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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 topographic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, cuUuye, ns roads, 
boundaries, villages, and eiLies. ~ 

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal ele\'a-
tion above mean St:'<l le\~el, the vertical iIltt:'l'Ynl represented by 
t'aeh spaee bctwf'en lines being the same throughout eHcll map. 
These lillf's nre called cOJ/four lines or, more brietl \', ('ontours, 
and the uniform H'rtical (libtan('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 eoutour 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 tlle seH, \\lth a bay that is partly elosed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllCC on the rig-ht merges into a gentle hill slope; that 
on the left is backed by a ascent to II cliff, or Rl'fll"p, which 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, direetly bel10ath its 
position in the sketch, by contour lint'R. Tlw map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line represents a ('ertain height ahow sea lc\·e1. 
In this illustration the contoUl' interval is 50 feel,; thel'efol"e 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove me~m sea level. Along the contour at 250 feeL lif' 
aI! points of the surface t.hat Ht"e 250 f~et above the sea~that is, 
thii:l contour 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 
feet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contours are ull points whose clevationH are aboy,=, the lower 
and below the lligher ('on tour. Thus the ('ontnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tltat at :l00 feet lit:'i'l 
above the terrace; therefore all points on tile terral'e are shown 
to be more tlwn 150 hut less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); accordingly the contoUT at ()oO feet surrouuds it.. In 
this illust.ratiou all the contom' lines 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('centnating find 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 slopes. ~\.s 

contours are continuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rC('t:'dt:' into rt'entrant of 
ravinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 

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

lines sl~ow the appl'oximate of any sl~pe. 
The vertical interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle i::1lopt'; but. to attain a gi vell 
heif!;ht on a gentle slope olle must go £nther than on a :-ltcep 
slope, an(l therefore eontOUlli are fill' aplll't on gent.le slopcs 
and near togethf'r on stef'p one8. 

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

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet nnd for less rugged count.ry ('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 hroken or dotted. 'Vhere a stream sinks and 

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

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

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

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, dl1Hvn to the scnle of 1 mile to the inch 
would ('over 3,0:27,000 sCjuare incile;::; of pnpel' aJHl measure 
about 240 by 180 feet. Each squarc mile of ground Slll-iaCe 
wonld be represented hy a inch of map snrfllee, and a 
linear mile on the ground a lineal' inch on the map. The 
scale mav be also a fradion, of whieh the numer-
ator is a" all the Illap and the denominator the eorre-
spondiIl)!; lengt.h in nature expressed in the same unit. ThuB, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

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

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

alJOltt lG '3C)llarc mile8. At the bottom> of each atlas 1:lheet the 
scale is in three a gradlla,ted line repre­

a similar line indicating 
a fraction. 

"U""""U"I(".·~j "cmap of the Unit.ed Stat.es 
is being RhCd~ of eOllvcnient size, wlrieh 
represent areas houwlc,d parallel", awl meridians. ThCBe 
~neas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one S(llUll'e degree-that is, a of latitude by a 
degree of longitude; each sheet on thp of reprcbents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-i'lixteenth of a square degree. The arells of the corre­
sponding quadrl.lnJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'Y vary with the lat.itude. 

The atl:lS sheek;, heing only parts of OlJe map of the United 
States, are not limited by politi('al boundary lines, such as 
those of SLates, ('ounties, ao(l tow nships. Many of t.he maps 

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

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

THE GEOLOGIC MAl'S. 

The nwp;::; l'eprt'6entillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
di:3tribution of rock musses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF IWCKS. 

I{oeks are of many kinds. On the geologic mnp they are 
diRtinguishecl W'l igneous, sedimentary, and metamorph~c. 

ignnH(s 1>oclcs.~Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upwanl in fissures or ehan-
lie},.; of and sizf's through rocks of all to or 
llearly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
below the suriu('/'--;-art! called ·irlil'u.siL'C. \\'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called u where it fills a large and irregular ronduit the 

termed a Bloch:. "\Vherc molten map;ma trayerses strat-
ified rocks it be intruded along hed.ding planes; sueh 

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

roek molten material rool", 
slowly, roel~s are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the snrface are called 
LavHs generally ('001 mort:' rapidly than iutrusive 
a:-1 a rule contain, espef'ially in their 8uperJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are uHlwlly porous, owing to the expansion of' 
the gai::1c,:; originally prcsent in the JlIHg;ma. Explosive action, 
due to these gases, often aceoillpanies volcanic eruptions, 
causing qjeetions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breccias, agglom-

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

frag;ments or particles of older roeks that haye undf'r~one 

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

of materials deposit.ed 111 such water bodies by chemical precipi­
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of roek Q-ebris is water 
in motion, including rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then said to be mechanical. 
Bueh arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift.', or ehclIIieal if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin arc limestont', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'leparatply formed, or the diITerent he 
intermingled in many wayi'l, produeing a great variety 

AnotJlcr transporting ng-t'nt is nil' in llIotion, or wind, ~md a 
third is icc in mot.ion, or glaciers. The mORt characteristic of 
the wind-borne or eolian deposits js loess, a fine-grained earth; 
the most characteristie of glacial deposits is till, a heterogeneous 
mixture of bo·wlder" and pebbles wit.h day or sand. 

Sedimcntnry rocks arc usually made up of lllyt'r;::;. or beds 
which can be separnted. These arc called .strata, 
and rocks in such layers are to be stratified. 

The snri'ace of tlle e-arth is n~t immovable; 0\ er wide regions 
it \'ery slowly rises or sinks, with reference to the sea, and 
Rhore . lint's ~re the-reby changed. .L\.s a result of upwarcl \ 
moyement marine sedimellt~1ry, ro(~ks may become }Jal't of the 
land, and most of our land areas are in faet orcupietl by rocks 
originally deposited as sedilllents in the 

Rocks expose-d at the surff~ce of' tIle air, 
wate-r, ice, animals, and plants, 
known as bacteria. They 
soluble parts HTC leachp(l ont, the 
left as a reBidual layer, \Vaier washes this 

and morc 
matf'rial being 
material down 

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

can~etl by riYe1's t.o thc,oeean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_-\.llu \·ial ~lacial deposits 

df'po~its belong to 
laver is commonly inC'lnded 

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

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

processes, rocks may in com position 
and in t.exture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism the cOllstituents of a chemiea] 

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

From time to time during 
been deeply buried and haye 
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 ones 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 

rocks rbanwterized by it 
Crvstals of mica or minerals may have gr~wn 

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

As a rule, the oldest rocks are most altered and the young,=,f' 
formations haw es('aped metamorphism, hut to this mle there 
are many impOlinnt t.'speeially in l'egiolls of igneous 
activity fmd 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 charad~r or rocks more 01· 1ess uniformly 
"\\il.riell in charader, for example, an alternation of shale Ilnd 
Hmestone. 'Vhere fl'(}m one kind of rocks t.o 
another is graduHI it. may TweesRary to two contigu-
ous formations by an arbitrary line, aTHI some rases the 
dist.ill(~t.ion depends almost. f'ntirely on the contained fossils. 
An igneolls fOl'mat-lon cont.ains one or more bodies of one kinel, 
of' similar occurrence, or of lil~e Ol·igil1. .r\ metanH1l11hic for­
mation lIIay cOlwist of rock of nniform character or of se\ eral 
roeks having COlllIllon eharaetel'istirs 01' origin. 

'Yhen for Reicntifi(' or el'onomic reasons it is desimhle to 
reeogni.ze and map one 01' more deyploped parts of a 
yaried formation, such parts arc members, or In' oom(' 
odieI' appropriate term, as If!ntiIB. 

.\GER OF ROCKS. 

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

/I 

• 



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

The sedimentary formations deposited during a period are 
f!)'oll}1f'd to,2:f'ther into a 8yl:Jtnn. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'rie); iR called a !Jrollp. 

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

Many stratified rocks eontain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of ,yntcr or were ... \ashed into 
them, or were bmied in surficial deposits 01] the hlncl. Rueh 
roekS" are ('aIled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From t.im!:' to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more yal'ied. But during eaeh 
period there lived peculiar forms, did Hot exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'Vllere 
two :'leUimentHry formations are rernot.e from ea('h other ami it 
is impossible to obscrYe their relative positions, the charncter-
istic fossil found in thelll may (letermillC which 'was 
deposited Fossil remains in the strata of different areas, 
proVine(~8, and f"ontineutr: afford the 1ll08t import.ant mean:'l for 
comhining local histories into a earth hist.ory. 

It is TllallY places difficult or to dt'terllliue the age 
of an igneons frfrlllfLtion, hut the rdatiw Hge~of snell n f()rm;J­
t.iOll ean in generaJ be asccrtaillcd by 
associated Redimentary formation of known 
igneous lllaRS or is depositetl upon it. 
which llletalllorphir' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the T('eohlt'd on Dlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench f()l'lnation iR :::;hown on 
the map hy a dist.inetive combillation of color awl pattern allii 
is' labeled hy a speriallett.cr symbol. 

Patterns <COlllPOAPd of parallel 
format.ions 

lines m·e mwd to 
ill tlw jn htkes, 

tIots awl 
('irdf's represent idluyial, and eolian i{ll'll1lltiollS. Pat­
tel'l1~ of trianglf's and rhombs are u:::>ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO('k8 of unknown origill nre 
Sh01i, <l~:shes irn'>)!"lliady placed; if the 1'0('];:: is 
may lw arranged ill \\avy lines pm'HUrl to the t>truetllre 
Suihlble combination THlttel'llR an' used 10r met.amorphie 
tions known to he of or of igneous origin, The 
patterns of eaeh das.., are in various (~().lors. \Vith the 
patterns of parallcl colors are used to indieate age, a 
particular c0101' to cHeh t>YStelll. 

The s\'mbols of two or more letters. If the age 
of a fOJ'~ation is known the symhol includet> the 
bol, ..,,,hieh is H capital lett('; or monogram; 
symbols att' ('0111p08Cd of smalliettel's. 

I'lym­
tllC 

The names of t.he systems and of Iwrif's that have heell given 
distinctive in or(lpr fi'om to oldest, with the 
color and assigne(l to 
subjoined 

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

By.tAll 

ReRF.\CE l'O.l:GUI:'. 

llillfl, yn11py", 1ll1d 1,11 oiher slLffflec forms 1m','!"' beCD produced 
F9r example, IllOst the rcsult. 

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

hy the st.reams; \\a"es cut SP11 (lliH;" amI, in cooperation \\ith 
c~rrcllts, '6uild up sand spits aIld ham. Topographic form" 
thus confltitute part of the rc{'ord of tIle of dIP Ptlrth. 

Some ionns are insepHrably eOIllIecr,cd with TIH~ 

hooked sh9wll in figure 1 is an illustratiou. To thi.8 dnss 
alluyial plain8, lava streams, drumlins (smooth 

of till), and moraines (ridg-(·s of drift made 
at tllC 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 channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n 11uvial 
plain is first built and afttrward partly eroded flWlly. The 
shaping of a marine or lacustrine plain it> ul'lual1ya douhle 
process, hills bei~g- worn awa.y (degraded) and Ya]leys being 
filled up (aggraded). 

AU parts of the land surfaee arc suhject to thc action of air, 
water, and ice, whirh slowly wenr t]leIll down, and streams 
carry the waste mat€rinl t.o the sea. As t.he Jep~'nds OB 
the £low of water to the sea, it ean no,t ('arried belo'w sell 
level, and t.he sea is therefore called the basf::-Iet'el of erosion. 
LnkPs or hlrg: rivers may dd(~rmine locfll hase-Ievels for certain 
regions. When a largc truet is for a long time undisturbed hy 
uplift. or suhsidence it is degraded nearly to basc-level, tmd tlll:' 
fairly even snriace thus produ('erl is called If the 
tract, is aft€l"W1m.1 uplifted, the ele\llted 
re('oTd of the former close·relati.on of the traei to base-level. 

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

lllap tlllOwing the areas occupied 
is called nn areal geology map. On 

,vhieh is the key to tlle lllap. To aseel'-
tain the meaning any color or pnttern and its ]ett.pr 
the rl-'ader should look for that color, pnttern, und 
the where he will find tIle name and 

If it is desired to find 
namc should be sought in the 
Boted; well the areas on the 
pntte1'll mny be iraeed OUL. TIle 
ment of tile ,2:eologic history. In 

according 
unknown 

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

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

(~olors. .A mine symbol shows the 
or quarr,v and is nccompfmied tlw 
mineral mined 01" stonl' If 

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

shaftl-1, and otJ]er 
different heds to 

cntting that exhibits thosc 
a sectiun, and the same term is applied to a 

reneC'S,,,>t>;ng the rebtions. The arrangeilli"ut of'rocks 

is llOt limited, fIOWPH'T, to natllrnl and arti­
for hi" informat.ion eoncerning the earth'l::1 

the mallner of f()rmation of rocktl and 
the be(ltl on t.he surface, 

they Pl18S bencllth Lhe 
surflwe and ean draw repr!"'f.wJlt.ing the strurture to a 
collsi<irrable dept.h. i:"3uch a sec~ioll is illust.rated iIl flgure~. 

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

The figure repTesents a landsrape whieh is cut off sharply 
in the foreground ou a vertical plane, so 3S to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicaLed by appropriate pattel"lls of lines, dots, and dasht'-I:l. 
Thesc patterns admit. of much variation, but those shown in 
Ggure a are used t.o rcpresent the commoner kinds of l"oek. 

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

ShaJylm19st0]1CS 

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

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

sHndstonos, forming the cliffs, and shales, cOll.'ltituting t.he 
slopes. The broad belt of 10weT land IS t.raversed by sevoral 
ridges, which are st'en in the scction to correspond to" the out­
rTops of a hed of sandstone that rises to the surf~lcc. The 
upturned f'dge8 of tIlis hed form the ridges, and the inter­
mediate yalleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhcre the edges of the strata appear at the surfaee their 
thickness can he mell'"mred and the angles at which they dip 
below the sllrffwe can be obseneJ. Thus their positions 
underground can be int"(·Tred. Thc direvtion of the intersec­
tion of a lied Wi.dl a hOl~zontal plane is called thc ,~trike. The 
inclination of the bed t.o the horizontal plane, meHsllred at 
right angles to the strike, is called t.he dip. 

Tn many regions the strat.a are bent into troughs and nrches, 
sllch as are seen in 2. The arches arc eallt'(l anticlines 
and the tl'ou~h;,; As the sandstones, shales, alld 
limestones were deposited bencath the sea in nearly flat sheets, 
the fltrt that dley arc now bent. and fcildf'd is proof t.hat forces 
haye from time to time caused the earth's surface to wrinkle 
along rertain zoncs. In plaees the 8trat.a arc broken across 
and the parts haye slipped ('(If'll other. ~uch breaks are 
tel'me(ljaults. Two kind8 are 8hown in figure 4. 

At the rigl1t of figure 2 the section tlhows schists that are 
tra "ersed by igneous rocks: The schists arc much contorted 
11nd their arrangement uwlerground can not llC inferred. 
Hence that. port.ion of the· section delineates what is probably 
true but is not known by ohseryation or by well-fOlUldf'd 
inierenee. 

The st'dion also shows three set." of formatiolls, distinguished 
by their underground relations. The uppermost set, ~een at 
the left, is made up of sandstOllt'S and Hbales, which lie in a 
horizontal position. These ~trat9 were laid dO'wn under water 
hut are now hi,2:h above the forming a plateau, Hnd their 
ohange of ole-mtion shows that u of the carth's masl'l has 
beell uplifted. T!le straia of set are parallel, a relatioh 
wlJieh is called cm,ero/·muolC. 

The sceond set ('onsists of strata tlwt have be-en 
folded into art-hE'S and troughs. These strata were Ollee eon­
tiUllOUR, but the crests of the arche.,:> litl\Te b;'en Temo\'ed bv 
erosion. The beds, like those of the lin>t set, are c()nformabl~. 

The horizontal st.rata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the :::;eco]J(1 set. shown Ht tlle left of 
the section. The are, from their position, 
e\·idently younger than deposits, and the bend-
ing awl t'Toding of the older beds must have ocrurred betwe~n 
tllf'ir dcposition ttnd the Hccnmulation of the younger beds. 
The roeks arc to the older, and the 
suriuee i", 11ll "nconformity. 

The third set of formations ('onsisto; of crystalline schists aud. 
igneou8 roe1o::s. At 80nle period of their history the l:lehists 
were folded or by pn'>:::;sl1r.e and t.raversed by emptiolls 
of molten But the pTe8suTe and intrusion of igneous 
roeks have liOt affected the over!yinf!: stmta of the se('ond set.. 
Thus it is evidellt that a eon8iderable int.eneal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
thc st.rata of the second set. During tJlis interval the sehi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and they were deeply eroded. The contact between the 
Imd third sets i::; another unconformiLY; it. marks a time 
intenal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idpal, but t.hey 
illustTnte aetnal relalions. The sections on the struetUrL'­
st'ction sheet are related to the maps as the seetion in the 
figure is related to the landscape. Tlw prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the section line, and tJlC dcpth from the surface of any 
min~ral-producing or water-bearing stratum that appea.rs in 
thc section may be measured usillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a columna,j· 8l.'ction, which (',ontains It cone1se 
description of the sedimentary formationt-i that oecur in the 
qU~idrangle. It presents a summary of the filCts relating to the 
<character of the rocks, the thi(~kness of the formations, awl the 
order of aceuIIlulation of 1:1I1(:eessi ve deposits. 

The roeks are bri.efly deseribed, and thpir eharaders are 
indicated in the eolumnar diagram. The thickne8ses of for­
illations are given in figures thaL stllte the lenst and greatest 
meIL'lUl'ements, and the thickness of caeh formation is 
shown in the COlUlllTl, which drnwn to w~ale. The order of 
aceuIllulation of t.he sediment8 is shown in the columnar 
arrangement.-the oldest being at the hottom, the youngest at 
the top. 

The intt'rvalt> of t.ime that correspond to events of uplift. and 
degradation and eonst,itut.e iuterruption::; of deposition are 
indicated graphicaUy and by the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE APISHAPA 

GENERAL RELATIONS. 

GEOGRAPHY. 

Location and area,'-The Apishapa quadrangle is bounded 
by meridians 1040 and 104° 30' and parallels 37° 30' and 38° 
and includes one-fourth of a square degree, an area, in that 
latitude, of 944 square miles. It lies wholly in Colorado and 
comprises portions of Las Animas, Pueblo, Otero, and Huer­
fano counties. (See fig. 1.) Its northwest corner is about 20 
miles southeast of Pueblo. 

]'IGURE I.-Index map of south-central Colora,do. 
The loca.tion of the Apishapa quadrangle is shown by 1he rlarhr ruling (No. J86) Published 

folios describing "thBr areas. indicated by lighter ruling, as follows, Nos_ 7, Pikes Peak; 
36, Puoblo; 48, Tenmiledi~trlct; liS, ElmoN; 68, Walsenburg; 71, Spanish Peaks; 135, Nepesta. 

GJ'eat Pla'ins province.-The Apishapa quadrangle lies in the 
west-central part of the Great Plains province, which extends 
from the Rocky Mountains province on the west to the 
Prairie Plains province of the Mississippi Valley on the east. 

The Great Plains province as a whole slopes eastward at a 
rate of about 10 feet to the mile from an altitude of abollt 
6000 feet at the base of the Rocky Mountains. Large tracts 
of its surface are smooth and gently,undulating; others are 
characterized by hills, mesas, cliffs, and canyons ,of moderate 
dimensions; and a few high ridges would be called mountains 
if they stood at a greater distance from the imposing front of 
the Rockies. The portion of the Great Plains in which the 
Apishapa quadrangle is situated is one of the more rugged, 
abounding in hills and meSRS several hundred feet in height. 

The Great Plains are drained by eastward-flowing rivers, 
the larger of which have their sources in the mountains. 
These rivers ate aU tributary to the Mississippi and cross the 
higher part of the Plains in deep canyons cut in the eastward­
Bloping uplands. Arkansas River, which is the main artery 
of drainage for this portion of the Plains, heads within the 
mountains, receives the precipitation of an extellsivc moun- . 
tainous area, and issues from its last mountain gorge as a large 
stream. Its general course on the l'lains, in which it is incise(l 
to a depth of several hundred feet, is eastward. Houth of its 
canyon a number of minor streams, starting from the outer 
slopes 'of the mountains, flow northeastward in similar canyoiu! 
to join the Arkansas. The Apishapa quadrangle, lying 10 to 
20 miles south of the main river and 25 miles east of the 
mountain base, is traversed by three of these tributary 
streams-Huerfano and Apishapa rivers and Timpas Creek. 

GEOLOGY. 

The rocks of the Great Plains are chiefly sedimentary and 
were deposited in a great interior body of water, which was 
usually connected with the sea hut wlH)A:e waters heeame at 

"The principal geologic field work in the Apishllpa quadrangle was done 
in 1894 by G. K. OUbtlrt, assisted by G. W. Stose and F. P. Gulliver.' The 
accurate topographic survey on which the IIlaps in this folio are based was 
not executed until two years later. The geologic boundaries and other data 
were transferred from the old base to the new in the o1llc~. and it is prob· 
able that some minor details of geologic boundaries are lesa exactly por· 
trayed than they would have been if the geologists had had the use of 
an accurate topographic baee in the field. In 1903 C. A. Fisher verified the 
mapping of fonnatioDII along the northern boundary of the Apishapa 
quadrangle, adjacent to the Nepesta quadrangle, and afterward revised the 
mapping along the eastern boundary of the quadrangle. Mr. Stose trav­
er~ed the quadrangle agaJn in uno primarily to study the Purgatoire for· 
mation and separate it from the Dakota sandlitone, thus mapping the 
boundary between the Lower and Upper Cretaceous. He readjusted to the 
new sketch of the topography such other boundaries &8 were observed in 
the field to be inaccurately located. The new drawing of the map and 
deformation (lOntoID'S and the descriptive text are by G. W. Stose. 

By neorge \V. 8tose.a 

times brackish and even fresh. The general attitude of the 
strata is approximately horizontal. Large areas are occupied 
by Tertiary beds, other large areas by Cretaceous formations, 
and smaller tracts by Jurassic (?) and Triassic rocks. Beneath 
these strata and not generally exposed at the surface of the 
Great Plains are representatives of several Paleozoic systems, 
the sedimentary series resting on a foundation of granitic rocks 
of Archean age. 

