in flashing black crystals rarely half an inch across, is only 
here and there prominent. 'Vhere it is abundant, as at several 
points on Cheyenne Mountain, the rock is uncommonly dark. 

Weathering.-The granite weathers in huge round masses 
like cyclopean masonry (see PI. II), so characteristic that they 
may be recognized from a distance. They are prominent on 
the northwest slope of Cheyenne ):1ountain. Great scales 
break away from the domelike outcrops, and in Engelmann 
Canyon, west of Manitou, smoothly rounded masses 20 feet in 
diameter have fallen from the ledges. The mesh of coarse 
interlocking grains is easily ruptured by frost, and the rock 
goes to pieces by disintegration, forming a characteristic angu­
lar gravel that is widely distributed as a mantle on long, low 
divides. In places the surface of the rock, which has been 
hardened and glazed by the deposition of secondary silica, is 
not so easily disintegrated and forms a protecting cap over 
portions that are altogether broken up and on the point of 
falling away. 

Biotite is the most easily decomposed of the constituent 
minerals of the granite, and as it weathers iron is set free, 
staining the other minerals and intensifying the pink tint of 
the feldspar. Where quarrying has been carried on and 
un weathered granite hlid bare, as near 8t. Peters Dome, the 
feldspar is dull green, suggesting the presence of ferrous iron 
as an impurity. The weathered rock shows every gradation 
from green through pink to deep red, the most brilliantly 
colored reddish granite being near Rainbow Falls, in Ute Pass. 

Petrography. - The rock is holocrystalline and medium to 
coarse grained, the average size of the grains being about 
5 millimeters, but the texture is not everywhere uniform. 
Microcline, in anhedral iTI'egular crystals, is the most abun .. 
dant feldspar,'but perthitic intergrowths with albite are com­
mon. The characteristic twinning is developed, resembling 
a fine-meshed grating. Oligoclase is present in subordinate 
quantity. Quartz is about half as abundant as feldspar. The 
grains are anhedral, equant, or irregular, and contain numer­
ous inclusions, irregularly massed or in long thin lines. 
Among them are the hairlike needles frequently seen in 
quartz and regarded aN rutile. Biotite, brown and yellow and 
strongly pleochroic, occurs in irregular clusters and flakes. 
'£he accessory minerals are apatite in the common euhedral 
prismoid forms, grains of magnetite, small euhedral equant 
crystals of zircon, titanite, and the rare minute brown pleo­
chroic prisms referred to allanite. 

Chemical compositio.n.-An analysis of the 'rock gave the 
following results: 

AnalysUi of Pikes Peak granite from Sentinel Point. 

[W.F.Hiliebrand,&D&lyat.] 

BiO._ 
AI,O, 
Fe,O. 
FeO __ _ 
MgO _______ _ 
CaO ____ _ 
Na~O __ _ 
K,O .. 
HgO+_ 
H.O-_ 
TiO~ __ 

PtO" 

77.0B 
12.00 

,76 
,86 
,04 
,80 

B.21 
4.92 
,80 
,14 
,13 

___ . Trace. 
MnO __________________________________________________ Trace. 

Trace. 

.. 0::::: :::::::: ::.:.: •. ::: : :::::::::::::::: ,86 1D' Trace. 

100.5;") 
LessO=F _______ . ________ _ ,15 

100.40 

The norm computed from the above analysis shows that the 
rock is alaskose. 

CRIPPLE ORBBK GRANITlii. 

Distribution.-The Cripple Creek granite is so named because 
it occupies large areas west of Cripple Creek. In the Colorado 
Springs and Manitou quadrangles it occurs in a few small 
.irregular masses and in numerous thin dikes that cut the Pikes 
Pea,k grap.it!3.. The p\'incipaJ outc.~ops ar~ near GleJ]. CoY~.t QU 

the northwest shoulder of Pikes Peak; north of Mountain 
View, on the eastern flank of the Peak; between Summit and 
Sader lind, on the Colorado Springs & Cripple Creek District 
Railway, and in South Cheyenne Canyon east of Stove Moun­
tain. The most prominent dikes are immediately northeast of 
St. Peters Dome. 

Charader.-The granite is pink or reddish and consists 
essentially of microcline, with quartz and biotite. Some of 
the microcline is in well-formed crystals from one-quarter 
to one,-half inch across. The rock contains practically the 
same constituents as the Pikes Peak granite, although it is of 
much finer and more even grain. Chemical analyses show 
that the two are strikingly alike, exhibiting no greater differ­
ence than that between specimens collected from the same 
intrusive mass. It is believed that the two varieties of granite 
are genetically cl.osely related. 

Weather1·ng.-The rock breaks into small subangular plates 
on weathering. It does not weather into large rounded 
bowlders nor break down into coarse angular gravel, like 
the Pikes Peak granite, and on the whole it appears to be 
more resistant, for unreduced ledges of it stand out promi­
nently in the midst of areas of the other rock. 

Petrograplvy.-The rock is fine grained, its individual crys­
tals averaging about one-half millimeter in diameter. It is 
holocrystalline and inequigranular, and its fabric is marked 
by the occurrence of grains in few different sizes but with very 
different numbers of grains in the respective sizes. Microcline, 
in anhedral crystals, much of it greatly altered, is the most 
abundant constituent. Microcline-microperthite is rare, and it 
is not known whether the feldspar intergrown with the micro­
cline is albite or orthoclase. Orthoclase and subhedral p]agio­
clase are both present, and each is abundant in places. The 
extinction angles of the plagioclase indic.ate both albite and 
oligoclase. The twinning lamellre are very fine. 

Quartz occurs in equant or irregular anhedral grains and in 
places constitutes one-third of the rock. It is clear and glassy 
and some of it is free from inclusions, but many grains, besides 
containing the minute needles and black dots that are character­
istic of the inclusions in the quartz of the Pikes Peak granite, 
carry small~ well-formed individuals of zircon. The rock con­
tains biotite, some of it chloritized and some altered to musco­
vite. Muscoyite is in some places an original constituent, but it 
is nowhere equal in quantity to the biotite. Among the acces­
sory minerals are zircon in euhedral equant grayish crystals, 
magnetite, apatite, tommalille, and allanite. 

Chemical composition.-The following analysis shows that in 
composition the rock is strikingly like the Pikes Peak granite: 

Analysis of rock from a dike of Cripple Creek granite at JJujJtelds stati(1), 
near St. Peters Dome. 

SiO, __ 
Al,O, 
FeeO. _ 
FeO _ 
MgO _____ _ 

Ca.O ____ . 
Na.O_ 
K.O __ _ 

H.O+ 
H.O- _ 
TiO r __ _ 

ZrO. _ 

MnO. __ 
BaO_ 

LeBsO=F. __ 

[GeorgeStelger,RDalyst.] 

77.81 
12.45 

.43 
,33 

:NOlle. 
,50 

4.72 
8.84 
.42 
.40 
,06 

~oDe 
None. 
None. 
None. 

,to 
,01 

None 

100.62 
,06 

100.56 

The norm computed from the above analysis shows that the 
rock is kallerudose. 

WINDY POINT GRANI'l'lIi. 

Distribution.-The Windy Point granite forms a number of 
small masses in the western part of the Manitou quadrangle, 
the largest of which occupies the summit of Pikes Peak. 
Otller small areas lie along the ridge extending southeastward 
to Windy Point. The rock does not extend into the Colorado 
Springs qu~drangle. It appears to be a thin remnant of a 
sheet that overlies the Pikes Peak granite, for on the precipi­
tous northeast face of the mountain it is underlain by that 
rock. It is doubtless younger than the Pikes Peak granite, 
into which it appears to have been intruded, but its relation 
to the other granites has not been determined. 

Characler.-The rock is brownish red and is made up of 
scattered crystals of' feldspar a few millimeters in diameter and 
less conspicuous grains of quartz and biotite in a paste that 
resembles closely woven feldspars. It is distipguished from 
the other granites of the region by its extremely close grained 
texture. It is almost everywhere deeply weathered and breaks 
down into angular masses and platy pieces. 

Petrography. - The granite is holocrystalline and fine 
grained, the average individual crystal being less than one­
fifth millimeter in diameter. Its essential constituents are 
.Qlicr9Gl~ne, oxthpcla!;!e, o1).goclp,se, qUartz,. e.nd biotite, which 



make up 97 per cent of tl;1e rock. Fluorite, zircon, and mag­
netite are accessories. 

The feldspars, which constitute more than a third of the 
rock, are notably altered. ).ficrocline is the most abundant 
and, as estimated by Rosiwal's method, constitutes 90 per cent 
of the feldspars. It forms anhedral grains in the web of the 
rock and larger subhedral porphyritic crystals, a few being 4 
or 5 millimeters in diameter. :Much of it is intergrown with 
quartz. About 40 per cent of the rock is quartz. in clear 
anhedral equant or irregular grains and in larger individuals 
only less conspicuous than the microcline phenocrysts. Bio­
tite, in brown tabular irregular flakes, much of it chloritized, 
forms about 10 per cent of the rock. Fluorite occurs in clear 
anisotropic anhedral grains and zircon in nearly colorless 
euhedral to subhedml crystals. Magnetite in very small 
amount is the only other accessory observed. 

Chemical composition.-The chemical character of the rock 
is shown by the two analyses given below. Analysis A repre­
sents rock from the ridge between Middle Beaver and North 
Beaver creeks. Analysis B represents rock from 1fiddle 
Beaver Creek. 

Analyses of Windy Point granite. 

[W.F.Hllleb1'8nd,lInalyst.j 

AlgO. _ ------ ---------------

FeO __ _ 
}fgO _______ _ 

CaO __ _ 
Na20 ___ _ 
K 2 0 ____ _ 

H,O-___ _ 

H.O+ __ 

TiO~ 

p.0 1 _ -- -----------------------------

MnO __ 
BaO __ 
F. ____ _ 
SrO __ _ 
LiDO _____ _ 

75.17 78.51 
12.66 18.28 

.23 .94 
1.40 .97 

." .05 

.82 1.11 
2.88 3.79 
5.75 .~. 22 

.66 .62 

.16 .1' 

.10 .18 

.08 Trace. 
___ TrlU!e. Trace. 

"'1 .08 ",,",. _ __ .81 .55 

_ __ Trace? None. 

---~~~~ 

______ ·I~:~~O::: 
100.12 100.16 

LessO=l<' ____ . ____________ ". __________ _ 

The norms computed from the above analyses indicate that 
the rock is Iiparose. 

Distribution and characler_-The Mount Rosa granite is 
most extensively developed on the slopes of Mount Rosa, from 
which it is named. Another mass crops out in the valley of 
North Cheyenne Creek. The rock is intruded into the Pikes 
Peak granite in irregular masses, sheets, and dikes. It is a 
fine-grained non porphyritic bluish-gray rock made up chiefly 
of microcline, quartz, and riebeckite. It is rather resistant 
to weathering and generally stands out boldly in relief in the 
midst of the Pikes Peak granite. 

Petrography. - Quartz and microcline are the dominant 
minerals and together make up about three-fourths of the rock, 
quartz being slightly the more abundant. Riebeckite, which 
forms about one-fifth of the rock, is the only other essential 
mineral. The crystals average about one-fifth millimeter in 
diameter but differ rather widely in size, and the numbers of 
the grains of the several sizes also differ considerably. 

The crystals of microcline, which form about one-third of 
the rock, are generally the largest, reaching a diameter of one­
half millimeter. They are anhedral or subhedral, tabular or 
irregular, and were formed earlier than the riebeckite. Carls­
bad twins are very common. Perthitic intergrowths with 
albite are rare, but micropegmatitic intergrowths with quartz 
are abundant. Orthoclase seems to be lacking. The small 
grains of plagioclase, which make about 2 per cent of the rock 
and average about one-fourth millimeter in diameter, are albite 
in prismoid forms. . 

The quartz, which forms about two-fifths of the rock, occurs 
in clear glassy anhedral irregular individuals and in mosaics of 
small grains. It includes some of the minute needles usually 
regarded as rutile. The abundant quartz produces the highly 
siliceous appearance of the rock. Some of the riebeckite forms 
smallsubhedral crystals with the faces commonly seen on horn­
blende, but most of it occurs in irregular patches. The amphi­
bole cleavage is as a, rule well marked. The pleochroism is 
strong: X=dark indigo-blue; Y=yellowish green; Z= 
golden brown. 

Zircon is the most abundant accessory mineral. The largest 
crystals are less than one-fourth millimeter in diameter and are 
generally euhedral and equant. Their color is faint brown. 
Apatite forms minute prisms, and magnetite, pyrite, hematite, 
and rutile are occasionally seen in the thin sections. 

Chemical composition.-An analysis of the rock is given 
below. The norm computed from the analysis shows that the 
rock is liparose. 

(lolor&doSp1'1Da:" 
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Analysis of .Vount Rosa granite from a point near Rosemont. 

[George 8tefge~, .Dlllytt]. 

LessO=F. __ 

78.82 
10.59 
2.18 
2.98 
.04 
.28 

4.20 
4.111 
.4' 
.89 
.18 

None. 
None. 

.02 
~one . 

. 06 
None. 
None. 
None. 

99.75 
.02 

99.78 

Distribution and character.-Dikes of pegmatite are widely 
distributed throughout the area of granite, especially northeast 
of St. Peters Dome and along the valley of South Cheyenne 
Creek. 1fany of the dikes are rich in sodic amphibole and 
appear to be assoriated with the }fount Rosa granite. At only 
one place was an amphibole-bearing pegmatite dike found to 
be intimately connected with t.he main body of that granite, 
but the evidence strongly f~l.Vors the view that the two rocks are 
geneticfllly related. Pegmatite dikes without amphibole are 
abundant throughout the Pikes Peak granite east of Cameron 
Cone and north of Cascade. All the dikes tend to be coarse 
grained, with single crystals not uncommonly several inches 
long. The pegmati1e dikes have yielded many valuable speci­
lllens to collectors, chiefly the accessory minerals described 
under the following heading. 

Petrography.-l\ficrocline is the commonest of the feldspars, 
which in places constitute as much as 40 per cent of the rock. 
Some of the crystals are well bounded, displaying six or more 
forms, and both Carlsbad and Baveno twins are developed. 
The mineral is pink, flesh-colored, or green. Plagioclase forms 
subhedral equidimensional twins, and the extinction angles 
fix its composition as that of albite. It is commonly inter­
grown with deeply weathered and turbid orthoclase. Quartz 
is as a rule much less abundant than the feldspars. It forms 
large irregular masses, some of them transparent, but most of 
them milky white. Graphic intergrowths with feldspar are 
abundant. 

rrhe most abundant dark silicate in many of the dikes is 
riebeckite, which in places forms 15 per cent of the rock. 
Some of the larger crystals are 2 inches across and a foot long. 
The prismatic cleavage is uncommonly well developed and is 
conspicuous in hand specimens. The color is black 01' black 
'''ith. a faint tinge of indigo. The pleochroism is similar to 
that of the riebeckite in the Mount Rosa granite: X=dark 
indigo-blue; Y=yellowish green; Z=golden brown. Both 
biqtite and muscovite are found in small amounts in SOllie 
dikes but are altogether wanting in others and are to be 
regarded as accessories. Grayish-brown glassy crystals of 
zircon are especially abundant in places. 

Among the. rare minerals locally developed in the dikes are 
cryolite, astrophyllite, and columbite. Cryolite is found in the 
immediate neighborhood of St. Peters Dome. It forms pure 
masses, some of which are 2 or 3 inches in diameter. It is 
dull white, grayish white, or pinkish and is more cloudy than 
the Green,and variety. Cleavages in three directions are well 
developed, and several twinning laws are exemplified. The 
alteration products identified by Cross include pachnolite, 
thomsenolite, prosopite, and gearksutite. Golden-brown astro­
phyllite is in some places abundant in stellate forms and in 
aggregates associated with quartz and zircon. It forms bladed 
crystals, some more than an inch long. 

D'J.stribution and character.-Dikes of dense black, gener­
ally aphanitic rock cutting the Pikes Peak granite are abun­
dant in the valleys west and north west of Cheyenne Mountain. 
One of them, about 18 feet wide, is exposed along the road in 
Bear Creek canyon half a mile east of Jones Park. Others 
are exposed below Tenney Crags, in Bear Creek canyon. A 
thin dike of unusual length extends from Mount Buckhorn to 
Bruin Inn, a distance of three-fourths of a mile. Many others 
are exposed in Cheyenne Canyon and on the divide between 
it and Bear Creek canyon. Numerous small dikes outcrop 
northeast of St. Peters Dome and neal' the headwaters of 
Bea vel' Creek. A coarse-grained dike of the same character 
has been prospected in the valley south of Summit station on 
the Colorado Springs & Cripple Creek District Railway. The 
dikes are generally not more than a few feet thick, and their 
outcrops are generally short. They are probably the youngest 
igneous rocks, except the phonolite, in the quadrangle, for no 
other rock cuts them. ' 

The rock of the dikes consists essentially of feldspar, horn­
blende, and lepidomelane, rarely with small phenocrysts of 
flesh-colored feldspar. It is distinctly richer in ferromagnesian 
minerals than the other igneous rocks and on weathering 
becomes stained brown by iron oxides. 

Peb·ography.-The study of thin sections shows that the 
essential minerals are alkalic feldspars, hornblende, and lepi­
domelane, with quartz, magnetite, apatite, and zircon as acces­
sory minerals. In general the light and dark minerals are in 
nearly equal amounts, although in some specimens dark con­
stituents distinctly preponderate. The rocks are holocrystal­
line and invariably fine grained, the average diameter of the 
individual crystals being but a few hundredths ofa millimeter. 
A notable characteristic is the uui versal tendency toward auto­
morphic development of the feldspars, with attendant cluster­
ing together of the dark silicates. 

The feldspars are almost invariably subhedritl, tabular 
parallel to the clinopinacoid, and older than the fen-omagne­
sian minerals. They are very generally altered. Orthoclase, 
with almost universal Carlsbad twinning, is present and in 
some of the dikes it forms conspicuous phenocrysts up to a 
quarter of an inch in diameter. The chief feldspar, however, 
is a sodic plagioclase. Twinning after the albite law is shown 
by excessively thin lamellre. Symmetrical extinctions in the 
zone at right angles to (010) are irivariably low and serve to 
fix the feldspar as oligoclase. 

Among the dark constituents green hornblende in anhedral 
irregular individuals is the most abundantr Subhedral pris­
moidal crystals bounded by the two pinacoids are rare. The 
usual cleavage is present. The hornblende is closely inter­
grown with seal-brown to brownish-yellow pleochroic lepi­
domelane. The amphibole and mica occur most commonly in 
clusters of intermingled grains that fill the spaces between the 
feldspars. The dark silicates are invariably fresh'. 

In some of the dikes there is no quartz; in others quartz in 
irregular mosaics is an abundant accessory constituent. Zircon 
was not observerl in most of the dikes, but in some it is con­
spicuous in subhedral or anhedral grayish-brown crystals a few 
hundredths of a millimeter in diameter. Apatite and magnet-
ite are both abundant. . 

Chemical composition.-An analysis of the rock is given 
below in column A. Its similarity in composition to syenite 
is striking, and for comparison an analysis of syenite from 
Y ogo Peak, Mont,l is placed beside it in column B. 
.Analyses of rock from dike in Bear C"eek canyon half a mile ea8t of 

Jones Park. 

[A., by Geor.-e Stelgflr; B. by W. F. HUiebra.nd.] 

A I B ------ ---------1----
~~:~::........... ..........~ ... ::::::~ .. ::::~:~~ :nl i :n1 
:\-fgO_ .110 B.67 
CaO __ _ 

P.O~ 
F ___ _ 

S .. 
MnO __ 
BaO __ 
SrO __ _ 

2.74 
4.71 
4.88 
.04 
.74 

1.(1-1 

.2'7 

.01~ 

. 25 1 

.17, 

4.61 
4.811 
4.50 
.26 

.41 

.56 

.83 

.00 

.27 

The norm computed from analysis A indicates that the rock 
is Ulonzonose. 

CAMBRIAN SYSTEM. 

Occurrence.-The Cambrian system is represented in the 
Colorado Springs quadrangle by a relatively thin deposit of 
sandstone of probable Upper Cambrian age. So far as known 
the Lower Cambrian series is not represented in Colorado, but 
the determinations by Walcott make clfiar the presence of 
Middle Cambrian strata along the Front Range Rnd in the 
western part of the State. The Upper Cambrian beds prob­
ably underlie a great area east of the mountains, and their 
upturned edges crop out at several places along the Front 
Range. Sections in widely separated Rreas are strikingly simi­
lar, all having pure quartz sandstone, conglomeratic in places, 
at the base, overlain by iron-stained and glauconitic sandstone. 

Definition.-The rocks here called Sawatch sandstone consist 
of white or cream-colored quartz sandstone below, with reddish 
calcareous and glauconitic sandstone and a little limestone above. 
The thickness of the formation in the quadrangle ie not more 

QVasblngton, H. S., Chemical amalyses of igneous rocks: U. S. Geol. 
Survey Prof. Paper 14, p. 2M, 1908. 



than 45 feet. Because of lithologic character and stratigraphic 
position it is correlated with the Sawatch quartzite (Upper 
Cambrian) of the west side of the Front Range, which is 
named from the Sawatch Mountains, along the flanks of which 
it is typically exposed. 

Dislribution.-The principal area of the formation in the 
Colorado Springs quadrangle is along the northwest side of 
the Manitou embayment, where it crops out in a narrow zig~ 

zag band at the base of the sedimentary series, upon or in 
contact with the granite. In the valley of Fountain Creek 
above Manitou there are a few small outliers of the formation, 
two of which are large enough to be mapped. The formation 
also crops out in a small area at the base of the mountains a mile 
north of Blair Athol. South of the Manitou embayment the 
formation is not exposed in sufficient thickness to be shown 
on the map as a separate unit. 

