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ABSTRACT

The porpoge of this report is to describe the areal geclozy in
the vieinity of Beulah, Colorads, Beulsh is located in the approsimate
center of the 40 squave-rile arzes considered snd is 26 =iles soutlmest
of Pusble, Colorado Ly state route 76 and 24 miles south of Florense by
state routes 273 and 67.

The Heulah area is on the east flank of the Uet lowtalns which are
a asouthward en echelon extension of the Colorado Front Range. Sediumentary
rosks which range in age fyen Ordovician to Cretacecus regt unconforwably
on & Fresaubrian conplex of netamcrphosed imecuws and sodizentary rocks.
Tertiary (?) disbasic dikes have been intruded inte the Precasbrian rocks.
Qf particular interest is the recommition of two sedimentary units be-
twoen the Penmsylvanian Fountalin formation and the Jurassic lNowwison
foruations

The major strustural features of the ares formed dwring the Larenide
orogeny, but their formation has been influenced by Penmsylvanian structur-
al features. The Vet iowntaing foult probably was active during Penngyls
vanian tinge Precanbrian strustural trends are locally concerdant with
laradde trends, but the gensral discordance indlcales that they pro-~date
laracide and probably Penmnsylvanisn structures.

Petrosraphic studics of Precaubrian rocks show that the schiste of
the Idaho Spevinss foraation have bean metaorphosed Yo & woderate degres.
They have been injested and intruded hy nuserous isneous rocks which
include jranite, adanellite, and pejzuatite of Precmirian ase.
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INTRODUCTION
Igeakion of Thonis Mmoo

The area covered in this poport is located in south-~coutral Colorado
(Fige 1)e It comwrises thoe south one~half of Ts 22 S,y the north ona-half
and sections 21 and 22, Te 23 Say Re 68 W,, Pushlo County, ond sections 24
and 25, Te 22 84y Re 69 Wey Custer County. 'The town of Beulah, which lies
in the approximate centor of this 40 oquave mile area, is 26 miles southe-
west of Pucblo hy stale route 76 and 24 miles south of Florence by state
routes 273 and 67,

Aurpoge of Thosis

The purpose of this report is to deseribe the areal geology in the
vieinity of Deulah, Colorado., Particular attention is given to structurel
ceology, dnsluding Precasbrian trends, lgmcous ond metumorphic petrograply
and potrology, and stretigreply and sedinentabion. In additdon, historical
oe0logy, cesnorpholosy, and econcale jeolegy are discusseds

Geoloic Solbing
The Web !ountains are a southward en echelon exbension of the Colo-

rado Frout Rage, They axbend fironm the Canon City embayient soutihmmed to
huerfane Fark and the Park Plateauw. The Deulsh area is on the sast flank

of the Vet Howtains.
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In the vicindty of Beulah, Precanbzien roshs form & basement that is
overlapped by Paleozolic and younger rocks in some places and foulted
agalnst thom in others. The gedimentary rocks range in age from Ordo-
vician to Crwtasecus, Terdiary (7) imeous intrusives algso are found.

The Vet lownbaing and the Colorado Front Range were positive elements
during much of Paleozoic, lesosale, and Cenoszeis time. lMajor uplift,
probebly accompanied byfaulting, cccowwed in Pennsylvenisn timw, The
Laranide orojenys which produced :wh of the present struwetwe of the
Front Ronge and the Wob Hountalna, occwrved in late Cretacecus and sarly
Terticry tine, The lLovanide orogeny wes ascompanied by faulting and am-
tenoive tlaust foulting. Harked uplift took place im Mocens and
Pleistocene tine. The present plyeiozraphy was produced by the offects
of erosion and late Tertiary end Pleistocene uplilt,

Inasmch o8 the Colorado Froni Dange and the Vot MNowtalns acted
M&ﬂyuamﬁtthmmmw.wm;ntm
report o the Solorado Front Rense includes the Vet Ibuntains waless
obherwige gpecified. FProcedace for this is found in a publication by
Finch, and others (1933, pe. 285)s Pamenan (1933, p. 104) malkes a
definite distinction botween the Colorado Fyont Range and the Wet
Howntains bub includes both under the tewm “Frout Range? (pe 99)e

iiethod of Norpk
Tho £ield work was done in the seven weelks between the 20th of July

and the 10th of Septenber, 1953. lapping was done on U. S. Forest
Service 10 by 1 inch serigl photogrephs. Owing to the simdlarity of
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nost of the rock types, formetion bounderies for much of the Precashrdian
wore not plotted wnbil thin section studies had been coapleted. The
seolozical date were transferred to an enlarged U, S. Forest Service
planineteic man of the Beulah nros.,

Exgyiovs Vsl

Barliest napping in the thesis ares by Gilbert (1896, 1497) and
Darton (190%) wes of & recomnaissance natures In 1926 this earlier work
was revised sonewhat for preparetion of the Geologie Map of Colowado by
the U, S, Geological Survey in cooporeiion with the Colorado State
Geological Survey (Burbanic, and others, 1935). Stratigraphic studles
have been mede by Hrained, Baldwin, & Keybe (1933), Dreinerd & Johnson
(1934), Heaton (2939), and Maher (19508, 1950b, and 1953).

GE00RAPIY

Zoporpanly

Relief within the area amunts to slightly move than 2,900 feet.
Altitudes above ses lovel range frow about 6,000 oot on the eastern
barder to about £,900 fest on the westan border.

Best of Beuleh, the topography is dominated by a hogback which faces
wost and twends Toughly novblmsouth, 4 its aproxizate midpeint, a
waber gap has been oub by the northern brench of the St Charles River,
The crest of the hogback north of the waber sop is named MLookout
lountainfy the crest south of the weter cap is called “logback Mountaln?,




Tho more geudle portions of the dip elopes of Hogback and Lookout
rowntalng have produced a peletiveiy fiab and nonobonous terrain which
is interrupted only by duy washes and the valley of the northern hranch
of the St, Charles Rliver.

The steep westward facing scarp of the hogback overlooks Beulah
Valley which hos a gently rolling fleoor. Wesh of Beulsh Valley, the
topogaptwinmrenuzed. The moustaine rise sharply, the slopes
steopen, the valleys nareow, and the relief increases notablye

The madn stremms ave North, Iddle, and Squirrel creeks. They
flow eastword into Dewlah Valley where they merge to form the northern
branch of the St Charles River and £low through the water gap cub into
the logback, A}l obher drainage is inteamudttent.

Yormtation

Pinon pine and cactus ore the dominant growth along much of the
eastern border of the aren, particularly where altitudes are below
7,000 fect. Iiigher on the dip slope and on the scarp face of the hoge
baclk, conifers and sorub oakt are comons In Beulah Valley, the vege-
tation consists largely of cultivated crops and pasturage, although
poplars grow along parts of the crecks, On the west side of the walley,
pine and scrub ook are dominant, Serub ocak thrives best on the south
slopes of the hills, whereas conifors cover the north slopes; locally,
there are assy parkm. Above altitudes of about 5,000 feel, conifers
and a few aspen are the major jowbh.




doodl fodustry

Adthoush tourdsts and swmer residents provide nogt of the income
for the local population, agriculture also plays an important role in
Deulal Valley, The pringipal crops ave wiwat, hay, and corn, Soue csttle
ere grased in the valley, bub muck of the land is unused or wnsstitled.

In the late 1890% and wntil asbout 1950, linestone was guarried
fron outerops of the ladigon limestone just west of Beulsh, but the
quaredes have been idle for many yoirs.

STRATICRAPIY AlD SEDIMENTATION

Genergl,

The rocks in the thesis erea range in aze from Precaubrian to
Tertiery (2) (Fize 2)s Thoy couprise sedinentary, metamorphic, and
imeous wiits., The igneous and metamorpiic rocks apre described in
sreater deteil under the heading of Petzosreply and Petrelegys

0f perticulay interest is the recognition of two sedimentary wnits
between the Pemnaylvanian Fountaln formation and the Juwrassic lNorrison
formation. To the writerts Imouledse, the wnils have been Mentioned
only once in the literatwure and nover have boen described clsewhere.