The Rocky Moulltains have been formed chiefly by uplift, 
and the uplifted mass has suffered extensive erosion, so tIlat 
broad areas of the Archean basement rocks are exposed. 
Along the eastern base of the mountains the strata of the 
Plains are sharply upturned so as to stand at a stee-p angle. 
Their worn edges constitute narrow lines of outcrop, and col­
lectively they make up a belt of peculiar character, separating 
the ancient rocks of the mountains from the nearly level 
formations of the Plains. 

In a few places along the mountain front in Colorado red 
sandstones of Cambrian age. not over 100 feet thick, are 
exposed, overla,in by several hundred feet of Ordovician lime­
stones and sandstones. Bilurian and Devonian rocks appear 
to be entirely absent along this -part of the Rocky Mountain 
front, although they may be presen't beneath the Great Plains 
and ha ve been eroded or overlapped by younger strata along 
the shol'e of the ancient sea. ReBting on the older sedimen­
tary rocks where they are exposed, and overlapping them at 
most other places along the mountain front, are Carboniferous 
and Triassic strata having a maximum thickness of possibly 
1600 feet. The upper part of this series is composed of 
bright-red shale and sandstone which in places make a charac­
teristic narrow red valley. 

Marine Jurassic beds occur further north along the moun­
tain front but fire apparently absent in Colomdo. Overlapping. 
all the older strata in most places along the mountain front 
is another red formation, of late Jurassic 01' Lower Creta­
ceous age. This is conformably overlain by the rest of the 
thick series of Cretaceous sediments. The older strata are 
steeply inclined or vertical, but -the Cretaceous beds are so far 
from the uplifted mountainous area that they are less tilted. 
The sandstones neal' the base of the Cretaceous are inclined 
40°-60° E. and because of their resistant character produce a 
line of hogback ridges with smooth dip slopes on the east and 
rocky precipitous slopes on the west. The softer overlying 
beds are still more gently inclined and are more nearly hori­
mntal the farther they are from th-e mountain front. 

FIGURE 2.-Relief map of south·central Colorado. 
ShoWs ~ reIat1{m of the Ap'illliapa quadmngle (ontllned rectangle) to the tl'Ollt ranges of the 

Rooky Mountalru!. 
8oole: 11neh~ 25 milesIlPProIim"tely. 

The Rocky Mountain uplift is not simple but compound. 
Some of the major elements and many minor elements lap 
~st one another along the eastern mountain front, with the 
r~~mlt that the belt of steeply upturned strata adjacent to the . 
mountains is not a simple one from north to south but exhibits 
a number of salient and reentrant angles, the reentrants point­
in'g. northwest,!ard into the mountains and the salients south-

QUADRANGLE. 

eastward into the plains. Just north of Arkansas River the 
south end of the Front ,Range thus prqjects into the plains, 
and just south of the river the end of the Wet Mountain 
Range marks a similar projection. (See fig. 2.) 

The general evenness of the strata of tile Plains is inter­
rupted here and there by undulations or folds, most of them 
gentle, and some of these folds are associated with individufll 
uplifts of the Rocky Mountains. From the so~th end of the 
Front Range a low axis of uplift continues in a south-sonth­
easterly direction, and from a point near the smith end of the 
Wet Mountain Range one of its axes of uplift is prolonged 
into the Plains in an east-soutbeasterly direction. From the 
junction of these nxes a broader and somewhat higher anticlinal 
arch, the Apishapa anticline, extends southeastward for 40 or 
,I}Q miles and, with lower crest, somewhat farther, eventually 
joining a still broader uplift with more easterly trend, the full 
form of which is not yet known. Northeastward from the 
Apishapa anticline the strata descend to a shallow structural 
basin of great extent, and southwestward to a synclinal trough 
whose western limb follows the base of the Culebra Range of 
the Rocky Mountains. 

South of the Wet Mountain Range, close to the base of the 
Culebra Range, is a conspicuous mountain mass called Spanish 
Peaks, formed largely of intrusive igneous rock. Radiating 
from the igneous nucleus of this mountain is an extensive sys­
tem of vertical dikes. A little farther south, extending from 
a point near the base of the mountains e'dstward into the 
Plains, is a group of high mesas capped with extrusive lavas. 
The highest of these is Raton Mesa, whose crest rises 3000 
feet above its northern base. The Apishapa quadrangle 
includes a portion of the district traversed by the dikes, and 
its drainage has probably been indirectly influenced by the 
volcanic extrusions. 

TOPOGRAPHY. 

RELIEF. 

General jeatures.-The Apishapa quadrangle is situated 
wholly in the Great Plains and in the dminage basin of the 
Arkansas, its surface having a general northeastward slope 
toward that river, which is 10 to 20 miles north of the quad­
rangle. 

All details of topographic form in the quadrangle are the 
result of erosion by streams, rain, wind, and frost. The pro­
files of the surface features fall into three general linea-an 
upper level, formed by a series of mesas; a medial level, formed 
by teIT'dCeS parallel to and at the foot of the mesas; and a lower 
level, that of the general plain above which the mesas rise and 
into which deep canyons are cut. These levels or benches are 
made more evident by a growth of trees along their rims, the 
surface back from the rims and the slopes below each bench 
being treeless or hut sparsely wooded. (See PIs. I and IV.) 
The benches are due to successive nearly horizontal layers of 
more resistant rocks that form prqjecting ledl!;es in the midst of 
soft beds that are more readily rcmoved by erosion and occupy 
slopes below the ledges. A( shown in figure 3, the upper 

FIGURE a.-Typical profile of the mesa escarpment capped by Timpaslime· 
stone. the medial bench capped by Greenhorn limostone, and the lower 
plain composed of Dakota sandstone. 

bench or mesa is formed by the Timpas limestone, the medial 
terrace by the Greenhorn limestone, and the lower plain by 
the Dakota sandstone. 

The quadrangle may be divided topographically into three 
parts-the northeastern mesa., the central upland, and the 
southern mesas-and each tIi vision has a characte'ristic topog­
mphy determined chiefly by the attitude and nature of the 
rocks at the surface. 

Northeastern mesa.-The northeastern third of the quad­
rangle is occupied by a rolling northeastward-sloping plain 
crossed by broad valleys d.raining in the same direction. The 
streams generally lie in shallow box canyons in the alluvium ... 
filled valley bottoms, making tl"dvel across them difficult. 

The mesa is hounded on the southwest by a steep zigzag 
escarpment facing southwestward and cut through by the 
streams, so that the valleys occupy deep reentrants separated 
by high promontories. The upper part of the escUTpment is in 
most places a cliff 20. to 50 feet high, with steep slopes below. 



Midway on the slope there is generally a bencn, referred to pre­
vioua1y as forming the medial level. In the stream reentrants 
the escarpment gradually diminishes in height and disappears at 
the stream crossing. The promontories have altitudes ranging 
from 5200 feet to over 5500 feet, the highest one, 4 miles from 
the north edge of the quadrangle, reaching 5514 feet. These 
promontories no doubt have local names not given on the 
map, for they stand out above the surrounding lowland like 
mountains. 

From the escarpment the surface of the mesa has a general 
northeastward slope to an altitude of 4400 feet at the lowest 
point in tlle quadrangle, in its nortlleast corner. This sur­
face is in general a \ part of.a broad planation surface which 
formerly.covered the whole region, probably rising ahove the 
tops of the Rattlesnake Buttes in the western part Qf the quad­
rangle, and below which the present surface has been eroded 
by means of the revival of the streams by uplift and warping 
of the old planation surface. (See fig. 4.) The SUl'face slopes 
with the dip of the rocks but not. so steeply, so that older 
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the surface of the gravel in the stream bed emerges from place 
to place as a thin stream or stands in a rook-bound-water hole. 

During heavy rains the water rapidly runs off from the 
almost impervious baked clay and shale slopes and eats deep, 
precipitous ravines into the hills. The arroyos and canyons 
temporarily hold ton'Cnts of water that carry the waste prod.­
ucts down toward the Arkansas, the flat valley bottoms being 
silted up as the stol'm waters recede. 

Most of the dminage of the quadrangle Hows to Arkansas 
River by way of Apishapa. and Huerfano rivers and Timpas 
Creek. A small area in the northern part is drained by 
Chicosa Creek and its tributaries directly into the Arkansas, 
~nd a few small ravines in the southeast corner of the quad­
rangle discbarge into Purgatoire River, also a tributary of the 
Arkansas. 

Apishapa River.-Apishapa Rioer heads on the OIIst slope 
of Spanish Peak,25 miles southwest of this quadrangle. It 
enters the south{'rn part o~ the quadrangle in an open valley 
in which its many small branches head in reentrants in the 
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PLANATION PLAIN .... 

FIGURE 4-.-Profl.le along a line running northeastward from North Rattlesnake ~utte to the edge of the quadrangle, and the 
hypothetical position of the Tertiary planation SUl'face which formerly covered this area. 

Kd. Dakotasa~; Kt. 'l'Impasiimestone. 
HorizontalllCQJe: Ilnoh _ 4 n:dle8.' Verti.;oal rteat& Dve time. thehorlzon~. 

formations outcrop successively southwestward.. The p:r~nt \ 
rim of the mesa is approximately along the line where the 
hard limestones at the base of the Timpas were beveled by the 
old planation surface, as shown in figure 4, and the bounding 
escarpment has been cut in the softer shales of, the Benton 
group. The position of the mesa rim is brought ont' mOl'C 
prominently on the geologic than on the topographic map by 
the line between the patterns representing the Timpas lime.. 
stone and the Carlile shale. 

The soil of the m~ i,s del'ived from limy.sh!j.les, and where 
water for irrigation is available has -proved to be fertile. The 
present attempt to cultivate the gentler elopes ought to be suc­
cessful if sufficient water can' be confined in the reservoirs on 
the streams and distributed by ditches without too much loss 
by evapora~ion and absorption. 

Central upland.-The central and western portions of the 
quadrangle are occupied by a high interior plateau sloping 
from the Rattlesnake Buttes northward, eastward, and south­
eastward and drained in the same directions through deep box 
canyons. 'rhe altitude of the surface increases from about 5000 
feet at the base of the escarpment ou the northeast and about 
5400 feet along the southeast side to about 6100 feet in the 
culminating area about the base of the ~ttIesnake Buttes. 

rfhe upland surface is in general a broad, flat half dome, the 
margins of which are several hnndred feet lower than the rims 
of the surrounding mesas, whereas the central part is much 
higher than the mesa rims. This surface is fQrmed almost' 
entirely of the uppermost hard beds of the 1)akota sandstoQ.e, 
·which dip northward, eastward, and soJ.ltheastward with. the 
slope of the surface. It is generally barren and the soil is scant 
and infertile because of the resistant nature of the rock from 
which it is derived. 

mesa. clift's on both sides. On reac1iing the central upland 
region it enters a deep, winding canyon at the edge of the 
exposures of Dakota sandstone. (See PI. VllI.) In this part 
of its cou:nre it receives few tributaries from the east, but three 
long branches, Jones Lake Fork and the streams," in Bass 
Canyon and South Canyon, enter it from the west. These 
streams also flow in deep rock canyons. The headwatel'S of 
.most of these streams and thm many branches converge in 
a geneml way toward Rattlesnake Buttes. The Apishapa 
emerges from its canyon at the point where the Dakota sand­
stone dips beneath overlying soft strata and there enters another 
open valley, which leads through tlie mesa front to the sloJr 
ing plains beyond, on which the stream meanders in a broad, 
open valley. Its main branches in this part of its course are 
Saunders Arroyo and Mustang Creek. These streams have 
open V8:11eys in the. plains pOrtiops of their cou.rses, but their 
numerous nearly parallel tributaries, which head on the 
northeastward-sloping Dakota sand~one surfaCe, have cut 
deep, rugged canyons. On passing out of the sandstone area, 
h~wever, these streams also enter open ;alleys, which lJad 
through the mesa front out upon the pl8lllS beyond. Other 
smaller tributaries of the Apishapa head on the slopes of the 
limestone mesa. 

Two peculiar features in the course of the Apishapa across 
the quadrangle require ~xplanation. The river cuts through a 
broad anticline, at the l.xis of which it has become deeply 
incised in the Dakota sandstone; and, like all the other 
streams that flow northeastward d_own the slope of the Dakota 
'.Banda~one, it. flows toward and through a break in the mesa 
tronl (See fig. 5.) Such courses could not have been estab-

During seasons of dronght -these temporary lakel3 diminish in 
size and many of them completely dry up. The origin of the 
lake basins is discussed under the heading" Geologic history." 

VEGETATION. 

The Apishapa quadrangle is largely a prairie that sustains 
a thin growth of grass, small flowering plants, sagebrush, cane 
cactus. and other small shrubs. Cottonwood or aspen trees 
line the flood plains of Huerfano and Apishapa rivers and occur 
more sp~ringly a~ong other drainage lines. Juniper (commonly 
called cedar) and pinon grow on rocky tracts, especially on tho 
benches of Greenhorn limestone, at the mesa escapments of 
Timpas limestone (see PI. I), and at the brinks of canyons in 
the Dakota sandstone. Gilbert noted that the pmon does not 
grow below altitudes of about 5100 feet or the juniper below 
4900 feet, and that below 5200 feet the mesa: crests are mostly 
bald. Yellow pine grows sparingly on the Dakota sandstone 
and prefers the most rugged places. It is a straggler at ~ti­
tudes of 6200 fe.t but is more abundant at 5600 to 6000 feet. 
The highest parts of the area-mesas of Ti~pas limestone about 
6bOO feet in elevation-are covered with juniper and pinon. 

The timber has no commercial value but is used locally for 
making log cabins and corrals and for fire wood. All the 
region within reach of the newly settled agricultural tract in 
the northeastern part of the quadrangle has recently been 
stripped of its timber. 

CULTURE. 

The most important cultural feature in the qnadrangle is the 
main line of the -Atchison"Topeka & Santa Fe Railway, which 
crosses ita sontheast corner. :Until recently the quadrangle 
had very few permanent;residents. Many of the houses shown 
on the topographic rna,p~ which was surveyed prior to the 
establishment of White RoCk settlement and scattered ranches 
on the,northeastern mesa, are the temporary abodes of.stock 
raisers and herders or are old, abandoned ranch houses. The 
McDaniel, Yellowbank, English, Pittinger, Reynolds, Bonito 
Cordova, and Elmore: I.1lpches, shown on the map, and the 
Redtop and two or three others not shown, are the, chief 
permanent resi~e-nces outside ot th~ village. of White Rock 
and the small settlements about -the railroad stations at Delhi 
and _Thatcher. These ran.ches are chiefly stock farms, having 
the low adobe 'houses typical of the plains, and most of them 
inclose in wire fences large areas of g.razing land. The largest 
inclosed tract, kno'wn as' the Ben Bntler ranch, em braces 
several thonsand acres in the northwest comer of the quad­
rangle, reaching south.ward to the Huerfano County lin.e and 
eastward to Black Ridge. The buildinge of this mnch lie just 
north of. the' quadrangle. Small patches of land around some 
of the ranch hollSes ,are cultivated and Mexican beans are 
raised in some larger .tracts by dry farming. . "'I 

'fhe railroad settlements each comprise a.station, a pOst office, 
one or two stores (generally"abandoned or temporarily closed), 
a few temporary dwellings, and one.. or two large ranch' houses 
where accommodations can be had. At Thatcher a reservoir 
in Timpas·Canyon supplying water for the locomotives necessi­
tates a pUIJ?ping station and a few houses. 

A few hills of shale and limestone rise above the surface, the 
most conspicuous of which are the. Rattl~nak.e Buttes, which 
surmount the culminating point of the upland, attaining an 
altitude of 6442 feet. (See PI. V.) The .. tops are probably 
remJ;lants, somewhat reduced in altitude by erosion, of the 
planation surface of which the northeastern mesa was a part, 
the N'St of the central upland area having been eroded below 
that plane. Into the upland surface are cut canyons of various 
sizes, some as much as 400 feet in depth, arranged more or 
less radially about the summit. The deeper canyons are cut 
through the hard beds of the Dakota sandstone into the Pur­
gatoire form~tion and are consequently very rocky and pre­
cipitous. 

FrGURB 5.-ProiUe along Apillhapa River in the Ap:lshapa quadrangle. 

Southern area.-The southern area comprises several large 
separate mesas of Timpas limestone, including Cordova Mesa, 
Tyrone Flats, Poitrey A..,.oyo Hilla, and Big Arroyo Hill" 
These larger mesa masses are separated by the valleys of 
Apishapa River and Timpas Creek and their main tributaries 
and are highly dissecte4 along their margi!1s by smaller ravines 
and arroyos. The mesas range in elevation from 5700 feet in 
Tyrone Flats to about 6480 feet near the western boundary 
of the quadrangle. The larger valleys in this part of the area 
are broad and open, but the usual small box canyons occur in 
the allu vial bottoms. The mesas are arid, and as they are disw 

connected no water can be gathered. and stored on them for 
irrigation. 

DRAINAGE. 

General features.-Most of the stream channels in ~e quad­
rangl~ are arroyos, being dry during fhe larger part .of the 
year. At almost any time, however, water can be found at 
favorable places in the deeper canyons in the Dakota sandstone 
in the central upland area, where the water flowing beneath 

The:rlver'8 canyon in the arohed Dakota. I!IlDdIItone In the middle ill fianked at both ends by open valleys In the 1IOftel- overlying strQta. 
Kd. Dakota sandstone; Kt, TimpaliJime.tone. 

Hot~!lC8Je:llrulh_"mlles.Vertlcal.!lC8Jetent1meathehorizonte.l. 

lished Qn. the present surface and must have been inherited 
froIp. an older higher surface. This matter is discussed unqer 
"Geologic .history." 

Huerfo;no River.-Huerfano River heads in the. Rocky 
Mountains and for only a few miles of its course passes through 
the northwest corner of the quadrangle, where it occupies a 
~ery deep, precipitous canyon in the Dakota sandstone .and 
underlying format'ions. It has seve-NI short tributaries in the 
quadrangle, which also have rugged ,canyons, and also a larger 
tributary, Doyle Arroyo, which heads on the north slope of 
the Rattlesnake Buttes and, after passing through a canyon in 
the Da.kota sandstone, cuts. thro~gh the mesa front in a very 
deep reentrant before leavjng the quadrangle and joining the 
Huerfano. 

Timpas Oreek.-Timpas Creek heads within and-drains the 
southeastern portion of the quadrangle, ita branches reaching 
back in ramifying arroyos into the limestone mesas on both 
sides. At Delhi it enters a short deep canyon in the Dakota 
sandstone and a mile or two to the west a tributary, Poitrey 
Arroyo, occupies a parallel canyon. 

LaJces and ponda. - Scattered over the quadrangle are 
depressions which, during most seasons, contain pOnded rain 
wat-er and furnish one of the sources of water' for s~k. One 
of these lakes is shown in Plate m. A few of these lakes are 
on the surface of the Dakota sandstone and on the limestone 
mesas, but most of them are on the shales of the Benton group. 

The settlements on the northeastern mesa are made up of 
quarteHection ~homeSteadSJ.·in part fenced and under cultiva­
ction by irrigation. _The houses are mostly small frame dwell­
ings, but a few are more substantial and som? are of brick. 

DESCRIPTIVE GEOLOGY. 

SEDIMENTARY ROCKS. 

STRATIGRAPHY. 

SYSTEMS REPRESENTED. 

The sedimentary rocks exposed in the quadrangle belong to 
three systems-Cretaceous, Tertiary, and Quaternary-and 
possibly a fourth, J u~sic. The Cretaceous strata occupy the 
surfu.ce of nearly the whole quadrangle. The rocks of poesibly 
Jurassic age directly underlie the known Cretaceous and are 
exposed only in the deepest canyons. ~he Tertiary and Qua. 
ternary strata rest nnconfonnably upon the Cretaceous, having 
been deposited after a long interval of time 'during which there 
were important physical changes. The summary of the con­
solidated rocks of the quadrangle is given in the columnar 
section forming figure 6. 

JURA88IC OR CRETACEOUS ROCKS. 

The oldest rocks exposed in the Apishapa quadrangle are 
heterogeneous nonmarine sediments of the Morrison forma­
tion, which are of either Lower Cretaceous or Jurassic 'age. 



Chameter and thickness.-The lowest formation exposed in 
the area consists of blocky clay shale or argillite, with thin 

. byers of limestone and beds of arenaceous shale, and 80ft sand­
stone. The argill~ceous rocks are of brilliant colors, ranging 
from white to chocolate and rea and to green and drab. They 
are usually non foliated and compact, having a tendency to 
crack in weathering into cuboid blocks instead of shaly frag­
ments, and can not properly be called shale. The term 
"argillite," which has been used to some extent for rock of 
this character, will be employed in this sense throughout this 
report. The thickness in neighboring areas ranges from 100 
to 300 feet. "\Vithin the quadra.ngle the eXpOSUl'e8 are poor 
and are limited to the upper 120 feet of the fOl:mation. The 
following composite section measured in the Huerfano Canyon, 
on the western border of the quadrangle. is only approximate: 

I'aTtialseetion of the Morrison forllwtion in J[uwrfano Canyon. 

Sandstones of the Purgatoire formation 
Variegat.ed shale and compact argillite, green, drab, and 

dull maroon in c010r, lar~ly covered ______ . _______ ._ 37 
Massive gray sandstone having ocher·colored spots, with 

soft fine-grained ehocolate-colored sandstone above and 
red layers towaJ."d tho top. JJargely covered. Exact 
relation not known 58± 

Greenish-gray shale aud compact argillite with 6·inch 
beds of impure limestone and short lenses of sandi!tone. 
The limestones CQntain smaH fresh-water gastropoas 
and lamellibran.chs__ 25± 

120± 

Scattered outcrops of red shale and compact green to drab 
mottled argillite in the debris-covered slope are generally all 
that is seen of the formation~ The impme limestones near the 
base (see PI. VI) were observed at only one place and are 
believeu to be the lowest beds outcropping in the. quadrangle. 