Characie1'.-The lower part of the formation is a bed of 
white or cream~colored sandstone 11 feet thick, at the base of 
which in a few places there is a thin conglomeratic sandstone. 
The pebbles of the conglomerate are almost invariably quartz, 
although a very few are granite, and most of them are much 
les'3 than an inch in diameter. The conglomerate is not found 
at many places and is nowhere conspicuous. The mass of the 
basal bed of sandstone is even grained, more 01' less friable, and 
without prominent jointing. The constituent grains are pre~ 
vailingly quartz, but the quartz grains are accompanied by a 
little feldspar, and many of them are nearly spherical. 

The upper 30 feet or so of the formation consists of beds of 
coarse reddish~brown gritty sandstone deeply stained by iron 
oxide. rfhe beds near the middle are blotched with green, due 
to the presence of glauconite. In places the grains of feldspar 
are more abundant and the sandstone is calcareous. In typical 
sections a bed of c1ear~red limestone 2 feet thick lies in the 
middle of the red sandstone. The single layers of sandstone 
are 3 to 10 inches thick. The sandstone gradually becomes 
more calcareous toward the top, where it is succeeded by the 
Ordovician limestone. 

Relaiions.-The formation lies on a remarkably even sur~ 
face of granite. (See PI. VI.) The contact is exposed almost 
continuously from Fountain Creek to Glen Eyrie, and at 
scarcely any place is there a departure of more than a foot or 
two from a perfectly even surface. In the sections in the 
canyon the contact ~early everywhere forms a straight line. 

The formation passes upward without marked lithologic 
break into the Manitou limestone, of Lower Ordovician age, 
the two being separable only by paleontologic evidence. 

Age and correlalion.-Because of its lithologic cha,racter and 
stratigraphic position the sandstone has been correlated with 
the Upper Oambrian Sa watch sandstone on the western slope 
of the Front Range. It contains fossils at a point about 4 
miles northwest of' Pikeview, where the brachiopod Lingulella 
has been collected. Poorly preserved fragments of trilobites 
were found in the Ute Pass near Manitou. Cross states that 
the form Ptychoparia was obtained from exposures of the same 
rock at Manitou Park. No beds of Lower or l\fiddle Cambrian 
age are known in the Colorado Springs quadrangle. 

ORDOVICIAN SYSTEM. 

The Ordovician system is represented in the Colorado 
Springs quadrangle by the Manitou limestone. In the Canon 
City embayment there.are two younger Ordovician formations, 
the Harding sandstone aud the Fremont limestone, but the 
limestone does not extend into the Colorado Springs quadran~ 
gle, and the sandstone is represented by only a few feet of strata 
that overlie the Manitou limestone in the southwestern part of 
the quadrangle. The Ordovician formations were probably 
at one time much more widely distdbuted but have been eroded 
from large areas, so that only disconnected remnants are now 
preserved along the base of the Front Range. 

Definition.-The Manitou limestone is named from l\1~nitou 
Springs, where it is typically developed. It consists of red, 
purplish, and gray limestone containing Lower Ordovician 
(Beekmantown) fossils. Its maximum thickness in the quad. 
rangle is 250 feet, but at some places in the southwestern part 
of the quadrangle, where much of it was removed by erosion 
before the overlying beds were deposited, only 50 feet remains. 

Distribution.-The formation is found principally on the 
northwest side of the Manitqu embayment, where it caps the 
ridges on both sides of Fountain Creek at the southeast end of 
Ute Pass and occupies the mountain slopes between the mouths 
of Queens Canyon and Williams Canyon. (See PI. V.) It is 
well exposed in the steep walls of both canyons. A small mass 
is exposed on the steep slope a mile north of Blair Athol. 

In the southwest part of the quadrangle a thin strip of the 
formation crops out along the base of the Front Range from 
Little Fountain Creek to Turkey Creek and from Red Creek 
to the west margin of the quadrangle. 

Charaoter.-The base of the formation consists of 6 feet of 
clear· red limestone overlain by about 50 feet of thin·bedded 
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purplish and reddish~gray limestone, followed in turn by 100 
feet of clear~gray massi\"e limestone, in part granular. The top 
of the formation consists of nearly 100 feet of thick-bedded doye~ 
colored limestone, rich in cherty layers half an inch thick and 
cut by prominent vertical joints. The upper half of the for~ 
illation contains massive beds of dense bluish limestone, and at 
the top is a zone of coarsely brecciated rock, much stained by 
limonite and hematite. The highest beds exposed are a foot 
or more thick and are drab or in places clear red. The 1ime~ 
stone of the formation is at most places magnesian. 

Relations.-The formation rests conformably on the Sawatch 
sandstone, which. grades into it to some extent, as the upper 20 
feet of the Sawatch contains some beds of red limestone similar 
to that at the base of the Manitou. The top of the Manitou is 
an irregular surface upon which different younger formations 
rest in different places. 

Age and correlation.-The red limestones at the base of the 
Manitou limestone at the "Narrows," in Williams Canyon, 
contain fossils of species similar to those obtained in Queens 
Canyon and in the adjoining Pikes Peak quadrangle at 
Manitou Park. 

The species includes the following forms: 

Lingulella desiderata. 
Schlzambon manitouensis. 
Eoorthl! desmopleura. 

Eoorthis nympha. I Syntrophia nundina, 

The Manitou limestone is therefore of Lower Ordovician age 
and is assigned to the horizon represented in the East by the 
Beekmantown limestone and in Texas by the El Paso lime~ 
stone. 

HARDING SANDS'l·ONE. 

The Harding sandstone extends a short distance into the 
southwest part of the quadrangle, where a wedge of it, only 
a few feet thick, lies on the Manitou limestone north of 
Table Mountain. It consists of light~gray saccharoidal quartz 
sandstone. It is so thin that it is not practirable to show 
it separately on the map, and it is included in the band of 
undifferentiated Manitou limestone and Harding sandstone 
mapped in that locality. 

The evidence furnished at the type locality near Canon 
City, Colo., indicates that the Harding sandstone is of Black 
River age. 

CARBONIFEROUS SYSTEM. 

The Carboniferous system is represented in the quadrangle 
by strata of Pennsylvanian and of Permian (?) age, but none 
of Mississippian age are known. The Fountain formation and 
Lyons sandstone are assigned to the Pennsylvanian series, and 
the Lykins formation is doubtfully assigned to the Permian 
series. All but the lowest member of the Fountain formation 
are part of the" Red Beds" of Colorado, the age of which was 
long in ~oubt but which are now regarded as Carboniferous. 

PEN"~SYLVAXIA.N SERIES. 

DefinitiQn.-The Fountain formation is named from Foun~ 
tain Creek, along which it is well exposed near Manitou. It 
consists of arkose and conglomerate with a little interbedded 
sandstone and shale, most of it bright red. It is the most 
prominent formation of the H Red Beds" in the quadrangle and 
is best developed in the Manitou embayment, the type locality. 
The formation is equivalent to the lower part of the "Lower 
Wyoming" as that term has been used in the monograph on 
the Denver Basin. 

It is highly irregnlar in thickness because of its unequal 
deposition in different places. Its maximum thickness, 4,500 
feet without observed reduplication by faulting, is in the 
Manitou embayment, but north of Blodgett Peak its thickness 
is not more than 800 feet, the greater part of it being cut out 
by faulting. Along Red Creek, in the southwest part of the 
quadrangle, its thickness is 2,000 feet. 

Di1Jt1'ibuiion.-The formation occupies an area 2~ miles wide 
between Manitou and Colorado City and extends northward 
in a narrow belt passing through Glen Eyrie and Blair Athol 
and along the slope of Blodgett Peak to the north margin of 
the quadrangle. In the southwestern part of the quadrangle 
it occupies a considerable area extending from the divide 
between Rock Creek a,nd Little Fountain Creek southward 
into the valley of West Fork of Red Creek and thence westward 
outside the quadrangle. 

Character.-The formation is made up almost wholly of 
arkose and conglomerate. The materials composing it have 
been derived directly from the granite mass on the west, and the 
fragments of granite, quartz, feldspar, and mica are but little 
worn. (See PI. X.) The pebbles and bowlders of the con~ 
glomerate range in diameter from 2 to 5 inches and are sharply 
angular or subangular. They consist of granular vein quartz, 
coarse and fine granite, pegmatite, schist, and some sandstone 
and feldspar. Many of the beds are clear white, being free 
from iron oxide, and maroon and purp1ish~red beds alternate 
with beds having the prevailing vermilion or light~red hue. 
Although the formation includes some fine-grained shaly sand~ 

stone the strata are chiefly coarse grained and some single 
massive beds are several feet thick. Calcareous beds crop out 
near the base of the formation at Glen Eyrie. 

The section of the formation between Manitou and Colorado 
City illustrates particularly well the several characteristic facies~ 
Some single beds may be traced for miles, but the variability 
along the strike that is a nearly constant feature of extensive 
coarse-grained red~bed strata finds expression in the Colorado 
Springs quadrangle. 

The lowermost 90 feet, which has been separately mapped 
as the Glen E.yrie shale member, consists of gray sandstone 
and sandy shale with thin beds of black fossiliferous shale 
containing traces of coal. This member is strikingly unlike 
the great body of the formation, although transitional beds 
occur at its top. It is important not only because it is a 
readily separable lithologic unit but because its flora throws 
light on the history 'Of the Colorado Springs region in early 
Pennsylvanian time. This member is found only in the 
Manitou embayment, where it crops out between Glen Eyrie 
and Manitou. 

The overlying 25 feet of the formation at Manitou is pur~ 
plish-red sandstone, in places micaceous, with intercalated gray 
or light~pink arkose beds less than a foot thick. The next 
zone, 50 feet thick, comprises more massive beds, 3 to 5 feet 
thick, of white and red mottled pebbly arkose. The pebbles, 
of granite, schist, and quartz, are small. Brick~red clay pal'~ 
ings separate the beds. The next 50 feet is made up of alter~ 
nate beds of clear pinkish~white arkose and white or mottled 
coarse sandstone with prominent brownish laminre. The beds 
contain no pebbles more than 2 inches in diameter. 

The next 100 feet consists of massive beds of distinctly 
laminated white arkose, some of them 8 feet thick, marked by 
clear-cut vertical joints. Secondary silica deposited between 
the grains is a feature of many exposed surfaces. Irregular 
angular quartz pebbles, 2 to 3 inches across, are common. 
Among the 'white layers are coarsely conglomeratic portions in 
which the pebbles make up half the bulk of the rock. 
Subangular cobbles of ocher-yellow quartz 5 inches in diameter, 
with others of opaque white quartz, granite, and schist, are 
abundant. 

A persistent zone about 250 feet thick, next above, is marked 
by numerous alternations among its beds and by the promi~ 
nence of shale. Regularly mottled layers of brick-red arkose 
give place to white arkose, with little pockets of shale and 
at'intervals pebbly streaks, and to numerous layers of very 
fine grained shaly sandstone and shale in beds 2t feet or less 
thick. The shales are purplish red, sage~green, or mottled 
red and green and contain a ·few pebbly layers 6 inches or 
less thick. They are sparingly fossiliferous and of marine 
origin. 

The next zone, about 300 .feet thick, differs from those thus 
far described in being made up of uniformly coarser rock, in 
containing few white beds and np shaly layers, and in showing 
locally prominent beds of massive conglomerate. It is also 
characterized by unusual forms of weathering. At some places 
undercutting of the more massiye beds by solution is: promi~ 
nent j at other places, where beds of different resistance 
have been attacked, weathering has developed mushroom~ 
shaped pillars of rock. (See PI. X.) The" Balanced Rock" 
in the Garden of the Gods is such a mass, 15 feet high. 
Rounded residual bowlders of arkose a few feet in diameter 
are scattered oyer the surface. The IQwest bed of this zone, 18 
feet thick, is reddish and pinkish, regularly laminated coarse 
arkose with unevenly bedded massive conglomeratic portions 
containing bowlders, the largest a foot in diameter, and angular 
fragments of granite, pegmatite, mica schist, brownish-red sand­
stone, and white and blackish-gray quartz. The conglomerate 
gives place to massive, regularly laminated pebbly beds that are 
finer grained toward the top. Beds of massive conglomerate 
occur in this zone and at intervals throughout the succeeding 
1,500 feet of the formation. The massive conglomerates grad­
ually die out higher up and only scattered lenses of bowlders 
and sheets of pebbles occur in the arkose. Pieces of feldspar, 
of dike sandstone, of ocher~stained granular quartz, and a few 
of black chert are found, in addition to pebbles of granite. 
The arkose weathers in typical huge rounded forms unlike 
those at other horizons, illustrating the uniformly coarse~grailled 
character of the sediments. 

The uppermost 800 feet of the formation includes few layers 
of conglomerate or of white arkose. The prevailing color is 
light red. Here and there beds of fine~grained sandstone 
occur. This part of the formation is exposed in some of the 
huge thin vertical slabs of rock that are so prominent in the 
Garden of the Gods. (See PIs. VIII, IX, and XL) 

Relations.-The formation lies unconformably upon the 
Manitou limestone in the Manitou embayment. At one or 
two localities in the southwestern part of the quadrangle it 
lies on the Pikes Peak granite. 

At the top the formation appears to pass conformably into 
the overlying Lyons sandstone. A ,transition zone 25 feet 
thick is well exposed at several places. This transition zone is 
indicated in the Lyons sandstone. 



Age and correlation.-From the black shaly layers "..r the 
base of the Glen Eyrie shale member in Quarry Canyon were 
collected fossil plRnts tbat were identified by David White as 
Asplenites sp. indet., Sphenopteris cf. S. hrowni, Corynepteris 
of. O. coraUioides, Lepidodendron ohovatwm, L. aculeatum, 
Lepidostrobus sp., Lepidophyllum campbellianum, and Stig­
maria verrueo8a, together with shells of Lingula. The material 
examined, though not sufficient to determine accurately the age 
of the beds, is referable to the lower part of the Pennsylvanian 
and probably represents a stage in the upper Pottsville. 

Inarticulate brachiopods are found in several layers of 
brownish-red and green shale about 400 feet above the base of 
the formation in Black Canyon. They are identified by G. H. 
Girty as species of Lingulidiscina, perhaps L. manhattanM8'i8. 
No fossils have been found in the upper part of the fOMnation 
in the quadrangle, but in northern Colorado fossils of Penn­
sylvanian age have been obtained from limestones that are in 
part equivalent to the upper portion of the Fountain forma­
tion; hence the whole formation is regarded as Pennsylvanian. 

Definition.-The Lyons sandstone is named from Lyons, 
Colo., its type locality. It consists of fine-grained red and 
white sandstone having a maximum thickness in the quad-
1'8.ngle of 850 feet. The formation is equivalent to the upper 
part of the "Lower Wyoming U as that name WIU! applied in 
the monograph on the Denver Basin. 

Distrihution.-The formation crops out in the northern part 
of the quadrangle as a narrow band extending southward along 
the foothills as far .. Bear Creek, weet of Colorado City, but 
interrupted at several places by cross faults and more or less 
concealed by wash. In the80uthwestern part of the quadrangle· 
it occupies an area increasing in width southward from a very 
narrow strip at Rock Creek to a belt 2 miles wide at the 
southern margin of the quadrangle, where it doubles back 
northwestward and westward and leaves the west side of the 
quadrangle just north of Table Mountain. The southern area 
is continuous. 

Gharaoter.-In the Garden of the Gods the formation is 800 
feet thick and rises in huge vertical sheets of rock to a height 
of 200 feet. (See PIs. III, VII, and VIII.) The sandstone is 
homogeneous and fine grained and of remarkably even texture. 
It is composed of notably rounded grains of quartz cemented 
by iron oxide. Cross-bedding is a prominent feAture of the 
rock. The lower 550 feet is clear brick-red, and the upper­
most 300 feet is white, as is well shown in the gateway to the 
Garden of the Gods (PI. VII). The transition from red to 
white is rather gradual, white beds appearing in increasing 
numbers above the middle of the formation. At the base are 
transitional beds a few feet thick which closely resemble the 
underlying Fountain formation. 

A massive conglomerate occurs near the middle of the for­
mation in the Garden of the Gods and in Glen Eyrie but not 
in the southern areas. It has a maximum observed thickness 
of 35 feet and is in several respects remarkable. The bow 1-
ders, some of which are 2 feet iI;l diameter, are much la.rger than 
any in the Fountain formation and are well rounded, whereas the 
cobbles in the conglomeratic beds of' the Fountain are angular or 
subangular. They include many kinds of rock-fine-grained 
biotite granite, coarse Pikes Peak granite, pegmatite, gneiss, 
schist, and quartzite, and some fragments of Manitou limestone 
and red calcareous sandstone of the Fountain formation-but 
the most abundant pebbles are of white quartz or 9f the ocher­
yellow quartz common in certain beds of the Fountain forma­
tion. The matrix, which is coarse grained, is made up of 
quartz and a little feldspar. Within the Colorado Springs 
quadrangle the Lyons sandstone is a much weaker and less 
distinctly laminated rock than the strong, crisp, sharply banded 
sandstone at Lyons, Colo. 

The sandstone at the top of the formation is fine grained, 
is composed of pure quartz, and is for the most part friable. 
It differs from the brick-red sandstone below the conglomerate 
in its characteristic weathering. The cause of the d~ft'erence 
is the presence of veinlike lines or thin layers of secondarily 
deposited silica, giving the weathered rock surface a crinkly, 
roughened look that is not characteristic of the lower beds 
of the formation, which in the huge weathered masses in the 
Garden of the Gods show innumerable solution hollows and 
cavernouei openings a foot or more deep. 

Relations.-The Lyons sandstone conformably overlies the 
Fountain formation, and at its base there is a transition zone 
about 25 feet thick, whic4 so closely resembles the Fountain 
that it is difficult to determine the exact contact. At its top 
it passes conformably into the overlying Lykins formation, 
the two being separated on lithologic character. 

Age and correlalion.-No fossils have been found in the 
formation in the Colorado Springs quadrangle. In northern 
Colorado fossils of PennsylVanian age have been found in the 
upper part of a lenticular bed of limestones which lies between 
sandstones having the lithologic character of the Fountain 
and Lyons formations. The upper part of the limestone is 
interbedded with sandstones similar to those of the Lyons, and 
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it has consequently been included in that formation. For 
this reason the Lyons sandstone of the Colorado Springs quad-­
rangle is regarded as of Pennsylvanian age. Darton 1 haa called 
attention to the close resemblance between the uppermost zone 
of' white sandstone in the Garden of the Gods and the Tensleep 
sandstone of the Black Hills of South Dakota. 

PERMIAN (I) SERIES. 

LYKINS FORMATIO!f. 

Definition.-The Lykins formation consists of less than 200 
feet of thin-bedded, prevailingly red sandstone and ~ale with 
gypsum at the top. The type locality of the formation is 
Lykins Gulch, about 9 miles north of Boulder, Colo. The 
formation is equivalent to the uUpper Wyoming" as that 
name was used in the monograph on the Denver Basin. 

Distrihution.-The formation is exposed in a narrow, inter­
rupted belt parallel to and above the Lyons Mndstone, extending 
from the north margin of the quadrangle southward to Bear 
Creek, west ·of Colorado City. In the southern part of the 
quadrangle it occupies a sinuous ribbon-like area having an 
average width of about 1,000 feet and extending from Rock 
Creek southward to the south margin of the quadrangle and 
thence northwestwar~ and west~ard to the west margin, north 
of'Table Mountain. Its area of outcrop follows the margin of 
that of the Lyonp. sandstone but is not so broad, and it is also 
exposed in a small inlying butte surrounded by the Lyons and 
capped by the Mornson formation. 

Relations.-The formation rests conformably on the Lyons 
sandstone, from which it is separated at the horizon where the 
brick-red, pink, or white sandstone of the Lyons gives way to 
fine--grained red and green shale. It is limited above by an 
unconformity, although overlain everywhere in the quadrangle 
by the Morrison formation. 

Oharacter.-In the section at Quarry Spur, west of Colorado 
City, the base of the formation consists of 24 feet of fine­
grained friable red shale, spotted green where the ferric iron 
pigment appears to have been reduced to the ferrous state, 
and is overlain by 12 feet of finely laminated close--grained 
pinkish sandstone, which in turn is overlain by 2t feet of 
white calcareous sandstone with wavy banding and small 
inclusions of reddish chert. The sandstone is left in prominent 
relief by weathering. Next above is 25 feet of fine-grained 
tbinly bedded sandy shale resembling that at the base of the 
formation. The overlying bed, 18 inches thick, consisting of 
brecciated white sandstone intermingled with fine-grained red 
sandstone, is succeeded by 18 inches of finely laminated thin­
bedded white sandy limestone. Above is a zone, 48 feet thick, 
of homogeneous brick-red sandstone· alternating with much 
more thinly bedded fine-grained red Rnd green mottled sandy 
shale. The uppermost part of the section consists of 65 feet of 
gray and pinkish sandstone in beds a few inches thick. At 
Quarry Spur the formation includes no gypsum, but just north 
of it, across Fountain Creek, the topmost zone of sandstone is 
abeent and its place is occupied by gypsum. (See Pl. VII.) 
In the valley of Red Creek the gypsum reaches a maximum 
thickness of 90 feet. 