The Precanbrian rocks are cssontially the sane as those found else-
wvhere along the Colorade Front Range. For mapping purposes, five types
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have beon differeontisted in this ropori. Thoy are: the Idsho Springs
formation, an adanellite gnelss, wndliferenilated Precavbrian roclks,
poguabites, and the Pikes Peak sranite, The outerops of Procmubrdan
rocks generally are rostricted to the western half of the thesis area
(F1. 1) where three irresuler zones can be defined, The Pilws Peak
cranite orops oub along the western Lopder of the area, Iast of that
border is & sone of wdifferentisted Preceubrien rocks. Farther to the
ocash, the Idahe Oprings formation crope out in & bell which has been
intruded by the adanellite gnelss.

Zdeho Springs Sermatione The Idaho Springs forustion was named
by Ball (1906, pe 37) for rocks @posed in the kdlls ayound Tdaho
Springs, Colorado. This formatlon includes the oldest lmown rocks in
the Frent Renge (lovering & Goddand, 1950, pe 19)s

&g typlcally deweloped alon: the Frout Range and in the thesis
aree, the Idaho Springs fopmmnbion conslsts of netancrphogsed pelitic
podiments that have been injected by sranites and pegnstites. The
dominant rock types are quarto-blotite sohists and quarta~-blotite~
slllinanite schisbe with lenses, leyers, and fingers of granitic rocks
intercalated along plancs of folistion. The rocks of the Idaho Springs
farnation generally are highly contorted and foliate; foliatiom is
parellel to the traces of former bedding.

Adsoellite smeigs. The adanellite gneiss referred to here camnot
be related dedinitely to any nased igeous rocks along the Frent Range.
It is a pink, fino- to nedlwmgrained rock that is composed prdmsrdly
of quartz, feldspar, and blotite. Its well-developed meissic structure
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end pale pind colow serve Lo dlffwrentiste it fruu wost of the other notae
immsous rockse It fomag Losses and irresulerly shaped vodies which are
intruolve into the Ideho Springs fopmatlone Ite marked follastion and
moher degree of melaurphiss ausmet that it i clder than the Pilwe
Poak sranite in which Zolistion is poorly developeds

Sadifferatistod Irocnisnon socig. The vouls Leve deoted as
Pundlilepontisted® mange in coponiiion froa padie to adunellites They
are found in & beld bebwoen the Idshe Spriugs Jovustion and the Piles Pealk
crenites In sddition, they cosue o injestions and intrusions iute Lhe
Taale Speims Swwation, ond are desed, thevefuwe au yousges than thad
foruation and because they s not intyuded imto the Pilws Peak grenite,
they are thougit to bo clder tham 1te
Pk in colopr, and contain oo o less Diotite and other darik ninerals. -
Because of thelr lithologic sindlarity, they were nob sapped as independent
wnits in the fields A sore cozplete consideration of the wdiffeventiated
Precauhwiza rocks is siven in tho seation on petrogreply aad petreologys

Poymtilon. Thwee poswtite diles were mapped. They were intruded
into the Idalo Springs forvation and tho undlfferentlabed Precushrian
yorko. The papatites ave sxposed rainly of quarts, sdoreoline, and
ollzoclege with ninee asounts of magnetile. They are youwnger than the
Idalio Spelage Somaatica, bub 10 13 not lmow to which peried of intrusive
activity they are relobod.

Pikes Peaks izaniie. The Pikes Deal senite wes nawed and desoribed
by Gross (1094). The Pilos Peol: srenite 15 found in most parts of the
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Front Range, Typleally, it is a cosrse-grained, perphyritic granite with

o pink color and s composed primerily of guerts and microcline with
losser amounts of orthoslase, plejicclase, and biotite, ¥The coarse,
grandder tesbure of the Pikes Peak pranite malwes it an easy préy to the
agents of weathering and erosion, and on aged orosion surfeces, where it
hag beem long muposed o the cloments; bLalenced residusl boulders and
roteagque erosion formg are characterdstic of aveas of this granidte
(Lovering & Goddard, 1950, pe 23)«* It hos boen shown that the Pikes _
Peal: granite is inbtrusive imte the Ideho Springs formation and is, therefore,
younzer than thet formation (lovering & Goddard, 1950, pe 23)s

Sudovislon

Hemding sandstong. The Harding sandstone of late Black Riveren or
early Trentonian age (Johmson, 1945, ps 225 Kirk, 1930, pe 4065) was fivst
described at the Hurding Cuarry ot Canon City, Coloprado by Walsots (1692,
Pe 153 = 172)s Its thicimess there ranges from 85 to 115 feet. It is
emosed in the hills west of Boulsh where it was first recogaised by
GLlibert (1697) who nmentioned a thickness of about 30 foets

The lewding sandstone is wideapread alon: the Fromt Renge as well as
elsewhere in Colorade (Jolmson, 1945, pe 20)« It thins southsmerd from
the type section at Canon City and diseppears south of Beulah (Pl. 1).
mmmwamnamammwnm
and rests unconfornebly on Precacbrian pockse I is overlain discon-
Lormebly by the Frewnt and Willians Canyon limestones and locally is
overlapped by the Pountain formations
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Epogsures of the fommatdion in the vielnity of Deulah exhibit edude
daplty in Mtholozy, bub minoe differences &re Lo be cbserved frm: oubte
crop to outerop, AL some places, the basal Hapding is marked by a white
calsaroous sandatone or Ly a conglomoratic sandstone made up of coaves
vhito caloareous sand mnl wito quants pobbless At other places, the
bagel Hawding io uarked by veriegated siltstons, shale, and sudstons,
These differences are attributed to the lenticwler natwre of the lowes
bods of the foruailon, Aboud 8 to 11 feet above the hase of the iarding
is @ Sine-grained, dense, svenlyw-bedded orthoguartzite whish is a cone
slatend loduo=-lomar,

Abowa the orthoguartulite, the fopwation consists of aliternating
apperent seguence and thicknoss of these beds differs nerbedly from
plaoe Lo place, In peneral, howover, shale increases in smount towasd
the top of the formablon. |

Genorally, the sandstone is clean, white, firiable, fine-grained,
and sonewviot calcareous. Intorcalations of purple and jrecn ghale are
comaon along bedding surfaces. Locally, the sandstone itsell is stalned
purple, sroon, or browm, Puccldal saricings on bedding swfases also are
characteristics Tho ohale is varlesated with shades of purple end green
as the doudnant colors. ‘

The Harding sandstone is poorly fossiliferous in the thesis area.
Tho Lot fosslls are found in a silty sone underliylng the orthoquartaite,
They consigt of detrital fragments which have not boen identified
positivelye Iy, however, closely resecble the frasmuts of ostracodem




2

plates portrayed by Waleott (1892, Pls, 3 - 5) and Bryant (1936, Pls, 1 -
13)s In addition to fish plates, a good merdtic fauna of late Black
Riveran or early Trentonien 2ge hes been described at the type loselity
(Brangon & liehl, 1933, pe 19 - 39; Kixk, 1929, pe 494 - 4965 Walocots,
1892, pe 153 - 172).