Two miles aboye the mouth of Jones Lake Fork, at the Rxis 
of the Apishapa anticline, at least 100 feet of the formation is 
exposed. The uppermost beds are here largely concealed by 
talus, but about 30 feet is composed of reddish shale with 
small yellow calcareous concretions. Below this is 8 to 10 feet 
of purple limestone with white calcite seams and blebs. At 

') 
i> 

The top of the formation is generally defined by the massive 
beds of purer light-buff sandstone of the Purgatoire 'formation, 
although a.t one place in the Joncs Lake Fork canyon a con­
glomerate with red matrix was observed at the base of the 
Purgatoire. The base of the Morrison is not exposed in this 
quadrangle, but elsewhere in the l'egion -it is defiued by red 
gypsiferous shales of the underlying "Red Beds," called the 
Badito formation in the Huerfano Canyon in the adjacent 
Walsenburg quadrangle by R. C. Hills and the Fountain for­
mation along the mountain front in the Pueblo quadrangle 
by Gilbert. The following section of the formation in a 
brnnch canyon of Purgatoire River, 20 miles east of' the 
Apishapa quadrangle, was measured by Lee:'" 

Section of .Jl[or1'Won j'ormntwn in &d ROfJklJ ClJinyon, b'l'nnch of l'nrg(1,toire 
Cnnyon. 

[llyW.'l'.Lee,j 

Massive sandstone [purgatoire formation, called Dakota 
by Lee]. 

Bri'cl!:-·red arenaceoUl! shale, cont.aining bands of hard 
fine-grained sandstono__ 25 

Reddish limcstQne, very brittlD and having a conchoidal 
fracture _____________________ _ 

80ft dark clay shale._ 30 
Light.browu clay Bhale_ 11 
Argillaccous lhuestone 
Brown shale_ 
Concretionary limestone __ 
Variegated clay shale with joint structure_ 
Fine yellow paper shale __ .. _____ . ___ _ 
Argillaceous limestone, finely laminated __ 
Fine shale._ 1 6 
White limestone ___________________________ 1 

Variegated clay shale_ _ 15 
Argillaceous limestone, finely laminated __ 
Yellow shale_ 
Sandstone containing agate either in concretionary 

Illll.Sl>eS half an jnllh or more in diameter or disseIJ.Li· 
nated generally throughout the mass __ 

Sandstoue, easily crumbling; made up of t.hin layers __ 
Massivc sandstone, poorly indurated_. 
Fine paper shale __ 
Massive sandstone, poorly indurated __ 
Gypsum interstraf.ified with elay. undcrlain by red 

sandstone ("Red Bed8," of supposed Triassic ab"C). 

130 2 

ChQ1'ader of rooks. Chal'ack,l' of topography and soils. 

Rooky 

FIGURE 6.-Columnar section of the sedimentary rocks exposed in the Apishapa quadrangle. 
&a.le: linch~200f""t. 

the base is compact green argillite, mottled with purple, 
weathering in part to shale, and greenish sandstone contain­
ing a 6-inch bed of' dark-green and red jasper. A section 
measured by Gilbert at the mouth of Jones Lake Fork showed 
77 feet of the formation, as follows: 

P(lrtial section of Morrison formation at mouth of JonelJ Lake Fo'rk. 

[ByO.K Glloort.] 

Thin sandstone and gray shale [Purgtlotoire formation]. 
Chocolate·colored shale_______ _ __________ 16 
Soft pale·gray sandstone freckled with brown, weathering 

pale brown_~__ 10 
Variegated ·compact blocky shale, red, ohocolate, green, and 

white. with bands of fine sandstone. SODle tough and 
hruwn. The lowest sandstone is a fino·grained white rock 
freckled with pale yellow_" _ 51 

77 
Aplsbapa 

The ag-dte layer neal' the base of the section is probably the 
jasper layer seen in the Huerfano and Apishapa sections. 
The supposed Tl'iassie age of the red sandstone beneath, the 
gypsum beds is based on the identificat.ion of a bone collected by 
Darton b in the Purgatoire Valley and of teeth and other bones 
collected by Lee in the same region as fragments of' a belodont, 
a characteristic saurian of the 'l'riassic. I~ee's inclusion of the 
gypsum 'with the "Red Beds" is in keeping with the treatment 
of pre-Morrison rocks in other areas by previous writers. 

The pre-Morrison rocks in the Walsenburg quadrangle were 
regarded by R. C. Hills as probably Carboniferous (Bauito 

aLee, w. T., The MOl"l'ison formation of southeastern Colorado: Jour. 
Geology, vol. 9. 1901, p. 34-7. 

bDarton, N. H., Geology and underground waters of the Arkan~as Val· 
ley in eastern Colorado: Prof. Paper U. S. Goo!. Survey No. 52, 1906, p. 20. 

formation), and recent studies of the rocks along the Rocky 
Mountain front by R.. D. G·eorge.a State geologist of Colorado, 
has demonstrated the Permian age of the" ned Beds" there 
exposed beneath the Monison. 

In the 'Walsenburg folio (No. 68) R. C. Hills describes the 
Morrison formation in Huerfano tlnd Cuchara canyons, just west 
of the Apishapa quadrangle, as a variegated shale and clay, 100 
feet thick, with bands of limestone containing vermilion cherts. 
Hills further states that stUl farther west, ·at the foot of Green­
horn Mountain, the south end of the 'Vet Mountain Range, the 
formation thickens to 270 feet and has a basal member 60 feet 
thick of soft white sandstone with conglomemte layers, which 
he regards as littoral deposits close to the old shore. 

Di.J3tribu.ti'()n.-The :Mol'l'ison formation occurs in only three 
areas in the Apishapa qmldrangle. A narrow strip, exposed in 
Huerfano Canyon near the northwest cornel', passes out of' the 
quadrangle and reenters 2 miles to the north, where the Huer­
fano swings into the area again. The third outcrop is in the 
Apishapa Canyon, where the formatiou is exposed for about 
4 miles along the Apishapa and for more than a mile up Jones 
Lake Fork, to the west. As it occurs at the base of the canyon 
walls, its outcrops are mostly covered by debris from the over­
lying sandstones. Its extent as repl'esented on the map was 
determined by the position of the top of' the formation as 
calculated from scattered outcrops. 

Fossils mnd age.-Only a few fJ'esh-water shells, Valvata 
scabrida, were found in this formation in the quadrangle. 
These were obtained from limestones which are believed to be 
the lowest beds exposed in the Hucrfallo Canyon within this 
area. This species is reported by Stanton to be characteristic 
of the Morrison formation elsewhere. The formation also 
closely resembles in lithologic ehanl(~ter the Morrison of othel' 
areas, being composed largely of red and purple argillite or 
clay, with thin layers of limestone and segregations of charac­
teristic red jasper or agate. Occurring immediately beneath 
sandstones formerly regarded as part of the Dakotu, the for­
mation occupies the position of the Morrison mapped in the 
adjoining Pueblo and "\Valsenburg quadrangles, and although 
its base is not exposed, it may safely be called Morrison. 

At its type locality, Morrison, Colo., near Denver, and 
elsewhere along the Rocky Mourrtain front, especially at 
Garden Pa.rk, near Canon City, west of the Apishapa quad­
rangle, the Morrison contains abundant dinosaur remains, 
from which it. early received the name Atlantosau.rus beds. 
Vertebmte remains, including M01'osanru8 and Diplodocus 
vert.ebrre identified by Barnum Brown and Brontosaurus bones 
identified by C. W. Gilmore, have also heen ohtained south and 
east of the Apishapa quadmngle in beds corresponding in posi­
tion and character to those here described and similarly exposed 
in deep canyons in the plains. Abundant hones were collected 
by Stanton and Lee in the adjacent Tim pas quadrangle and 
similar remains would probably also be found in the Apishapa 
quadrangle if the exposures there were more extensi ve. 

The fossils so far obtained from the Morrison formation com­
prise bones of terrestrial animals, (including mammals, dino­
saurs, crocodiles, turtles, lizards, and birds) and of fi'esh-water 
fishes, and shells of land mollusks. The exact age of these 
fossils has not yet been determined. Some paleontologists 
assign the beds to the Cretaceous; others. consider them to 
belong in the Jur!lssic. The fresh-water invertebrates are of 
modern types, not distinctive of either age, and the dinosaurs 
and other yertebrates, although they were formerly regarded by 
Marsh and others as Jurassic, are considered by such author­
ities as Lull lJ and Williston to be of Cretaceous age, and the 
beds containing them to be equivalent to the 1N ealden of 
Europe. The weight of evidence at hand at the present time is 
in favor of the latter view. 

CRETACEOUS SYSTEM. 

In the Apishapa quadrangle the Cretaceous systcm includes 
thc Purgatoire formation, representing the Comanche or Lower 
Cretaceous series, and the Dakota Bantlstone, Granel'os shale, 
Greenhorn Jimestone, Carlile shale, Timpas limestone, and 
Apishapa shale, representing the Upper Cretaceous 'series. 
The Graneros, GJ'eenhorn, and Carlile formations constitute 
the Benton group, and the Timpas and Apishapa formations 
the Niobrara group. The t.hickness of the whole is about 
1300 feet, of which 330 feet is sandstone, 50 feet limestone, 
and the remainder shale. 

It may be stated with confidence that the next higher Cre­
taceous formation, the Pierre shale, was originally deposited 
over this area lind has been eroded away, and it is not improb­
able that the Laramie formation, the highest member of the 
system in this region, was also once present. 

PURGATOIRE FORMATION. 

Name and "definitwn.-The Purgatoire format-ion, which is 
composed largely of sandstone, was formerly regarded as part 
of the Dakota sandstone and is so mapped in the Pueblo and 

a Personal communicat.ion. 
b Lull, R. S .• Dinosaurian (li!ltribution: Am. Jour. Sci.,4th ser., vol. 29, 

1910, pp. 1-39. 



"\Valsenburg, folios. The, discovery of fossil leaves of Lower 
Oretaceous age in the middle and lower portions of' what han 
been previously l'egilrded .a8 the Dakota sandstone in South 
Dakota led to the suspicion that other areas of so-called Dakota 
sandstone included rocks ofCoinanche age. In 1905 Stanton a 
and Lee discovered it marine Comanche fauna in the shales 
between thH two sandstone beds pr:evionsly called Dakota in 
the canyons of Purgatoire, .cimalTon, and Canadian rivers 
southeast of the Apishapa quadrangle, and similar COli1anche 
strata were recently found by Stanton and the prcsent writer 
between the Morrison and the upper portion of what lw,d. been 
regarded as the Dakota sandstone in the Apishapa are'd. Upon 
this discovery rests the separation of the Purgatoire from the 
Dakota. The formation takes its name from Purgatoire Can­
yon, in the Mesa de Maya quadrangle. 

Charader and th1ckness.-The npper third of the formation 
is composed largely of shale and minor thin, platy" sandstone 
beds, but the.1ower two-thirds is almost wholly sandstone. A 
section of the formation in the west wall of Huerfano .Canyon 
just beyond the western border of the quadrangle, measured 
by T. W. Stanton and the writer, is asfollows: 

Seation of Purgatoire formation in Huerfano Canyon. 

Thick mlLllsive sandstone, with brown surface (Dakota). 
Black shale, at top fissile with thin flaggy sandstone marked 

by trails;. lower portion sundy and lumpy, forming' it 
sand-mud agglomel'at.e __ 

Dark shale and thin sandstone, largely covered; black shale 
at the base containing lingula, fish hones, and fine wavy 
sltndst'one lern;es _, _____ _ 

Largely cross-bedded light.buff sandstone, with rusty upper 
surface apparently marked by worm tubes. Near base, 
thin quartz-pebble conglomerate cont.'lining teeth, verte· 
brre, and other bones of fish, with some tnaroon shale just 
below~ _______________________________ " ___ _ 

10 

40 
Light·buil' eross·bedded,open-textured sandstone containing 

layers with scattered small quartz pehble.... Weathers 
pitted and cavernous _'_ 120 

Soft green shale (Morrison). 
220 

A bed similar to the peculiar "sand-mud agglomerate" in 
the upper 10 feet of the section WHS observed-in most sections 
in the quadrangle and helped to distinguish the shale of the 
Purgatoire from somewhat similar shales in the Dakot.a-. It is 
a lumpy, knotty mixture of black argillaceous material and 
white sand grains, resembling a deposit of partly re-",",ol'kcd 
unconsolidated materials. The sandstone is also to be distin­
gnished from that of the oveJ'lying Dakota by its lighter color 
in the cliff (see PI. VIII), its open texture and CftVernons 
appearance on weathering, and its eontained scattered quartz 
pebbles. Its open texture makes t.his sandstone an eX(~f'llent 

water-bearing strat.um or reservoir, and most of the artesian 
water obtained in this region comes from it, although generally 
reported as coming from the Dakota. 

A more detailed section of the upper part of the Purgatoire 
formation, ,measured in the east wall of Huerfano Gunyon at 
the western edge, of the quadrangle, is as follows: 

Sertion of Purgatoire formation in east wall of Huerfano Canyon. 

Massive sandstone (Dakota). 
SIlIld~tone in 2 to 6 inch beds, with thin layers of ~hnle, in 

part black. The shale hlLll a wbite alum elJiorescence 
on its outcrop. The I!llndstones are pitted by casts of 
plant fragments, and 5 feet. from the top is a thin slabby 
sandst.one bearing numerous t.rails and other pc!mlIar 
ma.rkings. Hard 3-foot bed of sandstone at base__ 30 

Thin black shale with 2,i:nch layers of interbedded sand­
stone. White slabby sandstone at. ba~e, with nlUllf"rnUS 
pits and casts of twigs and hones __ ______ 20 

Soft white ssndy shale, some mottled purple, and thin 
white slabby sandstone with sma.ll quart,:.'. pebble~, flsh 
bones, casts of t.wigs, and other markings __ 10 

Covered, probably largely soft sand~tone. _ _ 40 
Black haekly shaJe with Lingula in upper part" bla(\k 

and white sandy shale or sandy ag-glomerate, with 
conglomerate of 2-inch quartz pebbles in black ~haly 
mat.rix whkh contains toot.h, vertebrre, and other 
bonesoffish_____________ ____ ______________ 10 

-White crumbly sandstone with hard upper surfaee_ l00:!;;: 

2H1± 

The alum eftlorescence js probably alunite, hydrous alum­
inum sulpbatE', resultin~ from the action of sulphuric acid, 
formed by the decomposition of pyrite, on the aluminous shale. 

In the Jones Lake Fork and Apishapa canyoqs the firmer 
buff sandstone of the formation is divided by a. shaly band 
into two massive cliff makers. each about 40 feet thick, dis­
tinctly lighter colored than the cliffs of Dflkota sandstone and 
showing the chanwteristic cavernous and porous weathering. 
At the base of the formation was seen at one point a. conglom­
erate of quartz pebbles in red sand or clay matrix aud a red 
sand-mud a,g-glomerate, probably derived from the erosion of 
red strata of the underlying Morrison formation. 

The section in Christian Canyon given' in figure 7 shows 
not only the details of the upper 30-feet of the formation but 
also its variability within a few feet horizontally. The section 
also .~hows the presence of a 4-ineh bed of blocky coal, which 
is the only coal bed observed in the quadrangle, although 

highly c~~_ho_n_RceOl~s.s~~is not un_c_om_m_on_. __ ~ __ _ 

aStantou, T. ,V., The Morrison formation lI,nd,its relations with the 
Com8nclle ~cries and the Dakota forn;la.tioll: Jour. Geology. vol. 13, 1905. 
pp. 657-669, 

4 

A carefully mea~ured section in the right wall of Apishapa 
Canyon just below the mouth of Jones Lake Fork is as 
fQllows: 

SectIon of Pu1·uatof1·e formation'in Apishapa Canyon. 

V cry massive !lIl.ndstoue (Da.kota). 
Black sha.le, sand-lUud agglomera,te, in places reddish, 

and blue compact argillite interbedded with slabby 
quartzitic sandstone ~arked bynutnerous trailB __ 

Largely covered. Includes white sand~r~me freckled 
with rusty Spot8 awl marked by rust-staine,! joints, 
some dark quartzltie slabby sandstone bearing trails 
and ma.l.'kiugs, and soft buff sand-mud agglomerate ___ 44 

Light-huff homogenentlS open-textured sandstone. Con­
t.a.in8 scattered small spherical concretions and specil~s 
of iron pyrite which weather t.o rust· colored Irf)ckles, 
rust-stained joints, and iron bands. Somcwhat cr08ll­
bedded in upper part and shalyat. the top. Cavern-
ous at base, making a reentrant in the eliil'__ 45 

}fassive light-buff hOlIlogeneous sandstonc__ __ 33 
Covered with talllS below sandstone cM. Portion esti-

mated a~ belonging in Purgatoire formation__ 75± 

202± 

10'-15' L,u-gelycov"r<),l; expo8ures chiefly dark 
shaJe, with a littlc saodstone. 

II' Black shaJewith interbedded thin sandstone beds. 

Fm-VItl': 7.-Se!lt.ion of the upper part of the PUrgatoire formation in 
Christian CUDyon. 
Scale: 1inch~10fe.et. 

Di.l)tribution.-The Purgutoire formation is exposed in the 
walls of all the deeper canyons in the central upland, Rnd in 
Christian, Devils, and Timpas canyons, in the southeastern 
part of the quadrangle. Its largest areas are in the four deep­
est canyons, Hucrfano, South, Apishapa, and .Tones Lake 
Fork. 

In the walls of' Huerfano Canyon the massive white beds 
_of t.he Purgat.oire are conspicuous, generally making the lower 
cliffs, which extend up about two-thirds of the height of 
the walls_ a.nd at the .t.op of which is the bench of slop­
ing ta.lus that covers the upper, softer shaly part of the 'for­
mation. Soft black shale at this horizon is in places exposed 
in undercuts or ca verns helleat.h the massive sandstone ledges 
of t.he Dakota. The formation here dips northeastward and 
passes belmv the surface at the northern boundary of the 
quadrangle. 

The Purgatoire formatioll was not seen jn Karrick and 
Horse Pastl1l'e canyons, wbich have been cut almost if not 
quite through the Dakota sandstone. Although it was not 
observed in' Doyle Anoyo and is kept largely below the sur­
face by a sha.rp synclinal fold that follows t.he ~,IToyo, it prob­
ably outcrops in t.he deepest part of that gorge and is so shown 
on the geolo?;ic map. Black Ridge, forming, the e~s!, wall of 
Doyle Arroyo, is a broken monoc1inal fold with minor trans­
verse folds at the line of fhlcture, and here the Dakota, t.hough 
deeply dissected. is apparently nowhere entirely cut tlll'ough. 
In the deeper pmt of Beardsley Arr6yo, on the headwaters of 
the same stream, the black shale of the Purgatoire formation 
crops out. 

In the deeper parts of the Madden, Lone Jack, Crossbars, 
and unnamed canyons northe'dst of North Rattlesnake Butte 
t.he Dakota sa.ndstone, which forms the general sloping surface 
of this upland, is cut througb to the black shale and massive 
light-buff sandstone of the Purgatoire. These narrow inliers 
are limited to parts of the canyons in which the monoclinal 
strata have a convex surface, due to an increase in dip, and 
which are far enough down the slope to be corraded in deep 
gorges by the streams. The formation of inliers is illustrated 
by the profiles of the rock surface and of the str~am channel 
of Crossba~ Qanyon, shown in figure 8. -

The Purgatoire formation occupies the bottom and forms 
the lower walls of South Canyon for about 10 miles, disflppear­
ing below the surface near its junction with Apishapa River. 
In Bass Canyon its.ligh~ sandstones' are exposed at .several 
p1aces" and ,in Almagre Canyon only the. b~k shales of the: 
opper part o~ the formation appear, in two' small Iens~sha:ped 
areas. A small exposure of the black shale is seen - at die 
mouth of Dripping Spring Arroyo. In parts of '1'ejano 
Arroyo the sandstones make prominent ledges near the stream 

bed, hut in most pla-ces the oukrop of the Purgatoire is con­
cealed. by the talus from the- cliffs above. 

On ApifJhapa River and Jones Lake I;~ork-the full thiekness 
of the Purgatoire is exposed in the canyon waIL~, and where. 
the Dakota has receded from the brink or is weakened by 
shaly character the light-buff sandstone of the Purgatoire is 
the principal cliff maker. In places .the cliffs are so precipitous 

-that they can not he scaled. A small area of the formation is 
cut off in the Apishapa Canyon by the Cross Canyon fault. 
Downstream it is again terminated by the Almagre Canyon 
fault but reappears in two lens-shaped areas in the deep gorge 
below. 

:::~l'"<""---~o. 
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FIGURE 8.-Profiles of bott-om of Cr08sbax8 Canyon and of surface of Dakotl!,. 
sandstone upland. 

ShOWB ho,,' Inll~rs of the Purgatoire fonn&tion are IOt'rued In yalley botto11lll by ..trea.ms cutting 
through tho bowed-up pOrtion of the ovedylng Dakota. sandstone where its dip steepens. 

'fhree small isolated inliers of the Purgatoire occur in the 
southeastern part of the quadrangle in Christian, Devils, and 
Timpas canyons. Timpas Canyon contains only th~ upper­
most black shale of t.he formation, which has been prospected 
for fire clay. 

Possils and age.-The few fossils obtained from the Purga­
toire formation in the quadrangle conclusively determine its 
age to be Comanche (Lower Cretaceous). 

In the black carbonaceous ~hale in the upper half 'of the 
formation, within 5 feet of the base of the Dakota"sandstone, 
undetermined species of Lingula may generally be found. 
In the Huerfano Canyon numerous fish teeth, vertebr~, a'nd 
other fish bones were collected from a conglomerate 100 to.UO 
feet below the Dakota sandstone. Although the species of fish 
have not been determined, Stanton reports that they are clearly 
of the same types tha.t are found in the upper beds of the 
Comanche series in southern Kansas. 

In Apisbapa and South canyons and T~jano Arroyo the 
invertebrate fossils named below were collected from slabby 
sandstones about 90 feet below the base of the Dakota and 
just above the massive beds of buff sandstone: 

A vieula. sp. I 'l'rigonia! sp. 
Pe0tcn? bp. Protoeardia? sp. 
Pholadomya cf. sancti·s,~bre Tapes? sp. 

Roemer. 

These were identified by Stanton, who reported that they 
are ull species which occur in rocks of recpgnized Washita 
age in Kansas, Oklahoma, _northern Texas, and southern 
Colorado. 

Sta.nton a collected the following species from beds at this 
horizon in the Purgatoire Canyon and its branches 15 miles 
east of'the Apishapa quadrangle: 

Inoceramus comanchean us. 
Trigonia emoryi. 
Cardium kansasense. 
Cyprim€'ria Hp. 

I 
Pholadomya sancti-sabre Rocmer. 
Protoea,rdia texana. 
Leptosolen conradi. 