The l formation as a whole is easily eroded, and the sandy 
shales that make up the greater part of it are rapidly worn 
away, leaving the calcareous layers In relief. At most local­
ities a bed of limestone 3 feet thick, the equivalent of the bed 
of white calcareous sandstone 36 feet above the base of the 
Quarry Spur section, is a prominent horizon marker. Its dis­
tance above the base of the formation is 110t uniform, however, 
being in some places not more than 15 feet, and the 3-foot bed 
is generally accompanied by one or two other beds of lime­
stone, from 2 to 4 feet thick. The rock is' gray or dove .. 
colored and contains reddish chert inclusions. Its weathered 
surface is marked by wavy banding. These calcareous beds 
may be traced for miles by their conspicuous outcrops. Where 
the dip is slight they form low benches in. which the more 
resistant limestone at the top stands out prominently above the 
red sandy shale below. 

Age and correlaUon.-No fossils have been found i~ the 
formation in the Colorado Springs quadrangle, but in the 
Castle Rock quadrangle, on the north, a few foaeils, identified 
hy Girty and regarded by him as probably Pelmian, were 
collected from a thin bed of limestone a few feet above the 
base of the formation. The Lykins appears to be the equiva­
lent of the Rico formation of the San Juan region, and it has 
been correlated by Darton on stratigraphic grounds with the 
Chugwater formation of .Wyoming. Its upper part may pos­
sibly be Triassic, but there is no evidence either for or against 
such a view. 

JURASSIO OR CRETA.CEOUS ROCKS. 

Definition.-The Morrison formation consists essentially of 
fresh-water marl that includes many lenticular bodies of lime­
stone and thin beds of sandstone. It reaches its maximum 
thickness in the quadrangle near Colorado City, where it 
measures 245 feet. It takes its name from the town of Morri-

1 Darton, N. H., U. S. Geol. Survey Prof. Paper 82, p. 162, 19015. 

son, Colo., where it is typically ex.posed. A part of the forma­
tion contains numerous dinosaurian fossils and has therefore 
been called the "Atlantosaurus beds." 

RBlationB.-The formation rests unconformably upon the 
underlying Lykins formation, a relation that is not very 
apparent in the Colorado Springs quadrangle, although it is 
evident elsewhere. It is overlain in apparent conformity by 
the Lytle sandstone member of the Purgatoire formation. At 
some other places in Colorado there is evidence· of a slight 
unconformity at the top of the formation, but it is probably 
not ex.tensi ve. 

Dutriliution.-In the foothills in the northern part of tbe 
quadrangle the formation crops out in a nalTOW band lying just 
above and parallel to the Lykins formation and extending 
southward from the north margin of the quadrangle to Bear 
Creek. A small area is exposed at the southeast base of 
Cheyenne Mountain. In the southwestern part of the quad­
rangle the formation occupies several areas, .the largest being a 
band lying parallel to that occupied by the Lykins formation 
and extending from Rock Creek southward to the south 
margin of the quadrangle and thence westward and northwest­
ward, and again westward, along the north face of Table 
Mountain, to the west margin of the quadrangle. A prong 
projects southward from this belt down Salt Cany~n for more 
than 2 miles,· and a small area occupies a part of Patton 
Canyon, in the extreme southwest corner of the quadrangle. 
A small inlying butte surrounded by Lyons sandstone is 
capped by the Morrison. 

Oharacter.-The formation is made up of light olive--green, 
maroon, or purplish chalky-looking clay and IDarl, a small 
amount of gray friable sandstone, and thin beds of gray or 
drab limestone. The basal part, not more than 20 feet thick, 
cousists of sandstone and limestone. At the bottom fine­
grained gr&y friable sandstone, weathering yellowish or 
brownish, gives place to fine-grained light-drab, sparingly 
fossiliferous fresh-water limestone. This limestone is generally 
free from siliceous impurities, but where they are present they 
give a peculiar rbaracter to the weathered surface of the rock. 
A fairly persistent 2-foot bed of limestone lies just above the 
basal sandstone. It is dark gray and contains siliceous con­
cretionary grains that are stained bright red on their outer 
surfaces and constitute in places 25 per cent of the whole 
rock. 

The upper part of the formation consists of variegated marls 
and interbedded sandstones. In places, as near the Garden of 
the Gods, single beds of gray friable sandstone reach a thick­
ness of 30 feet. Thin conglomeratic beds, containing well­
rounded siliceous pebbles one--fourth inch in diameter, are rare. 
The marls and clays are broken by innumerable joints and go 
to pieces immediately when handled. The formation is readily 
recognized by the weathered green and red clays in outcrops. 

F088ils.-The sandstoI)es and marls of the formation, espe­
cially near Morrison, have yielded many dinosaurian remains. 
The formation has by some 8,uthors been regarded as Jurassic 
and by others as Cretaceous, but owing to the Cretaceous affin­
ities of these reptilian remains the view that it is of early 
Cretaceous age is gaining ground. In the Colorado Springs 
quadrangle two species of fossil gastropods have been found 
in the basallimeAtones. They were determined by T. W. Stan- ' 
ton as Planorbis veternus Meek and Hayden and Valvata 
sca/!rida Meek and Hayden, both of which are found in the , 
Morrison elsewhere. 

CRETA.CEOUS SYSTEM. 

NeRrly half the Colorado Springe quadrangle is oc(,upied by 
Cretaceous strata, both the Lower and the Upper Cretaceous 
series being represen.ted. In addition to the Morrison forma­
tion, possibly of Lower Cretaceous age, tha.t series is repre­
sented by the Purgatoire fOI·mation. The Upper Cretaceous is 
very fully represented, as the Dakota sandstone, the Colorado 
and Montana groups, and the Laramie formation all crop out 
within the quadrangle. 

LOWER CRETACEOUS SERIES. 

PURGATOIRB :rORMATIO!f. 

Deflnition.-The Purgatoire formation is named from ·Pur­
gatoire River, in southeastern Colorado, along which it is 
typically exposed. It consists of. sandstone and overlying 
shale, the whole having a maximum thickness in the quad­
rangle of nearly 300 feet. 

The strata constituting the" formation were formerly not 
differentiated from the Dakota sandstone and were mapped as 
part of that formation in the monograph on the Denver Basin 
and in the Pikes Peak and Pneblo folios, a.lthough it was 
known that they comprise two sandstones and an intervening 
shale. Recent work by Stanton has shown that the lower 
sandstone and the shale RJ'e of Lower Cretaceous age and con­
tains marine fossils, and in the Apishapa foHo Stose separated 
them from the Dakota under the name Purgatoire formation. 
In this folio the two are mapped separately as members of the 
Purgatoire formation and are called the Lytle sandstone mem­
ber and Glencairn shale member. ' 



Relations. - The Purgatoire formation here overlies the 
Morrison formation in apparent conformity, although in other 
parts of the State a slight unconformity is recognized at the 
horizon of separation. The formation is limited aboye by an 
unconformity, of slight extent, and at every point in the 
quadraugle is overlain by the Dakota sandstone. 

Dutribution.-The formation crops out in a narrow inter­
rupted belt extending along the foothills from the north border 
of the quadrangle southward to Bear Creek and also in a small 
area at the southeast base of Cheyenne Mountain. In the 
southern part of' the quadrangle it occupies an irregular belt 
extending from the ridge south of Rock Creek south ward along 
the ridge between Turkey and Red creekR beyond the quad­
rangle. In the srmthwest corner of the quadrangle it occupies 
the divide between Red Creek and Salt Canyon, forms the top 
of Table Mountain, and extends southward along the divide 
behYeen Salt Canyon and Patton Canyon. 

Characte1·.-The Lytle sandstone member, which is named 
from Lytle, in the valley of Turkey Creek, consists of sand­
stone and intercalated beds of grit and shale. Its base is gen­
erally marked by a coarse massive sandstone 15 feet or less 
thick, composed of prevailingly siliceous white, yellowish-brown, 
or blackish grains. The average diameter of these grains is 
about an eighth of an inch, but the largest fragments are an 
inch across. In some places, as near Colorado City, the base 
of the member consists of fine-grained white or cream-colored 
sandstone 100 feet thick. The Lytle member contains pebbly 
beds at several horizons and scattered lenses of greenish or 
reddish day Ilear the top. The pebbly layers, which are 
separated by beds of fine-grained white sandstone, fire abun­
dant in the uppermost 50 feet. The average thickness of the 
member is 145 feet. 

The Glencairn shale member, so named from a tract of land 
a few mileA north of Lytle, consists of dark shale and a little 
sandstone and is rather sharply separated from the Lytle 
member; The best section is in the railroad cut neal' Bear 
Creek. The base of the m8mber consists of 12 feet of purplish­
black shale, much cracked and broken, having veins of gypsum, 
the larg-est a quarter of an inch thick in the cracks. The snc­
ceeding 18 feet consists of grayish sandy shale with layers of 
fine-grained gray or yellow sandstone an inch thick. Above is 
40 feet of purplish-black shale like that at the base, succeeded 
by 16 feet of drab clay. About 110 feet above the base is a 
bed of friable fine-grained ocher-stained sandstone 18 inches 
thick, oyerlain by a few feet of light-brown clay. The upper­
most 25 feet consists of paper-thin layers of purplish-black 
shale with gypsum-filled cracks. The member attains its 
maximum thickness near Colorado City, where it is 145 feet 
thick, but in the southern part of the quadrangle it is much 
thinner and in places measures less than 10 feet. 

Age and correlation.-No fossils have been found in the 
Lytle sandstone member in the quadrangle. The Glencairn 
shale member has yielded fossils from several beds, which have 
been identified by Stanton as a species of Lingula. He regards 
them as the same as those found on Oil Creek north of Canon 
City in shale that he has correlated with beds of Comanche age 
in the southern part of the State. Stanton considers the fauna 
as belonging to the horizon of the Washita group in Texas. 

Definition and relations.-The Dakota formation consists of 
light-colored quartz sandstone having an average thickness in 
the Colorado Springs quadrangle of 100 feet. It lies uncon­
formably on the Purgatoire formation, although the uncon­
formity is probably not extensive. As a rule it is conform­
ably overlain by the Graneros shale, of Benton age, but near 
the north side of the quadrangle the intervening formations 
are overlapped by the Dawson arkose, which there lies uncon­
formably on the Dakota. 

Distribution.-The largest area occupied by the form!ltion 
in the quadrangle is along the slope west of Turkey Creek, 
near the south side of' the quadrangle. It exten(ls northward 
in a narrow belt as far as the di vide north of Little Fountain 
Creek and appears aga.in at the head of Limekiln Vall~y 
sout~east of Cheyenne Mountain. Another area extends in a 
narrow interrupted belt from Bear Oreek north ward nearly to 
the north side of the quadrangle. At several points along the 
belt the outcrop is marked by the hogbacks that are charac­
teristic of the highly inclined or vertical beds of the Dakota 
along the base of the Front Range. These hogbacks are" espe­
cially prominent just west of Colorado City and just southeast 
and also half a mile northeast of the Garden of the Gods. 
(See Pl. III.) . 

Characler.-The rock is light-colored, nearly pure quartz 
sandstone of even grain but commonly cross-bedded. In 
many places weathering brings out a concretionary structure, 
which is developed on a large scale. In much Of the quad­
rangle the rock is buff, yellowish, or gray; in Deadman Can­
yon many layers are pinkish, and south of that place the rock 
is reddish, its color being due to small quantities of hematite. 
Purplish and blackish markings indicate manganese. C011cre-

8 

tions an inch across, partly limonite and partly hematite, are 
common, and some are nearly perfect spheres. Many weathered 
surfaces are ripple-marked. In certain localities quartz veinlets, 
which stand out sharply on weathered surfaces, form a nearly 
constant feature of the sandstone. Northwest of Colorado 
Springs the rock is weak and friable, but in the southern part 
of the quadrangle it is greatly indurated by siliceous cement. 
The fractme is in places conchoidal, but as a rule charac­
teristic rectangular slabs a foot or less across weather out from 
the rock. 

The section at Bear Creek, which may be regarded as typical, 
shows at the base 35 feet of massive sandstone, partly cream­
colored, partly pinkish, overlain by 5 feet of alternate layers 
of thin sandstone and blue-black shale, with 4 feet of slate­
colored 8hale next above. At the top is 55 feet of massi \"e 
cream-colored cross-bedded ripple-marked sandstone containing 
numerous limonitic concretionary balls of all sizes, the largest 
an inch across. 

The formation includes much fine-grained clay, a variable 
mixture which is eagerly sought for making fire brick. The 
maximum thickness of these beds is 20 feet. The clay is 
purplish gray and exhibits irregular conchoidal partings. At 
some places it is lumpy and brownish, and at others it contains 
traces of coal. 

Age.-On account of its flora the Dakota sandstone has 
been assigned to the base of the Upper Cretaceous series. 
Impressions of leaves, stems, and branches are common, but as 
a rule they are poorly preserved. The best-preserved remains 
of plants found in the quadrangle were collected in Dead­
man Canyon. Bird tracks have been found, and at one 
point on Turkey Creek, near the south side of the quadral1p;le, 
remarkable dinosaur tracks were discovered by Dr. F. W. 
Cragin. The three-toed footprints, repeated several times in 
the sandstone, are each 18 inches long. They are the only 
dinosaur tracks found in the Dakota sandstone. 

In the Colorado Springs quadrangle the Colorado group is 
diyisible into four formations, which, in order of age, from 
oldest to youngest, are known as the Graneros shale, Green­
horn limestone, Carlile shale, and Niobrara formation. The 
first three formations are the equivalent of the Benton shale of 
other areas. 

The Graneros shale, the basal formation of the Colorado 
group in this region, consists, as its name implies, almost 
wholly of shale. The lowest beds are fine grained and pur­
plish or slate-colored. The transition from the Dakota sand-

I stone is rather gradual. ~ ear the middle of the formation 
there is a bed of sandstone, 4 feet thick, resembling the 
Dakota., and the shale above it is noticeably darker. Some 
beds near the top haye been leached, leaving whitish layers, a 
few inches thick, rich in kaolin. The thickness of the forma­
tion ranges ,from 175 feet in the northern part of the quad­
rangle to 220 feet in the southern part. At Colorado City the 
shale has been dug for brickmaking and the section is ·well 
exposed. The area occupied by the Graneros shale is charac­
teristically barren of timber. The formation was named from 
Graneros Creek, in the Pueblo quadrangle. 

The Greenhorn limestone consists of light bluish-gray or 
dove-colored limestone, in massive beds alternating with layers 
of fissile shaly limestone and of shale. Most of the beds are 
less than a foot thick, although some measure 2 feet or more. 
The limestone weathers with a characteristic cleavage, breaking 
into plates, half an inch or less thick, which stand at right 
angles to the bedding. The Greenhorn limestone is arbitrarily 
separated from the Graneros shale at the lowest bed of lime­
stone, so that the thickness of the Greenhorn in this quad­
rangle is 50 feet. The Greenhorn is more resistant than the 
underlying and overlying shales and forms a low ridge or 
bench between the two narrow valleys or flats occupied by the 
Graneros and Carlile shales. The formation is characterized 
by abundant 'remains of Inocem'lJ'1!U8 lahiatu8, which, together 
with its peculiar cleavage, makes it easy to identify. The area 
occupied by the Greenhorn limestone is marked by a growth 
of pinon and juniper. The formation was named from Green­
horn Oreek, in the Pueblo and Walsenburg quadrangles. 

The Carlile shale consists of about 60 feet of black thin­
bedded shale capped by a thin bed of yellow sandstone, which 
sharply separates it from the limestone of the overlying Nio­
brara formation. The formation is best exposed in the cut. at 
the reservoir southeast of the Garden of the Gods, where the 
rock is bluish black and becomes brownish on weathering. 

The top sandstone, which is in places 20 feet thick, though 
only 10 feet on the average, is extremely persistent and is at 
many localities an important horizon marker. It is a fine­
grained yellow calcareous sandstone weathering light brown. 

On fresh fractures it presents a surface of rounded grains of 
quartz and specks of limonite. The sandstone becomes more 
calcareous toward the top.· The uppermost richly calcareous 
beds contain abundant fossils, the commonest being Ostrea 
lugubl'is and Prionocyclus wyomingensis. The formation was 
named from Carlile Spring, about 20 miles west of Pueblo. 

Definition and relations.-The Niobrara formation consists 
of limestone below and ealcareous shale above, the total thick­
ness in the Colorado Springs quadrangle ranging from 400 to 
500 feet. It is the upper formation of the Colorado group. 
In some areas Routh of the Colorado Springs quadrangle the 
limestone and shale are mapped separately as the Timpas lime­
stone and the Apishapa shale, but they have not been sepa­
rated in this folio. 

The formation rests conformably upon the Carlile shale, 
from which it is sharply distinguished lithologically. It is 
conformably overlain by the Pierre shale, and in the southern 
part·of the quadrangle, where the top of the Niobrara is defined 
by a thin bed of limestone, the two formations can be easily 
separated. Near Colorado Springs, however, the two inter­
grade to some extent and must be separated chiefly by means 
of their fossils. 

DiBtribution.-The principal area of the formation in the 
quadrangle is in its central-southern part, where it occupies a 
belt about 4 miles wide, extending as far north as Little Foun­
tain Creek. It is exposed in a small area at the head of 
Limekiln Valley and in another at the mouth of Cheyenne 
Canyon. In the northern part of the quadrangle it occupies 
a narrow belt extending from Bear Creek northymrd to the 
northern boundary. 

Uhamcie1·.-The base of the formation consists of 50 feet of 
bluish-gray limestone in beds that in places reach a thickness 
of 2 feet and that are separated by a few inches of calcareous 
shale. The beds of limestone are crossed by innumerable tiny 
veins of calcite. The beds exhibit a rude, more or less con­
choidal fracture, parallel to the lines of stratification, and here 
and there contain ferruginous limonitic concretions, resembling 
those in the Dakota sandstone but much smaller. These basal 
beds in places form low ridges parallel to the Dakota hogback 
ridges. (See Pl. IV.) 

The limestone grades into shale through a zone of alt.ernate 
beds of limestone and shale in about equal amount. At a few 
places near the middle of the formation there are fine-grained 
sandy beds. The rock of the upper two-thirds of the forma­
tion is bluish-black, finely laminated calcareolJs shale, which 
on weathering breaks into thin papery flakes between which 
lie thin layers of gypsum. 

Fossils.-}'ish scales a fraction of an inch in diameter are 
common evervwhere in the shale of the Niobrara, and with 
them are asso~iated a few shark teeth. Single thin calcareous 
layers of the formation are made up entirely of oyster shells. 
In the basal limestone the most abundant and characteristic 
fossil is Inoceramus dejormu. 

MONTANA GRbup. 

Definition and relations.-'l'he Pierre formation consists of 
dark shale having a thickness in the Colorado Springs quad .. 
rangle of 2,500 feet. It is the lower formation of the Montana 
group. It rests conformably upon t.he Niobrara formation and 
is conformably overlain by the Fox Hills sandstone. At some 
places it is clearly separated from those formations by distinct 
lithologic differences; at other places it grades into one or the 
other of them through transitional beds. 

Distrwution.-The formation occupies a greater part of the 
quadrangle than any other, covering all its southeastern and 
most of its central part, in all about 3bO square miles. It 
occurs in a wedge-shaped area from the point of which, just 
west, of Monument Park, it broadens southeastward across the 
center of the quadrangle to the southeast corner. 

Characte1·. - The formation presents the same general fea­
tures throughout. Its lowermost 500 feet is leaden-gray shale 
which contains gypsum in crevices and larger cracks that cross 
the beds. Numerous layers of clayey limonite-stained fossil­
iferous limestone concretions, some of them 2 or 3 feet in 
diameter, are found in this zone. When broken open they 
exhibit many radiating veins of amber-colored calcit.e. The 
shales of the middle zone are darker and conta.in numerous 
sandy layers. 

At the top of the formation is a zone, about 500 feet thick, 
marked by limestone cores, which resist weathering more than 
the sur.rounding shale and form the small, sharp conical hills, 
about 50 feet in diameter, called by Gilbert tepee buttes. 
They are abundant east of' the railroads, in the southeastern 
part of the quadrangle. The limestone cores of the buttes are 
cylindrical or lenticular. Smaller limestone concretions are 
abundant in the same general zone. At some places the upper­
most beds of the formation contain sandy layers similar to 
those lower down. These upper sandstone beds form aBort 
of transition zone to the overlying Fox Hills sandstone, but 



at some places the upper part of the Pierre consists wholly of 
shale, so that the transition to the Fox Hills is abrupt. \ 

The Pierre is perhaps the least resistant to erosion of the 
several formations in the quadrangle, and its area is nearly 
everywhere a rolling plain. On weathering it forms the clay 
known locally as adobe. 

Fossils.-About the middle of the formation Lucina occiden­
talis and Baculites compressus occur abundantly, and the original 
shell substance is preserved in many places. Many other char­
acteristic Pierre species are distributed through the shale. In the 
Pueblo folio this part ·of the formation was called the Baculites 
zone because of the abundance of this characteristic fossil. In 
eastern Colorado the Pierre contains an abundant marine fauna. 

]l'OX RILLS SANDSTONllI. 

Definition and relations.-The Fox Hills sandstone, greenish 
and brownish, is about 600 feet thick in the quadrangle. It 
is the upper formation of the Montana group. It lies con­
formably on the Pierre shale and is conformably overlain by 
the Laramie formation, from which it is not sharply dis­
tinguished ill lithologic character. 

Difltrihut-ion.-The formation occupies a belt extending from 
the west end of Monument Park southeastward past Colorado 
Springs to a point a little south of the middle of the east side 
of the quadrangle. From Monument Park to the south end 
of Popes Bluffs the belt is narrow, but from that point on it 
widens, and southeast of Colorado Springs it is 2 to 4 miles 
wide. The formation is well exposed along Monument Creek 
north of Colorado Springs, and near Franceville Junction. 
Its outCl'OP is, however. generally inconspicuous, being covered 
by detritus from the overlying formations. 