The pection at Deulah is very similer to the type sectien ab Canon
Citye A coarse somovhat congloueratic sandstone ias found &t the base
of the Haxeding abt both Deuleh and ab the type lecality., ILikewise, &
fossilliferous horizmen is found just below & resistant ledge-forsing
sandstone nonber at both places. Drainerd, Daldwin, & Reyte (1933,
Pe 3493 = 304) have noted the combimvous nature of the fosslliferous bed
along the Front Range. Above the more resistent sandstone beds, the
formabion becouwes uore fyrisble, less ovenly bedded, and comtains more
giltstone and shale,

It has been maintained that the Harding sandstone represents a late

lohasiclan marine transgreseion (Maber, 1953, pe 2480; MoCoy, 1953,
Pe 18793 Haleobt, 1592, pe 22)e This relationship is substantiated in
the Deulah ares whore the basel coarse or congloserablic sandstones also
aro found, The gradunl upswed incresse in finencss of the sediments i
evidence of deepaning wabter after the indtial marine invasion.

Rouor (1945, pe 514) hos specified that the deposits are in part
estuarine, It is partly on this basis that & fresh-water origin of
f£ishos has boon proposed and generally accepted. The fish fraguents
are thought to have been transported to the ses and deposited under
conditions of marine transgressions The writer has found no definlte
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MdMQofmcmiumintMEmmoftbm
ares. The lemticular natwre of some of the lower Harding sedinents
mmtbomm.iwormwmm; ut, "Neliace for determi-
nation of an estuarine deposil can be placed on no single characteristic
ees (Twenhofel, 1950, pe 123)." Under conditions of s transgressing
soe, howover, the posaibllities of estuarine sedinentstion are not to
be discredited.

Thin seetions of two sarplen of Harding sandstons were owb and
studied (Appendix B)s The sections are from & saple of the artho-
quartsite and & saupleo of an overlying fine-grained sandstone. They
denonstraied the fine-grained nature of the sandstones and ghowed that
the sediments originally were subrounded and subequizranular, but that
the roundness of the sand crains has beoon masked by silica owrgrowbhs.
The £ine size and the good sorting exhibited in the sections offers
Surther evidence of deposition by & tranaresaing sod.

In addition to quarts, caleite, argillacecus uabiter, and small
rounded grains of sircon were cheerved in the thin sections. In the
orbhoquarbeite, the anzular and commonly subhedrsl silica overgrowths
nagle tho swbrounded ;rains of the original sediment. Ono inderesting
feature (Fige 5) observed in the thin sections was the replacement of
the quarts grains by caleite, This feature io described in greater
detall in the appendiste

Droont Jbiegtonce The Fremont Llnestone is of labe Clncimnatian

(RAchmondian) age (Johnson, 1945, pe 29)e It was first described at
Herdings Quarry near Canon City, Frecmont County, Colorade by Walsott




(1092, pe 153 « 172)s The occcusrence of tho Fremout limestons near
Doulah was £irst noted by Drainerd, Daldwin, & Keyte (1933, pe 386).
Fromond outerops in the vicinity of Boulsh were not nentioned by Gilbert
(2897) or Darton (1906),

Along the Front Renge, the Framnt limestone is thickest in the
vielnity of Canon Citys IU ds widespread in the southern portions of
tho Sammbich Range (Jolmson, 1945, Pe 24)s Only lemticulay remmants of
the I'renont are prosent in the hilla west of Deulah, Outerops are widely
scattored, wost of the formation having boen rewoved by erosion prior
to depomition of the Willlams Canyon limestones The thiskness of the
Freuoat 1n the ared ranges fron a Imife odge to about 18 feet, Decsuse
of ite erratic distridution and genorel tiinness, the Fremont limestone
ip nob shown on the mep (Ple 1)e
is disconformable with the Prewont resting on an irveguler surface of
ording shaless 7The Fremont is overlain disconformably by the Williams
lnestonss

Althouzh the upper and lower contacts generally are covered, the
limited axposwes of the Fremont west of Doulah show essentially the sane
lithologye At the base of the Fremont, & few imches of thin- and wavy-
bedded coarsely crystalline red limestone locally nay be exposed, This
wnit 1s not persistent and commonly is miseing. Above the basal wnit is
o vagsive dolondie wideh nay be Uy o 15 feot thick in places. The ‘
colow grades fren red and pink near the base to buff with tinges of pluk
ab the top. The dolenite displays tho charecteristle rough swince




agssoclated with the Fremont formmatione It is coarsoly crystalline
twmmﬁwbomm-

A fow fosslls ware seen in the cubtcrops, bub the massive nsture
of the rock madeo collecting irpossible. The fossils obeerved were
mygese corals (Sireptelass (?))and crinoid columals,

The gection at Doulah is very thin coupared to the sections near
Canon City, Colorado where the Fremont reaches thicinesses as great as
275 2ot (Jolmson, 1945, pe 2:)e The lithologles of the erystalline
dolonibos at both places, however, are generally caparcble. The orinedd
rexaing and pugose corals proserved in the rock and its lithologle
character su;sest deposition in 2 relatively stable, moderately shallow
nerdtic environient.

ligeissipuian (2)

Willieng Canyon limestone. Tho Willimms Canyom limestons wos noued
and deseribed as a stratigraphis unit by Brainend, Baldwin, & Keyte (1933,
Pe 387 -~ 389)e 1t was named for the section euposed in Williams Canyon
neey lisndltou Spwings, Colorado. The cccwrrence of the formation ab
Boulah also was noted by Drainesd, Daldwin, & Kayte at that time. The
unit, together with the overlying Madisen limestone, had boen mapped by
Cdibert (1897) and by Darton (1906, pe 15) as the Millsap limestone.

The Ellsap liuestone originally was naned for the exposures north of
Canon City between 01 Creek and Millsap Creek by Cross (18594) where &
soction of the Williaws Canyon limestone about 30 feeb thisk crops out.
lio Jiadlson lincotone is pregent ab Cross's type section of the Millsap
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(Breinerd, Baldwin, & Keyte, 1933, ps 392)« The naue Millsap proviously
mmwzwarwmmnxutmmmmlm.p.nm
1375)s Therefore, Brainerd, Beldwin, & Keyte (1933, pe 387 - 389) re-
described and renamed the fopmation the Willlems Canyon limestone.

The formubion cxbends along the Fromt Range from Deulsh to Grove
Canyen in Douglas County (Mabew, 1950a)s At Boulah, the Willisms Canyon
linestone is exposed in the westerm part of the ares where it is about
18 feet tidek. It consist of two- to sim-luch beds of wavy-bedded fine-
sreined Limestones with pardings of gray calsareous shale and sandstone
lenseas The limestone renzes in color from mottled purple to gvey and
buff, lio fossils were found by the writer ot oy coposure in the Deulah
aree, The Willigus Canyon limestone rests disconformebly on the older
Frevont limestone and Harding sandstons, s is shown by the irpegularity
of the lower combiwtes It s overlain wnconformably Ly the Madison
limestone (Miesissipplen) wilch displays a besal conglomerate containing
rovorked Willieus Canyon linestong pebbles and boulders. WJ;.
the section ab Deulah corresponds with sections messwed by Drainerd,
Baldwin, & Reyte (1933, pe 381, 392, 393) and by lMaher (19502, pe 1 - 19).

Cross (1694) assigned tho formation to the Carbonifercus system on
the basis of Miesissippian fosslls fownd at the top of his measured
section north of Canon City, Brainerd, Baldwin, & Keyte (1933, p. 392)
consldered the fosails a8 " .4 couing from peworied Madison fraguents
in the basal Pemnsylvanian (Fountaln formation) and these thin limestones,
to wialch the name, Williaus Canyon has boen 5iven, eee 28 Devonian in age.