Stanton further states that at this locality and in adjacent 
arms in southeastern Colorado and N ~w Mexico these forms 
are asso-ciated with Gr1Jphma corrugata., and that the horizon 
is no doubt the equivalent of some part of the Washita group 
and should be correlated directly .with the Kiowa shale of' 
Kansas. 

Name.-The name Dakota sandstone has long been in use 
and Wf!S taken from Da.kota City, Nebr., where the forma­
tion bears the typiC'al flora of this horizon. Uut.il relatively 
recently the sandy beds here called the Purgatoire formation 
and in the northern Great Plains called Lakota sandstone were 
included in the Dakota in the belief that they were of the 
same age, but on the discOvery of Lower Cretaceous fossils in 
the lower beds, which are also readily separable lithologically 
from the upper beds carrying an Upper Cretaceous flora, 
the llame Dakota was 'restricted to these upper ,strata. This 
practice is in accord with the usage at the type locality 
in Nebraska, where the lower (Purgatoire) sandstone is not 
present. 

Charader and thickness.----:-The DaJfota, the lowest formation 
of 'the Upper Cretaceous, is composed almost wholly of sand­
stone. The individual beds are generally thick except near 
the 'top and -show cross laminat'ion. The rock is of uniform 
and moderately fine grain and is more compact and dense than 
the open-textured sandstone of the underlying Purgatoire. 
The original (",0101', seeIi on fresh surfaces, is white or pale gray, 
but weathering produces various shudf's of yellow and' brown. 
This discOloration affects only the silrface and joint- planes 
and is spoken of as "desert varnish.'" Ii w~s used b.y tht:: 

"St,anton, T. W., Jour. ~eology, vol. 111, 100l>, p. 662. 
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{ndiaDS 8S a means of comm,:mication and record, for in 
many of the caoyonEl, {'Specially near the water holes, are 
preserved their pictographs chipped into the- "varnished" 
cliffs. (See PI. II.) 

The contact with the Purgatoire formation beneath is one of 
apparent COnfOl'D;dty but is generally marked by an abrupt 

t change from carbonaceou5 shale to clean sandstone, indicating 
a decided change in physiographic conditions. At the top 
the formation is conformable with the overlying Graneros 
shale, having a transition zone of alternating sandy and shaly 
layers. 

In many places the uppermost thin-bedded sandstone 
weathers to turrets, domes, and fantastic forms. This is most 
interestingly displayed on the slop_ea of the southern part of 
Black Ridge, just north of the Reynolds ranch,~- on Streeter 
Arroyo (see PI. X), but may be seen in many other outcrops 
where erosion has not scoured, too deeply. At the point 
north of the Juan Baca ranch dome-shaped kuolls of this 
bed resemble Spanish ovens. (See PI. IX.) 

The formation as exposed in the canyon walla is generally 
divided into two massive layers by shaly beds that form a 
small reentrant between the two cliff makers or a minor slop­
ing shelf less prominent than the bench at the shale horizon 
of the upper part of the ·Purgatoire. These sandstone layers 
vary in fiueness and in resistance to weathering (see PI. VII), 
and in some places the upper and in others the lower bed 
makes the more prominent clift' in the walls, the change to soft 
shaly or friable rock being rather abrupt. The beds also vary 
in thickness, swelling and thinning in plain view along the can­
yon walls. The shaly beds separating the massive sandstones 
consist in places of a compact white blocky clay or argillite, 
but elsewhere they are largely blue or black carbonaceous 
shale. 

A section of the formation in the east wall of Huerfano 
Canyon at the west edge of the quadrangle is as follows: 

SecUon of Dakota 8a'1U1,gWne in east waU of Huerj'anw Oanyon. 

Foo. 
Thin-bedded sandstone, worn back from edge of ca.nyOD____ 10 
MBBSive fine·grained light-gray sandstone, weatherinlit pink 

to yellow; npper cliff makeI' ______ .. ________________________ 20 

Black Ihale, weathering blne (slight reentrant)______________ 8 
Har~ vitreous coarse-grained gray sandstone, weathering 

r.usty ______________________________________________________ 25 

Light-gray sandstone, weathering to thick rnsty.brown coat-
ing ______________________________________________________ 25 

Shale and shaly sandstone (purgatoire). .. 
. Probably several feet more of sandstone and interbedded 

shale at the top of the formation have been entirely removed 
from the Dakota surface at the canyon brink. A comparison 
of the above section with the published descriptions of the 
composition and thickness of the Dakota sandstone in the 
Walsenburg and Pueblo quadrangles will show at a glance that 
the Dakota here described is only the upper third of what was 
formerly called Dakota, the lower two-thirds being here sepa­
rated as the Purgatoire formation. 

At another po~nt farther south in the canyon the massive 
sandstone is in one ledge, a~ shown by the following section: 

Section of Dakota 8andstone in Huerfano Cany(Yfl,. 

F~' 
Thin-bedded sandstone, shelvi~g back from c1if1'____________ 15 
MaSBive gray to :rusty eandstone, with few bedding planes; 

lower portion especially massive; upper surface very 
rough, irregular, and rust stained. Broken by great rust­
stained joint planes into sheer cliffs aud immense detached 
blooks ________ 60 

" 
East of Huerfano Canyon layers of black shale are inter-

calated at several horizons in the upper portion of the sand­
stone, and in Streeter Arroyo thin beds of hard sandstone 
are interstratified with the b1ac~ and blue shales at the base 
of the Graneros shale, showing a gradual transition. In 
Beardsley Arroyo a clean exposure of the upper 30 feet 
of the Dakota permitted the measurement of the following 
detailed section: 

Seotion of upper pari of Dakota sandstone in Beardsley A1'1"<!yo. 

Massive cliff-making ligl1t-buff sa,ndstone, weathering 
with brown stain. Very iITegma.:rly Cl'OSs-bedd.ed and 
weathers into fantastie shapes and finally into thin 
irregular plates. Some of the bedding swaGes on 
which the lamiUal have exfoliated have a fan·shaped. 
appearance l'eIIembling Oauda galU. Plant impres­
sions are numerous and a la.:rge tTee t:runk 18 inches 
wIde, 9 inches thick, and &i feet long was observed___ 10 

Bluish·gray argillite or mud rock, l:r:regula.:rly bedded, 
containing scattered round quartz grains more 1lUInel" 

oos at base. Varies in thickness from 5 to 8 teet 
within & few feet, and thin Ja.yers of the same ma.te:ria.l 
are intercalated. In the overlying sandstone~___________ li-8 

Homogeneous massive-bedded softer white sandstione___ " 
Black. shale with ea.:rbonized plant remains and thin 

layer ofha.rd blue, fint,ly sun-c:ra.eked a.rgillite ________ _ 
Hard light-bu1lsandstone with irregula.:r upper surfaoc_ 

The two divisions of the Dakota sandstone are clearly shown 
in most outcrops in the Apishapa Canyon and its lar~er 
branches, where it generally makes the two upper cliffs. (See 
PI. VIII and fig. 9.) The following sections were measured on 
the right wall of the csnyon just below Jobes Lake Fork. 
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Seotions of IJakota sanduwne in Apishapa Canyonju8t below 
Jones Lake Fork. 

F""" 
Sandstone fragments back from cliff ____ 10 
Massive sandstone, weathering to 1 r 

fan.tastie shapes at top ___________ J U lif!' ma.k J 16 
Thin dark shale parling___________ pperc er __ \ 
Massive sandstone _________________ l 10 

Thin dark shale pa.:rtings. 
Massive rusty-surlaced sandstone ____ Beoond cliff malleT ____ SO 

Soft sandy and black shales (purgatoire). .. 
Thin bedded sandstone back. from cliff, weathered to frag-

ments ______________ 20 

Thin-bedded sandstone_ 1 r 15 
Thin dark shale parting _===:~==:== ~ Upper cliff maker .. ~ 
Thin-bedded sandstone ____________ J L S 
Thin dark shale parting. 

v:!:.~~;::~o:::~_~~~_ } Second cli:II maker___ 20 

Bla.ek shale a.nd.}!Jandy beds (Pnrgatofre). 

Purgatoire formation. 

FIG-URE 9.-Typical pro:llle of wall of Jones Lake Fork 
canyon. 

ShowiDg upper cliff oe Dakota IlIUldstone. generlLlly divided Into two 
ledges; shale slope below with reentrlLIltlLt its top; ""cond cliff 
mllol<er of Jlghwr-<lOlor6d s,.ndsfone of the PUrgatoire fOrIIllltlon, 
with a reentnmt generaUy In its midst; and a long talus slope 
below, with scstt:ered saudstone ledges. V<lrtieuJscale: llucb = 100 
100. 

The following record of a "Well at Delhi can not be positively 
interpreted, but the moat appropriate assignment of strata to 
their respective formations gives the Dakota a thickness of 86 
feet. 

&cord of weLl at Delhi . 

Clay (Gran.eros) ____ _ 

Dakota.,S6feet: 
Dark-gray sand 
Light-gray sa.nd ________________________________ _ 

Dark·gray sand _____ _ 
Light-gray sand ____ _ 

Shaly beds of Purgatoire, ~7 feet: 
Dark-gray sand _____ _ 
Black. shale ____ _ 

Dark-gray sand ____ · 
Shale __ _ 

Sandstones of Purgatoire: 
White sand ___________________ _ 

Wa.ter·bearing 8ands ______ _ 

'"'d. 

" 
85 

10 

21 

" 

20 

18 

S7 

17 

Depth. 

" 
110 

120 

141 

161 

176 

1S5 

205 

118 

.05 
822 

In Timpas Canyon, 2 miles belQw Thatcher, Gilbert 
measured 70 to 80 feet of Dakota sandstone as follows: 

Section of Dakota 8andsto'IUJ mar Thatch&/". 

FfI<lt. 
C:ross·bedded sandstone, weathering to thin shaly beds_ 30-40 
Massive gray to rusty aandstone_________________________ 40 

70-80 

DiBtrihution and surface form.-The Dakota sa.ndstone con­
stitutes the surface of about one-third of the quadrangle and 
underlies all the remainder,. with the exception of the small 
t1'8cts occupied by the Purgatoire and Morrison fonnatioDs. 
Its great breadth of outcrop is determined largely by the fact 

\that it is much more resistant to erosion than the shales over­
lying it. Its principal areas of outcrop are uplands, partly 
dissected by many narrow, steep-walled canyons. The surfaces 
of ,the uplands exhipit chiefly the upper thin-bedded layers of 
sandstone, which eventually weather into a sandy' soil; the 
lower beds are exposed almost exclusively in the walla of tbe 
canyons. 

The largest area occupies the 'middle of the quadrangle. It 
extends northwestward anG, except fdt- a thin covering of 
Graneros shale over a part of the area, occqpies the surface 
of the northwest corner, whence it passes into the Walsenburg 
quadl"{longle. . Other areas are near Delhi, at Tha.tcher, in t11e 
upper valiey of Apishapa River, at Rocky Hill, and in Little 
Dome. Four very small exposures occur in the bottoms of 
arroyos on the sO-",th side of . the Rocky Hill fault in Smith 
Hollow. 

Fossih and age.-The Dakota sandstone contains numerous 
casts of unidentifiable fragments of wood, and near Benrdsley 

Spring an unidentified tree trunk 6 feet long was observed. 
Near Smith Ranch good specimens of leaves were collected, 
identified by F. H. Knowlton as Slerr.;ulia luguhris. Frag­
ments of an indeterminable dicotyledon and of a conifer that, 
according to Knowlton, suggests Sequoia reicheubachi were also 
obtaineq in the quadrangle. In Kansas and Nebraska. the 
Dakota· sandstone has yielded a fiora, mostly dicotyledons, 
comprising several hundred species that are generally con­
sidered to belong in the Cenomanian, the lower .part of the 
Upper Cretaceous. 

The Benton group is composed of two shale formations 
separated by a thin limestone named Greenhorn. The lower 
shale is named Graneros and the upper Oarlile. 

Name, character, and thickness.-N ext above the Dakota is 
a body of clay shale 200 to 210 feet thick. Its eolor is bluish 
gray, ranging from medium to da"fk, the middle part being 
darker than the upper and lower. The name Graneros shale 
for this formation has been in use over 15 years, since Gilbert 
recognized the threefold division of the Benton and named the 
lower formation from Graneros Creek, which traverses the 
formation 25 miles southwest of Pueblo. 

On fresh exposures, seldom seen in this area, it is a compact 
argillite with little tendency to split into shale, anJ its lami­
nation appears chiefly as delicate markings. Exposure to the 
weather causes it to divide into thin, shaly flakes and even­
tually reduces it to a clay. 

In the lower half are a few layers of white clay, which are 
in places associated with thin layers of concretionary lime­
stone. A bed of impure, sparingly fossiliferous limestone, 12 
to 14 inches thick, lies from 65 to 75 feet above the base, 
another thinner layer occurs directly beneath, and a 6-inch bed 
of hard sandstone occurs a few feet above. The limestone 
weathers to cobble-aize fragments, which are stained ocher 
yellow by the contained iron, as are also the fragments of the 
associated thin sandstone. These harder rocks together form 
a persistent bench. 

rrhere is a very thin but persistent fossiliferous' platy sandy 
limestone about 45 feet below the top of the Graneros, which 
in places also makes a bench bU,t generally is merged into the 
larger bench of the Greenhorn limestone. Concretions, most 
of them small, occur sporadically at several horizons. Selenite 
crystals, some large and roughly twinned, are formed in the 
basal shales apparently by the action of decomposinp: pyrite on 
calcareous layers, and the crystals are strewn over the surface 
of these beds where they thinly mantle the Dakota upland. 

The general section of the Graneros shale in this quadrangle 
is as follows: 

(ieneral8eotion of (franerOfJ shale. 

Blue blocky limestone (Greenhorn). Feet. 
Graya.:rgillacoous shale ________________ 43 

Thin hard fosaillferous sandy limestone, weathering shaly_ 
Dark-gray to black argillaceous shale with thin hard sand-

stone bed nea.:r basE'--_______________________ 92 
Tough gray impure liruestone. weathering to rusty blocklL 1 
Gray argillaceous sh&le, with some thin neady white beds 73 
Thin sandstones with shale interbedded (Dakota). 

210 

The transition zone at the base varies greatly from place to 
place but usually consists of several beds of shale of irregular 
thickness _ interstratified with the topmost sandstones -of the 
Dakota. The top of the formation is sharply defined by tbe 
beds of pure bluish limestone of the Greenhorn. 

Distribution and surface form.-The Graneros shale, being 
easily eroded, is found chiefly in valleys or on gentle slopes. 
Where the strata lie nearly level it constitutes slopes below 
bluff's of the Greenhorn limestone. Where the dip is consider­
ahle the formation rests against slopes of the Dakota sandstone. 
On account of its soft character it washes badly and it.9 surface 
in many places is deeply trenched by vertical-walled arroyos 
cut into the otherwise gentle slope of its surface. In the 
main its outcrops constitute rather broad belts, encircling 
areas of Dakota sandstone. 

The main outcrop surrounds the rudely elliptical central 
area of the Dakota. In the regions' of gentle dips around 
the Rattlesnake Buttes and we~t of Hog Ranch Canyon it 
forms rather broad elevated tracts culminating in hills of 
Greenhorn limestone and higher rocks. In the. southern 
third of the quadrangle' i~ areas are intricately entwined 
with the narrow bands of Greenhorn limestone, bat in the 
main they surround. the uplifts of Dakota sandstone of 
Christian and Devils canyons, Thatcher, the Apiahapa Valley 
south of the Rocky Hill fault, Rocky Hill, and the Little 
Dome. . 

A few outliers of Graneros shale rest on the upland su~ce 
of Dakota sandstone. The largest one, north west of J oiLes 
Lake Fork canyon, is protected from erosi9n by faulting:. 
Three small outliers at the head of Doyle Arroyo are infolded 
in a sharp syncline associated with the Doyle Arroyo fault. 
Besides the' two small areas east of North Rattlesnake Butte 
there are probably other thin remnants of shale mantling the 



broad Dakota. surface, which were not distinguished from the 
arid soil of the sandstone. . 

Fossi18.-The Graneros shale in general is not very fossilif4 
erOU8, but the sandy limestone near its top is everywhere full 
of shells of a small simple oyster somewhat larger and more 
regular in form than 08trea aonge8ta, which it otherwise resem4 
bles. Associated with the Ostrea are fragments of undetermined 
species of InoaeramU8 and Prionotropis. A zone of concre~ 
tions lower in the shale is locally fossiliferous and has yielded 
a number of species, most of which are undescribed. Th.e 
following list of fossill! obtained from the formation is fur­
nished by T. W. Stanton: 

Pecten sp. 
Inoceramus fragilis H. & M.? 
Lelia sp. 
Tnrritella whitei Stanton. 

I 

Prionotropis &p. 

Aoanthooeras sp. 
TurrlUtessp. 

GREENHORN LIMESTONE. 

Name, aharacter, and thiakness.-The Graneros and Carlile 
shales are separated by about 30 feet of interbedded thin lime­
stone and shale named the Greenhorn limestone. This name 
was introduced over 15 years ago for the thin limestone in the 
midst of the Benton group, and was derived from Greenhorn 
Creek, a branch of St. Charles River in the Pueblo quadrangle, 
where good exposures of the limestone are exhibited. The 
repeated alternation of' shale and limestone is clearly expressed 
in the section given below and in Plate XII. The limestone 
beds are from 3 to 12 inches thick and the intervening 
sbale beds from 10 to 20 inches. Although the shale pre­
dominates the limestone resists weathering so strongly that its 
fragments cover the surface of the outcrop, concealing the 
shale and giving the impression of a thirk sheet of lime­
stone. The limestone is bluish gray, weathering to lighter 
shades, and is of fine grain. Most or the layers are divided by 
vertical cracks into rectangular blocks or smooth plates. The 
shale is bluish gray, darker than the limestone, and is calcare­
ous. There are also some interbedded thin layers of white 
shale. Both the shale and limestone contaill abundant fossil 
shells, especially the concentrically marked oval Dwaeramm 
labiatus. At the top are 5 or 6 feet of very fossiliferous arena4 
coous limestone interbedded with shale, forming a transition 
into the overlying Carlile shale. 

The measured thickness varies from 30 to 50 feet, the 
detailed section given below measuring only 30 feet. 

Section oj Greenhorn limestone in northwest corner of quadrangle. 

Arenaceous Iimf'stone 
ShaJe ____ . ____ _ 
Hard lImestone ____ _ 
Sbale 
Hard Itl'f'nacrous limestone. __ ..... 
Shale 
Hardlimestone _____ .. _______ .. _ .. __ 
Shale_. ____ . ________ .. __ ... 
Hard Iirue!ltone ____ . __ .. ___ . ___ ._. _____________ . __ _ 
Shale. _____ ._. _____ ... _ ... 
Arenaceollslimfi'stonf' ____ . 
Shale ___ . _____ , ___ ... 
Hard limestone ____ _ 
Shaly limestone__ _._. __ ._. _____ . ______ . __ 
Shale_. _______ . __________ .. __ . __ _ 

Hard limestone 
Bhale ____ . ____ _ 

Hard limestone 
Shale_ 
Hard Iimestone_. 
Shale __________ ._ •• __ 
Hard limestone ________ . ___ .. _ .... __ 

Gray and rusty sha1es 
Hard limestone __ 
Gray and rusty shalt's ... ________ ._ 
Hard limestone __ 
Gray and rusty sbales ___ .. ______ .. ________ _ 
Hard blue limestone ______ . __ .... __ .... ______ .. _. 
Blue shale _______ ._. ________ . __ ._. _____ .. _ 
Hard blue limestone ___________________ . ____ _ 

Blue shale wea.thering gray with rusty bands. _____ _ 

Ft.in. 
6 

• 
110 , 

8 

• 
8 
l' , 
8 

• 5 
5 
7 

6 
1 7 

1 

• • 1 6 
4 

16 

16 , 
1 • 

7 
10 

1 5 
81 

BO 8 

A section of the Greenhorn limestone at the dike ridge 
northeast of North Rattlesnake Butte, measured by F. P: 
Gulliver, has a &-foot massive cliff maker near the middle and 
a smaller one near the top, with a total thickness of 60 feet, but 
the g-reater thickness is probably due to the fact that shales 
harden~d by contact metamorphism were erroneously included 
with the limestone. 

DistrWution and surface fornz,.-The cedar-clothed bench of 
Greenhorn limestone fringes the base of the mesas of Tim-pas 
limestone throughout the quadrangle. From the northwest 
corner to the eastern edg-e of the quadrangle near Devils Can4 
yon it forms a scalloped band at the foot of the mesas, its 
wooded bench merging into the general slope at the stream 
reentrants and spreading out into broad elevated tables at the 
salients. Two outlying masses of the formation fonn low 
wooded mesas on opposite sides of Hog Ranch Canyon. 104 
liers of the formation in the overlying Carlile shale are unCOffi4 
mon, but one occurs in the valley forming the reentrant in 
the mesa front east of Horse Pasture Canyon and another in ' 
Saunders Arroyo. 

The Greenhorn limestone entirely surrounds the Rattlesnake 
Buttes with a wooded terrace lind fringes the Timpas limestone 
p1esas, on the w~terp- bor<ler Qf th~ quad~gle, with m~nor 
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breaks where it is faulted out. South of the Bonito Cordova 
ranch it has a tortuous course, following the outline of the Tim~ 
pas limestone mesas in general to the southern boundary of the 
quadrangle west of Apishapa River. It is repeated north of 
the Rocky Hill fault, first following the northern foot of the 
hills of Dakota sandstone near the western edge of the quad4 
rangle and then partly surrounding the low buttes of Timpas 
limestone southeast of the Bonito Cordova ranch, extending to 
Apishapa River. A very narrow band encircles the central 
area of Dakota in the Littl~ Dome, where the rocks are steeply 
tilted in all directions away from the center of uplift. A 
rather large outlier of the formation occurs near the e-€ntRx of 
t~e quadrangle in the midst of the Dakota upland, protected 
and preserved from erosion by its relatively low position due 
to faulting. 

In the southeastern portion of the quadrangle the Greenhorn 
entirely surrounds the Poitrey Arroyo Hills, fringes the Tyrone 
Flats, Big Arroyo Hills, and adjacent Timpas limestone mesa, 
except where, offset by faults, and passes out of the quadrangle 
on the east near Devils Canyon. 