Character.-The sandstone is quartzose but everywhere con­
tains~ little mica, in part muscovite and in part biotite, and 
scattered grains of feldspar. Clay is a noticeable constituent 
of' the lower two~thirds of the formation, making it shaly. 
The sandstone is commonly friable, and its fresh surfaces 
are dull greenish. On weathering it generally becomes rich 
brown. It is even grained, finely laminated, and well bedded 
and shows cle!lrly defined horizontal jointing. 

The basal part, about 50 feet thick, consists of beds of 
greenish~gray sandstone, 2 01' 3 inches thick, separated by 
layers of shale. The higher beds contain sandstone concre­
tions, the largest 4 feet in diameter. 

Fossils.-The fossil plant Halymenites major is found in the 
formation at a few places in the quadrangle, and impressions of 
fucoid stems are numerous. The upper beds contain the 
following species of marine invertebrates, which occur also in 
the Fox Hills sandstone of other areas: 

Nucula sp. 
Cardium speciosum Meek and 

Hayden. 
Proto(lardla subquadrata Evane 

and ShumaJ."d. 
Sph!:l:lriola cordata Meek and 

Hayden. 

CalHeta deweyi Mf'ek and Hayden. 
MMtra holmesi (Meek). 
Dentalium sp. 
Lunatla sp. 

Definition and relatiom.-The Laramie formation consists 
of quartz sandstone, sandy and clay shale, and some beds of 
lignite. Its thickness in the quadrangle is from 250 to 300 
feet. It rests conformably on the }'ox Hills sandstone, from 
which it is not everywhere clearly distinguishable. It is 
limited above by an unconformity and in the Colorado 
Springs quadrangle is overlain by the Dawson arkose. 

Distrihution.-The formation occupies a belt of irregular 
width extending from the west end of Monument Park south­
eastward to the middle of the east side of the quadrangle. It 
is well exposed along the road leading northward from Colo­
rado Springs, in the bed of Monument Creek north of Pike­
view, and in Popes B~uffs. 

Character.-The lower half of the formation consists of 
white fine-grained quartz s!lndstone in massive homogeneous 
beds separated by irregular layers of sandy shale. Coal beds, 
some of them 8 feet or more thick, occur at several horizons. 
In addition to the quartz, the rock contains conspicuous grains 
of black chert and rare particles of feldspar and mica. The 
'sandstone is generally clear white, but at its base it is stained 
yellowish by iron. 

The upper half of the formation consists of brownish-black 
or black .clay shale with interbedded irregular beds of sand­
stone. The shale is arenaceous and lignitic. At certain hori­
zons thin beds of extremely fine grained ferruginolls sandstone 
are conspicuous. The upper part of the shale has been 
removed by erosion and the thickness of the part remaining 
reaches a maximum of 150 feet. 

Fossil.s-.-The flora of the formation in the Colorado Springs 
quadrangle includes the following species, identified by F. H. 
Knowlton from material collected by several members of the 
United States Geological Survey: 

FI(lUS spectabllis? Lesquereux. 
Fi~us trlnen'ls Knowlton. 
Ficus lan(leolata H<:!er. 
Ficue latlfolla (Lesquereux) 

Knowlton. 
Ficus planicoetat& LesquereuJ:. 

(lolorRdo 8prlnl" 

I 
Plsta(lea oblanceolata Lesquereux. 
Rhamnus sali~Jfollus Lel!quereux. 
Viburnum marglnatum Lesquereux. 
Dombeyopsis platanoidee? Lssque­

renx. 
Myrica torrey! Lesquereux. 
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Mr. Knowlton states that most of these species occur in the 
Laramie formation of the Denver Basin, though two species 
(Rhamnus salicifoliu8 and Myrica torreyi) are found also in 
lower beds, and one, possibly two, in the Denver formation. 
A number are also found in the so-called" Lower Laramie" 
of Custer County, Wyo., which Mr. Knowlton holds is of the 
same age as the Laramie of the Denver Basin. 

TERTIARY SYSTEM. 

Definition. - The name Dawson arkose was applied by 
Richardson in 1912 to the series of arkose sediments that lie 
above the Laramie formation and in the Castle Rock quad­
rangle are overlain by the Castle Rock conglomerate. Their 
total thickness is about 2,000 feet. About half of this amount 
appears in the northern part of the Colorado Springs quad­
rangle. 

Relations.-The formation is limited below by an uncon~ 
formity which separates it from the Laramie aud earlier 
sediments of the Colorado Springs region. Its top does not 
appear within the quadrangle. Farther north, in the Castle 
Rock area, the Dawson arkose is delimited at its top by an 
unconformity between it and the overlying Castle Rock con­
glomerate. Local unconformities appear within the formation. 

Distrihution.-The Dawson arkose extends from the nqrth­
east corner of the quadrangle to a line beginning about 5 miles 
from its northwest corner and running southeastward through 
Monument Park, Pul pit Rock, Manitou Junction, and France­
ville School to its- eastern boundary. The total area occupied 
by the formation in the Colorado Springs region is about 225 
square miles. It is therefore one of most widely distributed 
formations within the quadrangle. 

Character.-Imll1ediately above the unconformity at the top 
of the Laramie near Colorado Springs there appear at two 
localities lenses, about 35 feet thick, of fragile, fine-grained sili­
ceous sandstone with characteristic wavy ban(ling and frequent 
cross-bedding. Conglomeratic layers of well-worn pebbles 
occur in the lower half of these sandstone lenses. The pebbles 
average less than half an inch across, and most of them consist 
of black, red, and ocher-yellow chert, though pebbles of quartz­
ite, white quartz, limestoneJ;and granite are also found. Over­
lying the two sandstone lenses above described and elsewhere 
resting on the eroded surface of the Laramie is a remarkably 
uniform series of fine-grained friable sandstones made up 
almost entirely of fragments of andesite. Their outcrop is 
clearly traceable across the quadrangle from a point just south 
of Monument Park to Franceville School, but they are nearly 
everywhere covered by overlying wash between this locality 
and the eastern margin of the quadrangle. These andesitic 
beds, which are about 90 feet thick, occupy a stratigraphic 
position similar to that of the Denyer formation of the Denyer 
Basin, and they have been mapped as a separate lithologic 
unit-the andesitic member of the Dawson arkose. Conglom­
eratic layers are present near the middle of the series. Few of 
the pehbles are more than an inch in diameter, and most of 
them are less. Variable amounts of quartz occur in the fine 
all.desitic matrix in which the pebbles lie. 

Above are the massive beds of arkose which constitute the 
great body of the Dawson formation. Their prevailing color 
is ,grayish white. The lowest arkosic beds in the quadrangle 
differ considerably in the coarseness of their constituents and 
in the relati ve amounts of their interbedded carbonaceous clays. 
Immediately above the andesitic' strata near Austin Bluffs is a 
bed, 20 feet thick, of unusuallj' well rounded pebbles, the 
largest measuring 2 inches across. Granite, pegmatite, schist, 
quartzite, quartz, and chert of many colors appeal' among them. 

The rock that makes up the higher massive beds of the 
Dawson, many of which are 5 or 6 feet thick, is friable arkose 
consisting of ~ngular or subangular fragments of quartz, white 
kaolinized feldspar, and deeply weathered granite. Here and 
there throughout the series there are thin interbedded white 
quartz-rich sandstones and lenses of whitish or buff-colored 
clay. The sediments are interpreted as continental deposits, 
chiefly of fluviatile origin, although some parts of them were 
plainly laid down in bodies of standing water. The occur­
rence of plant remains supports this view. 

Near the base of the formation there are occasional layers of 
arkose whose grains have been cemented together by limonite. 
This has been deposited secondarily in large quantities. Such 
beds are very firm and strong, and the parts of them that are 
still unreduced by weathering form protecting caps for the 
weaker arkose below. Many columns and castellated forms 
have been produced in this way. They may be seen in their 
most striking forms in Monument Park. (See PIs. XII to 
XIV.) At many places cavernous openings have been worn 
into the bases of cliffs by solution. 

Age and correlation.-The rocks now referred to the Dawson 
arkose were treated as a part of Hayden's Monument Creek 
group in all geologic descriptions of this area published prior 
to 1912. Because of "the modern appearance of the group of 
coarse sandstones and conglomerates above the true Cretaceous 
beds," that group .was considered by Hayden as Hmodern 

Tertiary" and later, on the evidence of a few vertebrate fossils, 
was determined to be of the same age as the White River 
group. This group is now referred to the Oligocene but was 
formerly considered Miocene. Recent work has shown that 
these Oligocene fossils all came from that part of the" Monu­
ment Creek group" which is now described as the Castle Rock 
conglomerate, and that the lower part, constituting the Dawson 
arkose, is in part approximately the equivalent of the Denver 
and Arapahoe formations of the adjacent area on the north. 
All the evidence bearing on the age of these two formations is 
therefore applicable to the Dawson arkose. 

Some of the facts cited to show the Cretaceous age of the 
Dawson, Arapahoe, and Denver formations are (1) the ::\leso­
zoic affinities of the reptilian fauna, which includes Tricera­
tops and two or three other genera of dinosaurs; (2) the 
evidence from both the flora and the reptilian fauna that the 
three formations mentioned are not younger than the Lance 
formation of Wyoming and adjacent States, which has a much 
larger vertebrate fauna, closely related to e!lrlier faunas of 
known Cretaceous age, and brackish and fresh water inverte­
brate faunas, also much more closely related to preceding Cre­
taceous faunas than to the succeeding Eocene faunas; (3) the 
Cretaceous character of the invertebrate fanna in the Cannon~ 
ball marine member of the Lance formation in 'North and 
South Dakota, which, according to Stanton, is very closely 
related to and probably directly derived from the Cretaceous 
Fox Hills fauna, although it occurs in beds that overlie 400 
feet of nonmarine deposits containing Triceratops and other 
representatives of the typical Lance reptilian fauna; (4) the 
evidence for practically continuous sedimentation from the 
acknowledged Cretaceons into the Lance in the Dakotas and 
in several other areas. 

Briefly stated the priI,lcipal facts in fa vor of the Eocene age 
of these formations are (1) the lithologic and other evidence 
of a post-Laramie period of uplift and long-continued erosion 
prior to Arapahoe and Dawson sedimentation; (2) the very 
great difference between the Laramie flora on the one side and 
the flora of the Arapahoe, Denver, and Dawson on the other, 
the two having only a few species in common; (3) the close 
relationship which Knowlton's unpublished studies have shown 
to exist between the Denver and Dawson flora and the flora 
of the Raton formation. which, as Lee has proved, rests uncon­
formably on the underlying Cretaceous formation; (4) the 
identity of many species of the Raton and related floras, as 
established by unpublished investigations of Knowlton and 
Berry, with species in the floras of the Eocene Midway and 
Wilcox formations of the Gulf Coastal Plain, whose age is well 
determined by stratigraphic position and marine invertebrate 
faunas; (5) the discovery in the Dawson arkose of a mammal 
bone which, according to Gidley, belongs to a creodont of a 
type not known to be older than Wasatch. Those who sup­
port this view also ma.intain that the dinosaurs and the fossils 
of the Cannonball marine member, which resembles the Creta~ 
ceous fauna, may have survived into the Eocene. 

It is not now possible to harmonize all the known facts 
relating to the Cretaceous-Tertiary boundary in the Rocky 
Mountains and Great flains regions, but man'y geologists 
believe that the available evidence indicates the Eocene age of 
the Dawson arkose and it is accordingly so classified in this 
folio. 

F08sils.-A number of collections of fossillE'aves have been 
obtained from the Dawson arkose in the Colorado Springs 
quadrangle by members of the United States Geologic~a 
Survey. These fossils were identified by F. H. Knowlton 
and are listed below. 

Sec. 5, T. 14 S. R. 61i W .• 9 miles east of Colorado Springs, 400+ feet 
above top of Laramie formation: 

Fi~uB sp., t,ype of F. trlnervls 
Knowlton. but not the same. 

Cyperacitee? ep. 
Fungus (genuli?, paraeitic on 

Cypsracites? "p_) 
Geonomites tenulrachis Lelque-

Flabellal'la eoceni(la LesqUf'reux. 
(flgllntlc If'at. genusY, no margin. 
Ficus tllIrefolia AI. Braun, of LeB-

quereux. 
Fi(luS ep .• type of F. planlcostata 

Lesqnereux. 
Pterie erosa Lesquereux. 

Se~. 5, T. 14 S., R. 61'\ W., 9 miles east of Colorado Springs, 500+ feet 
above top of Laramie formation: 

PlatanuB rhomboidea Leeque-r Flcue ~p .• new !'i·ribbed, large. 
reux. Ber~hemia multinervis (Al. Braun) 

Cinnamomum affine Lesquereux. Heer. 
Fi~us detlverlanaY CO(lkerell. Palmocarpon communet Leaque-
Rhamnus goldianus? Lesquereux. reux. 

East bank of Jimmy Camp Creek, in the NW. i sec. 10, T.14 S., R. 63 W,: 

Ficus IIpectabills1 Lesquereux. 
Ficus trlnervls Knowlton. 

Branch of Jimmy Camp Creek, in the southeast corner of sec. g, T. 14 B .. 
R.65W.: 

Rhamnus salicifolius Lesquereux. I Ficuslrregulal'!e? Lesqup.reux. 
Fern, new, Magnolia. tenuinervis1 Lesquereux.· 
Fi(luS planicostata? Lesquereux. 

Lower part of gully on west side of Pulpit Rock, east of Pikeview, Colo., 
insec.iT, T.15S., R. 66W.: 

Dryopteris lakesH (Lesquereux) I FIcus planlcostata Lesquereux. 
Knowlton. Ficus planlcostata clintoni Les-

Nelumbo lakesil? (Lesquereux) quereux. 
Knowlton. Ficus laneeolatat Heer, of Lesque-

Viburnum marginatum Lesque· reux. 
reux. Aralia? lip. 