S
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llo 1adison was fownd (ot Crosste section), althoush ieclsted remmbe
oy ovours’?  Dralserd, Deldwin, & Zeyte tewtetively correlsted the forw
vablon with the lower port of the Curay limssctone of central Colorade and
tiw Eibert foruetlon of soutinmetern Colorado, but suzgested s sloser
corpelation with the Perting quarteite of central Colaredo and sssigned
1% a Devonlan age (Brednend, Baldwin, & Eeytes 1933, pe 389, 390).

liore yecently, Clond and Buarnes (1940, pe 76) sttenpted to carrelate
tho Williams Canyon limestone of the type section with the Heeding
sandstone which is exposed farther to the scuth, Accwding to Msher
(1930%), "The atter correlation is clearly not acceptable as the nsasured
cochlons ab OLL Creelk, Priest Cenyon, South HHwrdscrebbls Creel, and Seuleh
localities ohow the Williens Canyon llnestous lying above met enly the
Herding sendstons bub the Frenont limestons as woll.” He further stetest

9Tn tho abwense of fesell evidencs in the cubereps, the
approsch: to tids vormelation problem s dn the mbewface of
eugtorn Colorado, The 1itholory and strabizvephic relstions
of the Hselssippian and 0lder PockS e (ave shown in) wells
in castern Colorgido vee « Tho 208t inportant concept seined
ees 40 th8t of tho adual westverd overlap of Cedovisian rocks
by the Ilesisalppim stvats, 1ish the thiming of the ISssis-
sippian dus $o Joss of bods ab the base. In Limsoln, Cheyenno,
and Kiowe Cowtkles (Coloredo), the Missiseipplan is represented
by Rinderhool, Osnse, aad larmwes roupss in Crowdey Cowny, by
the Opase and leranse roups, and in Pusblo County emly ly the




Heranes (I'Oud sse »

Litholopically the Williams Canyon limestone is similar
to the Spergen linostone in wiieh the microfossil Endotiyris
(baileyis (?)) has been found in some wolls in essbern Colo-
rados Strstigrephically it wlerlics the Hardserabble (lower
Madison) lirostone which is identical with the St. louls
linegtone in the wells, In view of these lithologic similawie
ties and supporting stratigrephic relations, in view of the
chsence of Dovonian strata in the subswrface of castern Colo-
rado end for wostern Kansas (iber & Collins, 1949), and
because of the inpossibility of correlating the Willisns
Canyon and Harding fomaetions, it is susgested e.s that the
Williams Canyon limestone is MBssicsippian in age end equivee
lent in part to the Spergen end Worsaw limestone (Meremecian)
~ probably only Spergon.”

It anpt be pointed out, howover, that Mahorts sections seenmingly
were baged on only seven widely separated wells between the Frout Range
and wegtern Kansase Muwther, since Kinderhookian fossils have been found
- in the overlying liadison linsetone (Brainend, Baldwin, & Keyte, 1933,

De 391), some doubd is thrown on lahwets correlation of the Willlams
Canyon linestone with the MNerameclan Spergen and Warsaw linestones.

The wevy-bedding, shale portings, and sandstone lenses of the
Wllians Canyon linestone suggest that it was deposited in & relatively
shallow neritic envirement where current action was effective.
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Hadison lirmegtone. The ladison linestone of early lSssissipplan
age was naned gnd desordbed Uy Pesle (1893, pe 33 - 39). It was named
mmwmtmxmwmmm.m In
1908, Girty (p. 170), on fossil evidence, assigned an esrly lHesissipplan
age to the upper port of 2 linestone soguence called the Milisap limestone
which 1s eposed along the Froot Ranges The !lllisap has been subdivided
mtmwmuammtmmw:mwmu
callodwiIJiamsch!m(mdwd,m&Km;,M
Pe 367 = 392)s iahor (19502, 1950b) subdivided the Madison linestone
into tho Hardserabble (lower) and Beulah {(wpper) linestonss. For reasons
to Lo discusged in the guccoeding pages, the writer will use the name
lladigon pather than Hahop?s two-fold divislons

Exposures of Madison lincstone along the Front Range are fowy the
best outereons are in the hills west of Deulah where the liadison ranges
in thickness Jronx & wedze edge to about 200 feste In the ares and
elpewhere, the ladison linestone rests wconformably on the Williams
Canyon 1inestons. The lower contsct with the Willlams Canyon limestone
is very irregular and the base of the liadison displays a limestone con-
slonerete compoesed largely of reworiked Williams Canyon limestones The
Pountain formeblon overlies the ladison and an ansular unconforuily
soparates the two, bub more cozmonly the contact is extrenely irvesular
owing o aink holes witlch formed in pre-Fountain tine. The sink holes
are filled with Fountain sandstone,




The lower porticon of the liadison llmwstone ig 2 prowinent oliff-
foruer in the ares, Tho cliffs average sbout 50 feet in height and ave
made uwp of senaihal fogellliferous noceive finoly erystalline linestono.
Tuin cherty end sendy unite and o somewhbat colitic sone ave present
netrr the tops of the cliffs,. Tho color ranges fyon buff to gray. Cave
£121 &g presont, but relatively wormon in this lower menber.

Above the oliff-foriing meuber is o less resistant, wnfossiliferous
fine-gralned groy to buff limestons which contains considerable red
cherte Towmds the top it decomes guite sandy and is commnly crose-
beddeds The upper parts of the Madimon limestone contain considereble
Pountalin sandshone and andstone that was deposited as cave £ill im the
mariceddy irreqular upper surfoce of the linmestone.

Foasils were found toward the top of the cliffeforning uenber of
the ladison limestone, They include Cpensena gubelliptica vars
hexdingengls (Glrty, 1905, pe 299 - 300, Ple I) and Soirifer poclg-
ponbasus (Girty, 1903, pe 363 - 385, Fl. Vi; Shimer & Shwook, 1944,
9-325). rhtnuhmmummumm
fication, therefore, was based primarily on internal strustures.

The lMadison limestone of the Front Range hes been dated as
Kinderhoolrian on the basis of foseil evidence (Drainerd, Baldwin, &
Keybe, 1933; pe 391)s Although no lmown ouberops of Madisen limestone
ocour morth of Perny Park, Colovado, the eension of the ladison
linestone of the Front Ranpe novtisard into Wyeming is indicated by
mm«mwmummm
m(uumm&mxm.hmmam
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193k, Pe 539)e ‘"lany of the horizons from which Mississippian fossils
have been reported Ifiom the Front Range are believed %o be basal
Pennsylvanian, in which the fosslle ocouwr in chert nodules derived
from the erosion ot.th- Hississippien (Brainerd, Baldwin, & Keyte, 1933,
Pe 391)"

ore recently, Maher (19502, 1950b) proposed a two-fold division
of the lMadison limestone into the Hardscrabble (lower) and Beulah (upper)
linestones as the result of his work near Beulahs The Deulah limestone,
according to Maher (1950b), is almost restricted to the area west of
Beulah end to cne exposure on South Hardscrabble Creek (S}, Sec. 13,
Te 22 84y Re 69 W,, Pusblo County)s He slaims to have found evidence
of an irresular unconformity at the base of the Beulah limestone at the
Hardascrabble Creek exposure, He furthor states that the unconformable
relationships Peee 8t the locality where measurements were made at Deulah
were obscured by caves f£illed with Pennsylvanien sandstone ™

The writer was unable to detect any evidence of an unconformity at
&y point near the middle of the Madison limestone where it crops out
west of Beulahe Ce As Martin of the University of Kansas (personal
communication) states that neither he nor We W. Hazbleton of the Uni-
versity of Kansas could find any definite trace of an unconformdity in
the section at Hardscrabble Croelce

Decause evidence for an unconformity is meagre, the writer favors
the older terminology of Brainerd, Baldwin, & Keyte (1933). Therefore,
no differentistion will be mede between the Beulah and Hardsorabble
linmestonss, and the rocks lying between the Williams Canyon limestone
and the FPountain sediments will be called ladison limestone.
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Haher (1950b) has placed some inportance on the oolitic nature of
the upper parts of the Medison limestone in his twosfold division of
the wit, Uegzascopic studies in the field did not reveal the upper
parts of the ladison to be noarly as oolitic ss lMaherts (1950a) detailed
sections indicate, Hertin veporte (persomal commamication, Je e Maher
t0 Ce Ae Martin) that many of the chavacteristics attribubed by laher
te the liadisen limestone were determined in the laboratory by petrographic
methods, Such detailed laboratory studies may account for the dig-
erepancies betweon the writer?s measwred section and the ones prepared
by liaher, lHowever, such detailed determimation of charasteristics
probably is of little valuwe for napping purposes unless the characteristics
can be observed in the fleld, Thus,; the writer fwrther defends usage of
the tern ledison limestone in this report.