Fossils.-Fossils are abundant though not of great variety 
in this formation. The most common form is the oval, concen­
trically marked Inoceramus lahiatus Schlotheim, which may be 
found at almost every exposure of the limestone. Among the 
rarer forms Stanton reports the following from Arkansas Val4 
ley in Oolorado: 

Ostrea &p. I Hellcoceras corrugatum St&ntl?n. 
Acanthoeeras coloradoense Hen- PaohydiBoaa &p. 

derson. Metoicoooras white! Hyatt 1 
Prionotropis sp. Booulite8 sp. 

Name, charaater, and thiak:ne88.-The Carlile shale, the 
uppermost formation of the Benton group, was named by Gil4 
bert after Carlile Spring, on Arkansas River 20 miles above 
Pueblo, which is located on the shale in the upper part of the 
Benton. It is from 200 to 232 feet thick and consists chiefly 
of argillaceous shale. In the lower 50 feet it is medium gray; 
then comes 25 feet of dark4gray beds, including bands that are 
nearly black, above which the color is again medium gray. 
About 60 or 70 feet below the top of the formation the shale is 
sandy and contains lenses of friable sandstone. In most places 
yellow sandstoue 10 to 20 feet thick occurs at the top. The 
sandstone is calcareous in fresh exposure, and is generally very 
fossiliferous in the upper part, its fragments being marked by 
casts of a large, strongly ribbed coiled ammonite Priononyclus 
wyomingen8is. 

The sandy shale contains many calcareous concretions, more 
or less globular in fonn, Vihich range from a few inches to 4 
or 5 feet in diameter. The outer layers have what is called 
cone-in--cone structure, seeming to be made up of a system of 
interlocking cones with apices all pointing- toward the middle 
of the concretion. The inner parts are of even, fine texture 
and gray color. The larger concretions are traversed by rami4 
fying cracks, which are partly or wholly filled by crystalline 
calcite, and are called septaria. The first-formed calcite, adja-­
cent· to the walls of tlle cracks, is usually of a rich dark 
brownish color, but the last formed is white or transparent, 
and in some specimens large flat rhombohedrous 01' "nail4 
head" crystals of this calcite stand in relief on the botryoidal 
surface of the wine--eolored interior. There is also present 
with the calcite some translucent to chal:k4white crystalline 
barite. AlthouWL,j;he cleaved fragments of the barite closely 
resemble the- CalCite in color· a,nd fol'ltl, it may be readily 
detected by its greater weight. " 

A section measured in the northern part of the quadrangle 
is as follows: 

SecUon of Carlile shale in Beary of mesa in norlhweat aorn.er of (Juadr(J/f/,gle. 

ChaJky white limestone beds (Timpas). Feet. 
Brown arenaceous shale, upper portion gray and apparently 

cal<lareous. Contains ablllldant fish teeth. __ ~ _________ _ 

~::.:~~:~o:;e~;:r=;;::~~~~-~d;~~;====· 
Gray shale with yellow bands, containing numerous large 

concretions in lower portion, many of which have sep-
tarian structure_. ________ .. __ _____ M 

Black shale; weathers to soft o1&y ___________ ._. ______ .____ 1119 
Arenaceoaa and calcareot1s shales containing numerous fos-

sils beds of transition (into the Greenhorn limestone, 
included with that formation). ... 

Distribution and surface form.-The Carlile shale occupies 
gentle slopes and steep escarpments below the cliffs of Timpas 
limestone. As it lies high on the slopes and is composed of 
soft shale it is in general deeply trenched by the streams and 
forms badland topography. Its outcrop follows the mesa front 
in a narrow siRlloped band from the Ben Butler ranch, just 
beyond the northwest corner of the quadrangle, to the eastern 
edge of the quadrangle near the mouth of Devils Canyon. It 
has many long minor reentrants and some inliers in the Timpas 
limestone which forms. the cap of the mesa. An irregular 
elliptical area surrounds the' Rattlesnake Buttes, and seinicir4 
cular belts outline the mesas' on the western border of the 
quadrangle. South of the Bonito Cordova ranch it largely 
occupies valleys between the isolated hills and lUesaS of Timpas 

limestone. In the southeastern part of the quadrangle it again 
follows the edges of the mesas in an irregular wavy band, 
entirely surrounding the Poitrey Arroyo Hills. 

F08sils.-The fossils collected in this formation come mostly 
from the upper sandstone, with the exception of Inoae:ramus 
lahiatus, which is common in the transition beds at the base 
and is found at some localities ranging to the top of the forma-­
tion. Fish teeth, in places associated with Prwnocyclus Wy04 

mingemis Meek and 8aaphites warreni Meek and Hayden, are 
abu-ndant in the uppermost bed. The following species from 
the upper part of the Carlile shale in the Apishapa and Pueblo 
quadrangles have been identified by T. W. Stanton: 

Ostrea lugabris Conrad. I Veniella morloni M. and H. 
Exogyra suborbioulata. Lamarck. Pugne1lus fasifonnis (Meek). 
Anomia. sUbquadra. to. Stanton. Tunitella whitei Stanton. 
Inoceramus fragilis H. and M. Prionooycius wyomill{lellsis Meek. 
Trigonaroa obliqua Meek. Prionotropis woolgarl Mantell. 
Cardium pauperculum Stanton. Boaphites warreni M. and H. 

The Niobrara group is in general calcareous and comprises 
the limestones and calcareous shales named Timpas limestone 
at the base and the more shaly formation, the Apishapa shale, 
above. 

Name, charaater, and thiakness.-The Timpas limestone was 
named by Gilbert from Timpas Creek, which crosses the 
southeast corner of the quadrangle and exposes the limestone 
of the formation both to the south and to the east of this area. 

It may be characterized as a series of soft limestones and _ 
calcareous shales with prevailing pale colors. Its general 
thickness is 175 feet. At the base is a series of limestone beds 
about 50 feet thick, the capping rock of most of the mesas and 
buttes in the region. (See PIs. I, fi, IV, and V.) As a 1'111e 
these beds are weU exposed at the top of the mesa cliffs. The 
individual limestone beds range in thickness from a few 
inches to 3 feet, the average being about a foot. They are 
separated by layers of light4gray calcareous shale, usually 1 
or 2 inches thick. The limestone has a light-gray color, 
which becomes creamy white on weathered surfaces. It is 
compact but chalky in texture and rather fine grained. Where 
exposed to the weather it breaks up into rough shaly flakes, 
and this characteristic ordinarily serves to distinguish it from 
the Greenhorn - limestone, which cleaves into blocks or into 
rectangular plates. 

In its lower layers are small nodules of oval or cylindrical 
form composed of iron sulphide, whose surfaces are set with 
angular projections of crystals. Thffie iron concretions oxidize 
at the surface to limonite and acquire a dark4brown color. The 
formation is characterized by a thick fossil shell (Inoceramus 
de/ormis), the outer surface of which is usually covered by the 
shells of a very small oyster (Oslrea cOllgesta). The interior 
cast of the InoceramUs, which is most commonly found, is 
suggestive of the hoof of a horse. 

The limestone passes grndually upward into a light-gray 
limy shale, which contains a few thin beds of limestone and 
terminates at the top in one or two layers of faint4pinkish 
chalky limestone. This upper bed contains scales and other 
fish remains and numerous fragments of a 18J'ge flat Inoae:ramus 
also covered by small Oshea aongeJIta. 

The section in the bluff south of the Yellowbank ranch, 
although it does not exhibit the whole formation, furnishes 
details of the upper beds as follows: 

Section of 'Upper part of Timpas Umeatone in bluj}' BOuth of YelWwbank 
'I'amh. 

[ByG.K.GObert.] ...... 
White ehalky limestone with same foestls as tn lower beds___ 6+ 
Gray calea.reo1lll shale alternating with crea.my limestone 

beds. FOI!tills same as in lower bed but more abundant- SO 
Da:rk-gray shale, weathering at first blQEl, then pale blue­

gray, and finally cream-yellow. Harder layers weather 
yellow. Contains pyrite concretions. mollusks. and fish 
scales: ~ ____ . ____ ._. ______________________________________ 110+ 

Dist:rihution and surface fo:rm.~The-Timpas limestone caps 
most of the mesas in the quadrangle. All the sloping mesas 
in the northeast for a width of 3 or 4 miles back from the 
salient escarpments are comPosed of this formation.' The 

. harder limestone at the base of the formation forms the cliffs of . 
the mesa fronts and the fish scale bed at the top forms a l.ow 
ridge on the mesa plain where the fonnation passes beneath 
the Apishapa shale. At the valley reentrants the formation 
outcrop is gep.erally not over a mile in width. An inlier of 
the Timpas .in the Apishapa sftale, brought to the surface south 
of the Yellowbank ranch by a local uplift) is about 2t square 
miles i~ .. area. At the eastern. margin of the quadrangle the 
formation outcrop has the unusual width of over 5 miles, which 
is due to a change in strike and decrease in the dip of the beds. 

In the other mesas of Timpas limestone in the quadrangle 
the formation is so nearly flat that it does not pass under cover of 
the Apishapa shale except in a very small area let down by the 
Rocky Hillfuult on Tyrone Flats. Tyrone Flats, the largeet 
of these mesas, is very nearly'level, as the nam~ implies. It 
has a long tapering arm stretching northeastward parallel to 
the Rocky Hill fault and connects by low hills at its northern 

.. 
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extremity with the more irregular narrow area of the Poitrey 
Arroyo HiUs. Big Arroyo Hills and the g.djacent mesas on 
the eastern border of the quadrangle form the divide between 
the Tirnpas and the Purgatoire drainage. Cordova Mesa and 
numerouB smaller isolated mesas in the southwestern part of 
the quadraog-Ie, as well as the two extending into the quad~ 
rangle from the west, are also capped by Timpas limestone. 

The most prominent and best-known outcrops of the forma­
tion are two mesas CHlled Rattlesnake Buttes, which are not only 
prominent because of their isolation but are landmarks for miles 
around because of their height above the surrounding plateau. 
(See PL V.) Along the mesa fronts are numerouB knolls, buttes, 
and hills capped with Timpas limestone that are distinctly lower 
than the adjacent mesas. These are great blocks that have 
beCome detached and moved down the slope a short distance 
as landslides but have been so modified by erosion_ that they 
appear to be in place. Their strata, however. generally dip 
strongly toward the mesa" which is characteristic of,landslide 
masses. Such areas are not mapped as outcrops of the TimpRs. 
A few of the smaller mesas have lost their fOl'mer capping of 
Timpas limestone through erosion and are now capped by the 
sandstone or concretion zone at the top of the Carlile. 

FosM.-The fossil shells found in this formation are abun­
dant in certain layers near the base and at the top but represent 
only a few species. Fragmentary fish remaInS are common, 
especially in the upper hard shaly laye~ 'shiny brown seales 
being conspicuous in some outcrops. T. W. Stanton has fur­
nished the following list of invertebrates: 

Globlgerina. and other Foraminlf"I Inoceramus undulatopllea.tos Roe •. 
era. mer. 

Ostrea congests. Conrad. Inoceramus umbonatus M. and H. 
Inoceramus deformis Meek. BoouHtes sp. 

Name, character. and thidme88.-The Apishapa shale was 
named by ,Gilbert over 15 y001'8 ago, from its exposul'es on 
Apishapa River in this and adjacent quadrangles. It is 
chiefly a laminated calcareous shale of gray color when freshly 
exposed, but atmospheric action has changed it everywhere 
for a considerable depth to a rock of yellowish color and rough 
texture. Gypsum in thin plates and films between the shale is 
somewhat abundant. It was probably chemically produced by 
the action of decomposing pyrite, disseminated in the forma­
tion, on the aluminous shale. Oval fish -scales from one-third 
of an inch to an inch in diameter are common in the shale. 

Well up in the fo'rmation, about 100 feet below the top, 
are calcareous concretions, usually of considerable size and 
of ellipsoidal -shape. At a few places they coalesce with one 
another so 88 to form a continuous bed several rods in extent. 
Some have internal crackS filled with minerals similar to 
those of the concretionf! in the Carlile shale, bnt containing, 
in addition to calcite. large crystals of translucent barite of 
faint bluish color, which may be distinguished from calcite 
by their greater weight. At the top of the formation are 
calcareous beds sufficiently 'resistant ,to make ridges and 
escarpments. They do not outcrop in the quadrangle but a 
scarp of these beds forms the bluffs of Apisbap. River 3 
miles to the northeast. The entire thickness of the formation 
is approximately 500 feet but the upper 80 feet or so is not 
now present in this quadrangle. 

Distribution and surface form.-The formation occurs only 
in the northeastern part of the quadrangle, except one small 
area.. It occupies all of the tl'iangular al'ea northeast of 
the low line of hills made by the hard fish...,.le bed at the 
top of the Timpas, except the inlier of Timpas limestone 
at the Yellowbank ranch and ·the scattered patches of thin 
gravel and sand. The .base of this triangular area is about 
24'miles long and its sides about ~6 miles. The concretionary 
layer near the top of the formation QUtcrops on the plain in 
the northeastern part of the quadl'angle 9 or 10 miles from 
the outcrop of the base of the formation and its fragment;; 
cover the prominent mesa just east of Apishapa River. 

The only other area of the fonnation in the quadrangle is 
a very small outlier on the top of Tyrone Flats, let down, and 
thu' preserved, by the Rocky Hillillult Here for a short dis­
tance the rocks slope somewhat steeply south, toward"ilie fault, 
and the upper yellowish limestone of the Timpas makes a low 
bench on which a thin remnant of Apishapa shale is preserved. 
UndC!ubtedly the shale once extended over the remainder of 
the quadrangle but has been removed by erosion. 

Fo88ils.-The formatiou has yielded few fossils, in this quad­
rangle except fragmentary fish remains. According to Stanton 
the fauna apparently does not differ from the Timpas fa.una. 
Glohigerina and other Foraminife1'8 are locally abundant and 
O,flre. congesta attached t~ fragments of a thick-sbelled IrwceTa­
tnm like L de/ormi8 is common. There are also specimens pro­
visionally l-ef'erred to Inoceramus oon/ertim-annulatus Roemer. 

TEBTIA.RY sYBTEH. 

PLIOCl:lUil:8 o'(I'} 0I!m8. 
The only representative of the Te¢ary system in the 

Apishapa quadrangle is the Nussbaum 'fonnation, comprising 
certain unconsolidated gravels of sUP'posed Pliocene age. A_ 
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JlUSSBA.UII[ lI'ORHA.TION. 

Name, charact.er, and dislrihution.-On the mesa slope in the 
northeastern portion of the quadrangle are scattered deposits of 
coarse gravel and sand. Some of these appal'ently were part 
of the great sheet of wash which was deposited by the antece­
dent of Arkansas River and by other streams issuing from the 
Rocky ~ountain front during Tertiary time and mantling the 
plains to great distances and which is now left in elevated 
remnants capping mesas and table-lands. These gravels were 
llamed the Nussbaum formation by Gilbert because thE'S" cover 
the large -mesa in the vicinity of Nussbanm Spring. east of 
Pueblo. In 'the type region the for~ation is larg-ely sand with 
layers of pebbles and- at the base a thick gravel composed of 
well-rounded, unassorted heterogeneous material including 
granitic rocks, basic lava~, quartzite, and much quartz. The 
lower 2 or 3 feet of gravel at that region is generally hardened 
into :firm rock. by calcareous cement. 

The few scattered deposits in this quadrangle that are 
referred to this source occupy· the gentle crests of the inter­
stream ridges on the sloping upland of Apishapa shaw, which 
may once have been continuous with the large gravel-capped 
mesa east of Apishapa River in the Timpas and Catlin quad­
rangles and with the Hooker Hil~, 10 miles north in the 
Nepesta quadrangle. 

Other gravel terraces of equal extent and height, snch as 
that nOl'th of Snowden Lake, were apparently not part of a 
great sheet of Nussbaum wash but may have been deposited 
at a little later time in channels of streams not far from those 
.now in existence. They are included with the high tel'l'8ce 
gravel. 

Age.-Ifossils have not been obtained from these gravels in 
this general region. and their age must therefore be determined 
by other means. The floor on which rests the great sheet of 
wash of which these remnants are supposed to be a part is an 
old planation surfat-e that bevels the latest Cretaceous sedi­
ments. It declines northward from an elevation of 4700 feet in 
the northern part of the Apishapa quadrangle to 4500 feet at 
Arkansas River and rises to 5300 feet in the mesa east of 
Pueblo, and to a much greater height on the high plain east 
of ColOl'ado Springs. This irregularity probably does not rep­
resent the original shape of the basin or valley in which the 
gravel was deposited, for this surface was probably a plain 
sloping gently eastward, with faint drainage depressions, which 
has since been slightly folded by nplift along certain axes. This 
old planation surface is therefore of post-Cretaceous age and its 
formation preceded a minor tilting and warping of the supface 
that led to Pleistocene sculpturing. The deposit is regarded as 
of late Tertiary age. probably Pliocene. 

QUATERNARY SYSTEM. 

The only deposits of the Quaternary system in the Apishapa 
quadrangle are terrace gravels. dune sand, landsli.dest and 
stream alluvium. The terrace gM~ls and dune sand 8I'e 
regarded or-Pleistocene age. . 

HIGH TERRACE GRAVEL. 

Ch,p,racter and d'istributwn.-Some high terrace gravels i;;' 
this ru.:ea, not regarded as part of the sheet of Nussbaum for­
mation, are probably of somewhat later and more local origin 
than the Nussbaum and are therefore mapped as of Pleistocene 
age. Many of ,tb~ln were deposited by the streams to which 
they are adjacent when the channels were higher than ,they are 
at present. 

Most of these gravels are on the mesa. plain in the northeast­
ern pal't of the quadrangle, adjacent to the streams. Those on 
the n.oX'th side of Mustang Creek were probably deposited by 
that stream whE'n its floor was about 100 feet higher than it is 
at present, and similarly those adjaCent to .Apishapa River 
were probably deposited by that stream or its tributaries dur­
ing an eal'lier stage. The large area of high gravel nort? of 
Snowden Lake and two smaller areas to the south are directly 
in line with a sharp gap in the mesa east of the Juan Baca. 
ranch, which is now occupied by a small stream but apparently 
was once the course of a larger stream, possibly either the 
Apishapa Ol' the Timpas: 

Patches of high gravel have been mapped also in places 
sout·h west of the Tim pas limestone escarpment, especially near 
Mustang Creek and ita tributaries. where they rest in part on 
the Da.kota sandstone. Scattered pebbles of quartzite, basalt, 
other volcanic rocks, and gneiss are distributed over the Dakota 
upland in the vicinity of the Apishapa Canyon, 300 feet 
above the present watercourse, and three small areas of this 
gravel are mapped. 

Apishapa River above its canyon is bordered by extensive 
gravel~vered 'terracea- that have not been mapped. 'fhese><, 
inclnde deposits that are probably younger than those of the 
uplands, .. they occupy benches near the stream level. They 
are composed of well-rounded bowlders and pebbles of the 
harder rocks. 'largely quartz and sandstone. but include many 
fragments of dark basaltic vOl_CRhic tock derived from the great 
lava flows of Mesa de Maya a":"d Raton Mesa. 

Dun U:ND. 

On the,e3.stern border of the quadrangle an area'ofabllut 10 
square miles is covered by dune sand, overlying a deposit, of 
high gravel from which it was apparently deri·ved by wind 
-action. The sand of this old alln Vial deposit has been segre­
gated by the wind and has been given a more or less dunelike 
topography of low hillocks and depl'essions. ~ The. sand is. fine, 
is of a buff color, consists inostly of qual'tz, aod clQsely resem­
'bles the much larger barren wastes of sand of similar . origin 
north of Arkansas River in the Nepesta quadrangle. Its dis­
tribution indicates that it was mostly spread by wind action 
before the dissection of the upland surface on which the 4igh 
terrace gravels were deposited and it'is. therefore, chie;fly of 
Pleistocene age. 

LANDSLIDES. 

Small landslide masses are cOIJ?mon along the edge of the 
mesas of Tim pas limestone. The cliffs of harder rocks in 
the mesa escarpments are undermined, the soft shale of the 
upper part of the Cal'lile being washed away by the rains, 
aided no doubt by the scouring of the winds. Large blocks 
becQme lo~ned and slip down from the mesa front, forming 
in places·prominent detached knobs of slightly lowel' elevation 
than the mesa. The strata·of these landslide masses usual1y 
dip toward the mesa from which they were deri\:ed. These 
blocks have fallen "during all stages of. the mesa erosion, but 
most of· those now forming prominent knobs are probably of 
recent occurrence. 

In· the larger stream channels are narrow areas of recent 
alluvium, composed chiefly of gravel and fine silt, in process of 
tl'~msportation. These are not shown on the map because of 
their small size. but they, are of interest in interpreting the ter­
race gravels. The recent alluvium is composed of local mate­
rial except along Huerfano and Apishapa riv~l'S, which rise 
in the .mountains and bring down material of great val'iety. 
Large quantities of sandstone debris are derived from the 
canyons in the Dakota and Purgatoire formations. and the 
fragments become smaller and smaller as they are gradually 
moved downstream toward the Arkansas. ThE:) adobe soil and 
shale "are washed into the streams by the heavy rains and 
:floods, and this fine silt remains so long in suspension that 
most of it is carried to the Arkansas, but each receding flood 
leaves large qnantities of the silt as alluvium to form a flood 
plain. 

STRUCTURE. 

GENEBAL STRUCTURE. 

An the sedimentary rocks occurring at the surface of ,the 
Apishapa quadrangle except the surficial gravels wel'e nearly 
or quite horizontal when deposited and were belo.w sea level. 
They are now far from horizontal and lie 5000 to 6000 feet 
above the sea. 'rbe deforIi1ation of the strata was brought 
about in part by internal earth forces during the elevation of 
the land to its present position and possibly in part by the 
intrusion of deep-seated igneous masses. The rocks of the 
quadrangle have been nplifted in a general way in,to a dome-: 
like. fold with minor plications. which has in places been 
broken into large blocks that have settled down and ,been' 
tilted, causing displacements of the strata: between the blocks; 
some of them amounting to several hundred feet. The stuc;ly 
of adjacent areas on the west shows that the domelike structure 
is the plunging end of an anticline which ·is ,the extension of 
the Wet Mountain salient of the Rocky Mountain nplift. It 
has been named the Apishapa anticline. 

The structure or' the quadra~gle is shown on the strnctural­
geology uiap by deformation contours on the top of the Dakota 
sandstone and by a cross section. 

INDIVIDUAL STRUCTURAL FEATURE1I. 