Same locality as the last, but higher in the section; 

~~~~;~;ua~c;;::~nata LesquereUl.:. I Fi:;~l.:.lanceolata Heer, of Lesque­

Dryopteri!! lakesii (Lesqnereux) I Magnolia o\'aHs Leijquereux. 
Knowlton. Cissus lobato·('renata LesquereUl:. 

Platanus raynoldiji! integrlfolia La'urusl sp. 
Lesquereul.:. Aralia sp. 

Pulpit Rock, east of Pike'i"iew, Colo., NW. i sec. 20, '1'. IB S., R. ti6 W.· 

Populus arctica Heel', of Lesque· I Rbamnus salicifolius Lesquereul.:. 
reux. I Viburnum sp. (probably new). 

Sabal? ungeri (Lesquereux) Ficus sp. 
Knowlton. Ficus? ap. 

DOInbeyopsis obtusa~ Le~que 

Palmer's ranch, 'rempleton Gap. 4 miles northeast of Colorado Springs, 
Colo: 

Carpites sp. I Sequoia sp.? 

Same lo('ality as last hut. half a mile farther east; 

R~:~:~l1S salicifolius? IJesque· I ~~~~r::SI~:. (probably new). 

Blull's back of Dr. Stnrgis's residence, west of '1'elllpleton Gap; 

E-leqnoiaoboYata? Knowltonined. I t4allx sp. 
fieqlloia flcuminatu J,esquerellx, Picus trineryis Knowlton. 
Dammara 8p. Rhalnnus salicifoliuB Lesquereux. 
Cyperacites sp. '1 Carpites lOp. (Pairnocarpon ?). 

1\(1'. Knowlton refers all these forms, which ('arne from the 
10'wer half of the Da,vson flrkose, to the Dem'er flora. He 
notes, howe\'er, that Sequoia obovata.'!, in the last lot, had not 
pre\"iously been recognized as occurring above the Lara.mie 
and calls attention to the fact that it is represented by a single 
rather poorly preserved branchlet and may not be correctly 
determined, 

At a higher horizon, eSltimuted to be at about the middle of 
the formation, the following lea yes 'were obtained, concerning 
which Mr. Knowlton says: 

So far a<; I am able to tell, thh ('olleetiolJ appear~ in large meatllll'e 
to he new, and SUell beillg the Cll.'Ie, it is difficult to plac{' it; * * * 
appurt'ntly it illcludes not a ;,ingle form that is fOllnd in thl' lINS 
l'efl'rred to the Denver. lH some ways it slightly suggl.'I'ts the Green 
Hh'cl', but this ;,uggestion is too indefinite to be of mnch use. 

From cut at railroad crossing 1 mile southwest of Falron, Colo .. 10 miles 
I'outbwest of EastoDyiiJe; 

AspleniUlll sp , new, 
Hemitelia? sp., new, 
l'terls? sp., new. 

I Quercus sp., new 
Ficns? sp" new. 
Se'"eral fragmentary dicotyledons, 

A fe\v fragmentary vertebrate remains have been found in 
the Da wson arkose, and these, too, were obtained from the 
lower part of the formation. All the bones except one mam­
malian fragment are remains of turtles, Ceratopsia, and other 
dinosaurs, presumably like those obtained from the Arapahoe 
and Den vel' formations. 

Many years ago O. C.Marsh I found "fragments ofyertebrate 
remains, evidently of this same characteristic fauna [faulll~ of 
the Lance formation or "Ceratops beds "] in the well-known 
rock columns [composed of ])awson arkose] of Monument 
Park." This discovery by Marsh has recently been corrob­
orated 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 uno Richardson found a small mammalian bone in the 
EnV. f sec. 2, T, 14 S" R 65 'V., H miles east of Colorado 
Springs, in the Dawson arkose, at a horizon about 600 feet 
above the base of the formation. This is approximately the 
place at which Lee and Gilmore later obtained the aboye­
mentioned reptilian fmgments, the association of which with 
mammalian remains is an interesting fact. Although the 
mammalian bone was found loose on a hillside, it was presum­
ably very near the rocks in which it was entombed. 

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

It is the d.istal end of a tibia, which, though not gene1'irally dete~­
minahle, is characteristically {'reodout and indicates a rather highly 
advanced ,."pedes of this group. The fore and aft oonC'.adty of its 
articular face and the considerable development of a median ridge 
denote a specialized type of hind foot leading toward the true car­
niYores. 0ur present knowledge of the creodonts indicates that such 
a type could not be older than ·Wasatch.' 

Distribufion.-Prominent sandi3tone dikes occur in the gran­
ite near its eastern border Ht several places between Oheyenne 
)[ountaill and Cascade. They tire a continuation of those in 
the northeastern part of the Pikes Peak quadrangle, to which 
Cross first directed attention. Dikes are numerous northwest 
of Engelmann Canyon, but they are relatively small and incon­
spicuous compared with those mapped in the Pikes Peak folio. 
Lar~er dikes are, however, prominent southeast of ~lanitou, 
between Engelmann Canyon and Redrock Canyon, and at the 

'Geology of the Denver Ra~in in Colorado; U. S. Geol. Sunrey Mon. 27, 
p, 47IJ, 18tf6. 

~Lee, W. '1'., Recellt discovery of dinosaurs in the Tertiary; Am. Jour. 
Sci., 4th ser., "01. 35, pp. 581-.'.i84, H113. 

'Ri(Jhard~on, G H, The )[onUIllent Creek grmlp; GeoL Soc .. \lIJericu 
Bull., vol. 28, pp. 267-27(;, 1912. 
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mouths of North Cheyenne and South Cheyenne canyons. 
Another set, less conspicuous, occurs near :Mount Pittsburg, 
in the southwest part of the quadrangle. These, however, are 
not mapped. 

The larger dikes are at 01' near the Ute Pass: fault and follow 
the same general trend, though the ends of some of them curve 
slightly away from it. The smaller dikes, some of which are 
half a mile away from the fault, trend in various directions, 
but many of them are nearly parallel to it. 

Character.-The dikes are made up chiefly of fine grains of 
quartz and a little feldspar, firmly cemented by limonite and 
secondary silica. They contain some small masses of granite. 
The material is remarkably homogeneous and shows banding 
at only a few places. Its ordinary color is brownish red 
mottled with white. 

The dikes are of various sizes: . the smallest are mere veins 
filling small cracks; the largest are hundreds of feet wide. 
The longest is more than a mile long, and several are nearly 
half a mile long. Many are conspicuous because they are more 
resistant 'than the inclosing granite and weather in relief. A 
few dip steeply southwestward, but most of them are vertical 
or nearly vertical. Branching forms and EmaIl apophyses are 
abundant, and in some places the smaller dikes form a net­
work. The actual contact between the dike sandstone and the 
granite is exposed at many places but at others is obscured by 
talus or wash. 

Origin and age,-The origin and age of these dikes are not 
certainly known. 'rhe fact that they lie in a zOne parallel to 
the Ute Pass fault indicates a genetic relation to the fault. It 
appears that many small fissures were formed neal' the fauIt 
and in general parallel to it and were filled with sand~ which 
was later hardened by the deposition of secondary silica. The 
fact that the inclosing rock is granite seems to preclude the 
possibility that the sand filling the fissures came from below. 
The material that forUls the dikes is of the same texture and 
composition as the lowest Cambrian sandstone-the Sa watch­
and shows no distinct sedimentary banding. Crosby has sug­
gested that fissures along the fault line and parallel to it were 
filled by plastic sand as soon as they ,vere opened, during 
Cambrian time, The dikes, however, so clearly show a genetic 
relation to the faulting that th. suggestion must meet the 
objection that the faulting was later than the Niobrara epoch; 

yet faulting along the same 
general line may have taken 
place during the Cambrian 
period, The dikes are there­
fore regarded as probably of 
Tertiary age_ 

A possible explanation of 
their formation in connection 
with the post-Cretaceous fault­
ing is shown in figure 3. The 
monoclillal uplift of the moun­
tain area, which resulted in 
sharply upturned beds at its 
margin and in normal faulting 
between the granite and the 
sedimentarv beds, is shown in 
figure 3, a~ and b. The basal 
Sawatch sandstone, being fria­
ble and granular, would yield 

""'-~I,-\, most readily to the shearing 

FIGURE B.-Ideal sections showing 
possible origin of the sandstone 
dikes along the mountain front. 

stresses, so that the fault move­
ment would tend to take place 
within it, and its sand grains, 
more or less cushioned in water, 
would act as a lubricant of 
the fault movement. The sand 
would afterward be hardened 
into sandstone dikes filling the 
crevices along the fault contact 
between the granite and the 
sedimentary rocks, as shown in 
figure 3, c. Dikes in the gran­
ite pf!.rallel to the fault contact 
may represent the lubricant 
sand that descended in a fault 

a, ]\[onocl!nal fold, representing the Rocky 
Mounta1n upUft and beglnnh'g of nor· 
mal faulting; b, sandf!'<)mb&saISawatch 
sandstone I~ft In fault zone between th" 
granite o.nd sedimentary rocks; c, result- zone below the sediments, 
ant Bandstone dlke at fa.ult contact. which have been removed by 

erosion. '1'he sand ,,'as probably also transported to some 
extent along the fault crevice by circulating waters. 

TEHTIARY IGNEOUS nOCKS. 

Distribnt-ion.-A. few small masses of phonolite are exposed 
in the southwest cornel' of the }fanitou quadrangle. Their 
total volume is small, and all are peripheral masses directly 
connected with the near-by Oripple Creek volcanic center. 
The largest single mass, which occupies an area of about one­
fourth square mile, is on Cow Mountain, The rock also crops 
out prominently on the hill south of Bull Park, and smaller 
areas, less than 200 yards across, are on Little Cow Mountain 

and on Bison Creek 2 miles above Cathedral Park. On the 
southeast side of Bison Reservoir several small dikes have been 
exposed in prospect holes. The larger masses are parts of 
extruded sheets, but the conduits from which they issued have 
not been found. The caps on Cow Mountain and on Little 
Cow Mountain may be parts of the same sheet, and the two 
areas may once have been continuous with those east of Bison 
Creek, though they lie at altitudes differing by more than 500 
feet. 

Character.-l'he rock is dense, fine grained, and nearly 
aphanitic and consists chiefly of feldspar, nephelite, and 
regirite. It is sparingly porphyritic. Where unweathered it 
is generally dark drab and greasy looking, but where weathered 
it is brownish gray 01' gray. A marked fissility, which weath­
ering makes more apparent, causes the rock to break into 
innumerable thin plates. 

Petrography.-A study of thin sections shows that the rock 
is holocrystalline and is made up of feldspar, nephelite, 
and regirite, more or less soda lite and noselite, and accessory 
zircon, biotite, titanite, and magnetite. A trachytic texture 
is common and is due to the arrangement in flow lines of 
small feldspar individuals in the groundmass. The average 
diameter of the grains is not more than a few hundredths of 
a millimeter. 

Feldspar is abundant, in phenocrysts some of which are 0.6 
millimeter in diameter. Carlsbad twinning is common, and a 
well-marked cleavage parallel to the clinopinacoid is noticeable. 
Some of the mineral is fresh and glassy, but most of it is turbid 
from kaolinization. Its composition appeal'S to differ from 
center to periphery but seems to be chiefly that of the potash­
soda feldspar anorthoclase. Small lath-shaped subhedral feld­
spars, twinned after the Carlsbad law, make up a large part of 
the grollndmass and by their arrangement in flow lin~s give 
the rock its peculiar texture. 

Nephelite is abundant in ellhedral or subhedral crystals a few 
hundredths of a millimeter across, with square 01' rectangular 
cross sections. The mineral is older than the surrounding 
regirite. ~ oselite forms euhedral crystals, some as much as 
0.7 millimeter a('ross. Small inclusions arranged in definite 
lines are common. Another abundant isotropic mineral hav­
ing the same dodecahedral form is probably sodalite. The 
crystals are only a fe\..,. hundredths of a millimeter across but 
are easily recognized. by their cloudy inclusion-filled centers 
and clear and glassy peripheral portions. 

£girite, the only abundant dark silicate, forms subhedral 
prismoid 01' anhedral irregular indiYiduals. The pleochroic 
colors are yellowish green, clear emerald-green, and grayish 
green. The characteristic forms are long, ragged individuals 
surrounding nephelite, stubby prisms, and irregular wisps. 
Among the accessory minerals are zircon in minute subhedral 
prismoid crystals of grayish-brown aolor, rare grains of titanite 
0.1 millimeter or less across, minute flakes of biotite, some of 
them euhedral, and magnetite in irregular netlike areas. 

Chemical composition.-The phonolite lof the Colorado 
, Springs area is so closely similar in mineral composition to 
that at Cripple Creek that the average (given below) of four 
analyses of the latter may be taken as typical of its chemical 
composition. The norm computed from the analyses shows 
that the rock is miaskose. 

.A~e1·a{/e of !OU1' analyseS of phonolite from Cripple 01'eek. \ 

[W.F.lIllIebrand,ana.lyst.l 

SiO l 

AIIO. -"----- -----.-----~---
Pe~O. 
F,O 

'MgO __ _ 
CaO _ 
Na.O ___ _ 
K~O ___ _ 
H~O- __ 
H.O+ __ 
TiOs __ _ 

Zr02 __ _ 
CO! _ 
P.O,_ 
BOa _ 
C1___ _ _ _____________ . __ 
MnO _______________ . ______ ._ 
BaO. __ _ 
SrO __ 
Li~O ____ _ 

QUA'l'.ERX.ARY SY~TEM. 

58,85 
20.06 
1,88 
.:it 
.18 
.\15 

9.01 
,),43 
,27 

L74 
,2.) 
.16 
.12 
.04 
.10 
.31 

." 

99.IlS 

The Quaternary deposits of' the area. comprise glacial drift, 
outwash gravel, and terrace gravel of Pleistocene age and 
aUu vial deposits of Recent age. .All are unconsolidated and 
are derived from the waste of older rocks, largely from the 
pre-Cambrian rocks of the mountains, though the stratified 
rocks have contributed some material. Much of the later 
gravel is reworked material, originally a part of the drift or 
of the older gravel that was cut awayall-d redeposited in its 
present form. Some of it may have been reworked more than 
once, and all the gra.yel, Loth Pleistocene and Recent, belongs 
to an essentially continuous series of deposits. 

1 U. S. GeoL Survey Prof. Paper 54, p. 06, 1906. 



Distribution.-Glacial drift is found in each of the larger 
valleys leading away from Pikes Peak, ·within 5 miles of the 
summit. The largest deposits lie along the East Fork of West 
Beayer Creek, southeast of' the peak, and at the headwaters of 
the North Fork of French Creek, north of it. There is a great 
accumulation of glacial gravels in the valley of the" Bottom­
less Pit," and smallf'r deposits in the cirque valleys called 
Glen Cove and The Crater, as well RS in the cirque yalley 
north of \Vindy Point. In the valley leading to Seven Lakes, 
near Reservoir K o. 2 and between reserYoirs K os. 4 and ,5, 
there are several areas of these gravels. Glacial drift nearly 
surroundE Lake }Ioraine, and a small area of ice-laid gravel 
begins at the lower end of the valley of the 'Vest Fork of 
West Bea vel' Creek and extendE beyond the western border of 
the Manitou quadrangle. 

Form and thickness.-Glaeial drift in the form of lateral 
moraines is not common in the Pikes Peak region. The most 
conspicuous lateral moraines are on the north side of the 
valley of the ,:\l orth Fork of French Creek and on the sides of 
the valley of Lake )Ioraine. Theil' upper ends lie at points 
where the rim of the valley begins to open out or flare awny. 
Their slope toward the center of the valley is longer and 
gentler than that on the opposite side. Their crest lines are 
even, Hnd they fall away rapidly downstream. Prominent 
long or tabular terminal moraines extend acrOSE the glaciated 
valleys. The highly irregular distribution of the drift gives 
rise to hUUllUocks, hollows, uneven short ridges, and long 
depressions. .J.lany of the moraines 11ave steep fronts on their 
do\vnstream sides and gentle slopes upstream. 

The most pronounced terminal moraine lies north of' Bison 
Resen"oir. It is nearly a mile long and is in places half a 
mile broad. The compound terminal moraine at the point 
·where The Crater and the cirque valley sout.heast of it come 
together is remarkuble for its irregular surface and steep front. 
The terminal moraine at Seven Lakes consists of many small 
ridges, which extend across the valley. . 

The thickness of a few of' the terminal moraines on the 
northeast side of I)ikes Peak can not be less than 300 feet. 
The moraine near Bison Reservoir, however, is only about 150 
feet thick at a maximum, aud the moraine at Seven Lakes is in 
many places still thinner. 

Character.-The glacial drift is made up almost wholly of 
the Pikes Peak granite and contains only small amounts of 
the Cripple Creek and 'Vindy Point granites. The material 
consists of angular fragments of many sizes, the largest 8 or 10 
feet in diameter. Few pieces of the drift show striations 
indicating ice work, and much of it is relatively fresh and 
unweathered. 

Disb-ibution.-'rhe mountains are at many points flanked 
by long tables of gravel whose surfaces, if they were extended 
across the low \Talleys that cut through them, would form a 
continuous sloping plain. These gravel-covered surfaces slope 
gently from the mountains at angles of 30 or less. At many 
places along their western edges the gravel is 25 to 50 feet 
thick, and on the east it thins away to 10 feet or less at a dis­
tance of 5 or 6 miles from the mountains. Where the gravel 
abuts against the mountains it is thickened by talus. 

These mesa gravels lie along the flanks of the mountains 
from the northern to the southern boundary of the quadrangle. 
They occur at many points north of Queens Canyon and in 
the Manitou embayment. West of Colorado Springs lies the 
prominent area called "The Mesa," shown in Plates I and IV, 
which is capped by these gravels. A still larger mass li-es 
along the eastern face of Cheyenne Mountain. Areas of these 
gravels appear on both sides of Rock Creek and the area on 
the north extends eastward nearly as far as Fountain Creek. 
A similar long tongue of the same material runs from Dead­
man Canyon to the southern border of the quadrangle. 
Smaller areas appear at several places along Fountain Creek. 

ClwracteT.-This gravel was brought to its present positions 
by streams that deposited it on the gentle slopes at the foot of 
the mountains. It consists mainly of fragments of granite that 
are prevailingly angular, though the larger .pieces, by their 
rounded surfaces, show the 'veal' and tear of stream work. 
They are of many sizes. The Jarger are 3 or 4 feet across, but 
most of the grains measure not more than a fraction of an 
inch. l'he deposits inchHle a few unusually l~rge blocks of 
granite, Wllich haTe rolled down from the steeper mountain 
slopes, as from the flanks of Cheyenne Mountain. All the 
fragments of granite, large and small, are rudely sorted and 
interbedded ·with abundant salldy layers. Not only the gran­
ite but every other. rock has made its contribution, so that the 
deposit includes many fragments of gneiss, schist, sandstone, 
and limestone, as well as quartz and pegmatite. Probably 90 
per cent of the whole mass, ho·weyer, is made up of Pikes 
Peak granite. The gravel and sand are nearly everywhere 
unconsolidated, although in places a calcareous cement seems 
to unite the grains, and the surfaces of many particles are 
coated by a chalky film. 

(;olora.loSprlngs. 
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Fossils and age.-Few fossils are found in the mesa gravels, 
the only important one being a molar tooth of Elephaf! 
columbi, found near the base of the deposit known as "The 
Mesa," west of Colorado Springs. The crown surface of the 
the tooth is 1 foot long and 5 inches wide and shows twelve 
ridges. The tooth is not waterworn and can not have traveled 
far. It fixes the a~e of the lowest (youngest) mesa gravel as 
Pleistocene and therefore contemporaneous with the glacial 
deposits in the higher valleys on Pikes Peak and near Seven 
Lakes. The higher mesa gravels are in part equivalent in flge 
to the Nussbaum gravels, mapped in the Pueblo folio, which 
are regarded as of late Tertiary age, 

Terrace gra vel of late Pleistocene age extends for more than 
-:I: miles along the east bank of Monument Creek upstream from 
its junction with Fountain Creek. A large part of the city of 
Colorado Springs has been built on this deposit. l'he gravel 
is composed of fine-grained fragments of granite and a variable 
quantity of particles of quartz, which represent in great part 
worked-over earlier Pleistocene outwash gravel. At many 
places these terrace gravels are 12 feet thick. 

Similar areas of fine-grained terrace gravel, a few feet wide, 
occur along the west bank of Monument Creek southwest of 
Pikeview, but their limits are not clearly defined and it lws 
not seemed feasible to map them separately. They are not 
known farther south along the course of Fountain Creek. 

Fragments and masses of rock accumulate as talus at the 
bases of most cliffs and steep rock slopes, but such deposits are 
generally not large enough to justi(y their representation on 
the map. Two broad areas along Fountain Creek above :Mani­
tou, however, are shown on the map of the Manitou quadran­
gle. As these have been dissected by the creek, they !lre 
regarded as older than Recent and therefore Pleistocene. A 
small landslide on the southern border of the phonolite mass 
composing Cow Mountain is also shown on the Manitou map. 

Thin deposits of gravel, sand, and clay form narrow flood 
plains in the valleys of some of the larger streams but are 
not mapped. Grains of quartz and small pieces of granite, 
together with fine silt and sand, constitute almost the whole 
of the deposit along such streams as Monument and Fountain 
creeks. Bowlders of many sizes, the largest 18 inches in diam­
eter, have ,vorked do,vn from the mesa gra\'el into the narrow 
flood plains, but they form only a small fraction of the total 
detrital material. 

STRUCTURE. 

GEN.b:R.U. FE.!TURE~. 

Two-thirds of the Colorado Springs quadrangle is an area 
in 'which the beds have a gentle monoclinal dip. The plains 
are underlain by sedimentary rocks that have not been notably 
disturbed since thev were laid down. The rocks in the narrow 
foothills zone, how~evel', show great disturbance. Many of the 
beds near the mountains are vertical, and nearly all show high 

\ ,dips. Faulting is general either at the contact between the 
pre-Cambrian granitic rocks and the sediments or a short dis­
tance east of' the boundary between them. (8ee fig. 4.) The 
uplift of the Front Range of the Rocky .Mountains, which 
finds expression in these dislocations, is the great structural 
feature of the region. The mountain block itself suffered dis­
location in a large way along the Ute Pass fault, and the Pikes 
Peak mass south of the fault was raised several thousand feet 
above the region to the north. 

FIGURE 4.-East·west sections in the foothill regions along the lines 
D-D a.nd E-E OIl the areal·geology Illap of the Colorado Springs 
quadrangle. 

Section O-D, whIch crosses the embayment north of M"'DltOU, sbo"'" the gentle dip of tbe 
strata where tbe monocllnal told Ie but little J'Buited. Section E-E. south of ManItou, 
showstheUtePassfanlt,au,\au •• soclated ealldstolled!ke. Letter symbols reprasent_ 
~:~t~~: :~!t~01'lllatIOn" are the same as those on the geolOgic maps and the structure-

Northern area. - The main folding in this part of the 
quadrangle is monoclinal and, except in the foothills region, 
is marked by gentle dips. In the embayment at Manitou (an 
east-west section across the northern part of which is shown 
in section D-D, fig. 4), the monoclinal dip, which is about 
110 E. neal' Manitou, increases to 200 in Mushroom Park, 