Maher (1950b) also has correlated the Nadison limestone of the
Front Range with lMerasecian units in the subsurface of esstern Colorado
and western Kansas, [iis correlation is largely lithologic and the
sections displayed in his report scemingly were based on data fyrom only
soven widely separated wells between the Fyront Range and western Kansas,
Insonush s Kinderhookian fessils, navely Agtincorinus marconl Colld mon,
have been found in the Nadison outcrops near Williaus Canyon (Drainerd,
Baldwin, & Eeyte, 1933, p. 391), some doubt is cast on lisher's corre-
lation of the iladison linestone with the Neranecian Ste.CGenievieve and
St,. louis limestones. Therefore, Brainerd's coarrelation of the Nadison
linestone of the Front Range wlth that of Nontana and Wyeming tentatively
is accepted in this report.




The nmassive appearance, the chert, the minor ocolites, and the
brachioped fossils indicate a relatively shallow, stable neritic
environnent of deposition for the ladison linestone of the Beulah

arete

Zennoylvaniog

Pountain formation, The Fountain formation of Peansylvanian age
was naned by Cromss (1294) for a series of red arkosic sandstones and
conzlonerates cxposed elon: Fountain Creek near Manibou Springs, Colo=
rados lo detailed description of the rocks wes given, nor was there
any nention of the enviromsent of deposition, The type section was
described by MeLeughlin in 1947 (pe 1936 - 1968). The Fountain
:Mmmmmmtmmmvo:mwm(wn.

About. 2,100 feet of Fountain section was measured in Beulah Valley
(oppromimately two miles north of Beulah) by the writer, aseisted by
Ce Ae Martin of the University of Kansas, Throughout the area and along
the Front Rangze, the Fountain formation rests unconformably on older
beds, The contact with the Madisen limestone in the apea is generally
Mm.mnmamnammm
into the limestono, The combact with pre-diadison unite ic angulsry the
Qifferences in dlp coumonly approach 20 degrees (Pl. 2, Section C-gt),
Southwest of Deulah, in the NE}, Wi, Secs 16, Te 23 S¢p Re 68 Wa, the
on Precavbrien rocks. The Fountain formation is wnconformably overlain
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by yownser units in the ares, bub mo marked ansular relationships have
boen observed.

The Pountain formation consiste of red Leds of arkosis eandstone and
canlonerate and sparse thin-bedded misaceous shale. In contrast to most
areas of Fountain outerops in eagtern Colorado, no liusestone was observed
in the formuwtlon in the thesis areas

Shanses in ldthelogy ave abrupt, both verticelly and laterelly, be-
cauvze of the lentioular mature of the sediments. Festoon and lorrential
eroso~bedding are commone 7The color of the Fowdalin formation is domde
nantly red; Wt broms, sveys, pinks, and sreens osowr Jocallys. The red
color ig due not only to the ariwsic nalure of the sediments, bub priud-
rily to the yresonse of hematite cansnt.

See of the conglenerates of the Pountsin formation ave couposed of
cobbles and howlders of Fresasrian ;renite and quartaite ebedded in an
axlrosis rateix, The sobbles and boulders are subanmulsr to rounded in
shaps and reach a maximm dlaneter of aboub 15 centi-wbers. The sreater
proportion of the eonglousrates are muile up of pebhlos of quarts and
ortlioclase exbedded in an arlmsic mateixe The pobbles reach a masimm
dmeter of Lires centinelars, In general, conglouerates of both types
ave most avdant towmand the base of the Fowstain fopastion, and finew
orained yooks are more abundmnt towted the top.

lormally, the Fauntain formation is poorly egposed in the vicimity
of Deulah, The forustion wiieriies moat of Dewlah Valley and is largely
covered, euept along the ed:es of the valley.

The age of the Fountalin formation has not been flwed definitely
{Vandemillt, and others, 1948, pe 33)s Indications are that the aze
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ranges Lron Dosnoinesian ab the base to Virgilien at the tepe. At the
north end of the Fromt Range, it is known to imberfinger with the
mmwmcmm. The base of the Fountaln
is thought to interfinger with the Glen Eyrde formation which contains
Degmoinesian oz younger fosslls.

Yelawshlin (1947, pe 1975) hos suggested that the Pountain sediments
wero deposited on the londwerd pert of o coastal delta. As evidence
for this, he hes cited the presence of chammel £ills, the irvesularity
and lenticulay nature of the bedding, and the presence of torrential and
festoon crose~beddings The climabe ig not thought to have been arid.
An arid climate is nob essential for the formation of yed bedsj the
major requirenent is tho naintenance of oxidising conditions. Gxidising
conditions penerally prevall in the upper reaches of deltas. Further-
more, the bleached zones in parts of the Fountain foymation indicate
organic redustion of ferric iron in the sediments. Redustion of ferric
iron comwnly is accouplished by plants. Thus it is suggested (Molsughlin,
1947, De 1890) that the elimate at the time when the Fountain formation
was deposited actually may have been hunid, huwdd enough to support an
actilve plant growbhe

Perzdon to Jweassic Undliiferentisted

Unite A sud Be In the northwest corner of the aren, a series of
rocks of undeternined age is found between the Fountain and the lorrison
formations. Heaton (1939, p. 1126) has referred the rocks either to the
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Iyicing formation or the Intrada sandstone, To the authorts knowledge,
however, mpasured sections and descriptions of these rocks have not
appeared in the literature,

mmmt;tmhumcmmuw,unmmmu
arkesic conglomerate, bréccia, sandstons, and limestone. The thicimess
of wnit A 4s gbout 190 feot where it is exposed in Sec. 24, T. 22 8.,
e 69 We. and Sez, 19; To 22 8,5 Be 68 Wes Unit A is not present olae-
where in the thosis ares (Pl. 1).

Unit A elbther roste dissonformably on the Pountain formation o
is in faull-contact with Precaubrian rocks, It is disconformably
overlain by uit D%, The bese of unit A is & white to gray con-
clomeratic fine- Lo coarseo-zrained aviwslc sandstone. The sandstone
is comonly crosoebedded and containg pobbles of pink feldspar embedded
in the wiite sandy matedw, The lower sandy and conglomeratic pert
mrades upwerd into an aviosic siltstone which in twrn grades into a
nodular dense aronacecus arlosic linmestons, The first linmestone is
142 feet above the base of the formation.

A conrse arlogic angular breccia rests disconfornmably on the lowest
limogtone, The breccis grades upvard through arkosic sandstone and
siltotone into & second nedular limestones The oyele is repeated a
total of five times, Thus, five nodular limestone layers occwr in
unit A. (See Appendix A.for & detailed messured section of the wilt,)

Unit B resta disconforuably on wilt A, and is in twn dlsconformably
overlain by basal Morrison sandstone. In the thesis area, wit B is
pregent. only in S0ce 2y Ts 22 8., R 69 W, and Sece 19, T 22 8.,




Re 68 Wes The tobal thiclknsse of wiit B is sbout 37 fest. The base

1g marked by 2.6 Zeet of magslve yellow lithographic limegtone. Above
the linestone, the wdd seuerally is covered, but flcat and the lindted
mmhﬁcaﬁath&itcmﬂsuofmm;mm
sandstone and silbstone, grey shale,; and thin bands of yellow lithographic
Tiogstonge

Innsuuch us Heaton (1939, pe. 1162) has provided no litholegle
deseriptions of the beds he classed as Iykine, Intrada, and basal
lMorrison in the Beulah ares, the aubhor has made no attenpt to velate
the wnits described above Lo sy of these fommmtions, Also, the
Jihology of wnits 4 and B is guite different {rom anybhing the writer
hos over obeerved in the Iykine or Intrada formations. In additien,
the lithology is quite different from the lithology that other writers
maatmmtotmlwm.&md-;mzmmm
the Front Range (Dutters, 1713, pe 65 - 1013 Pinlay, 1916; Lee, 1927;
Roesida, 1931, pe 192 - 207; Vandepwilt, and others, 1948, p. 37 - 463
Weldsehuidt & Levoy, 194h, pe 1097 - 1114).