Apishapa anticline.-The Apishapa anticline, considered as a 
feature of geologic structure, is more than 2500 feet high, bgt its 
topographic expression is comparatively faint, all the- higher 
parts of the arch having been re~oved by el'osion. By this 
el'osion a considerable tract of the Dakota sandstone ia brought 
to viewrand within the Apishapa quadrangle are many small 
exposures of the two underlying fonnations. of Lower Creta­
ceous age and possibly of Jurassic age. The Dakota sands1;one 
area. is completely surrounded by outcrops of shales belonging 
to the overlying Benton group, dipping away from the arch. 
The limestone and shales of the Niobrara group, next in order 
above the Benton, do not entirely surround the central tract 
but form broad belts on the flanks of the arch. 

The plunging end of the Apishapa anticline is well shown 
by the structure contou1'8 on the structural-geology map. The 
highest point of the anticline lies just east of thE' Rattlesnake 
Buttes, where the surface of the Dakota sandstone, which is 
the datum used in the construction of the deformation con­
tours, is 6100 feet above sea level. The sandstone dips rather 



uniformly northeastward, passing beneath higher Cretaceous 
strata, but to the south And southwest the descent is inter­
rupted by faults and fold.. In the Wal .. nbur~ quadrsngle it 
again slopes rather uniformly southwestward and passes under 
a thick cover of higher Cretaceous and Tertiary strata. Along 
the IJxis of the anticline toward the northwest, in the Walsen­
burg quadrangle, its crest is broad and nearly level, but toward 
the- southeast it has a notable pitch, Jwhich is not uniform, how­
eve!', because ·of faulting. A bird's-eye view of the domelike 
.structure may be had from the top of the Rattlesnake Buttes, 
which are remnants of the Timpas limestone on nearly the 
highest point of the axis. Seen from this point the inward­
facing cliffs of the surrounding rim of mesas capped by the 
Timpas limestone, dipping away from the observer in all direc­
tions, with the terraces of Greenhorn limestone fringing their 
baaes. are strikingly brought out by the growth of treea that 
accompani .. these featuree. (See fig. 10.) 

FIGURE lO.-Map ot the Tlmpas limestone and Greenhorn limestone escan>­
ments surrounding the RaUl681lake Buttes, which are at the crest of the-
Apishapaantlcline. -'/' 

Tbe Tlmpu limestone -...rpment ii the darker clI1!' .t the m.rgin of the shaded mesa. _ 
The Gretlllhorn limestone e_rpment.\a the Inner light .... on... The Apisho.pa qUlldnmgle 
lsdelhnfled bymerldla.nslO'0a.ndl04°llCYa.ndJllll"l'llIlI,S-;OSO· a.ndBll". Scale: Ilnch,,:,,10 
m1ieso.ppro:><lmateiy. 

From the axis of the anticline the Dakota sandstone at first 
descends in a northeast direction at the rate of about 100 feet 
to the mile from an altitude of 6100 feet to about 5700 -feet. 
At this altitude the descent steepens, increasing to about 200 
feet to the mile to an altitude of 4300 feet.. Farther northeast 
the dip becomes flatter again and in the northeast con;ter of the 
quadrangle, where the altitude of the sandstone is below 3600 
f~t, the dip is less than 50 feet to the mile. The differe~ce in 
elevation of the Dakota sandstone at the top of the dome neal' 
the Rattlesnake Buttes and in the extreme northeast corner of 
the area; is over 2500 feet. 

On this general northeastward slope there are minor struc-­
tural depressions and ridges, the depressions seemingly being 
in accord with the larger canyons that des(.'Cnd the slope in 
this direction~and probably having· determined the location of 
the streams that cut the canyons. Such structural depressions 
can he seen in Madden, Lone Jack, and Crossbars canyons. 
One of these synclines near Blue Hill becomes a deep, sharp 
fold' as it passes' out of the Dakota. sandstone in Buffalo 
Arroyo, and remnants of the infolded Greenhorn limestone 
preserved in synclinal hills form the divide between branches 
of the arroyo, as shown in the section in figure 11. 

FIGURE 11.-Sootion across the minor fold of Bul!alo Arroyo, 8i miles "!Vest 
of Pittinger ranch. 

Kd, Dakol.lI8lIdlltone; KI. Greeuhorn \hneld;one; Kt: TbnplU!llill1tllltcnle. 
Borizontllsclll,,: t iIlch_t mile. V6l1itcall!C8l6: Ifnoh_lllOOteet. 

A low oval uplift'at the-base of the steeper descent in the 
vicinity of the Yellowbank ranch ·brings the Timpas lime­
stone to the surface in an area about 2 miles long within the 
large truct covered by the Apishaps shale. This local anti­
cline, which rises abruptly on the otherwise uniform mono­
clinal slope, is about 75 feet high. 

DOyle Arroyo fozure.-West of Black Ridge the northesst­
wanf dip of the strata is disturbed by a sharp flexure along 
the line of Doyle and Streeter arroy08. (See fig. 12.) This 
feature is' a fold ~f monoclinal type accompsnied by faulting 
~nd minor folding., It begins east of the Rattlesnake -Buttes 
8S a minor drop fault with down throw on the west, increesing 
in intensity northward. A branch rauh, also with downthlow 
on the .west, joins the main fault at Beatdsley Arroyo, where 
the total displacement:of ~e Dakota sandstone is over 200 
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feet. This displacement is accomplished chiefly by faulting 
anti monoclinal folding but in part by a minor shart> synclin~ 
on the west. The -sharp minor syncline -adjacent to the fault 
may be regarded as the bottom of the flexure with t~e strata 
dragged up into a syncline. ~he open syncline fatther west 
is less closely associated with the flexure. 

There is nearly everywhere more or less bending or dl'3g­
ging of the strata adjacent to the fault. Near Cottonwood 
Spring the dreg increasea and the fault grsdually diminishes 
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FIGURE 12.-8ections across Doyle Arroyo flexure. 

Kd,DaIrotasandstone; Kg,Gl"OOI1hornllInestonll; KI,TbnpaalilIltlMOntl. 
A-A, I miles nol"th of Ool;tonwood SpriDg; B-B,.t Cottonwood Spring; 0-0,8J4 miles&o1lthot 

Cottonwood Spring; D-D, 1 mile IlOl"th of Reynutds raDch. 

and passes- into a sharp monoclinal fold, the strata striking 
northwest and southeast on opposite sides of the flexure. Near 
the north border of the quadrangle the flexure broadens and ~ 
its effect is not $0 apparent. 

Rooky Hill fault.-The Rocky Hill faul~ which croe ... the 
southm'n part of the quadrangle from the vicinity of Rocky 
Hill nearly to the eastern edge, is the longest fault in the area. 
It is a drop fault crossing the generally southeastward-dipping 
strata diagonally, the blOck to the south being elevated. 
Beginning several miles to the west, it enters the quadrangle 
with ~a displacement qf about 300 feet, the Greeu'horn lime­
stone resting against the foot of the Dakota sandstone ridge. 
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FIGuRK 13.-Sootiooll amotI8 Rocky Hill fault. 

A-A,JI"orth;~~~a:7":a:B~on~~tK~j.::::=dlUl_thof 
Xica Butte;D-D,l%mu...~otA.~Bhel';»-B:,at~lUT8I'; r-J' •• the 
d.lvIde-'mlleB,e&IItot~po.Rlver; G-G,dueaorthofThaIieJw". 

At Rocky Hill it is croased by the Bonita Cordova fault, 
whi<lh '/jae a- n\ll'tJleaat lrend and a down throw Iot.be north­
west. 1'he:Rooky Hill mesa, lying at the inteisootion of these 
crossed faults, is the elevated end of 8n inclined 'block of 
Dakota sandston~ and the same strata north of the fault inter-

section have been dropped vertieally 500 feet, but the drag 
along the fault plane has bent the Dakota ,trata down the 
.lope of Rocky Hill. 

To the east, on the mesa divide, the Timpas limestone north 
of the fault has been let down nearly to the level of the Green­
hort.:'- limestone on the south, so that. the two form mesas of 
about the BRme altitude. Farther east, on the south side of 
Smith Hollow, small remnants of Timpas limestone north 
of the fault are brought very low in a sharp syncline accom­
panying the fault nearly to the level of the Dakota sandstone, 
which is exposed in several of the side streams south of the 
fault. This. sharp syncline is more ~n the turned-up bottom 
of a monoclinal fold, and its effect on the position of the strata 
may b. obaerved all along this part of the fault. In the 
Apishapa Valley, where the Greenhorn limestone is brought 
down to the level of the Dakota in the valley bottom, the drag 
along the fault is finely shown by the limestone standing verti­
cal for over a mile along the fault on both sides of the river. 

On Tyrone Flats a small outlier of the Apishapa shale has 
been preserved in the depression in the Timpas limestone on 
the north side of the fault. In the Timpas Valley small out­
liers of the Timpas limestone are brought very low in the 
syncline.- north of the fault, and the drag of the Greenhorn 
limestone along the fault is again marked. To the northeast, 
beyond- Timpas Creek, the fault passes into a fold and swerves 
to the north, the low-lying mesa of Timpas limeston~ east of 
Delhi occupying the depression of the. syncline. 

Figure 13 represents sketch sections of this fault ana associ­
ated fold at several points along its COUl"Be. In figure 14 are 
sketched minute details of structure that accompany the fault· 
ing, as observed by Gilbert. 

FIGURE 14.-Details_of Btructure accompanying the Rocky HilHault. 
B,-G. K. Gilbert. 

The IItrato. sh.ownlll"tl minor harder bed! iII the GI"&IlIIl'OII shale. Thatat the right Is the I_foot 
f~lTUginous limNtonIl ?fi foot from the buIe of the tormatloD. The o1hetII of the beds, 
"Whicho.refromlto'feet,o.l'tIintheoppostt"directiontrom.r.bemaln~tsotth" 
Rocky Hilllault shown ,"y the h ... vy lilies. 

Bonita (/ord01Ja Jault.-Where the Bonita Cordova fimlt 
enters the quadrangle from the west the Timpas limestone 
mesa on the north is l;»'ought close to the Dakota ,sandstone· 
outcrop in the vaHey 8o~th. of the faul4 showing a displace­
I'nent 6f about 400 foot. This break culminates in Rocky Hill 
at the crossing of the Rocky Hill fault,. as previously men· 
.tioned, and declines rapidly toward T.wano Arroyo~ where it 
fades iJito other displacement8. 

(Jrbss Oanyon jault.-The fault in Cross Canyon is marked 
by a northward-facing escarpment.of Dakota sandstone form­
ing the south wall of the canyon, which is approximately 
psrsllel with the Rocky Hill fault. The valley itself is floored 
with Graneros shale, preserved on the steeply tilted dropped 
block in the narrow depression. In the Apishapa Canyon the 
Purgatoire formation is faulted down on the north farther 
below the stream bottom. Eastward the Dakota south of the 
fault is bowed up i~ a broad anticline, as shown in figure 15. 

FiQURB lB.-Sections &c1"OS3 Cl'OfIlI Canyon fault. 
Kd. n.kota Mndstone; KI. Greenhol'n lim.t.moe; Kt, Tlmpu, Iimef!tooe. 

A-A.,three-fourthsmn.....astofA~dauyon;,B--B,1%milflJeutofAp1IIhapaCla.D1OD-

At the divide flIrther .. st the outlying bu_ of Timpss'lime­
stone !lre 150 feet lower than the mesa top of the-- same lime­
ston. south of the fault The fault paaees into a ibId in 
Poitrey Arroyo where its eft'ect is sh,own by the broad area of 
Dakota sandstone brought_ to the anrface in the uplift of 
Christian and Devila canyons .. 

Jona Lake Fork and Plliano.J.1"I'oytJ faulto.-Seversl faolta 
occur .in the vicinity of Jones- Lake Fork and 'l'ejano Arroyo. 
The Jones Lake Fork: fault enters the quadrangle southwest of 
the Rattlesnake Buttes. It ~tl881I a ,conspicuous disturbance 
in the Greenhorn limestone benches and brings a smoll mesa 
of Tirupas limestone on the north down to the, level of the 
Greenhorn. In the Dakota 8&Ddstone al'el,l the uptbroWQ south 
side of the fault presents ,8_ rocky escarpme~t which grows 
high~ ,down the vall~y u~til it meets the Tejano Arroyo fault, 
beyond "hich the throw is I ..... 

The TtUano Arroyo fault starts in the Graneros shale west 
of the Bonito Cordova ranch and uplifts the Dakota on the 
south, fonning the long straight sandstone eacarpment along 

. , 
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the north' fork of Tejano Arroyo, shown in Plate XIII. After 
crossing the J ones Lake Fork fault it hringe the Dakota sand­
stone against an outlier of Greenhorn limestone preserved in 
the depression north of the fault. Two parallel minor faults 
to the nord), which offset the Graneros and Dakota, probably 
join the main Jones Lake Fork fault to the west as indicated 
on the map. The short parallel fault heading just south· of 
the Rattlesnake Buttes is the only known fault in the quad­
rangle that has a down throw to the south. 

Alma,qre Canyon fault.-There is an uplift or minor dome 
in the Dakota sandstone between Almagre and Cross canyons, 
west of Apishapa River. This area is conspicuously higher 
than the surrounding Dakota sandstone surface and its anti­
clinal structure is exhibited in the Jones Lake Fork canyon. 

~===========--::rr::: 
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FIGURE 16.~Sections MrORS Ahnagre Canyon fault and fold. 

It is limited on the northwest by a faulted monoclinal down­
fold which makes a rugged escarpment and wooded slope fl'Om 
its south end at the Cross Canyon fault northward a.nd is 
plainly traceable ill the bench along the southea"t side of' 
Almagre Canyon. After crossing Apishapa and Juan Baca 
canyons it passes into a fold which, in the Timpas limestone 
mesa beyond, is seen to be accompanied by minor faulting. 
Figure 16 illustrates details observed along this fault. 

Little Dome.-The Little Dome, west of Cordova ::Mesa, is 
a very interesting structural feuture. In the midst of the mesa 
of Timpas limestone with the usual gentle southeastward dip 
an elliptical area of Dakota sandstone has been pushed up, 
with dips on its periphery so st.eep thut the Graneros shale, 
Greenhorn limestone, and Carlile shale outcrop in very narrow 
concentric bunds around the Dakota core. The Dakota sand­
stone surface is as high as the mesa of Timpas limestone t.o 
the east and south, showing an abrupt. displacement of over 
500 feet. On the north side the bauds of Graneros and Green­
horn are broken by u fault which brings the Dakota and 
Greenhorn into contact. 

FIGURK 17.~Section IWross the Little Dome. 

The abruptness of this dome is not in keeping with the 
other structures in t.he area but the dome so closely resembles 
in structure the laecolit.hic hills in the Rocky Mountains and 
similar occurrences in the plains, such as Twin Buttes, 80 
miles east of the quadrangle, that it is bclie\7ed that. a body of 
igneous rock, probably coming from the same source as and 
composed of material similar to t.he dikes of the area, was 
intruded beneath and domed up the strata now at the surface 
of .the Little Dome but has not itself been exposed by erosion. 
(See fig. 17.) 

ORIGIN OF THE STRUCTURES. 

As preyionsly. stated, the Apishapa anticline is a continua­
tion of the Wet Mountain fold of the general Rocky Mountain 
uplift, which reaches a local climax at the Rattlesnake Buttes, 
in the Apishapa quadrangle, giving the effect of a dome, and 
pitches beyond to the southeast. Around this pitching end 
occur the puckt1rings and breaks that have been described 
above as folds and faults. These faults are situated chiefly on 
the south and southeast sides of the anticline and at all that 
have been observed except one the block on the north or 
arched side has dropped and the out.er block. has been rela­
tively raised. The settling seems to have been in the nature 
of a partial collapse of the arch due to lack of support while 
the sides of't.he aIX'h remained intact. 

This process may be illustrated by an ideal arch J;:omposed 
of blocks settling, when the support is'"removed, hi-adjustment 
between the blocks, as shown in figure ·18. A generalized 
north-south section through the faults and folds in the south­
ern part of the q~drangle and a theoretical restoration of the 
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arch from which the blocks were derived are presented in 
figure 19. 

FIGURE 18.~An ideal aJ"ch broken into block~ by nearly vertical joint 
planes (upper figure) and the same areh as it would appear if the cen­
tral part collapsed by displacement of the blocks along the joint planes, 
due to lack of support (lower ligure). 

When the rocks were pliable the set.tling took place by 
bending or by breaks 80 minute that the effect is that of fold­
ing rat.her than faulting. Thus the faults are accompanied by 
and pass into monoclinal folds. The cause of the sharp syn­
clines that are closely associated with the downthrown side of 

English Spring are about as large hut are less conspicuous 
because not so isobted. 

Age.-The dikes cut the latest Cretaceous strata now remain­
i!lg in the Apishapa quadrangle. In the Spanish Peaks region 
they cut the Huerfano formation, '",hich is of Eocene age. As 
fragments of the volca.nic rocks are found in the oldest ten-ace 
deposits derived from this region, the dikes are undoubtedly of 
Tertiary age" probably late Eocene or early Miocene. 

DistribnUon.-Dikes are most plentiful in the southwestern 
part of the quadrangle, the port.ion nearest to the Spanish 
Peaks intrusive mass. The most thickly intruded traet. is an 
elliptical upland area southeast of t.he Bonito Cordova ranch, 
where 12 dikes oecur within an area about a mile wide. The 
dikes all trend in a westerly direction, toward the erupt.ive 
center in the Spanish Peaks. In several places in t.he, quad­
rangle there are intersecting dikes, generally of slightly differ­
ent composition, but as the points of intersection were so poorly 
exposed the relative age of none of the dikes was determined. 