and half a mile farther east dips of 350 al'e the l'ule. 'Vithin 11 

quarter of a mile farther east the dips rapidly become vertical. 
Still farther east the dip decreases until just northeast of Colo­
rado Springs it is not greater than 50 or 6°. Very gentle local 
anticlinal folding characterizes the Pierre shale beds, the weak­
est in the sedimentary series. 

Along a zone in the foothills, slightly less than half a mile 
wide, from Bear Creek to the north line of the quadranglf>, the 
sedimentary beds in the series between the upper members of 
the Fountain formation and the Pierre Abale are vertical or 
nearly so and are at some places slightly oyerturned. (See 
section A-A, structure-section sheet.) In t.he midst of this 
zone there are many faults, the throw of seyeral of which is 
considerable. It is in this zone that the uplift of the mountains 
finds its chif>f expression. 

Southern area.-The southern part of the area differs from 
that farther north in the relatiyely small development of high 
dips in the foothills along the mountain range. (See section 
B-B, structure-section sheet.) In Deadman Canyon the con­
ditions are locally the same as they are north of Benr Creek 
except that only minor faults are obseryed in the steeply 
upturned zone. In the southwest corner of the quadrangle 
the parklike area of Red Cref'k resembles somewhat the eroded 
central portion of a dome, because of the low radial dips of the 
rocks away from a curving mountain front. (See section C-C.) 

Ute Pas8 lanlt.-The most conspicuous structural feature of 
the Colorado Springs quadrangle is the Ute Pass fault, which 
enters it from the northwest. This is the fimlt to which Cross 
refers in the Pikes Peak folio. The sedimentarv rocks in the 
depression forming Ute Pass, north west of the Colorado Springs 
quadrangle, are faulted against the granite on the southwest.. 
(See fig. 5.) Their edges are upturned by faulting neal' Iron 
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FIGURE 5.-Sketch geologic map showing the relation of the rocks in 
the Colqrado Springs area to those in the adjacent region on the 
Ilorthwestand the continuation of the Ute Palls fault intp that area. 

Spring station, on the Colorado ~Iidland Railway. For 3 
miles southeast of the mouth of Engelmann Canyon, where 
a small cross fault offsets its line, the Ute Pass fault is the 
boundary between the Fountain formation and the granite, 
and the effectA of faulting are seen in the disturbed dips of 
the Fountain formation. The fault plane dips steeply to the 
southeast a.nd along it at mallY points there are slickensided 
and brecciated surfaces. .At one place a small anticline ill t.he 
sandstone of the Fountain formation is caused by the forward 
thrnst of the granite mass, p0ssibly after the block was upthrown. 
(See fig. 7.) The uppermost beds of the Fountain and the oyer­
lying nearly vertical sediments up to the Dakota abut sharply 
against the granite near the mouth of Bear Creek, as is clearly 
shown on the geologic map. Here there is a slight flexure, 
together with minor transverse dislocations. in the Dakota 
sandstone. The weak shales of the Niobrara fOl'mation, on 
the other hand, have been turned aside, broken, and drawn 
out along the fault for a distance of more than 3 miles. Out­
crops of the hea vier limestones at the base of the formation are 
fonnd in the railroad cuts between Bear Creek and Cheyenne 
Canyon, along the slope lIuder Point Sublimc, in the bed of 



North Cheyenne Creek, and along the northeastern slope of 
Cheyenne Mountain, all showing southeast strike, parallel to 
the fault. The Niobrara formation appears between Bear Creek 
and Cheyenne Mountain at every point where the overlying 
p;rayel has been ·worn away. 

The steep eastern slope of Cheyenne Mon'ntain is covered by 
much talus at almost every point, but the evidence along the 
whole eastern front of the mountain points to the continuance 
of the Ute Pass fault. Beyond the southern end of the moun-

FIGURE 6,-Bketch geolop;lc map (b) of Ute Pass fault in the vicinity of 
Colorlldo Springs and an ideal restol'lltion (a) of the geologic forma· 
tiolls befor\:! tbe faulting. 

ir, pre Cambrian Kranite; £0, Cambrian and Ordovician formations: C, Carbonlterou~ for. 
ma,tlons; Kd, Dakota ant.! Morrbon form&tlons i KQ, COlorado group; Km, Montana group 

tain" however, the contact between the granite and tbe sedi­
mentary rocks is obscured by a heavy coYer of outwash gravel. 
The Dakota sandstone and older rocks, with southwest strike, 
reappear south of the fault at the southeast base of Cheyenne 

FIGURE 7 -Ideal sections showing 
the possible deveJoplllf'nt of over· 
turned faults with appanont over· 
thru~t relations in the foothills 
b!'lt, 

o.Mon"cUualtoldandincfpfentnormllltault 
cau"et.! byvertlcRI upIJr,: h.norm&l f .. "lt 
re~ultln" f,'om c()ntlnn~d vertioll;! uplift; 
c,o'·orturoed fault pl.~e causad by later 
horizontal compre"sloo and movement of 
the gnmltelUan. 

Mountain but are offset again 
by a parallel fault to a point 
beyond Rock Creek. Although 
covered by wash at the fault, 
these formations, like the rocks 
at Bear Creek, are apparently 
sheared off by it. The fault 
cuts across the edges of all 
the sedimentary beds from the 
Sa watch sandstone to the 
Pierre shale, whose combined 
thickness is at least 6,000 feet. 
The vertical component of the 
profound displacement caused 
by the Ute Pass fault, there­
fore, was certainly greater than 
a mile-probably much greater. 
In addition to being upthrown 
the granite mass south of Ute 
Pass has evidently been thrust 
southeastward, probably. as 
much as 4 miles. This hori­
zontal offset of the formation 
is shown in figure 6, together 
with a restoration of beds be­
fore funlting occurred. 

Fuot/Lill bell.-The uplift of 
the granitic mountain block in 
the region north of Ute Pass 
.caused the strata between the 
Fountain and Niobrara forma­
tions to be steeply upturned 
and fuulted, and it produced 
hogback ridges in this zone. 
The mfljor fault along this line 
hRS been traced frol1l a point 
near Fountain Creek about a 
quarter of a mile west of' Camp 
Creek northward for a distance 

of 10 miles. The fault has a sinuous course and neal' its 
southern end, just south of the Garden of the Gods, the rela-
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tiona appear to be those of a thrust fault dipping westward at 
an an?;le of about 50°. Thfl uppermost layers of the Fountain 
here dip eastward at an angle of 60" and override the vertical 
beds of younger formations, so that the Fountain formation 
comes into contact with the Graneros shale at the reservoir in 
the NW. t NE. t ,ec. 3, T. 14 S., R. 67 W. Thi, apparent 
overthrust relation may be due to compression and forward 
movement of the granite mass after it was uplifted and faulted 
by normal displacement, whflreby the fault plane, formerly 
vertical, was tilted, as shown in figure 7. 

North of the reservoir the fault turns to the northwest and 
cuts across the ends of the Purgatoire, Morrison, Lykins, and 
Lyons formations successively. It runs between the Lyons 
and :Fountain formations west of the southemmost of the 
great outcrops of sandstone in the Garden of the Gods, and a 
branch of the fault crosses the Garden diagonally along the 
northwestern edge of this sandstone mass and caused the dis­
appearance of the Lytle sandstone member of the Purgatoire 
formation and the MOlTison formation northeast of the Gate­
way. The main fault continues northward west of the Gate­
way, and beyond Glen Eyrie, on Camp Creek, it causes the 
disappearance of the Fou~tain formation. The throw of the 
fault at this locality amounts to many hundred feet. 

At several places smaller faults branch from the main fault 
in curving lines, as shown on the geologic maps, and along the 
zone of hogbal2k ridges there are still smaller faults, which 
offdet the vertical beds for a few feet or strike with the sedi­
mentary rocks. To these minor f'imlts are due the disappear­
ance for short distances along the line of outcrop of parts of 
one or another of the formations. 

'In the valley of West Monument Creek, at the northern 
border of the quadrangle, the contact between the granite and 
the E.teeply upturned Fountain formation is a fault line, which 
extends southward as far as Monument Park. Parallel to and 
east of this fuult, in the same valley, there is a lesser fault 
which has caused the disappearance of' the Lyons and Lykins 
formations along their strike and brought the limestones of 
the Morrison formation against the arkosic sediments of' the 
Fountain. 

Minor faults that have produced small dislocations of the 
granite mass occur in the southern part of the quadrangle, 
about Deadman Canyon and along upper Red Creek. 

Otber small dislocations occur ·within the sedimentary beds 
near the mountains, but over the larger part of the quadrangle 
the folding is gentle and no faults have been observed. 

GEOLOGIC HISTORY. 

PRE·CAMBRIAN TIME. 

The earliest geologic events recorded in the Colorado Springs 
quadrangle are those indicated by the presence of small areas of 
gneiss and schist in the midst of the Pikes Peak granite. The 
record of these events is fragmentary, but it covers a long 
period of time and a complicated history. Some of the schists 
are undoubtedly of sedimentary origin, but the source of the 
sediment composing them is not known. They were deeply 
involved in ~ovements that produced folding, and the meta­
morphism they show must be attributed largely to dynamic 
agencies, although some of the metamorphic rocks appear to 
be due to later igneous jntrusion. All these rocks underwent 
great erosion, and the erosion was followed by a considerable 
uplift, as is plainly indicated by the plutonic crystalline masses 
with which the metamorphic rocks are intimately associated. 

Into these oldest rocks, the gneisses and schists above 
referred to, was intruded the mass of Pikes Peak granite, now 
covering many thousand square miles. Pegmatitic offshoots of 
this granite occur at many places. 

Later in pre-Cambrian time tinE"r-grained granites-the Crip­
ple Creek, Windy Point, and Mount Rosa-were intruded into 
the complex. The time covered by these intrusions was prob­
ably not long, and the relations of the granites do not make 
clear the order of their intrusion. None are older than the 
Pikes Peak granite, but they are so far separated flreally that 
they nowhere show" intrusive relations among themselves. The 
latest manifestation of pre.Cambrian igneous activity in the 
region is found in the 9yenitic dike rocks. The wide distribu­
tion of these rocks points to igneous activity over much of the 
area of the granitic mountain block. The last events preced­
ing Cambrian time were uplift and profound erosion\ This 
erosion removed much of the surface rocks, exposed the gran­
itic rocks, and reduced the land nearly to a plain . 

PALEOZOIC ERA. 

CAMBRIAN PERIOD. 

Sawatclt deposition.-At the beginning of the Cambrian 
period the land was nearly level and lay very low, but as the 
fossils thus far collected from the earliest Paleozoic rocks in 
the Pikes Peak region show that these rocks are later than 
Lower Cambrian, the Colorado Springs district was probably 
not under water in early Cambrian time. The land had been 
worn down to a surface of low relief, and the remnants of the 
old peneplain cut on the surface of the crystalline rocks below 

the Cambrian are a striking feature of the physiography of the 
quadrangle. These remnants are not large, but they are suffi­
cient to show that the work of planation was completed. 

The shores of the Cambrian sea were not stationary, und the 
record of sedimentation points to continued slow subsidence of 
the land along the coast line. The quartz sand first deposited 
in this sea was well washed, and much of it was probably 
brought from a distance by strong currents. Changing ron­
ditions in the Cambrian seas are indicated by the deposition of 
calcareous sandstones upon the basal sandstones and, toward 
the end of the Cambrian period, of glauconitic, coarser sand­
stone. Sedimentation was not interrupted during the Cam­
brian period, and no uplift occurred at its end, so that prob­
ably no l~nd masses existed in the quadrangle at the end of 
Cambrian time. 

ORDOVICIAN PERIOD. 

Manitou deposition.-The deposition of limestone that began 
after the close of the Cambrian period continued uninter­
ruptedly throughout Ordovician time. The Manitou lime­
stone, which constitutes the record of this sedimentation, 
includes roarsely crystalline fossiliferous beds near its base, 
indicating possibly a greater abundance of life forms in the 
immediate neighborhood at the beginning of the period than 
later. A slight change in conditioDs is marked by the deposi­
tion of finer grained limestones later in the Ordovician period. 
The water of the early Ordoviciah seas appears to have been 
free from sand and mud, for the limestone beds are remarkably 
pure. Toward the close of the Ordovician period sands were 
deposited, but only a very thin representative of these depos­
its, the Hal'ding sandstone, now remains in the southern part 
of the quadrangle. 

After the material that formed the Manitou limestone and 
Harding sandstone had been laid down; there was a period of 
uplift and erosion, during which much of the quadrangle ·was 
laud. The record shows a well-marked unconfcJrmity between 
the Ordovician and the succeeding beds, of Pennsylvanian age. 
This pel'iod of erosion was long enough to permit the remo\'al 
of all the Ordovician and Cambrian beds at many places in 
the quadrangle. 

SILURIAN AND DEVONIAN PERIODS. 

It is inferred that the Colorado Springs region was a land 
area during most of the long period between the close of the 
Ordovician and the beginuing of the Carboniferous, for no 
sediments referable to the Silurian or the Devonian are found 
either in the Colorado Springs quadrangle or along the Rocky 
Mountain Front Range in other parts of Colorado and the 
adjoining States. During at least the later part of the 
Devonian and the early part of the Carboniferous certain 
other parts of Colorado were covered by a sea, but 110 sedi­
ments like those appearing in the southwestern part of the 
State have been found within the quadrangle, which was there­
fore probably a land area until 'the close of the Devonian. 
That it was low-lying, well·eroded land at this time is inferred 
from the fact that in the s,ucceeding Carboniferous period 
marine conditions prevailed along the Front Range immedi­
ately north of the Colorado Springs region and a few miles 
southwest of it. 

CARBONIFEROUS PERIOD. 

MISSISSIPPIAN EPOCH. 

The Colorado Springs area probably underwent subsidence 
before the Mississippian epoch and was uplifted and eroded 
before the Pennsylvanian epoch. The evidence for this sub­
sidence and uplift is fOl.\nd in the adjoining Castle Rock and 
Canon City quadrangles. No Mississippian beds are known 
in ,the Colorado Springs quadrangle, but beds of that age have 
been found a few miles north of it. They are known as the 
Millsap limestGne. In Garden Park, north of Canon City, 
this formation appears only a few miles west of the Colorado 
Springs quadrangle. There the Millsap is limited below and 
above by unconformities, and the record of erosion seen in the 
unconformity between the Millsap and the overlying Pennsyl­
vanian warrants the assumption that such Millsap sediments as 
may have been deposited in the Colorado Springs quadrangle 
were later removed by erosion, for the :Millsap beds where they 
do occur are thin. 

PENNSYLVANIAN AND PERl'tliAN EPOCHS. 

Fountain deposition.-The record of the earliest events of 
Pennsylvanian time is found in the basal beds (Glen Eyrie 
shale member) of the Fountain formation in the Manitou 
embayment. These basal beds are fine-?;rained sandstones, 
which contain small lenses of coal and are overlain by shales. 
They indicate that the land then stood near sea level and was 
swampy. The rerord of plant life preserved in the remains 
of ferns and other vegetal forms, which have been found rather 
abundantly in association with the small lenses of coal, indi­
cates that marine conditions did not prevail at the beginning 
of the Pennsylvaniun epoch. Widebpread sedimentation fol­
lowed, leading to the deposition of the thick series of uRed 



Beds" that form so marked a feature of the Colorado Springs 
region. The bright-red colors of these beds indicate that the 
sediments were derived from rock disintegrated on an arid 
upland, where the iron it contained was highly oxidized. The 
detritus was washed down to the lowlands by streams and 
rivers and accumulated in large part as a terrestrial deposit, 
though a portion of it was doubtless laid down in standing 
water. The large subangular cobbles in much of the conglom~ 
erates of these beds did not travel far, and all the material was 
manifestly derived from the mountain masses just west of the 
deposits. The occurrence of thin beds of shaly, fine~grained 
sandstone containing species of Lingulidiscina indicates a 
change of conditions. Near the end of the period of deposition 
of the Fountain formation the sea seems to have advanced over 
the Colorado Springs region. but the waters rose gradually, for 
no sharp break marks the close of Foun~ain deposition. 

Lyons deposition.-The marine conditions under which the 
Lyons sediments were deposited seem to have varied but little 
from time to time. Strong currents brought well-washed quartz 
sands into the sea and laid them down in cross-bedded depos­
'its. No variation occurred in the nature of sediments until 
the middle of the period of deposition, when coarse, bowldery 
beds were locally deposited. The material in these beds was 
derived from near-by land, for it includes fragments of the 
earlier sediments as well as of the older crystalline rocks. 
This change in the nature of the Lyons strata undoubtedly 
marks only a short time and was due to local conditions, for 
the later deposits are altogether similar to those first laid down 
in . the beds that are regarded as probably Permian. To 

. account for the marked cross-bedding in the upper sandstones 
of the Lyons. Fenneman has suggeswd that the sediments indi­
cate deposition on the landward side of offshore sand bars, for 
the reason that the planes of cross-bedding dip very generally 
toward the old land, at angles approaching 300 • 

Lykins deposition.----Shallow, shifting bodies of water, COB-

· sequent upon the gradual withdrawal of the sea, marked the 
time when the thin sediments of the Lykins formation were 
deposited conformably upon the coarser beds of the Lyons. 
Alternating deposits of shale and fine-grained sandstone and 
small amounts of limestone accumulated in lakes which grad~ 
uaIly diminished in volume. Many of them were so much 
reduced by evaporation at the close of the Lykins stage that 
their dissolved salts were at least in part precipitated. Depos-

_ i!s of gypsum, in places 90 feet thick, were formed in this way. 

MESOZOIC ERA. 

TRIASSIC AND JURASSIC PERIODS. 

The lack of any beds of known Triassic age within the 
• <quadrangle, taken in connection with the events that occurred 

near the close of Lykins sedimentation, seems to iudicate that 
the uplift which landlocked the bodies of water in which the 
Ly'kins sediments were deposited, near the end of the Paleozoic, 
era, was pronounced and that it at last made a land area of the 

.. region. This land probably lay rather low and it remained 
low throughout the Triassic and Jurassic periods and well into 
the Cretaceous. 

Fluviatile and lacustrine sediments probably accumulated 
'during Triassic time, but so far as known they have all been 
removed by erosion. There is no indication that the sea trans­
gressed over the region. Furthermore, it is not known that 
much erosion took place before the deposition of the clays and 

· limestones of the Morrison formation, which in this area succeeds 
the' Lykins sediments without such recognizable unconformity 
!!,S is elsewhere indicated between the two. 

LATE JURASSIC OR EART.,y CRETACEOUS TIME. 

}lol'rison deposition. - No marine Jurassic sediments are 
found in the Colorado Springs quadrangle. The shales, sand­
stones, and local limestones, about 250 feet thick, composing 
the Morrison formation, were laid do'wn in fresh water as flu-

• viltile and lacustrine sediments, and the sand and clay were 
continually shifted from point to point.. The earliest beds 
deposited near Colorado Springs formed fresh-warer limestone 
and were succeeded by deposits that formed friable sandstones 
and calcareous marls. Dinosaurian remains are found in these 
beds in the Den vel' Basin and ,in other parts of Colorado. The 
bodies of water in which the MOITison sediments accumulared 
were shallow, and near the end of the epoch deposition was 
interrupted by uplift. 

CRETACEOUS PERIOD. 

PU1yatoire depo8ition.-The beginning of marine conditions 
near the close of the Lower Cretaceous marks a great change. 
After the fresh-water limestones and sands of the Morrison for~ 
mation were deposited the sea spread over the Great Plains 
region, and in it were laid down sedime~ts strikingly different 
from ~hose which had just before been deposited. Fairly coarse 
quartzose sand was abundantly supplied to the waters, together 
with a vada~l~ __ a~~~x~?~~ _of, well-worn ~mall pebbles. This 
signifies renewed activity of the streams. Afte:r, the deposition 
of the Lytle sediments, when the land had been worn low, fine 
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muds were brought into the sea, and in the Colorado Springs 
region an amount of shale (Glencairn member) equal in thick­
ness to the sands of the Lytle member was spread over the sea 
floor. 

Dakota depo8ition.-The conditions of sedimentation during 
the Purgatoire epoch were greatly modified at the beginning of 
the Upper Cretaceous. The Dakota sediments, consisting of 
clean-washed quartz sand, were supplied by riYers that attacked 
newly uplifted land masses. The sands were distributed rather 
uniformly over a sea floor that occupied the whole of the Great 
Plains province, though the quantity of material deposited at 
anyone place was not great. Remains of plants that were 
much broken up by the wash of the waters are found at many 
places. in these quartz sandstones. Some were brought down 
by streams from near-by land j others are in place along an old 
shore line in areas that ..,yere occupied by shallow water. The 
most plausible view of Dakota sedimentation is that the depos­
its were laid down along the shores of an open sea. At times 
thin beds of carbonaceous shale and of coal were deposited. 
At the end of the Dakota epoch marine conditions pre\Tailed. 

Colorado and Montana depo8ition.--The earliest beds laid 
down in the sea waters of the Colorado epoch were shales, 
limy shales, and thin limestones, deposited in alternation. 
Upon the beds that accumulated in early Colorado time-the 
Graneros shale and Greenhorn limestone--was laid down the 
mud that formed the Carlile shale. Near the close of Carlile 
deposition a limy sand, nowhere thicker than 10 feet in the 
Colorado Springs quadrangle, was deposited over tJ:1e whole 
area. The deposition of this limy sand was followed by the 
last extensive deposition of limestone-making material in the 
region, formin?,: the Kiobrara. After the pure calcareous beds 
of the ~iobrara formation had been laid down muds were 
brought in by the rivers and spread broadcast over the sea 
floor, producing sediments that are among the thickest in the 