Although the outerops of units A and B are limited in extent,
cortaln conglusions concerning the enviremment of deposition can be
roached. The rhytlmic recwrrence of the limestones in unit A suggests
2 marine enviroument for part of the sediments. The persistency of the
limestones and thelr uniformity of thickness also indicate a maxrine
oriin,

The angularity, poor sorting, and irreqularity of the conglonerates
and breccias and the crose~beddin; of the sandstone su:sests a deltaic
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envizronment mmwmmotu»m;mmnmwamm.
and the fresimess of tho feldspers sussests rapid hwdel and shord
transpovtation. N

Thug, it might be concluded thet each cyele starts with a con=
glomerate o bweccin end ends with a limestone. The conglomerate and
breceie ropresent an lnitiol deldals enviromwent. The depih of water
redvally inevessed and the sediments jzoduslly becsue finer with o
decreasing clastle ratio wntil Mnestone wes depositeds (me isportant
thing to be nobed is that the linostone beds do not represent & deep-
water envivousent, bessuse thedr nodular chavecter probobly can be
aitribubed to curpent o wave astion, Purthermove, the presence of
detrital preins ia the lizestonss also indicates cuwent astion.

Sulden wilifh secs to have followed the deposition of each of
the linegtones. There is a disconforuity at the top of each limestone. |
Bach is overlsin by a very angular poorly-sorted avkosis conglomerate
or trecelse The Lrecalas show no bedding or other sedinentary structures
and oppear to have accwlated very rapidly. |

The thimmer wiit, B, hos & dense lithosrephle limestone st its base,
The lithographic linestone vesss disconfomably on the last noduler
linegtone of the eyolic sequence of wait A. Tho contaet with the under-
mmmuwmmm The sedinen-
tology of wnlt B, howevew, ia cbscure becouse the axposwres are nob
readily obsarved. Unit B fums a slope which is largely covered by
talus and vesetatione A

The predouinance of the lithogephlc limestone, silistone, and
shale indicates & very definite change of enviroment. They doubtloss



29

Wmamummmmwmmhw
the vopidly changing environuent prevalent during the deposition of
it A,

Thin sections studies of samples from wii A support the conclusions
roached, Mamwmmuwmmmwn.
Replacenent of guartn and feldspar gains by calcite was observed in
sections cub from semples from umlt A. Similer veplasesent of quarts
by caloite was cbserved in saples from the Harding sandstons.

Jwesgic

lexrison formation, The type section of the Morrison formation ab
Horrigon, Colorado wes deseribed by Damons, Cross & Eldridge (1096, pe. 22,
23, 60 - 62), It had been deseribed yrevicusly by Cross (169%). lore
mmxy;tutmmmmmmfwwmmaw
(3955, pe 2097 - 2214)e

:mtmimmm&motmmndm
shale, mxistone, marl, and freshwuater limestons and is noted for nany
dinogaur rocains, It is widespread in the western and southwestern
United States and has been considered both late Juressic and early
Crotaceous in age. liore recently, on the basis of paleontologic evidence,
the Morrison formation has been considered as late Juressic (Heston, 1933,
pe 1123 Lee, 1927, pe 173 Vendewwilt, and others, 1945, pe 46; Weldsclmidi
& Levoy, 194k, Pe 11003 Wiluarth, 1939, pe U203 - Uh).



The lorricon formation was first found in the thesis area by
Gilbert (1697)e Itiamadmthn&p—tmdmmkmm
east nide of BDeulah Valley and in the nortisrest corner of tho area,
Ce Ao lartin and the writer moasured & section of the lorrison formetion
epprosinately 200 foot thicke It rests unconformably on the Powntain
formotion and with probablo unconfemdiy on the wmaned mn, A and B,
in the nordlneaet cormer of the area.

The lower part of the lorrison formation is marked by an 85-foot
sorics of sandstone and silistone with ninor fresh-water linestone and
scae shale, liost of tho sandstone and siltstone is cream colored and
slightly arkosice The limegtone gemerally is nodular and lenticular
and has an olive-woy solors The chale is predoninantly greens

. Above the serics of sandstons and silistome, the formation is less
evposimres show the upper parts to consist nalnly of aray and green shale
and mudstones Soue giltstone and linmestone also ls prosent.

The contact with the Dalota sandstons pemerally ls covereds Some
overlain by basal Dakota conglenerates

The thiclmess and lithology of the lNorrison formation at Dewlsh
generally is cosparable to the thickness and lithology of the lorrison
formation ab the type locality (Waldscleddt & Iewoy, 194b, pe 1100 «
1108), but the Novrison formotion et Beulah containg considerebly more
Mmmnthwm The lithology of the
lorrison formation is evidense of depogition under continental con-
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ditlonse The rocks ore of fluvietile and lacusterine origin.

Srelaceous

Dalote sandotonge The Dalwta sandstone of late Cretaseous age was
wwzw&m(mhp.ue-M)mmmum
town of Dakota, Dalwta County, liebrasim. It was first noted in the
Boulah area by Gilbert (1896).

The Us Se Geological Survey restrists application of the name Dalwota
sandstone W the areas east of the Mront Range and applies the torm
W(?)fmmmmmmmwmmm(ﬁm
1936, pe 566)

The Dakota sandstone is widespread alon: the Colorado Front Range
mmmmmmmmmswm, It has been divided
into tivee sandstone and two shale wnits (Jee, 1927, pe 17 - 23; Ranidin,
1933, pe 42%j Vendeswilt, and others, 1948, p. 46 ~ 47; Waldechmddt, 1933,
Do 417 - 420)s The "irst™ or upper sandstone may be either a single
sageive bed vhich forms the crests of the Dalwta hogbacks aleng the Front
Range, or it uay be o series of discontinuous sandstone lenses imbere
calated with shale. It gredes upward into the overlying Creneros shale.
The upper sandstone is separated from the “second” or middle sandstone
by a shale wilte

The iddle sandstone is found in the northern parts of the Froumt Range,
but it seems to tlin soutlward and grade into the sandy shale which separate
it from the lower or "third” sandstone,.

The lower sandstone is comonly coarse grained and congloneratic, and
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of @ naspive chavasture It 49 more conglomeratic near the base, although
pobbles are distyibubed irvesulerly throughout its thicknoss,

The Dalote sandstone crops out in tho castemm part of the thesis
area where it formg the prominent hogbask on the east side of Bewlah
Valley (Ple 1)s Xts thiclmess is ebout 240 feet. The contact with the
wderlying lorrioon shales in wwonformable and irresuler, btut sradational
with the overlying Granercs shale. Negr Beulah, the middle sandstone and
intervening shales are wdesing from the formation, lorth of the area,
Co A Hartin veports (personsl commmication) that shale is present
towerds the middle of vhe Dakota sandgtone.