4 Miles 
~~~~-

FHiURE 19.~North-sonth section across the faults in 1he southern part of the quadrangle. and the arch of the Dakota sandstone 
(Kd) re~tored as it is believed to have swod before displacement of the blocks by faulting along joint planes. as illustrated in the 
ideal arch in figure 18 . 

many of these faults is not clear under this hypothesis and can 
not be sa.tisfactorily explained with the data in hand. 

The Little Dume, as previously stated, evidently is not a 
structure of this class. It is ovul in outline and is isolated 
from and has no apparent connection with the Apishapa anti­
cline. The local doming of it.s strata is probably due to the 
intrusion of molten igneous rock from some deeper source, 
possibly the same as that of t.hc dikes of the region, which 
spread out between the rock strata at some horizon below the 
Dakot.a and domed up ,the overlying beds. The laccolith, us 
such an igneous mass is called, has not. been exposed at the sur­
face but probably does not He deeply buried. The lac..'Colith 
at T\vin Buttes, which domes up the same strata in the Great 
Plains 80 miles to the east, has been exposed by -erosion and 
is seen to penetrat.c the red strata. of the Morrison and under­
lying formation and to dome up t.he Purgatoire and Dakota 

Jormations. The theoretic laccolit.h of the Little Dome is 
shown in the sec,tion (fig. 17) ut about the same horizon. 

IGNEOUS ROCKS. 

OCCURRENCE. 

Geneml charactcr.-The 42 recorded dikes in the quadrangle 
are of various composition but may be clussed for the purposes 
of this report into two groups, basalt and lamprophyre. The 
dikes are mostly narrow bodies, 4 to 10 feet thick, but some 
are 20 feet or more \vide. They represent clefts or cracks 
in the stratified rocks into ·which molten material was forced 
froUl deeper sourccs during the eruption of lava now form­
ing Spanish Peaks, 25 miles southwest of the quadranglc, 
and Raton .and other lava-capped meSfIS to the southeast of 
those peaks. The molten magma ascending in these narrow 
fissures and cracks heeamocooled und solidificd int.o firm rock, 
the various minerals' in the lllagma segregating into mQre or 
less crystalline forms, some of which can he detected by the 
unaided eye. The wall rock is generally indurflted by the 
heat of the injected mass and its att.endant vapors, 80ft shales 
heing cemented to hard argillite, and crumbly limestone to 

\ . hard porcelain-like roek. The hardening eifect, or baking, is 
observed in some places as far as 20 feet from the dike. 

Some dikes include fr:lgments of wall rock that ha\'e been 
bl'ought up from deeply buried beds. Although llSuully hard­
ened and .altered in appearance, some of these fi-a.gments are 
from older sedimentary rocks and granite, indicating that 
rocks similal· to those which form t.he Greenhorn Mountains, 
west of the Apishapa quadrangle, deeply underlie the surface 
here. 

The dikes that are inclosed in walls of Dakota sandstone and 
generally those in the Timpas limestone :lre attacked more 
readily by the agents of weathering than the inclosing rock 'and 
are therefore decomposed and washed a.way or dissol ved faster, 
leaving crevices or ·channels in the wall rock partly filled with 
iron-stained clay. In the dikes cutting other formations, how­
ever, the int.ruding material is the more resistant and its frag­
ments remuin on the surface and retard erosion. Shale und 
limestone of the wall rock are hardened by the heat and by 
hot liquids or vapors emanating from ilie injected molten rock 
and aid in resisting erosion, so that the dikes in shale generally 
form straight, narrow ridges, pro~cted hy fragments of the dike 
and of the hardened wall rocks. The most conspicuous of 
these dike-ridges in the area are Mica Butte, 4 miles CHst of the 
Bonito Cordova ranch, and Blue Hill, 7 niiles northf'.2st of 
North Rattlesnake Butte. The dike hill just east of North 
Rattlesnake Butte and the one on the mesa 3 miles souih of 

On,the Timpas limestone hills south of Mica Butte a vogesite 
dike and a tinguait.e dike cross, also a diabase dike and a voges­
ite dike. In t.he dike hill east of North Rattlesnake Butte a 
long basalt dike and a short vogesite dike intersect, but the 
details are on too small a scale to be shown on the map. Fig­
ure 20 shows the relation in the field as sketched by Gulliver. 

The longest dike in the area is the one south of' English 
Spring, which has been traced 4 miles. This dike is nearly 
the farthest in the area from the source of intrnsion, the one 
south of Snowden Lake, at the eastern edge of the quadrangle, 
being slightly more remote. 

1000 3000 Feet.. 

FIGURK 20.~Plan of dikes 2 miles northeast of North Rattlesnake Butte. 
By F. P. Gulliv~.r. 

Shows branching and crossing of the iIike~. and slight offset by fault.lng. 

Certain of the igneous masses have a rounded sha.pe like 
volcanic necks. Gilbert observed that the dike near the 
R.eynolds ranch, in Streeter Arroyo, spread out at one point 
into a IDllSS 25 feet in diu meter which formed a detached 
butte suggest.ing a neck. Another in a valley of the dissected 
mesa east of the Bopito Cordova raneh also expands at one 
spot to 50·feet in diameter. The only necklike intrUSIon of 
sufficient size to be mapped as such is the vogf'site mass south­
east of Haystack. Butte, ...... ·hich covers an ova.l area about 80 by 
180 feet. Such necklike rock masses are of similar composi­
tion to the dikes and generally contain many similar inClusions 
of extraneous rock. . 

P ETltOGRAPHlC DE8CRTP'l'lON. 

By WHITMAN CROSS. 

General charactm· of the rock8.-With few exceptions the dike rocks 
of the Apishapa quadrangle are dark-gray or bllWk aphanites with 
few minel"~l grains recognizable in the hand specimen, Gyen with a 
magnifyiug glass. The rook called minette has abuudant leaves of 
brown biotite, and two described as diabase are clearly granular in 
textnre, the lens revealing feldspar and augite. Several very dark 
rocks are porphyritic in suh():r;~linate degree through the presenco of 
olivine crystals, fresh or altered, and locally augite h<ls a cm·respond­
ing development. Biotite of rich brown color oceurs sporadically in 
some dikes in tablets reaching rarely a. breadth of 1 centimeter. 
'£he rocks generally have a hackly 01' subconcboidal fracture. 

A uumber of the speeimellR are characteri7,eU by white grains of 
analcite, which appeai· like primary phenocrysts bnt .are believed to 
be the secondary filling of small vesicles or irregular cavities. 'l'his 
analcite is commonly associated with ealcite and chlorite and in one 
specimen round pores are partly filled by a fibrous zeoliLe. 

All these rocks belong to the unsystematic bllt useful group of the 
lamprophyres, which includes a great many dark fine-grained rocks 
rich i·p one or more of the ferromagnesian silicates-biotite, horn­
blende, augite, and olivine-gellerally with subordinate feldspars of 
a very wide rang~ of composition. BasaltJs not commonly included 
among the lamprophyres, but it clearly belongs to· this series of dike 



rooks by OCCUrrence, habit, and aired graaation through iutermediate 
forms into some typical lamprophyres. 'I'bat lamprophyres are not 
restricted to actual dike form is illustrated by numerous sills or 
smalllaoooliths iu the Spanish Peaks and Walsenburg areas. 

The rocks mapped as lampropbyre will he described nnder the 
headings minette and tingnaite, olivine-bea,riug augite 'Vogesite, 
augite-hornblende vogesite, and diabase, and those mapped a8 

basalt, under the hemling Olivine-plagioclase basalt. 
Minette and tillguaite.~Highly micacrous rock of the minette type 

is represented in two dikes of the Apishapa quadrangle. This rock 
and a t.inguaite associated with one of these dikes are t,he only types 
of the great series connected with the Spanish Peaks center Jhat are 
peculiar to this quadrangle, The more typical minet,te forms a dike 
more than a mile long on the divide at the head of Buffalo Arroyo, 
near t.he center of the qnadrangle, and is t.he only'dike mapped as 
minette (m on the geologic map). Several specimens from it are rich 
in glistening reddish-brown biotite leaves of rudely parallel arrange­
ment, giving the rock an impel'fect schistosity, The rerna,inder of 
the rock is, pinkish in color and evidently feldRpathic to the naked 
eye, though no crystals are large enough to be recognized, 

The microsoope Iilhows this rock to consist mainly of biotile, alkali 
felilspal', and apatite. Besides the larger crystals the mica o&:.\1rs in 
minute leaves in intricate mixture with feldspar, which is developed 
mainly in groups of small prisms. Apatite needles penetrate the 
mica flakes in great numbers. Cloudy reddish-brown ferritic mate­
rial occupics the wedge-shape!1 interstiC€s between miea and feldspar, 
but no magnetite particles occur in the sections. 'rhe feldspar is 
presumably orthoclase. Augite appears to have been a pri~lllatjc 

constituent of the roek but much subordinate to the biotite, It is 
now almost wholly decomposed. 

The other highly micaceous dike is at Mica Butte, weAt of Apishapa 
River and south of Tejano Arroyo, in the southern part of the quad­
rangle. It is a compound dike whieh, as represented by the Single 
specimen in the eonection, oonsists of augite minette penetrated in 
intricate fashion by a pale-green ronk that must be referred to tin, 
guaite. From, the name given to the butte trave1'8ed by this dike it 
may be inferred that biotite is developed in much of the ronk in 
larger crystals than in the specimen studied, This is made up of 
very fine grained brown material cut by tOD!!neS of greenish color. 
Hoth minerals exhibit a poikilitic texture by the glistening of 
cleavage faces of orthoclase, but the included particles are so small 
and numerous as greatly to obscure tbe intergrowt.h. 

The minette part of the specimen has biotite, augite, orthoclase, 
apatite, and magnetite as its cbief constituents, wit,h a, little intersti­
tial hrown glass. The green material injected all through the brown 
cousists chiefly of allmli feldspar with ff'girite, apatite, titanite,' and 
magnetite. The several veinlets are of different grain and texture. 
Biotite and augite are mingled with the other minerals named in 
various proportions in different tongueB of the tinguaitic material but 
in certain places are wholly lacking. 

The meager information concerning this interesting occurrenC€ 
scarcely warrants fluther discussion, 

Olivine-bearing augite voge8ite.~The most common type of the lam­
prophyre dikes of the Apishapa area consists pripcipally'of augite, 
olivine, magnetite, apatite, and a colorless bMe which in many 
specimens is clearly alkali feIaspar but in "sume' has consolidated as 
ght . .,s. Biotite is a common but variable (',()nstiment and brown horn­
blende is its associate in a few dikes, Analcite occnrs in a few dikes 
in grains of mega.<;copic size and not uncommonly in microscopic pal'" 
ticles, Its frf'quent a"sociation with calcite and chlorite suggests a 
se!1ondary origin in such rocks, but it seems poSBibly primary in 
others. 

ThMe vogfflites are generally aphanitic, hut analcite grains and 
olivine phenocrysts produ(,R a subordinate porphyritic fabric, The 
a,nalcite may be simply a filling of sm::ll1 pores. Untler the mrcrmwipe 
thE'Se rockll- usnally exhibit a, micro'porphyritic texture through the 
development of olivine a11d angite. The ~reater part of the olivine 
occnrs, in relatively lar~e crystals, ::Inft only fl flm3JI part of the aup;ite 
appears in correl'lponding size. Both grade in seriate manner iuto 
the ~ronndmllfls. but onlv angite sinks to the minutest size. Biotite 
ifl found either in very s~all flakes or in sporadic megaphenoeryfltB, 

The feJt'Ji.pathic base of these vogesites is in some specimens not 
individllfllized and a'Ppears afl an isotropic sub!'lhr.nce, but,more com­
monly there is 110 fihrous rna,SF! of alkali feldspar needles or rarely dis­
tinct grains, Plagioclase is rare or lacking. 

The vogesites of above noted character are those given thE'symhol 
v on the geologic map. 

AUllite-luJrnhlende 1JO.Qel<ite.-A variety of vogC$ite in which brown 
hornhlenile is nearly or quite as im'Portant a constituent as augite is 
found in severHI dikes. Oli';ine is lesfI abundant in these rocks than 
in the t,ype above df'Rcrihed, and 'Plagioclase is apt to appear, though 
much less prominently than alkali feldflpar, which is better developed 
than in the other vogesites. Analcite occurs in rather notable graills, 
in !'lome specimens being, however, open toO the suspicion that it is 
seconilary. 

The hornblende is of ilifltinct brown color, never very dark, a.nd its 
ploochroism is not flO st.rong as in the usual namptonitic type. It 
occurs in short" stout prisms rather than in needles. Its crystals are 
eubedral and in some rocks they are 'a8 large as the la,rgest augite, 
whereas in others they are restricted to t-he microgroundmass with 
minnte biotite flakes. 

The long dike on the sont.h eilge of Cordova MeRft, at the border 
of the. qnadranf,!"le, is one of t,he coal'Sf'st of the hornbleudic vogesites. 
Other" dikes of this rock occur on the me8a esearpment 8Outhw{'st of 
Little Dome; on the north side of Smith Hollow, 2 miles sonth of Mica 
Butte, associated with the diabase (like; and on the mesa about, 2 
miles east of Apishapa' River near the south edge of the ql1ll.dran~le. 

Diaballe.~Two dikes of diabase have been indicated by the letter d 
on the geologic map, and a. third, the one southwest of Haystack· 
Butte, is also of this general type. These Are more or IE'S<! distinctly 
ophitic in fabric aud they consist mainly of augite Rnd plagioclase. 
In the east-west dike cutting across t,he fiDg'er ends of the meslt 
north of Smith Hollow, 2! miles soutbwest of "Mim Butte, the ophitic 
fabric is barely discernible with the naked eye. The plagioelase 
has been apparently determined as albite-oligoclase by U.s refractive 
index and extinction angles. In another dike the pla~ioclase appeaJl\_ 
to be oligoclase, and in the third it is highly sodie. These are there-
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fore not typical highly calcic diabases, but they betray their geneti(1 
relation to the other lamprophyres by this alkalic plagioclase. 
Olivine is hwking and biotite rare in these rocks. 

Olivine-plagioclase basall.~Three dikes in the A p-ishapa quadrangle 
consist of aphanit,ic basalt. and are represented on the geologic map 
by a distinct eolor. They are megasoopieally very similar to if not 
indistinguisbable from the olivine-augite vogesit.es. In both rocks 
the felic cDustituenif;1 are subordinate in amount and henoo a ba!i\30ltic 
cbamcter can he indieated in t,he hand specimen only by a develop­
ment of t.he plagioclase in larger crystals than is apparently common 
in this area. 

These basalts differ from the correspomlii-Ig vogesites mainly in the 
almndanoo of plagioclase, but they are also richer in olivine. Bio­
tite is common in minute brown leaves, but hornblende has not been 
observed. A,pat,ite and magnetite particles bear the same relations as 
in the vogesites. 'l'be augite is of the same pale-green color and of 
similar crystal development'in the two rocks. 

An intimate gcnetic relation between t.hese basalts and, the voges­
·ites is furt.her emphasized by t.he fact that the plagioclase of the 
ba.saltS is not more calcic tha.n andesine and,in many crystalS appears 
to be nearer oligoclase, though a variable amount of actnal a.lkali feld" 
spar, or glass base of that general composition, is present in -some 
specimens. 

Relatim/s of the diJ:e.~ of the Apishapa quadrangle.~The dikes of t,he 
Apishapa quadrangle belong to a, series of several hundred such 
fissure filling'S surrounding the adjaoont centerS of eruption at the 
Spanish Pf'~ks and Silver Mountain. About 350 of these dikes are 
represen® on the geologic maps of the Spanish Peaks, Walsenburg, 
and Elmoro folios and arc there briefly described by R. C. Hills. 
Perhaps an eqnalnumber of dikes occur in the still unsurveyed area 
west of Spanish Peaks. Throngh the evidence of many intersections 
Hills was a.ble t,p refer most of the 240 dikes of the Spanish Peaks 
quadrangle to five prindpal epochs of erupt,ion, and the ronks of 
these epochs were distiuguished ou the map nnder the legend names 
"carly monzonite porphyry," "early lam-prophyre," 'lJate monzon­
ite porphyry," "late lampropbyre," and "basalt." Similar diatine: 
tions were made among the 94 dikes of the Walsenburg quadrangle. 

In the folios ment,ioned the details of aBsociation and many varia.­
tionS in composition of the dike rocks are recorded by Hills. It will 
suffice to say here that the Apisnapa dike rocks, with one or two 
exceptions, undoubtedly belong to types more or -If'SS common in the 
series. They can not, however, be assigned to Hills's groups in the 
absence of data of intersection. 

A few rocks of the Apishapa area are properly called basalt and 
they no doubt belong to the youngest group of the Spanish Peaks 
center, The remaining types can only be characterized in a general 
wa,y as lamprophyres without recognition' of' the earlier and later 
grou:p8 of Bills. It is doubtful wl1e~er any representative of his 
monzonite porphyry occurs in the Apishapa area~ 

GEOLOGIC HISTORY:. 

Pre-Paleozoi~ time:-The geologic' history of this region is' 
based on an interpretation of the records furnished by the 
rocks. As no rocks older than Jurassic, possibly none older 
than Cretaceous, occur at the surface of the Apishapa quad­
rangle, the earlier history must be drawn from the exposures 
along the- Rqcky Mountain front, 25 miles to the west. The 
oldest rocks found there are schists and granites of pre­
Cambrian age. These rocks, or other similar ancient crystal~ 
line rocks; form the basement on which tJte known sedimeJ;lt:ary 
rocks of the western Great Plains w'ere deposited. Toey prob~ 
ably represent. ancient sediments and igneous rocks that cooled 
and hardened below the surface of the earth and were later 
elevated and exposed at the surface 'by, erosion. 

Paleozoic erosion and sedimentation.-Durinp: part of Paleo­
zoic time, when vast areas of the interior of North America 
were covered by a continental sea snd received thick deposits of 
sediment, this area remained land and was worn down by long­
continued erosion so that at times its surface became a relatively 
level plain., A few rock outcrops, however, on the western 
edge of the 'Plains preserve a record that the inland sea :r;eached 
the foot of the Rocky Mount.ains in the Cambrian and Ordo­
vician periods, and again in the C:lrb'oniferous period, and left 
thin deposits of sand and limy silt which have been hardened 
and preserved as sandstone and limestone, These Paleozoic 
formations probahly also unilcrlie the Apishapa quadrangle 
and arc .so'shown in the structure seetion on the stiuctural­
geology map. 

Early Mesozoic sed1:mentation.-It was not until late Carbon­
iferous and Triassic time that thick sediments were a~cumulated 
over a 1arp:c portion of this regidn. These sediments are 
highly colored, ,mostly bright. red, and were probably derived 
from rock that had disinte,e:rated on a relatively arid upland 
where the iron was highly oxidized. The detritus was carried 
to the lowlands by streams and deposited there in part as 
alluvial wash but also ,in shallow shifting bodies of water. 
These lakes gradually evaporated and the salts in solution were 
concentrat,ed to such an extent that layers of gypsum (hydrous 
calcium sulphate) were precipitated and became interbedded 
with the sand and silt. Land shells and bones and teeth of 
large reptiles that lived at this time are now found fossilized 
in the consolidated rocks. Similar red sands and clays were 
deposited in J urnssic or earliest Cretaceous time and were COD­
)3olidated into the Morrison formation, the oldest rocks exposed 
in the,.detW canyons of the Apishapa quadrangle. In other 
area-s, beds equivalent to this format.ion contain numerous 
remains of mammals, gigantic dino&lUTs. and other animals 
now extinct that lived on the land during· this period. In 

the Apishapa quadrangle a few' shells were found indica.ting 
that the limestone." containing them were sediments in a fresh­
water lake, 
. Cretaceons sedimentation.-The change from the red impure 

sediments of the Morrison to the purer light-huff quartz sand 
of the Cretaceous marks a great change in the physical eondi..:. 
tions in the area, for it represents the advent of marine waters. 
The sea occupied this part of the interior of the continent dur­
ing most of Cretaceous time. At the beginning of the Pur­
gatoire epoch pure white sand was carried into the sea hy 
streams that had been accelerated by a rising Jand and had 
eroded their channels' down into fresh rock. Later in the 
epoch erosive activity on the land subsided and fine carbona­
ceous muds a.nd thin beds of peat predominated over the sands, 
while in ,southern Colorado a.nd Texas, farther from the source 
of the land detrittls, limy silts were accumulated. These beds 
contain a marine fauna, mostly mollusks, prolific and of great 
variety in the limy beds but less abundant in the sands and 
clay silts. Fish remains, however, are numerous in certain of 
the sandy layers. These fossils are aU of Comanche (Lower 
Cretaceous) types. 

The deposition of pure quart.z sand was again revived in 
Upper CretaceOus time and produced the Dakota sandstone, 
one of the most widespread formations in the Great. Plains 
region. The absence of marine shens and the occurrence 
throughout the formation of plentiful fragments of wood, 
leaves, and even large trunks of tree!:' and locally of thin layers 
of coal u.nd carbonaceous shale, have led to the generaLopinion 
that the Dakota sandstone was deposited in fresh water. It 
seems ,probable, however, that such a vast body of water must 
have been open to the sea and that most of the tree trunks 
and vegetable material inclosed in the sand were Boated down 
to their resting place from the interior by streams, althongh 
favorable places hec..ame shallow enough during oscillations of 
the sea bottom for the luxuriant growth of plan'ts and the for­
mation of carbonaceous layers and soils or underclays. Be this 
as it may, it is certain that at the close of' the Dakota epoch 
marine condit.ions prevailed and a great thickness of black 
clays or'silts accumulated during the Graneros and,Carlile 
epochs, interrupted first temporarily by the deposition of lime 
silt of th,e Greenhorn formation and ·later by the calclIreous 
deposits of the Timpas and Apishapa formations. All thes~ 
format.ions bear an abundant marine fauna, comprising oysters 
and numerous other mollusks, strange chambered ammonites, 
hoth coiled and straight, and fisheE. 

Late Oretaceo1J . .8 and Tertiary sedimentaUon.-Although the 
higher Cretaeeous and Tertial'y sediments that normally follow 
the li,my'beds of the Niobrara in adjacent areas are not now 
present in ~the Apishapa quadrangle, it is highly probable that 
they were originally deposited there, for they not only ocem 
in the plains to the northeast but are preserved from erosion 
by the protection of injected igneous masses and .dikes in the 
Spanish Peaks, to the southwest. 

As shown by the records in these adjacent areas, marine 
co;nditions continned during the Pierre epoch, when fine black 
clays or silts were again swept from the land broadcast into the 
sea. Toward the close of the continuous sedimentation the sell 
became partly inclosed and the water bmckish while the sands 
of the Il~ox Hills formatiCin were accumulated. Marine condi­
tions thereafter ceased in this region and the closing deposits of 
the Cretaceous and those of t.he early 'l'ertiary are all terrestrial, 
laid down in part as lake sediments, in part as wash from the 
mountains and uplands out upon the plains. They inclosed 
many organic remains and, in favorable places" great peat bogs 
accumulated vast amounts of carbonaceous matter which has 
consolidated into thick beds of coal. Certain strata contain 
the bones of monstrous extinct mammals and other vertebrates 
that lived during the Eocene epoch, while these sediments were 
being deposited. 

Tertiary uplift, igrw()'IU intrusion, and erosion.-Although 
minor elevation of the interior of the continent bad been in 
progress, it was not until the Tertiuy period, probably at the 
close of Eocene or in Oligocene time, Jhat the interior of the 
continent was greatly uplifted, and the area to the west of 
the Apishapa quadrangle, now the Rocky Mountain region, 
was sharply raised abo\'e the plain and the strata along the 
margin were steeply upturned. The rocks of the Apishapa 
quadrangle were also affected by an offshoot from the Rocky 
Mountain uplift and were arched up into an auticline 2500 
feet high. - This fold collapsed on its margins and the blocks 
of strata settled, produCing the displacement of strata now 
visible at the surface. '..-

Uplift of the region was accom·panied by the injection of 
great masses of molten rock, only the distant ends of which 
found their way through crevices and fissures in the rocks of 
the Apishapa quadrangle and solidified into dikes of igneous 
rock. Some of the molten material flowed out upon the sur­
face RI!I.·!aVIl- and is' preserved on Raton Mesa and Mesa'de 
~{aya, south of this quadrangle. 

Erosion was accelerated in the more elevated portion of the 
contine~t to the west, the softer rooks were f'dpidly, removed 
and the older harder l'QCks were -exposed. AB uplift continued, 