stratified series, the Pierre shale. They mark the very exten­
sive wearing down of the supplying land areas. At the close 
of this period of continuous sedimentation brackish watel's 
occupied the region and several hundred feet of sand (the Fox 
Hills sandstone) was deposited. After this the region \vas 
uplifted and has since remained land. 

Lammie deposition.-By gentle oscillations the land, which 
had been so long under water in the Cretaceous period, was 
brought to a stand near sea level. The supply of sand which 
had marked the closing stages of }Iontana deposition was con­
tinued during the period of Laramie sedimentation. The 
materials that made up the Laramie were very much like those 
of the underlying Fox Hills formation. Grains of quartz 
make up by far the greater part of both formations. Among 
them, however, in the Laramie, small black grains of chert are 
prominent. At this time there were large swamps in which 
beds of coal accumulated, and the discontinuity of the coal 
beds in the Colorado Springs quadrangle may signify the 
existence of detached or discontinuous swamps. .Fine quartz 
sand was then again deposited upon the yegetal matter that 
formed the larger coal measures in the basal portion of the 
beds, but a number of small coal seams alternating with these 
sandy measures indicate frequent changes in the conditions. 
Before ·the close of Laramie time fine clays and muds were 
deposited. 

P08t-Laramie deformation.-The close of the Cretaceous epoch 
in the Colorado Bprings region was a time of uplift and acti \Te 

stream erosion. 'A large part of the Laramie, probably the 
greater part, was removed. Similar events are recorded from 
New Mexico to Montana, indicating that the post-Laramie uplift 
and erosion were widespread. In the Colorado Springs area 
the rocks were not disturbed by folding, and the succeeding 
beds were laid down upon the eroded surface of the Laramie 
sediments with apparent conformity, 

CENOZOIC ERA. 

TERTIARY PERIOD. 

Dawson deposition,-Early in the Tertiary period, in the 
Eocene epoch, fluviatile deposits were spread widely over the 
land, extending eastward from the mountains for 40 or 50 
miles, and deposits were also formed in shallow bodies of fresh 
water. The earliest of these beds in the Colorado Springs 
region consisted of finely comminuted andesitic sands. At 
some places coarser pebbly layers are found in this thin series 
of fragmental andesitic material. These beds do not occur in 
the Castle Rock quadrangle, on the north, and their source is 
not known. Here and there they were covered by much 
coarser pebbly layers. of a kind indicating that the streams 
which deposited the materials brought them from a wide area, 
for they contain fragments of almost all the older rocks of the 
quadrangle. The chief gathering ground for these materials, 
however, was the granite mountain region to the west. The 
fragments in the Colorado Springs quadrangle were reduced to 
fine gravel and sand~ slightly coarser and in thicker beds near 
the mountains. 

The succeeding }1jocene history of the region is supplied by 
the sedimentary record in the Castle Rock quadrangle, a few 
miles to the north, where events were recorded that now have 
no expression in the Colorado Springs quadrangle. Rhyolitic 
beds that cap many mesas north of the Arkansas-Platte divide 
were laid down near the close of Dawson deposition. The 
source of this volcanic materia~ is not known, but the beds 
probably once extended much farther south than their present 
distribution indicates, and the Colorado Springs region was 
doubtless covered to a slight depth by these rh'yolitic beds; 
which have been entirely eroded away. The rhyolitic beds in 
the Castle Rock quadrangle were covered by a thin deposit of 
gravel of varying thickness. 

Ca8tle Rock depo8ition.-The Castle Rock conglomerate in 
the quadrangle just north of the Colorado Springs quadrangle 
was deposited in Oligocene time, in much the same manner as 
the Dawson arkose heds. The Oligocene history of the Colo­
rado Springs region probably included a similar record of 
flu\'iatile deposition. The Castle Rock conglomerate doubtless 
once extended southward beyond the areas in which it is now 
found and covered at least a part of the Colorado Springs 
quadrangle but was later entirely removed. 

Early Tertiary el'o8ion.-The Tertiary streams wore away 
the rocks at the surface to such an extent tq.at the granite area 
in the western part of the quadrangle was reduced to a r.olling 
plain by the end of Oligocene time. The region extending 
from Blodgett Peak to Blue Mountain, together with a much 
larger area on the north, west, and south, was worn down to a 
surface of slight relief during this long period of erosion, which 
was not interrupted by orogenic movements. The granite area 
was not so greatly elevated at that time and stood not much 
higher than the plains area, A remnant of this surface is 
shown in the mountain tops at the right in Plate 1. The 
detrital materials were carried eastward by streams and con­
tributed to the deposits making up the Dawson arkose and the 
Castle Rock conglomerate. 

Volcanic activity.-In Miocene time a small voleano was 
built up by a series of eruptions i~ the Cripple Creek region, 
which adjoins the Colorado Springs quadrangle on the west. 
This volcano at several times poured out phonolitic lavas and 
fragmental material. The phonolite in the Manitou quadran­
gle consists of masses of lava that lay on the periphery of the 
igneous rocks ejected fro~ the Cripple Creek volcano. The 
molten rock was poured out at a number of places and flowed 
over the irregular surface of the granite for a distance of 
several miles from the craters. Small masses of phonolite 
'were intruded into the Pikes Peak granite in the form of' 
dikes. The larger part of the lava flows which once existed in 
the Colorad.o Springs region has Leen eroded away since the 
volcano was active, and the accompanying fragmental beds 
were also removed. 

Mountain-making movement8.-During the Pliocel!e epoch 
there were notable orogenic movements in the region. The 
granite block that lies west of the plains was uplifted and 
formed the Front Range of the Rocky }fountains, which now 
stands thousands of feet above the eastern part of the quad­
rangle, Much of it is a somewhat dissected gently rolling 
plateau, which still exhibits the marks of peneplanation of 
early Tertiary time, as shown at the right in Plate 1. 'I;he 
uplift wlLs accompanied by profound d~slocations ~etween the 
crystalline rocks and the sedimentary beds flanking them, as 
well as within the strata along the foothills. Not less marked 
,vas the differential movement within the granite block itself, 
for the part of the Pikes Peak mass south of the Ute Pass fault 
was uplifted thousands of feet above the granite adjoining it 

~----------~--------~~~ 
FIGURE B.-Section through Pikes Peak showing dissected plateau repre· 

senting the Tertiary peneplaIn displaced by the Ute Pass fault, the 
area. about Pikes Peak. having been relatively uplifted about 2,500 
feet. 

to the north. The diss~cted plateau, which stands at an eleva~ 
tion of about 9,500 feet north of the fault, has an..e.1eyation of 
over 12,000 feet south of the fault, as shown in figure 8. 

The granite block south of Ute Pass was at the same time 
thrust forward along the fault toward the southeast, and the 
series of sedimentary beds in the Manitou embayment, from 
the Sawatch sandstone to the Niobrara formation, was tran­
sected and offset about 4 miles, as shown in figure 6. The 
limestones and shales of the Cretaceous were flexed and dragged 
toward the southeast in a notable way. 

The sedimentary beds and the crystalline basement on 
which they rest were at many places uplifted bo"dily. At 



other places they were tilted steeply. In the ~southwestern 
part of the quadrangle, along Red Creek, the gentle south­
ward-plunging fold of the mountain uplift caused the sedimen­
tary beds to dip radially away from the mountain front. The 
sandstone dikes were proha.bly formed at this t.ime in open 
fissures from imperfectly consolidated material of the Sawatch 
sandstone, which lies at the base of the sedimentary series. 
These dikes 'vere formed alollg the line of tIle Ute Pass fault 
and in fissures neal' it and more or less parallel with it, possi­
blyas indicated in figure 3 (p. 10). Some of the dikes, how­
ever,. may have been formed much earlier, in connection with 
faulting movements along the same general line. 

The pronounced uplift during PHoce'ne time renewed the 
activity of the streams, which began to cut canyons along the 
mountain front, to dissect the higher areas of the crystalline 
block, and to transport detrital materials to lower levels. This 
activity continued during the rest of the Pliocene epoch. 

QUATERNARY PERIOD. 

Glaciation.-During Pleistocene time glaciers formed in the 
valleys leading away from the summit of Pikes Peak at an 
altitude of 12,-750 feet and at lower levels and moved down­
stream, some of them for 3 or 4 miles. The lower limit of ice 
work in tlle region is at an elevation of about 9,500 feet. The 
ice reached a maximum thickness of nearly 350 feet in some of 
the va1leys. 

The ice greatly changed the stream valleys, deepening them, 
lessening their grades, and making their cross sections U-shaped 
by steepening their sides. Their original step and tread form, 
due to unreduced ledges that interrupted their courses, was 
accentuated. Along the northeastern face of Pikes Peak 
cirques 'were formed, bounded by precipitous walls of rork 
2,000. feet high. On the flo>" of the valleys and along their 
sides the bare rock was abraded, smoothed, aud striated. 

At the lower ends of the valleys, where their sides tend to 
flare away, glacial deposits accumulated in the form of lateral 
and terminal moraines. Rock in pieces of many sizes, the 
largest several feet in diameter, was spread out in long, gentle 
sloping lines along the valley sides or beaped together at the 
foot of the ice in irregular accumulations. Almost the whole 
of this material consists of fragments of the Pikes Peak granite. 

The higher slopes of Pikes Peak were covered with snow, 
but the summit was not glaciated, and the ice sculpturing of 
the moun win did not proceed far enough to reduce its mass 
greatly. 'Vitb a change of climate, which probably involved 
a reduction in precipitation, the streams of glacial ice dimin­
ished in volume. In the Pikes Peak region they did not per­
sist until the Recent epoch, although in northern Colorado 
small masses of glacial ice still exist. 

Deposition of .gravel.-Along the eastern front of the moun­
taillS a widely extended, gently sloping plain of gravel was 
laid down in Pleistocene time. This gravel consists almost 
entirely of fragments of granite and is the product of stream 
work in the canyons within the mountains and along the steep 
face of the granitic mountain front. The formations in the 
foothills made only a small contribution to this gravel. At 
one time or another during early Pleistocene time the streams 
were at work at every point along the plain. They deposited 
the gravels very evenly, making a gently undulating eastward­
sloping surface, which at one time bordered the mountains 
without a break from the northern line of the quadrangle 
to its southern boundary and extended eastward in places 
for 10 miles beyond the foothills. Additions in the form 
of talus were made along the' steep mountain front at many 
points. 

Later, when the major streams flowing out from the moun­
tains were eroding their canyons in the gr~nitic rocks still more 
deeply, they dissected the gravel plain where they crossed it 
and eroded valleys in the underlying soft shale and other sedi­
mentary rorks after they ha.d removed the gravel. The streams 
also worked laterally, cuttin~ away the outwash gravel along 
the sides of their valleys and greatly reducing the a.reas occu­
pied by the deposit, which now forms long gravel-capped mesas 
between the stream valleys. (See PI. L) 

In the course of this work the gravel was temporarily laid 
down at lower levels along the streamways in terraces. The 
gently sloping bench of fine gravel on which the city of Colorado 
Springs is built is~such a terrace. Almost all these terraces 
have been removed by the streamslthat formed them. . 

RECENT EPOCH. 

Deposition of alluvium.-~tream work has not been acceler­
ated since the Pleistocene epoch, and at present the precipita­
tion is smaller. During most of the year the streams and rivers 
are slu,e'gish and form small flood plains, to which contributions 
of gravel and fine sand are made by the flood waters from melt .. 
iug snows and occasional torrential rains. Only when the 
streams are thus flooded is their erosive work now of much 
effect, for during the greater part of the year they do not even 
co\'el' their beds, and for months many of them disappear 
entirely and leave dry sandy washes along their courses. 
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ECONOMIC GEOLOGY. 

The mineral resources of the area compdse coal, building 
stone (including sandstone, limestone, and arkose), shale and 
clay, cement materials, limestone for other uses than building, 
gypsum, semiprecious stones, sand, and gravel. The water 
resources comprise supplies of both surface and underground 
water. The soil is a resource of great importance. Small 
metalliferous deposits, although unproductive, have been pros­
pected at many points in the moul1wins. 

COAL. 

Occurrence.- The workable coal is confined to the Laramie 
formation, the outcrop of' 'which extends from Popes Bluffs 
southeastward beyond the quadrangle. The Colorado Springs 
coal field is structurally a pa.rt of the basin-like area which is 
defined by the outcrops of the Laramie formation and the 
overlying Dawson arkose and Castle Rock conglomerate. The 
coal-bearing strata within the quadrangle have an average dip 
of 50 or 60 in a direction slightly east of north. The coal crops 
out at several places northeast of Colorado Springs and may 
be very generally distrihuted through the La.ramie formation 
beneath the surface in the synclinal basin that lies between 
Colorado Springs and Deuver. 

There is a general similarity in the succession of coal beds 
in the Colorado Springs region and in the Den vel' Basin. It 
is not unusual to find in a single section as many as five beds 

The beds include layers of black lustrous coal, ranging in 
thickness from a fraction of an inch to several inches, interbed­
ded with layers of black porous nonlustrous coal. On exposure 
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FIGURE 9.-Seetions Or coal bed In Laramie formation at sIx mines 

near Colorado Springs. 

to the air the coal breaks up and weathers rapidly. The sec­
tions of the coal in the principal mines (see fig. 9) were meas­
ured by M. 1. Goldman. l Samples collected by Mr. Goldman 
were analyzed at the Pittsburgh laboratory of the United States 
Geological Survey, and the results are given below. 

Analyses of coalsamplea from the ColM'ado Spring8 coalfield, Colo. 

[F. M. Stanton, chemist In cho,pge.] 

a" Pure COR.l" is used to Indicate the hypothetlCllJ condlt1oo of the coal when anita moisture and aeh are remo~·ed. 

of coal. Only the lowest, howeyer, is at present of economic 
value, though along Popes Bluffs coal is mined in small 
quantities at a higher horizon. In much of the field the 
lowest bed, which lies about 50 feet above the base of the 
Laramie, is not more than 4 feet thick. Its maximum thick­
ness-about 14 feet-occurs in the Curtis mine, northeast of 
Colorado Springl'l, and for a mile northwest of the mine the 
bed, though thinner, is of workable thickness. Southeast of 
the Curtis mine the bed thins rapidly. A thickness somewhat 
less than 6. feet is found in the Keystone mine, sontheast of 
which its thickness diminishes greatly along the strike. Near 
Burial Rockl'l, in the Cell and Davies mines, it is about 4 feet 
thick. 'Vest of Monument Creek there is apparently a local 
thickening of the main bed in the Carlton mine. The bed 
appeal'S to be a lens that reaches its maximum thickness in 
the Curtis mine and thins away on each side, notably in the 
valley of Monument Creek, thou.e;h it thickens locally for a 
short distance near the Carlton mine. In a1l the mines more 
or less bone is encountered, and here and there along the strike 
of the seam the coal probably gives place to shale. Many bor­
ings along the outcrops of the Laramie have not encouutered 
coal, and the workable deposits are apparently in relatively 
small basins that lie close together. Many small beds or 
showings of coal at different horizons are discontinuous, the 
coal being replaced a short distance away by carbonaceous shale. 

Cha.racter.-The coal in the qua'dran~le is of importance 
chiefly on account of its nearness to Colorado Springs, and the 
mines that are the heaviest producers are within a few miles of 
the city. The product., which is subbituminous, can not com­
pete successfully with the coal from the Raton Mesa region, at 
the Colorado-New Mexico line. A large quantity of it is, 
however, consumed for domestic uses,' and it is employed 
almost exclusi vely by tlle local power plants and by' the mills 
near Colorado Springs and Colorado City that treat Cripple 
Creek ores. Most of it carries a large amount of moisture and 
a high percentage of' ash. The ratio of fixed carbon to vola­
tile hydrocarbons is greater than 1, although none of the coal 
is far from the border line between lignite and 8ubbituminou8 
coal. 

STRUCTURAL MATERIALS. 

BUILDING 8TONE. 

Granite.-Granite occurs in great abundance in the quad­
rangle but has not been quarried, as there is no market for it: 
Fine-grained bluish-gray stone of excellent grade is obtainable 
at a number of places near l\foun.t Rosa, along the line of the 
Colorado Springs & Cripple Creek District Railway. Quarry­
ing was started several years ago at St. Peters Dome, but owing 
to the dull greenish-drab colors of the rock at thid point it did 
not meet with favor. 

Sandstone.-The Sawatch sandstone is quarried in Ute Pass: 
west of Manitou. Some of the layers tha.t furnish the best 
building stone lie about midway in the formation. The rock 
as quarried is red or red mottled with green. It breaks easily 
parallel to the bedding and yields, blocks a foot thick and sev­
eral feet long. It is strong and durable and has been much 
used for foundation work and in the walls of buildings. '.Pbe 
outcrop of the Sawatch extends northward from Manitou for 
several miles, but only i.n the vicinity of Ute Pass is it easily 
accessible. 

.Quarries have been started in Quarry Canyon to take out 
layers of the even-grained sandstone of the Fountain formation. 
The rock is a coarse gritty sandstone cemented together by a 
fairly firm calcareous bond. Some layers are nearly white, but 
most of them are red, in pleasing tones. The rock is fairly 
strong and durable and will doubtless be much employed. 

The bright brick-red sandstone' near the top of the lower half 
of the Lyons sandstone-the rock which appears in the" Gate­
wa.y" of the Garden of' the Gods (PI. VII)-was once exten­
sively quarried in Redrock Canyon, near Colorado City. It 
can be obtained in large blocks without joints, flaws, or irregu­
larities of any kind, but it is soft. The bond between the 
grains is chiefly ferric iron, a cement so weak that in places 
the rock is almost friable. 

Some beds of the Dakota sa.ndstone rank very high as build­
ing stone in the Colorado Springs region. The r<X'k is gener-

1Goldmall, M. I., The Colorado Springs ooal :l:l.eld., Colo.: U. S. Geol. StU'· 
vey Ball. 881, p. 8M, 1910. 



ally of even texture, and it has a durable bond between the 
grains of quartz. The cement may be calcareous, but more 
commonly it is siliceous. The colors of the rock at different 
places are white, creamy, yellowish, and reddish. That quar­
ried on Turkey Creek, outside the quadrangle, is bluish gray. 
It is in a few places friable, but the better grades are thoroughly 
strong. The rock works well under tools, although it is some­
what brittle for elaborate carving. Blocks as mnch as 20 
feet long and 6 feet thick are obtainable. The best grades are 
those with bluish tones and with faint lines like the venation 
in certain marbles, probably due to the presence of manganese 
dioxide. The veinlike markings add greatly to the beauty of 
the stone. After three or four years of exposure the rock is 
likely to ~row dingy, but it is none the less a stone of high 
grade. Weathered moss-covered surfaces have been much 
sought for rustic effects. The creamy or yellowish layers are 
stained by limonite and generally contain specks or larger 
ball-shaped concretions of iron oxide which may make the 
stone unsuitable for use as building material. Quarries have 
been opened along the ridge south of Colorado City. No 
stone has been taken out at the south edge of the quadrangle, 
but the same rock is extensively quarried near Turkey Creek, 
a few miles farther sou tho 

Arkosc.-The Dawson arkose is often used for foundation 
and outside work. Layers in which the constituent pebbles 
and smaller grains are bound together by limonite form a 
strong conglomeratic rock. The natural surface is taken, and 
rough pieces are preferred. The rock occurs in thin layers at 
a number of horizons along the outcrops northeast of Colorado 
Springs. 

Lime.stone.-The Niobrara formation affords the best lime­
stone that is easily obtainable in the quadrangle for use as 
building stone, but it is not of very good grade. The single 
courses of the rock are 12 to 18 inches thick and are separated 
by shaly layers. The color is a good bluish gray or brownish 
gray but the stone bas two very serious defects-it contains 
small iron concretions like those in the Dakota sandstone and 
it has a strong tendency to break irregularly. It is much cut 
by small cracks and is not so strong as it appears to be on 
casual examination. 

CEMENT MATERIALS. 

The quadrangle is abundantly supplied with materials for 
making Portland cement. The limestones and shales of the 
Niobrara formation are available for this use, though in the 
vicinity of Colorado Springs, owing to the nearly vertical dips, 
the cost of taking out the stone would be somewhat greater 
than at Portland and Cement, on Arkansas River between 
Pueblo and Canon City, where the horizontal beds are readily 
accessible. The area of the Niobrara formation at Colorado 
City within reach of the railroad is not so great as that in the 
DeHdman Canyon region, but there the cost of transportation 
would prohibit quarrying, for the locality is many miles from 
railroad lines. 

SHALE AND CLAY. 

Building bricks are manufactured near Colorado City at a 
point about a mile north of :Fountain Creek and along the 
railroad just south of Colorado Springs. The 80ft shales of the 
Pierre formation are used, and the supplies of this material are 
inexhaustible. There has been little demand for the better 
grades of pressed brick, and the output of ordinary brick is 
largely consumed in the neighborhood. , 

The clays of the Dakota sandstone are available for making 
fire brick. They have been mined near Colorado City and 
farther north within the quadrangle, but for several years the 
outpnt of the plant at Colorado City has been small. At the 
southern edge of the quadrangle, where the Dakota sandstone 

{1olo,· .. doSprlng8. 
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occurs i1l, extensive beds, there is considerable clay, but owing 