The lower Dakota sandstone in the thesls area is massive, cross-
bedded, and conglomeratic, particularly near the base. The grain size
of the Drosted quarts zrains in the materix ranges from mediun to coarse.
The pebbles of the conglousratic portions are as smeh as three centimeters
in diemeter. The color of the lower sandstone genevelly is brewne

The upper sandstone is. less crose-bedded and sonmowhat finer
arained than the lower sandstono on which it rests disconformably., It
is massive and showy prominent vertical Jointings Accordingly, it has
& tendamgy te fom ¢liffs olong the hogback on the east side of Bowlah
Vallay, Limenite nodules and liesesang rings are comwn. Like the lower
mmmmmmm The color is pink to tan on
frosh suwrfaces bubt brown on weathered swrfaces. The upper sandstone
roades into the overlying Graneros shale throush an interval of inter-
bedded sandstone and dayl~gay shale. The sandstones near the gradational
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The presence of a besal conglomarate, the good sorting, the wide-
spread occwrrence, and the wward rodation into the finer neritic
sedlments of the Colorado jrowp strongly susjest that the Dalota
sandstone was deposited under conditions of & tronspressing ses,

Colorado ;moune The Colorado mroup ineludes the Neston end iicbreve
subgrouns of lube Crobacseous age (Vilmmedh, 1938, pe 492)s Only the
lover two wnite of the Demton subzrowp sre found in the thesis area.
Thoy are the Urancros shale and the overldying Gremboern linmestons which
erep out in & gentle gyncline in the soutlwastern portion of the area
(Pl, 1)y The sections for the Denton subgrowp were meagured in the SE},
Sece Uiy Te 22 84y Re 67 Vey Pushlo Courty, Colorado.

Gransros shale. The Graneros shale was nawed and described by
Glibert (1096, pe 564) for the exposures along Craneros Creek, Pusblo
County, Coloredo. o wos also the firet Yo note its ccowrence in the
thesis avea (1597).

The Creneros shale ig aboub 200 fost thick and crops out in a narwvow
wmmmm.uummmmtnhdw
clines in Pusbloe, Huewrfano, and Las Anlmas counties (Darbom, 1906, pe 27)e
It shows a oradational contast with the wnderlying Dalota sandstone and
the overiying Greenhorn limestone, num»mmm@
bub the upper and lower perts are commonly ey in color, Dentonite
seans and rows of limesténs concretions are present in the lower parts.

The upper contact with the Gresnhorn linmestone wes plased at the
tase of & l.O~foot bed of limestone. Thus, only & few thin beds of
linestone were included in the upper Greneres shales The lower contast
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with the Dalote sandsbone was plnced ab She last thick bed of sandstons,
e including some thin sandstone beds st the bose of the formabtion,

Groonborn limestonee The Greenhorn limestone was described by
Gllbert (1096, pe 564 - 565) st the exposures along Greeshoim Creck in
Pusblo County, Colorado. Iis aupomures in the theels area were first
Lound by Gllbert (1897)e

The thiclkness of tle Greenhorn linestone ranges fion about 25 to
40 fect. The writer messured 35 foob of section in Sec. M, Te 22 3,

Re 67 Ve 4Aboudb 27 foot of the lingstone is exposed in the thwsis area,

The base of tho Greenhorn limestone is marked by a bed of limestone
shout Le6 foot thicks The basal limostone is fine grained, arillececus
and grey, bub it lacks the vertical jolanking displayed by the nest higher
linegtone, Above the basal limestone are thin-bedded shaly limestone
beds which neagsuae up to one foot in thicimess and are separated by
intervals of calecareous black shale which atieln thiclmesses of 1.5 feot.
The thin~bedded limestonss show prordnent verdical jointing wiieh combined
with the thin bedding causes them to break into plates or flags. Specinens
of Inpcorerms labystus Schicthedn are very mmberous along bedding planes
in the platy linestones.

The upper contoct of the Greenborn limestone with the Carlile shale
is gredationals It was placed at the top of highest platy limestone bed
wposed at the measured sections The Carlile shale is missing in the
thesla ared.

The lithology and paleontology of the rocks of the Colovedo sroup
indicate that they were deposited in a shallow neritic enviromsent. The
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blacl: ghales in the Grancros shalo indlcate thab it may have been deposited
in a partly lasoonal anviremient.

Sexbiz (D)

Three dlchasic basalt diles of prwbeble carly Tertiory age have been
found in the thesis ares, The diles were intruded into Precasbrian rocks
alon] joints that twansect the Loliation of the Precacbeian rocks. One
dile is nearly horisontal, the othore are mearly vertical. The howde
Wdﬂm%boa%ﬂﬂmgzmmmtu&.mm.s.hn
Sey Re GO We and tho others are locabed in the 53, Secs 8, Te 23 8,

Re 68 Vo: Tho latter diles ave poorly eposed and were not studied
capletaly. The diles mre of the saw coupoaition. Sssentially, the
dilws are Glebosic besalty whlch hawe wiierone sonsiderable alterations
“hey aro coopoved of lalwadorite, serpeutine, astinolite, calelte, and
vagnebite. lone of the dikes can be traced more than o fow hmired feet
alon; thalr ouberope A detailed deseription of thin sestions of the
nearly hordsontol dile is glven in Appendix B

- The injection of the basaltlc magse apposrs to have been passive
rother than forceful. The jointe wure a well developed feature ab the
tine of eplaseent of the dilws. Inasmnh 29 there is mo evidews of
sligpage along the joimbs in the Precadlwisn rocks, it is likely that
wwmmm«rmmmumh
carly Tertlary relaxsbionnl phasese The Jolats, fDwrthemuare, are som
%o porsist ovon across shoars in the Precaudwrlan rockse




36

Because the joints in which the dikes are cuplaced are probadly
post~conprossional, it is probable that the dikes are alse postecome
presgional, Murbher ovidenve of post~coupressional intrusion of the
dikes ip found in the chaence of sirain phencnens sush g less of
twinaing, and the presence of bent twin lasellse in the plagioslese
foldspar.

Simllar diabagic rocks have been described by Cross (1896, pe 202 -
283) at the Silver Cliff-Rosite district on the soutinwst side of the
Vet lfountalns, Ile concluded that they are older than the voleanis rocks
with which the ore deposits are associsted, bubt that they were esplaced
afbor the Precasbrian rocks had boon ... brought apprexinately imte
tmmwm“mmwmmnmna
the jnelss in prodweing the swiace won which the later rocks were
poured out (Cross, 1396, pe 274)«" lovering has assigmed the extrusive
rocks ab Silver CLiff end Roslte @ Moceno age (Finch, and others, 1933,
Pe 395 )s Thus, it mlght be comcluded that the dikes in the Beulah area
post~dnte the Laranide corpressive forces, but probably pre-date the
locene flows of other areas. Tiwus, en early Tertiery, probubly late
Eocene to early lfocene, aje wifit logically be assizned to then.

Lovering (1950, pe 47) hos stated that disbasic rooks were ine
traded during the boglming of Nocene folding in the Frout Range. There
is, however, no evidense to indlcate thet the dlabasic dilwe of the
Boulah sree were intruded early in a conpressive phase. They ahow no
sims of deformation associsted with forceful emplacemente
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BIRUCTURAL CIOLOGY

General

The major structural feabures of the Colorade Front Range and the
Vet lountaing were developed during the Larmdde orogeny and the later
Tertlary relaxmtionsd pheses. The Leranide features, however, were
inflwenced to & great degree by older trends related to the developuent
of the Ancestral Rockies (Lovering & Goddawrd, 1950, pe 57 = 58).

The salient structwral features in the thesis ayes inslude the
Vot lountains fault, the Beulah srch, and the Three-R trough. linor
fauits are associated with these foatwres, as are deviations in the
trend of foliabtlon in Precembyian rockss Also present in the norbhe
west cornor of the aren is the south nose of & doubly-plunging myn-
cline which parallels the Wet Hountains fault novth of the thesis area.
As showm on the map (Pls 1), the nose of the symoline is partially
truncatod by the Vet Mounteing faulte It is in the symelinal nose that

ore expostds

The Precaniwrian recks display a well-developed secondary foliation
MMMMMW“WM“
southoast. mmanmmuamu
a greater or lesser dogreo, in all Precasbrian rocks near Deulah, The




trend of the foliation has been chanjed along faults which were active
duwring the Lavaxide orogey so that the folistion spprosimstely paralleds
the fewlt planes. The bebectonite of the foliation, furthermore, lies
nearly parpendicular to the lareuide betestonic axis which trends nerth-
nortinmestb, Thus, 1t can be concluded that the foliation pre-dates the
Loverdido deforumations Because, in the Beulah ares, the Laraside orogeny
mmmﬂmadto-aam&mbymmm
Pommsylvanian defozwation, the folistion probably developed m. the
Aancestral Rocly Mountains formed.