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these elevated regions eventually became mountains of the 
present proportions of the Rocky, Mountains and the~ less 
elevated traet;s to the east became lowlalld plains_ A prolong~d 
period of gradalion followed, in which the higher parts of the 
folds in the plains region were eroded and the surface was reduced 
to gentle slopes. Then further uplift of the mountains to the 
west overcharged the streams with debris and a blanket of 
wash, called th'e Nussbaum formation, was spread widely over 
the plain. This peneplain passed over the tops of the Rattle­
snake Buttes, and is probably entirely eroded in the quad­
rangle except where the remnants of the Nussbaum formation 
still rest upon it in the northeast corner. The present attitude 
of the peneplain floor preserved beneath the Nussbaum deposits 
in adjacent regions indicates that moderate folding continued 
into Quaternary time. 

Quaternary 8culpturing.-The details of the present topog­
raphy-mesas, terraces, slopes, lowlands, and eanyona-are the 
work of the most recent geologic 'proc~es, comprising the dis­
integration of the exposed rockS and the removal and transJ?Or­
tation of the detritus to lower levels by rain, wind, and streams. 

The resistant lavas of Raton Mesa were left as high hills-and 
mountains above the Tertiary peneplain and probably helpe9. 
to determine the northeastward slope of this part of the region 
toward Arkansas River and the consequent drainage in that 
direction. All the larger streams have superimposed channels, 
which originated upon the alluvium-covered late rrertiary 
peneplain, and now run in approximately parallel courses 
across the Cretaceous outcrops without regard to the dips of 
the strata or other structural features. / 

Apishapa Riv~r probably crossed the quadrangle in a shallow 
depression in the peneplain, approximately in the position that 
it now occupies but relatively several hundred feet higher. It 
continued to occupy this course, cutting its channel deeper and 
deeper into the soft rocks as the land rose until eventually it 
incised a canyon across the anticlinal area of Dakota sandstone 
upon which it was superimposed. This explains the appar­
ently strange cours~ of the Apishapa, as it leaves an open ·plain 
in soft rocks and passes through its canyon in the hard Dakota 
sandstone to emerge again on an open plain in the same soft 
rocks. beyond. (See fig. 5, p. 2.) 

High terrace gravels on the bluff east of Apishapa River a 
short distance northeast of the quadrangle, several hundred feet 
above the present stream, are composed of the same materials 
that are found generally in the Apishapa River gravels except 
that there is a noticeable absence of sandstone fragments. This 
deposit is therefore a record of t.he stream channel before it cut 
into the Dakota sandstone and fragments of thaJ hard rock 
were ground into pebbles in its channel. 

As previously mentioned, a rather narrow gap in the mesa 
northeast of the Juan Baca ranch, now draining only its imme­
diate basin, was probably formed and once occupied by a larger 
stream which crossed the mesa at this point but which for some 
reason has since shifted its course. Gravels were not observed 
in this valley, but two small deposits along its lower ('''Ourse are 
in line with the larger gravel area at Snowden Lake. Prpbably 
either Timpas Creek or Apishapa. River, when flowing about 
300 feet higher than now, had its course through this gap .. 

11 

limestone, are especially unproductive am;! barren. The wind 
in eddying about some obstruction, such as a clump of trees or 
b~shes, wonld tend to blow away loosened particles of the 
unprotected soil and start a depression, and, with the thin 
protection of vegetation removed, scouring to shallow depths 
would quic~ly follow. Rain water accumulating in these 
basins would Jattract buffalo, antelope, and cattle, which would 
further .loosen the soil by wading -and stamping. When the 
basins were dry these same animals, particularly the buffalo, 
would congregate here to stamp, roll, and throw dust over 
their bodies, thtU! aiding in loosening the soil and subjecting it 
to wind action. Such dry barren depressions were early 
known as "buffalo wallows." 

Data gathered by Gilbert showed that the shape-of many of 
the basins in the shales of the Benton group presents strong 
arguments in favor of wind scour, and some of the basins 
in the limy shales of the Niobra~ group probably have a 
similar origin. 

Certain ponded drainage channels of gentle grade in shale 
were regarded by Gilbert as having been dammed by wind­
borne material, the amount of ponding varying with the rela­
tive activity of stream erosion and of filling by sand carried 
by winds which have a prevailing direction. 

Some of the basins in the Dakota seem to be original irregu­
larities or depressions in the sandstone surface formerly filled 
with shale which has been cleaned out by wind action. Others 
may have been structural basius in the Dakota surface or may 
have been formed by faulting, the inclosed shale having been 
likewise blown away by the wind. South Canyon Lake, which 
has a lower rim of D~kota sandstone ledges standing 25 to 30 
feet above the water surface, seems to have been produced in 
some such way. 

MINERAL RESOURCES. 

The known. mineral resources of thE' Apishapa quadrangle 
are few and of little commercial value, ·especially as there are 
so few residents in the area and as the railroad facilities are so 
poor. These resources comprise building stone, clay and shale 
(for brick), limestone (for lime, flux, and cement), fire clay, 
barite, water, and soil. Highly carbonaceous shale and thin 
seams of coal are locally present in the Purgatoire formation 
but ha ve no economic value. 

BUILDING STONE. 

Many beds of the Dakota sandstone are suitable for local 
use in building but do not warrant quarrying for shipment 
nor are they favorably located fOf transportation. The same 
p1ay be said of the sandstones at the top of the Carlile shale 
and the limestones at the base of the Timpas, which together 
form tlie cliffs at the edges of mesas, and of the beds of the 
Greenhorn limestone. The layers of these formations are 
largely of suitable thickness for use in building and are sepa­
rated by shale which would mak.e quarrying simple and inex­
pensive., However, there is at present no demand for the 
product and none has been quarried in the area. 

LIMEETONE. 

Another hjgh th'Ough much wider gap in the mesa front lies Lime has been burned for local use at only one place in the 
north of Haystack Butte. The stream now flowing through the quadrangle, so far as known. In one of the reentrant valleys 
gap heads on the Greenhorn limestone terrace in front of the in the m~sa front, west of Thatcher, a kiln was constructed in 
mesa and could not possibly have excavated 80 wide a gap. 'which limestone from the base of the Timpas formation wa8 
Gravel was not found in this gap or channel, but the large calcined. Although no analysis of the limestone in this quad-
deposits to the southwest suggest that the stream in Crossbars ,~~ngle has been made, it i~ in general ,ra~er pure; as shoVfn by 
Canyon and associated streams once united and flowed through ~ _J 'ffie following analysis of a sample of the rock from the 
this gap and that the gravel deposits mark their course at that adjoining Pueblo quadrangle: """-

stage. AnaJ,1/Bis of Timpalf.., lime8tone from Harp'8 qua'N'1/. Ptublo. 
Doyle, Peterson, Mustang, and Saunders creeks, which flow 

northeastward down .the surface o( the oontral upland and 
through gaps in the mesa front, have all had similar histories. 
They were established with somewhat parallel courses on the 
inclined gravel-covered Tertiary peneplain which passed over 
the present crest of the mesa, as !!bown in figure 4. As the 
streams eroded their channels into the underlying rocks they 
were superimposed'across the structure of the Cretaceous strata. 
They stripped the softer shales from the harder rocks and left 
the Dakota sandston~ surface bare and the Timpas and Green­
horn limestones standing in relief as benches and mesas. rl'hus 
the streams passing out of the canyons in the Dakota sandstone 
to higher rocks go through gaps in the escarpments of thl;'88 
benches and mesas which they have slowly cut in the eOUl86 

of their dEOOellt, in the same manner as Apishapa River. 
Shallow lake basins scattered over the quadrangle are 

periodically filled by rain water and emptied by evaporation. 
Most of these lakes are on the shales of the Bentou group, but 
a few are located on the Dakota sandstone and nne or two on 
the formations of the Niobrara group. On whatever formation 
they are their occurrence requires explanatioJ:!. 

Most of the lake basins can be best explained as the result 
of wind ""lion.. All thoae on the shales of tile Benton gr.,up. 
are probably of this or~gin. The shale soils in general a.re not 
,fertile and support only a. scant vegetation. Certain beds 
of black shUle, particularly one jnst above tile Greenhorn .......... ' 

[lIy Pueblo Smelting Co.J 

810. ______________________________________________________ 6.4 
Al.o. ________ ~ 1.8 
Fe.O, ________ 2.1 
CaCO. ____________ _ 89.9 

".7 
The high percentage of iron is due to noduli>i3 of marcasite 

that are scattered through the rock. The limestone is exten­
sively used for flux in the iron furnaces at Pueblo and, with 
proper selection and the removal of nodules, may.be suitable 
for cement manufacture. With the increase in population due 
t'O the agricultural development by irrigation of the uplands 
in the northeastern part of the quadrangle, the use for wall 
plaster will increase, and possibly field lime will be demanded 
to restore the. fertility of the -soil. Limestone fol' these purposes' 
can be had from almost any of the outcrops of Timpas lime­
stone shown on the geologic lIlap, .and possibly also from the 
Greenhorn limestone. 

BRICK CLA YB. 

Shale and clay for brick can be obtained in all parts of the 
, quadrangle except where the Dakota sandstone is exposed ¥ 
tlle ourfuce. The Graneros and Carlile formaliollB and. large 
part of the Apisbapa formation are compDflCd -almost entirely 
of o;rgillaeeous or clayey material whichr weathers at the' sur .. 
:face to a soft clayey soil or adobe. This adobe is an excellent 

brick material and in· the form of air-dried blocks is the chief 
building material in use in the portions of the p.lains not con­
venient to the railroads. The demand for burned brick from 
the same material will increase with the growth of the agri­
cultural settlements. 

FIRE CLAY. 

Fire clays, containing high percen~gee of silica and alumina 
and small amounts of potash and other alkali salts, conse­
quently refractory or fusing only at high temperatures, occur 
at the top of the Purgatoire formation throughout the quad­
rangle and are exposed in most of the deeper canyons in the 
area of the Dakota sandstone. The clay is both light and dark 
gray, compact, and usually hardened to an argillite. It occurs 
generally in thick beds beneath a roof of hard massive sand­
stone of the Dakota. The shale is not uniform in thickness, 
composition, or refractory character, and the degree of refrac­
toriness must be determined by tests of each sample. Similar 
clays, usually in thinner layers, are interbedded in the Da'kota 
sandstone, especially in the upper part. 

In the vicinity of Thatcher the fire' clay ~f the Purgatoire 
formation has been mined and large qua'ntities were ship~ 
to brick manufactories. The opening shown in Plate XI is 
on the west side of Timpas Greek, 2 miles northeast of 
Thatcher, to which station the clay was hauled for shipment. 
A section of the deposit here, measured' by G. K. Gilbert, 
showed 40 feet of massive Dakota sandstone in the cliff under­
lain by 6 to 8 feet of dark-gray joint clay, weathering to 
cuboid blocks, divided by a sandstone layer ranging up to 3 
feet in thickness. 

A prospect for fire cl!l-y was also reported near Thatcher, 60 
feet below the top of the Carlile shale, but the clay is a non­
plastic clay weathered from normal clay shale and is probably 
unrefractory. 

Nine sampillil of more or less refractory days from the 
Dakota sandstone and possibly the Purgatoire formation of 
this quadrangle were an~yzed as follows: 

Analyses of refraetory days from the Dakota sandstone of the Apishapa 
quadrangle. 

[ByH.N.stokea.] 

-----1---------
SiO ••• __ _ _ _______ ._. ___ 86.118 81> •• M.1lS &Utl 
Al,o.__ _ _ _____________ Ul.7iI 13.117 11.40 48.65 99.17 

l"e,O •• _ .45 .811 1.11 .41 S.N .IID .55 
CaD _ .71 .111 .114 1.08 
Mgt) __ ._ .11 .26 .:12 .00 .10. __ '.45 

~~_~~.~~tted!IUb- --;;;:-;-;; 100.22 -;;; 100<21 ~~ 00.81 

LOlllloutpitiou.__ 4.75 7.51 '7.98 12.M 4,45 5.07 4.81 1&.80 111.l1li 

1. 12 feet below top. Jones 8pring, near head of Hog Ranch Canyon. 
2. 18 feet below top. J()II.eS Spring. near head of Hog RanBh Canyon. 
8. TranBltlon beds at top, 8 mile,s southwest of Jones Spring. northeast 

slope of Turkey' Ridge. 
4. In canyon near .Juau Baca ranch. 
1'). Tran.sition beds at top, 3 miles southeast of· mouth of Apishapa 

Canyon. 
6. Just above sample 5, 3 miles southeast of mouth of Apishapa Canyon. 
7. Tra.nsition b9da a.t top. Ii miles west of mouth of Apishapa Canyon.. 
8, 9. About 40 teet below top, 2 miles west of Haystack. Butte (poll8ihly 

top of Purgatoire formation). 

Three of these samples were given 8 practical .(ire test and 
all proved t9 be good fire clays. No.4 stood a teat to cones 
35-34, No. 8 to cones 34-35, and No. 9 to cones 33-34. 

A test <if two samples of clay from the old workings in the 
Purgat~i.ie formation 2 miles northeqst of Thatcher showed 
them to be equal to cones 29 and 30--31. The physical appear­
ance of the rocIi, the extent of the workin~, and the reports 
of. its successful use indiCl!'te that it is probably ~ fair grade 
'O~ fire clay. Th~ bed is·thIck, is well located for mining, arid, 
being convenient to the railroad, offers the best opportunity 
for developing this industry in th~ quadrangle. Several other 
samples of clay taken from prospects in the Carlile shale and 
Dakota sandstone in the vicinity of Thatcher were tested. ,and 
found not to be refractory but melted below cone 27. 

BARITE. 

Ratite, sometimes called baryta or heavy spar, occurs as vein 
filling ln1arge concretions in the Apishapa shale on the upland 
in the northeastern part of the quadraDgI~. In places the 
weathering of the calcareou~ shale has left the surface,. strewn < 

with fragments of the translucent to transparent crystalline 
barite. The niineral when ground to powder is used eom­
mercially in the .manufacture of paint and for other purposes, 
but it is doubtful whether a sufficient quantity of barite is 
present in the shale to afford the basis of such an industry 
here. The crystals of the barite, however, are sought by min­
eral collectors and the deposit is of some value for this purpose. 

Barite is also found sparingly in similar concretio~s at the 
top of the Carlile shale, associated with calcite cry~ls, which 
are also attractive to the collector. 

PREcIOlJS AND USEFUL MET.ALB. 

The dikes in the quadrangle have been somewhat prospected 
for "mi"nmL" Some that have decomposed to a yellOW 

ocherous earth with ~~ifyi!lg fe~ginous qual1:~; sea~~~ts 
'."( 



very attractive to the prospector, and holes have been dug in 
them to considerable depth. One shaft on the dike in the 
Dakota area near Bass Canyon went down 25 to 30 feet in the 
30ft material without 'either striking hard rock or finding ore 
of value. Beyond any doubt no valuable deposits of this kind 

. occur in the quadrangle. 

WATER RESOURCES. 

Surface water is scarce throughout the quadrangle during 
the drier portion of the year. During the summer the grass 
dries up and the herds of cattle and sheep that are pastured on 
the, plains find scant subsistence and barely sufficient water in 
the temporary lakes, water holes, and canyon bottoms. Most 
of the land is uufit for cultivation either because of its rocky 
nature, its barren soil, or because of its location. The sloping 
upland in the northeastern part of the quadrangle back of the 
mesa front is the most suited for cultivation, having good 
liII)estone soil and gentle slope, but it lacks water. 

In the last few years this upland has been under develop­
ment by irrigation projects. Dams have been built across the 
streams which issue from the Dakota sandstone canyons and 
flow through the gaps in the Timpas limestone mesas. The 
flood waters are ponded by this means and distributed by 
irrigation ditches, over wide areas of the level plains. A grow­
ing settlement called White Rock is located between Twomile 
and Saunders arroyos, deriving its water for irrigation from 
the latter valley. Ranches and homesteads with their own 
small dams and irrigation ditches are scattered along the other 
streams crossing this upland plain, and this part of the quad­
rangle is no longer the desolate waste it used to be. This 
agrieultural development has taken place since the Apishapa 
quadrangle was surveyed and conseqnently is not shown Oll 

the maps of this folio. 
In no other portion of the quadrangle has irrigation been 

attempted. There are only two or three occupied ranches 
throughout the rest of the quadrangle, and almost no cult.ivated 
land. At the Reynolds ranch a patch of Mexican beans was 
being dry farmed in 1910. At the old adobe ranch house 
west of the Bonito Cordova ranch a windmill was formerly 
used to supply stock but is now in ruins. At Thatcher the 
Atchison, Topeka & Santa -Fe Railway Co. has built a dam 
in the Timpas Canyon and confined a large body of water for 
use in -its locomotives, also supplying the few residen~es in the 
village. 

UNDERGROUND WATER. 

Throughout most of the Great Plains underground_ water 
is obtainable by wells from the sandstones of the Dakota and 
PUl'gatone formations and furnishes the water supply in many 
places. Se,'eral deep wells in the Arkansas Valley north of 
the Apishapa quadrangle get water from these beds. 

. ,;.. 
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The rain and surface water enters the sandy strata at their 
upturned ends on the flanks of the Rocky Mountains and in 
other high areas where the beds are exposed and, descend­
ing in the porous strata beneath the overlying impervious 
shales, is confined there under the 'pressure of the descending 
column of water. When the -water-bearing bed is tapped by­
a well, the water rises, until the -pressure is exhausted, and in 
many places it reaches the surfilce or e\'el1 flows. If the water 
in the well rises materially, even though it may not flow- at the 
surface, it is called an artesian well. 

The Jarge area in the Apishapa quadrangle where the sand­
stones of the Dukot.a and Purgatoire are at the sUl'face and are 
deeply cut into by canyons is one of the elevated tracts where 
water enters the porous strata and is a source of the under­
ground water for areas in the plains to the east and northeast. 
Else\"here in the quadrangle the water-bearing strata are under 
covel' of' overlying formations and can be Teached by boring. 

The bed that. is most generally water-bearing is the open­
textUl'ed sandstone of the Purgatoire directly beneath the 
impervious dark shale in "t.he upper part of the formation and 
about 130 feet below the top of the Dakota sandstone. This 
water-bearing stratum may be struck by horing to depths 
ranging from 130 feet in the shale areas directly bordering the 
Dakota outcrops to ahout 700 feet on the mesas of Timpas 
limestone and to a maximum of 1000 feet in the plaiDS in the 
extreme northeast cornel' of the quadrangle. 

As the Dakota sandstone is exposed at the surfaee in so large 
a part of the quadrangle and much of the rest i8 not favorably 
located for irrigation even if artesian water could- be had, an 
artesian-water map on the same scale as the other maps in this 
folio has not been constructed for this quadrangle. The 
approximate artesian head and the area in which flowing wells 
may possibly be had in the northeastern part of the quadrangle, 
however, are shown in the small-scale map, figure 21. 

As previously stated, thc artesian head, or elevation to which 
the water in the sandstones tends to rise, is controlled generally 
by the elevation of the sandstone in the _foothills, where most 
of the water enters -it. In, the vicinity of the Apishap-'d anti­
clin~\ however, the pervious layers are severed by the canyons, 
and if water ,were confineu in these layers under pressure it 
would escape in springs. Such springs as do 'occur in the 
can.yons are of short durat.ion and appear to be only local 
seepages. Instead of this area being one of springs- it is one of 
absorption of water, where the rainfall and streams sink into 
the sandstone, and it therefore controls the arteSian head in 
the plains areas beyond. The determination of the artesian 
head in this area is based, therefore, On the elevation at whi(',h 
the top of the Purgatoire formation disappears under cover in 
the northeastward-dipping monocline in the Apishapa quad­
rangle and on the height of water in artesian wells at Delhi, 
Bloolh, Timpns, Pueblo,_ Fowler, and La Junta. Because of 
insufiicient data -, t~le head can not be accurately' determi~ed, 

but beyond much doubt ateas in which -flowing 'water can 
probably be had at, moderate depth exist Duly in the Api-sbapa 
Valley in the extreme northeast corner of the qu~drangle, as 
shown in figure 21. 

FIGURE 21.-Map of the nort.hern portion of the Apishapa quadrangle 
showing artesian conditions. 

'":l'heopenruling I"t'Presents.the ~of outcropot the Dtlkl)taand underlyillgsMidaklUes;!.he 
dense,' rn}mg the 11""-'1. lU wbich flOlying wells may he expected at depth~ ronging from 100 
feet in its southern part to 1000 teet in th\l northorn. The heavy Hnes show the theoretic-head 
of the underground water and the elevation to which water will probably rise ill weJls. 

Should experimental irrigation prove successful ,in this north~ 
eastern part of the quadrangle, where agricultural communities 
are being established, good household wai:€r will be essential 
and the underground supply-should be used. The most favor­
able places for artesian wa.ter will be neaT the bottoms of the 
valleys crossing the plain, where water may be expected at 
depths ranging from 700 to 1000 feet, although flowing wells 
ma.y be expected only within the area indicated in figure 21. 

The only deep borings in' the quadrangle are those at 
Thatcher and Delhi, where artesian waUlr was sought for use 
in t.he locomotives of the Atchison, Topeka & Santa Fe Rail­
way. The well at Thatcher was sunk in 1884. to a depth ,Of 
920 feet and found water that rose within. 620 feet of the sur­
face. The boring passed through the purer sandstones -of the 
Da.kota and Purp:afoire into the red strata of the Morrison and 
underlying "Red Beds." The well was abandoned and nothing 
is known of the quality 'or quantity of the water. The well at 
Delhi was sunk: in 1901-2 to a depth of 322 ,feet-and encoun­
tered water in several beds below 132 feet. Water-rose within 
about 50 feet of the surface but is lowered by pumping. 
The boring began near the bottom of the Graneros shale and is 
mostly in the Dakota and P1).rgatoire formations. Its record is 
gi "en in the section on "the Dakota sandstone (p. 5). 
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o 
U. S . GEOLOGICAL SURVEY 

GEORGE OTIS SMITH, DIRECTOR 
COLORADO 

APISHAPA QUADRANGLE 

PLATE I.-TIMPAS LIMESTONE MESA WITH CHARACTERISTIC GROWTH OF TIMBER ON ITS SUfo'iMIT, SOUTH­
EASTERN PART OF API$HAPA QUADRANGLE. 

PLATE II._I NDIAN PICTOGRAPH ON DAKOTA SANDSTONE 
CLIFF IN AP1SHAPA CANYON BELOW MOUTH OF SOUTH 
CANYON . 

PLATE III.- HAYSTACK BUTTE, AN OUTLYING REMNANT OF THE TIM PAS LIMESTONE MESA. 

Sandstone at Ihe top of the Carlile shale on mesa top in foreiifound . 

P LATE IV._ VIEW LOO KING TOWARD THE MESA IN THE NORTHWESTERN PART 
O F THE Q UADRANGLE . 

Showinli!' wooded mesa in the distance capped by limpas limestone, .... ooded media l bench 
capped by Greenhorn limestone, and 10 .... land underla in by Dakota sandstone. 

PLATE V._ RATTLESNAKE BUTTE, ONE OF THE HIGHEST POINTS IN THE 
QUADRANGLE, CAPPED BY FLAT· LYING TIMPAS LIMESTONE. 

PLATE VIII.- APISHAPA CANYON , LOOKING NORTH TOWA RD MOUTH OF JONES 
LAKE FORK. 

Sho .... inl!' massive Oakota sandstonediffs at b.rink of c~nyon and lii!"hter·colored sands tone of 
Puri!"atolre format Ion on mIddle s lopes. 

PLATE XI.-OLD FIRE·CLAY WORKINGS IN DARK SHALE AT THE TOP OF THE PUR· 
GATOIRE FORMATION AND OVERLYING MASSIVE DAKOTA SANDSTONE, 2 MILES 
NORTHEAST OF THATCHER. 

Mad ... by chipping t he "desert varnish" f rom the weathered surface 
of the rock. 

PLATE VI. - IMPURE GRAY LIMESTONE IN GREENISH·GRAY SHALE NEAR BASE OF 
MORRISON FORMATION, HUERFANO CANYON, NEAR WESTERN EDGE OF THE 
QUADRANGLE. 

PLATE IX._ UPPER BED OF DAKOTA SANDSTONE WEATHERED INTO DO MELIKE 
FORMS, NORTH OF JUAN BACA RANCH. 

PLATE XII. _ RHYTHMIC ALTERNATION OF THIN UMESTONE AND SHALE BEDS IN GREENHORN 
LIMESTONE, NORTHWEST OF THATCHER. 

Se mi arid vegetation and shallow lake. character istic of the Carlile shale areas, in the foreerou nd 

PLATE VII. - HARD AND SOFT SANDSTONE LAYERS OF THE DAKOTA SAND· 
STONE HOG RANCH CANYON. 

PLATE X ._ UPPER CROSS-BEDDED SANDSTONE OF THE DAKOTA WEATHERED 
INTO TURRETED FORMS, EAST OF REYNOLDS RANCH. 

PLAn XUI.-CLIFF OF DAKOTA SANDSTONE ON THE UPLIFTED SIDE OF THE 
TEJANO ARROYO FAULT LOOKING NORTHEAST. 
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