to its distance from railroad lines it has not yet been mined. 

SAND AND GRAVEL. 

The quadrangle is well supplied with sand and gravel in 
the deposits which cover the Pierre shales and which have 
been mappe~ as mesa gravels. The Mesa, west of Colorado 
Springs, has yielded within the city limits large amounts of 
t.his material in different degrees of fineness. Sand adapted to 
structural needs is obtainable at many places, and large amounts 
of gravel are employed in road work in the western part of the 
quadrangle, where at slight cost bedrock shale can be covered 
with gravel close at hand. 

LIME AND LIMESTONE. 

Limestone has been burned to obtain lime for local needs at 
kilns established between Manitou and Colorado City. Lime~ 
stone of the Niobrara formation was once burned at a few 
places northwest of Colorado Springs and in Limekiln Valley, 
south of it. The Manitou limestone has been quarried for 
making lime near Manitou and still more profitably for refin­
ing beet sugar. The principal quarries were on the ridge 
above Williams Canyon, at a point about a mile north of 
Manitou and a mile and a half southwest of Glen Eyrie. 

GYPSUM. 

Near Colorado City, north of Fountain Creek, a bed of 
gypsum about 20 feet thick was long ago worked to a slight 
extent, but the most valuable deposits of gypsum in the quad­
rangle are at its south side, in the valley of Red Creek. Here, 
at the top of the Lykins formation, they attain a thickness of 
90 feet. The beds are almost horizontal and are readily acces· 
sible. The material i.e largely impure, but many layers are 
free from any impurity. The usual color is pinkish white or 
clear white. The supply for structural uses and for application 
to the land as a fertilizer is so large as to warrant long con~ 
tinuance of the industry at this point. 

SEMIPRECIOUS MINERALS. 

The Pikes Peak region has long been famous among col­
lectors of minerals. The microcline (amazon stone), smoky 
quartz, and topaz occurring in cavities in the granite within 
a few miles of the summit of Pikes Peak have supplied many 
beautiful specimens. Near St. Peters Dome pegmatitic veins 
have yielded zircon, astrophyllite, cryolite, arfvedsonite, thorn­
senolite, and prosopite, as 'NeH as the rare minerals gearksutite, 
ralstonite, elpasolite, tysonite, and fayalite. On the flanks of 
Cameron Cone in Crystal Park topaz and phenacite have often 
been found. 

METALLIFEROUS DEPOSITS. 

Small metalliferous deposits, although unproductive, have 
been prospected at many places in the mountains. The St. 
Peters Dome region has been searched systematically for gold, 
and for years serious prospecting for gold and for copper were 
carried on at Pecks Camp, about 4 miles south of Saderlind 
on the Colorado Springs & Cripple Creek District Railway. 

WATER RESOURCES. 

STREAMS AND WEI,LS. 

The small streams that issue from the mounhtins are utilized 
for irrigating land in the valley of Camp Creek and at many 
.other places near Colorado Springs. Several projects involv­
ing dam sites in the southern part of the quadrangle have been 
favorably considered, but only a smaH quantity of water has 
yet been used, and the supply a vailable is not large. 

A few miles south of the quadrangle small quantities of 
artesian water are obtained at relatively shallow depths, but 

the search for artesian water within the quadrangle has been 
nnsuccessful, though several wells, one of them 2,800 feet deep, 
have been sunk near Colorado City. The Dakota sandstone 
and the Lytle sandstone member of the Purgatoire formation 
generally contain water, but as they dip so steeply that they 
afford only a comparatively small gathering ground and as the 
average annual rainfall on the gathering ground is only 14 to 
17 inches it is doubtful whether their supply is sufficient to 
produce flows within the quadrangle. In the central part of 
the quadrangle these sandstones lie so deep that the cost of 
reaching them has prohibited their use as a source of water. 

MINERAL SPRI~GS. 

Much of the prosperity of Manitou rests on the occurrence 
of a number of mineral springs that are strongly charged with 
carbon dioxide. They are in Ute Pass near the Ute Pass 
fault, where the Pikes Peak granite and the Manitou limestone 
are fauIted together. The springs are genetically related to 
the ·Ute Pass fauIt, and though they are not thermal waters 
they probably rise from considerable depths. They h!lve no 
known connection with such igneous rocks as lie about the 
Cripple Creek volcanic center. The waters are palatable and 
are among the most widely sold table waters of the West. The 
Manitou or Soda Spring is the best known. An analysis of 
the Manitou' table water is given below. Navajo, Shoshone, 
and Cheyenne springs are on the same property, and Ute, 
Ute Chief~ Ouray, and Little Chief lie within a short distance. 
Horn Mineral Springs are at Colorado Springs, a few miles 
away. 

Analysis of Manitou table water.l 

[P&rtsperm!llion.] 

Silica (SiO,) _. _" ______ . ____________________ _ 
Iron and aluminum (Fe+AI) ____ .. ________________ _ 
Manganese (Mn) _____ . ______ . _________ _ 
Calcium (Ca) _________________ . ____________________ _ 
Magnesium (Mg) ________ . ____________ . ___ _ 
Sodium (Na) _________________ _ 
Potassium (Kl ___________ . _____ _ 
Lithium (Li) _______ . _______ . __ 
Ammonium (NH 4)_.____________ _ ____ • __________ _ 

Carbonate rarlicle (003) __ _ __________ . __________ _ 

47.2 
1.8 
1.7 

407.9 
79.2 

M1.0 
71.8 ... 
." 

Bicarbonate radicle (HCO,) __ . _________ . ___ . ___ .__ 2,664.6 
Sulphate radicle (SO~)__ 219.2 
Chlorine (CI)________________ 250 
Bromine (Brl_. _____ . ______ . _________ Small amount. 
Metaborate radicle (BO,)_____ Faint trace. 
Nitrate radicle INO.) ___ __________________ Kone. 
Nitrite radicle (NO,) ____ . ___ ._______ None. 
Pho8phate radicle (PO~) ___ . ____ ._________ None. 
Arsenate radicle (ABO.) ____ ... ____ .________________ None. 
Iodine (1) ______________ . _____________ . __ None. 
Total anhydrous residue ____ . 2,992 
Water is Bupersaturated with carbon dioxide (002)' 

SOILS. 

The alluvial soils in the bottoms of the valleys are the only 
soils in the quadrangle that have been ill.uch used for agricul­
ture. Some of the residual adobe soils, produced by the weath~ 
ering of shales in place, are notably infertile. Relatively little 
land-probably only 1 or 2 per cent of the area-is deyoted 
to crop growing in the Colorado Springs quadrangle, for the 
quantity of water available for irrigation is small. Crops ha.ve 
been cultivated successfully in the valley of Camp Creek, the 
water being drawn from Queens Canyon. Small areas along 
Rock Creek and Litde Fountain Creek have been similarly 
brought under cultivation. In the yalley of Red Creek by the 
same amount of labor only a third of the crop can be raised by 
dry farming that· can be raised with irrigation. The bottom 
lands along Fountain Creek, however, have yielded consider­
able amounts of forage. Nearly all the agricultural products 
of the region are consumed locally by ranchmen. 

June, 191,4. 

1 U. S. Dept. Agr. Bur. Chemilltry Bull. 91,'p. 70, 1905. 
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(lorrelatwn awl diversity in c143SijicnUon and nomenclature of the rocks of the Ooloraao Front Range regwn as given in varwus publicatwns. 
,---- -----,------~-------,-----'---~---------

~anoD (1906).~ I Fenneman (~005).f seri~ Finlay (1916)." 

Oligocene. (Absent.) 

Tertiary. 

Eocene. Dawson arkose. 

Laralllu'- formation. 

Fo:i:ffiUs 

Montana 
sandstone. 

groQP· 

Pierre shale. 

Niobrara 
formation 

Upper Cretaceous. 

Cretaceous. Carlile 
shale. 

Colorado 
group. 

Greenhorn 
limestone. 

Graneros 
sbale. 

RiehardBOD (1916).b 

Castle Rook conglom­
el"ate. 

Dawson arkose, 

Laramie formation. 

Fox Hills 
Montana sandstone 

group. and Pierre 
shale. 

! 
i 
I Niobru .. Colorado and Ben-

group. ton forma-
tions. 

S"tose(1912).O Henders<>D (lll()9).d Gllbert{l!197).g Etnlnona, Cross, and Eldridge 
UIiOOJ.h Cron(l894).t 

~-- --~--- --------1 -------,----- -

/ Ap~~p. 
Niobrnra . shale. 

group. -. ---
Tlmpas 

limestone. 

Carlile 
shale. 

Benton Greenborn 
group. limestone. 

Graneros 
wale. 

Denver formation 
(Tertiary). 

Laramie formation. Laramie formation. Laralllie formation. Laramie formation. 

Montana 
group. 

Fox Hills 
formation. 

Fox Hills formation. Fox Hillsformation. 

:---~--I----

mation. 
Pierre for· Pierre shale. I Piene formation. 

I Fox Hills 
formation. 

--__ . __ Montanai ____ Montana formation. 

Pierrn shale. group. : Pi!~i~i.-

I N1~~~~~0: -:ob,=a fo,mation. - NiOb_,_arn_· _fO_'ID_a_ti_on_-I_N_iOb_'_"'_',fo_',m_a_tion. 

COIOrad0j---- I Carlile I Carlile's~le~ Colorado ---- Colorado formation. 
group. shale. 1____ grQup. 

mation. group. hmestone. group.' e8 ne. 
I 

Benton for- Benton r~en om Benton formation. Benton lim to 

(----

Benton for­
mation. 

Hayden Snrvey (18611-18111). 

liaramie. 

Fox Hills. 

Fort Pierre. 

Niobrara. 

I-------i 

Fort Benton. 

/ 

I 
G h Greenhorn 

G~t~~:s I ~hn::!~ 
I----~-----i-----------I-----------I 

-----

Dakota sandstone. 

Glencairn 
shale mem-

Purga- ber. 

Dakota sandstone. 

Lower CretMeou~. ~~!:.a.- ---- Purgatoire formation. 

don. Lytle sand-
stone mem 
ber. 

Dakota sandstone. 

Purgatoire formatfo~. 

"Dakota~" formation 
(probably :in part 
Comanche). 

"Dakota" sandstone 

~:~a~2'werin(}~~~ Dakota formation. 
ceous). 

Dakota sanil-stone. Dakota formation. Dakota formation. Dakota. 

Cretaceous or 
Ju:rassic. Jurassic. 

~~;e~~~;~;!~ Morri-s~:-~~~::::-- -Morrison formation. Morrison formation. MO(UrriSOn--;-oJ=-.t-i?-n r ~:rr-i-wn-f-o'-m-at-ion-I ~~rrison formation Morrison formation Morcisoll formation Morrison formation 
sic. pper urasSlC 0 (Lower Cretaceous) (Jurassic). (Juratrias). . (Juratriag). (Juratrias). 

- - ____ . _______ ... __ -.,1-------+-~-----.i-------- Lower_~retaceous). . L ____ ~.~+~~---------____ -+-------I--------
Jurassic. UpperJura.s.sic. 

1--------1---------1 

Permian('/).. 

Carboniferous, Pennsylvania/n. 

Mississippian. 

(Ab~ent.) 

LykinB.formation. 

Lyons su.ndstone. 

Foun­
taio 
forllla- Glen Eyrie 
tion. sbalemeIll-

b". 

(Abr;ent.) 

(Absent.) 

Lykins formatiou. 

Lyons sandstone. 

Fountain formation. 

Millsap limestone. 

Upper and Mid­
dle Ordovician. 1-------1 (Absent.) 

Ordovician. 

Lower Ordovician. 

Harding sandstone 
(included with Mani­
tou limestone). 

Manitou limestone. Manitou limestone. 

Bundancemarine beds. 

Lyons formation. 

Fountain forIIlation. 

Mississippian. 

Lower Wyoming for­
mation (Fountain). 
(Pennsylvanian). 

Milllmp limestone. 

Fremont limestone. 

Harding sandstone. 

Manitou limestone. 

-----1-------- -----
Lykins forma­

tion. 

;;::. J~::e~d-

11----
6/ Fountaini>and- Fountain formation 

stonll. (JuratriaB'I).J 

Millsap limestone. 

Harding sandstone. 

_~ ____ I Red Beds (Tria.ssic). 

Fountain forma.tion 
(Carboniferous and 
.J uratriassic 1). k 

--------1------1------
Millsap limestone. 

Fremont limestone. 

I H"ding ,"od,"'"'_ 

I 

Cambrian. Upper Cambrian. 

I~-I 
Sawatch sandstone. Sawawh sandstone. 

I Mallitoolim",o~ 

--- ----I-=~~nk~-qoarl--,i-te-,-
________ "'_d_d_ish_~_n_d_'t_o:_e·_I ____ _ 

Pike!! Peak granite. Pikes. Peak granite. 

a FinlAY, G. F., ·U. S. Geol. Survey Geol. Atlas, Colorado Springs folio (No_ 203), 1916. 
bRichardson, G. B., U. S. Geol. Survey Geol Atlas, Castle Rock folio (No. 198), 1910. 
cStose. G. W., U. S. Geol. Survey Geol. Atlas, Apisbapa folio (No. 186). 1912. 

I Algonkian. 

I Archean ... 

dHenderson, Juniu~, The foothills formatious of north-central Colorado: Colorado Geol. Survey First Rept., 
pp. 145----188, 1900. 

<Darton, N. H., Preliminary report OIl the geology and underground water resource,; of t.he cent.ral Gnat Plains: 
U. S. Geol. Survey Prof. Paper 32, 19:m. 

I 
A\r..Dkian qu,,"-

Archt::a.ngraniwand 
. gneISS. 

Archean schist 
granite. 

and Archean gneiss, gran- granite. including 
ite, aud schist. Pikes Peak granite, I and gneiSB. 

fFenneman, N. M., Geology of the Boulder district, Colo.: U. S. Gaol. Burvq BulL :.lfl.'i, 1905. 
gGilbert. G. K, U. S. Gaol. Survey Geol. Atlas, Pueblo folio (No. 36), 1897. 
hEmmons, S. F., Cross. Whitman, and Eldridge, G. B., Geology of the Denver Basin in Colorado: U. S. GfOOl. Survey 

Mon. 27, 1896. 
ICross, Whitman, U. B. Geol. Survey Gaol. Atlas, Pikes Peak folio (No.7), 1894. 
j May include I,yons sandstone and Lykins formation. 
k As mapped in southeastern part of Pikes Peak quadrangle it included Lyons sandstone and Lykins fonnation. 



GENERALIZED SECTION OF THE ROCKS EXPOSED IN THE COLORADO SPRINGS QUADRANGLE, COl-D. 

II---~--r~~~~~~-----'~~'-~-----'----'-~--""---~~~~-"-'-"-:--1 INCH=l,OOO FEET. 

2.500 I Fine-grained drab shale with ferruginous concretions of lime and Iron carbonate" 

Dmb shale with dissemi~ated gypsum, local sandy layers, alld numerous lim""tone concretions. 

White to pink tine-grained homogeneou" sandstone in upper PUtt; 
homogeneous sandsto~e In lower part. 

1~~;t~=i±=B~~~~t-"----- ----------



U. S. GEOLOGICAL SURVEY COLORADO 
GEORGE OTIS SMITH, D I RECTOR COLORADO SPRINGS QUADR AN GLE 

PLATE I.-FRONT RANGE FROM THE PLAINS EAST OF COLORADO SPRINGS. 
Hi~hest peak !'lear center of mountain group is Pi ~ es Peak; sma ll round knob to left is Cameron Cone; large mass to Ie!! is Mount Garfield; sharp peak at extreme left is Mount Rosa. Mountain tops at right 01 Ute Pass and val ley of Founta in Creek are part of a high plateau. Bad of Colorado Springs is a grave l-capped terrace. which merges into The Mesa i t right. 

Beyond The Mesa are the sedimentary rock rid2'es of the Garden of the Gods. The Ute Pass faui!, which comes out of mountains along Fountain Creek, follows foot of range to lell 

PLATE It. - PIKES PEAK SUMMIT FROM THE NORTHEAST SPUR. 

Large granite masses li ke those shown in foregro..,nd cover much of the top of the mountain. Mountain tops a t left are part of an elevated plateau. Sha rp peak at edreme left is Mount Rosa. 

PLA.TE III.- HOGBACK RIDGE OF DAKOTA SANDSTONE IN GLEN EYRIE. 

View 100kin2' northwest. Dakota sandstone in foreground dips steeply to the east. Hi2'h led2'es of vertical red and white sandstones 
of Lyons formation in middle distance. Manitou limestone on lower slopes of Front Ran2'e in left distance. 

PLA.TE IV.- RIDGE OF BASAL LIMESTONE BEDS OF NIOBRARA FORMATION IN FOOT HILLS NORTH OF FOUNTAIN CREEK, 
COLORADO CITY. 

View looking north. Vertical beds of lower formations form pinnacled ledges ill left middle distallce. Front Rallge ill left background. 
The Mesa, capped by gravel, in right distance. 

PL .... TE V. - MANITOU LIMESTONE AND SAWAT CH SANDST ONE IN WILLIAMS 
CANYON NEAR T HE NARROWS, MANITOU. 

Mallitou limestolle forms upper white cliffs Oil left. Lower cliffs are composed of Sawatch 
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Pl .... n: VI .- SA.WATCH SANDSTONE RESTING ON eVEN SURFACE OF PIKES 
PEAK GRANITE. 

Ute Pus, near Manitou . 

PL .... TE VII.- GATEWAY OF GARDEN OF THE GODS. 

View lookin£ west to Pikes Peak in the d istance. The Eateway is formed by vertical beds of red sandstone of Lyons formation. Hie:h white lede:e 
In front of the red sandstone isthe top sandstone althe Lyons, and lower wh ite led!;e in /orell,ound is Eypsum at topo! Lykins formation. 

PlATE VII I.- ROCK PINNACLES FORMED BY EROSION IN GARDEN OF THE GODS. 

View leakini': east. Pinnacles of vertical thin-bedded red sandstone 01 Fountain fo rmati on. More mass ive forms 01 
th icker sandstones of Lyons format ion on left. 

COLORADO 
COLORADO SPRINGS QUADRANGLE 

PLATE. IX.- THE "MAJOR-DOMO," IN GLEN EYRIE. 

A monument formed by erosion 01 vertica l beds 01 red sandstone 01 
Foun ta in formation. 

PL .... n: XII.- NATURAL MONUMENTS FORMED BY EROSION IN MONUMENT PARK. 

Near view looking" west of plnnac led forms shown in Plate VIII. 

The monuments are form ed of Dawson arkose. layers of which have been hardened by a cement of iron oXide and have reSisted 
weatherine-. thus form ing" a cap that has pro tected th e so!ter roc ks beneath. Two of these hard layefs afe shown in monu­

mentat lefl. 

Pu'TE XIII.- SOTTLE-SHAPED MASSES FORMED BY EROSION OF DAWSON ARKOSE IN MONUMENT PARK. PL .... TE XIV.- NATURAL MONUMENTS FORMED BY EROSION OF DAWSON ARKOSE IN MONUMENT PARK. 

Cappin2" layer is brownish con2"lomerat ic material hardened by iron o~;de. Shows wide extent of cappine-o f hard laye.of brown sandstone. 
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Gents. Cents. 
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Livingston. Montana, . 105 Nampa. Idaho-Oregon 6 
Ringgold. Georgia-Tennessee 104 Silver City, . Idaho. 5 

05 Placerville California 105 Patoka. Indiana-Illinois 5 
!4 Kingston. Tennessee. 106 Mount Stuart Washington 5 
05 Sacramento California 107 Newcastle. Wyoming-South Dakota. 5 

, ! 6 Chattanooga. Tennessee. 

I :g: Edgemont South Dakota-Nebraska. 5 
n Pikes Peak Colorado. Cottonwood Falls. Kansas. 

!8 Sewanee. Tennessee .. 110 Latrobe Pennsylvania 

t9 Anthracite-Crested Butte, . Colorado. , !l11 1 Globe. Arizona. 

!l0 Harpers Ferry Va.-Md.-W. Va 112 Bisbee (reprint) .. Arizona.. 25 
011 Jackson California 115 ' Huron South Dakota . 6 
!l2 Estillville Ky.-Va..-Tenn 114 I De Smet . South Dakota 5 
!l5 Fredericksburg Virginia-M 'tryland ! 115 I Kittanning . . Pennsylvania 

114 Staunton. Virginia-West Virginia. 116 I Asheville. North Carolina-Tennessee 

! 15 Lassen Peak California 117 Casselton-Fafllo North Dakota-Minnesota 

! 16 Knoxville Tennessee-North Carolina. 118 Greeneville Tennessee-North Carolina. 

!n Marysville. California 119 Fayetteville Arkansas-Missouri 

118 Smartsville California 1120 Silverton. Colorado. 

l19 Stevenson Ala.-Ga.-Tenn 121 Waynesburg. Pennsylvania 5 
20 Cleveland Tennessee. 122 Tahlequah. Oklahoma (Ind. T.) . 5 

!21 Pikeville. Tennessee 125 Elders Ridge Pennsylvania 5 
t 22 McMinnville. Tennessee 124 Mount Mitchell North Carolina-Tennessee. 5 

23 Nomini. Maryland-Virginia !l25 Rural ValIey Pennsylvania 

24 Three Forks. Montana. ! 126 Bradshaw Mountains. Arizona. 

125 Loudon .. Tennessee. !127 Sundance Wyoming-South Dakota. 

126 Pocahontas Virginia-West Virginia. 128 Aladdin. Wyo.-S. Dak.-Mont 

127 Morristown Tennessee. ! 129 Clifton Arizona. 

! 28 Piedmont West Virginia-Maryland. !150 I Rico Colorado. 

! 29 Nevada City Special California !l51 Needle Mountains Colorado 

150 Yellowstone National Park Wyoming !l52 Muscogee Oklahoma (Ind. T.) . 

151 Pyramid Peak. California 153 Ebensburg .. Pennsylvania . 
I !52 Franklin West Virginia-Virginia. 1H54 Beaver. Pennsylvania 

! 55 Briceville Tennessee. 155 Nepesta Colorado. 

154 Buckhannon . West Virginia. 156 St. Marys Maryland-Virginia 

! 55 Gadsden Alabama 157 Dover Del.-Md.-N. J , . 

56 Pueblo Colorado t1li8 Redding California 

t 3, Downieville California !l59 Snoqualmie Washington 

!58 Butte Special Montana. 140 Milwaukee Special . Wisconsin 

!59 Truckee California t141 : Bald Mountain-Dayton Wyoming, 

140 Wartburg. Tennessee, 1142) Cloud Peak-Fort McKinney. Wyoming. 

!41 Sonora California 145 Nantahala . North Carolina-Tennessee, 

42 Nueces .. Texas i i:: i 
Amity Pennsylvania 

!45 Bidwell Bar , California Lancaster-Mineral Point Wisconsin-Iowa-Illinois 

!44 Tazewell , Virginia-West Virginia. 
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Rogersville , . Pennsylvania 5 
t45 Boise. Idaho, 147 Pisgah, N. Carolina-So C~r~;i~a: 5 

46 Richmond Kentucky 
1 ~!~ I 

Joplin District (reprint) . Missouri-Kansas 50 
47 London. Kentucky Penobscot Bay . Maine 

148 Tenmile District Special Colorado. I 1150 I Devils Tower . Wyoming 

\49 Roseburg Qrea-on, !l51 Roan Mountain. Tennessee-North Carolina 

! 50 Holyoke Massachusetts-Connecticut. 152 Patuxent Md.-D. C 

151 Big Trees California , ! 155 Ouray Colorado, 

52 Absaroka. Wyoming. ! 154 Winslow, Ark.-Okla. (Ind. T.) 

50 Standingstone ' Tennessee. 155 Ann Arbor (reprint) Michigan, . 25 
! 54 Tacoma Washington 156 Elk Point S. Dak.-Nebr.-Iowa 5 
!55 Fort Benton Montana. !l57 Passaic New Jersey-New York 

!56 Little Belt Mountai~s Montana. 158 Rockland Maine 

t 5, TeJluride, Colorado, 159 Independence .. Kansas 

58 Elmoro. Colorado. 
1 160 

Accident-Grantsvllle . Md,-Pa.-W. Va" 

!59 Brist.ol Virginia-Tennessee. !l61 Franklin Furnace . New Jersey. 

t60 La Plata, Colorado. !l62 Philadelphia, Pa.-N. J.-DeJ . 

61 Monterey Virginia-West Virginia. i t 165 Santa Cruz California 

62 Menominee Special, Michigan, 111164 Belle Fourche . South Dakota . 

! 65 Mother Lode District California 11165 Aberdeen-Redfield . South Dakota .. 

64 Uvalde, . Texas 11166 El Paso Texas 

65 Tintic Special .. Utah, I~r 167 Trenton. New Jersey-Pennsylvania. 

! 66 Colfax California 11168 Jamestown-Tower . North Dakota .. 

6, Danville Illinois-Indiana 11169 Watkins Glen-Catatonk New York. 

68 Walsenburg Colorado. 111170 Mercersburg-Chambersburg. Pennsylvania 

69 Huntington West Virginia-Ohio, 11171 Engineer Mountain. Colorado. 

no Washington D. C.-Va.-Md. , 11172 Warren. Pennsylvania-New York 

! Z] Spanish Peaks Colorado. 111175 Laramie-Sherman Wyoming 

172 Charleston, West Virginia. 
1111l?4 

Johnstown. Pennsylvania 5 
tni Coos Bay Oregon ~1175 Birmingham . Alabama. 5 

l4 Coalgate, Oklahoma (Ind, T.) . 5 IIIn6 Sewickley Pennsylvania 5 
75 Maynardville Tennessee, 5 '~r1n Burgettstown-Carnegie Pennsylvania 5 
76 Austin Texas 5 11178 Foxburg-Clarion Pennsylvania , . 5 
n Raleigh. Wef5t Virginia, 5 11179 Pawpaw-Hancock Md,-W. Va.-Pa , 5 
78 Rome. Georgia-Alabama . 5 11180 Claysville Pennsylvania 5 
,9 Atoka, Oklahoma (Ind. T.) . 5 11181 Bismarck North Dakota 5 

180 Norfolk. Virginia-North Carolina 11182 Choptank .... , I Maryland 6 
181 Chicago Illinois-Indiana 11185 Llano-Burnet. ... , ... 

I 
Texas 5 

t 82 Masontown-Uniontown Pennsylvania Ii 184 Kenova ... ". , Ky.-W, Va,-Ohio 5 
t 85 New York City New York-New Jersey §185 Murphysboro-Herrin. ,., . 

I 

lllinois 25 
84 Ditney Indiana, 5 §186 Apishapa. Colorado, 5 
85 Oelrichs South Dakota-Nebraska. 5 il1B7 Ellijay Ga.-N. C.-Tenn, 25 
86 Ellensburg, W(tShington 5 §188 Tallula-Sprmgfield . Illinois 25 
B7 Camp Clarke. Nebraska 189 Barnesboro-Patton. Pennsylvania 26 
88 Scotts Bluff Nebraska §190 Niagara New York. 50 
89 Port Orford Oregon. § 191 Raritan New Jersey. 25 
90 Cranberry North Carolina-Tennessee. 192 Eastport, Maine 25 
91 Hartville. Wyoming. §195 San Francisco California 75 
92 Gaines Pennsylvania-New York, 194 Van Horn Texas 25 
95 Elkland-Tioga. Pennsylvania 195 Belleville-Breese Illinois 25 

t 94 Brownsville-Connellsville Pennsylvania 196 Philipsburg Montana. 25 
95 Columbia. Tennessee. §In Columbus Ohio 25 

;~ I 
Olivet. South Dakota , 198 Castle Rock. Colorado. 25 
Parker, Sol1th Dakota, 199 Silver City. New Mexico. 25 

98 Tishomingo Oklahoma (Ind. T.) . 200 Galena-Elizabeth. Illinois-Iowa, 25 
99 Mitchell South Dakota . §201 Minneapolis-St. Pa.ul .. Minnesota, 25 

100 Alexandria, .. South Dakota . 202 Eureka Springs-Harrison Arkansas, 25 
101 San Luis. California 205 Colorado Springs. Colorado 25 
102 Indiana, . Pennsylvania 

" Qrderbynllmber. I Octavo editions of these folios may be had at same price. 
t Payment must be made by money order or in cash. ~ Oct(l.VO editions only of these folios are in stock. 
t These folios are out of stock. \!, Theile folios are also published in octavo form at 50 cents each, EI.lI:cept No. 193, 
• The te:Kts and economic-geology maps of the Placerville, Sacramento, and Jackson folios, which is 75 cents. 
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