WMa&mafmmm_mm
in the Precanbydan yocks. One seb is near the horizontals the other
two pets show dodnant northeasterly end northwesterly trends, but with
considerable local &.fference in attitude. The horisontal jedmb set,
in seneral, is wndeformed adjacent to fonlts and comonly persists
across ghears in the Precaubpion rocks. Thus, it can be concluded that
it post-dates the Lopanide tlwrusting and that the horisental jointe
probably are related to the Tertiary relaumtional phases of the orogeny.
The diverse orientation of the joint sets mabes it difficult to analyze
their reladion to the Beulah arch, the Vel MNowntaine fauld, and the
related structures.

Foults
Yet lountaing fault. The Vet lountalns fault is the major tlyust
fault along the east front of the Vet liountains. As showm on the
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Geolozic Hep of Coloredo (Burbank, snd obhers, 1935), it ewdends almost
the whole Jenzth of the Vel lounbaine fron Rye ab the soubh tip to
Parldele in the nopth. First nention of the fault in the literature
was made by Maher in 1993 (pe 2470, Fige 1), although portions of the
fault bhad been mepped by Gilbert as carly as 1297 (unpaged).

Generally, the fault shows e relabively straisht trace, Throughout
most of ibs lengbh, 1% is a high-angle reverse fault which is upthrowm
to the caste [Horbth of the thesls aves, however, the foult lecally is
& low-angle thrust with dips on the onder of 22 degrees to the west
(personal commmisation, Ce As Mardin),

In i thesis area (Pl 1), the fauli follows & nortismsterdly trend
frou $he soubhcontral portion of the area in Soce 22, Ts 23 Sey Re 68 W,
to S500e 2y Te 22 Sep Re 59 Wee Throughoubt ito etent in the ares, the
foalt appears to be highwangle, s 1o ovidenced by its relatively
straizit Svase and the dip of tho foliabion on either side. Ia Secs 16,
Te 23 84, Ra 68 Wy 1t dips aluost 80 degrees to the westi in Sece 2%,
Te 22 84y Re 69 Wep it dipe about 60 degrocs wost,

memmgwm.mmumm.

Te 23 54y Re 68 Wa and in Sece 2%, Te 22 Sy Re 69 Wee In Section 16,
the fauls is in Precenbrian vocks and appears as & shear gsone which is
pinoralized with hematite and lesser amounts of coppors It is exposed
especially well in & road cut in the south-central wlf of the section.
In Section 2%, the fault is between the Precanbrian Pikes Peak granite
and the Pemeylvanian Pountain formation. On the west aide of the fault,
the Precanbrian rocks are intensely sheared with the foliation dipping
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sbout, GO degreos to the west, On the east side of the fault, the beds
of the Pountain foruabtlon have beon upburned so that they are vertisal.

Setween the Vwo cuposures described above, the faudt is difficult
to trace, bul a series of ninoralized shwars are found at the base of a
discontinuous scarp in the Precasbrian rocks. The shears are found on
the crests of a series of subperallel ridjes which extend westward from
Beulah Vallay inte the Precanbrlan mountains where a sharp tresk in slope
marks the discontinuous resequent fault-line scarp. Generally, the
shoars are not cxposed in the cast-west sirean valleys except along
Mddie Croeke |

South of the thesis area, the resequent fault-line scarp of the
et Hountains fault is casily observed and can be traced for many adles.

On the Ceolozic lap of Colorade (Durbank, end otherw, 1935), the
Wob lountains fault is shown to arc around the nose of Precandyian rock
which formg the basement of the Doulah avch, Thus, & fault contact is
deploted between the Fountain formation and the Precaubrian rocks on the
west side of Beulash Valley, Insufficient evidence for faulting was found
alonz most of the Precavbrian~Fountain contast, and in nany places, clear-
out evidence of overlap of the Precasbrian by younger rocks was observed,
Therefore, it is likely that the Wet Mountains fault follows the
straighter trend of the ghoars in the Precasivian mountains than the
circulious route along the west side of Beulah Valleye

The age of novesents along the Wet lountains fault is uncertain,
Faulting has thrust Precanbrian rocks againet upper Cretaceous rocks
to the north of the thesis ares and produwsed drag in the Creteceous rocks
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south of the ares, It is likely, therefore, that major movements along
the foult cccwwed during Lavanide tines, and because the major thrust
faulting along the Pront Range ccewrred ab the end of the Paleosens
(Lovering & Goddard, 1950, pe 58), it can be concluded that the majer
movenents along the Wet lountaing faudt mobably took place at that time,
Older movements alons the fault also are indicated. loticeable erosional
thinning of the pro~Pennaylvanian rocke cocours on the east side of the
fadt and the Penneylvanian Fountain formation rests on the older rooks
with an angular unconforuity which coemonly approaches 20 degrecs. The
Fountain foraation aleo overlaps divestly on the Precanbyian rocks just
cast of the faulte Ouch relationshipe are best shown in the south-
central and nortlmost parte of the area. They indloste that the fault
wes astive dwring the bullding of the Ansestral Rockiecss The absence
of any Paleosoic sedinents on the weet aide of the fault might offer
Lurther support for the thesis of Pemsylvanisn mowmentgs. It must be
ronecbered, however, that post-larauide erosion could have removed any
sedivents once deposited on the wost side of the fault.

Hoh-anado rovarge faultse In addition to the et lountalng foult,
throo other hicheanzle roverse faults have been mapped in the ares.
ALl thaoo of the faalte ave genetically velated to the farmation of
Beulah arch and are within the limits of that strwsture (Pl, 1)¢ One
favlt is alony the cast Lorder of the Frecasbylan basenent egposed in the
arche It dipe approxinately 50 desvecs weot end has thrust Precanbrian
rocks above the base of the Fountain forustion. The fault is a thrust
doveloped in the nose of the Lflexwe whish is BDeulah arch,
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The otlher two hizheengzle reverse faults ave conplementery to the
tlgust $n the nose of Deulah arch. They dlp castumd toward the nose and
%he northonst £lank of the arch with their hangzing walls the upthrown
sides. Cno exbends norblsmstwerd firon the 15, Wk, Sess 3, Te 20 Sy
Re 68 W, whore it merges with the thrust ian the nose of the arch to the
WSh, S, Sece 30y Te 22 Sep Re 68 W, whore it could be traced no farther.
It dips epprosduately 60 degrees to the northeast. The other fauls, which
tronds almost nopthesouth, is found west of Boulsh along the sestion line
botwoon Soctlons & and 5, T 23 J. and Sections 32 and 33, T« 22 5., Re
65 Viee It dipo to the cast ab an angle of 66 degrees. Doth faults,
bosause moveuent alony thenm vas opposed to the direstion of regional
theuwting, are considered wndertihrusis.

Link (1928, pe 025 « 854) hes developed slniler faults in comnectieon
with pressure~box studies of the relationships betweon over- and underw
thrusting (Mge 3)e In the coperinents, one side of the pressure-box was
pushed azalnst an grtificlial soguence of sedinents. As the pressure was
applied, & capasted wedge (aone of shear) of sedinent developed adjacent
to tho push-block. With comtimued application of pressure, bulsing of the
maberial ccourred at the surface adjecent to the push-blocks AL the swr
fase of tho sedinents an undertlrust plane slso developed next to the
pushwblock, and inciplent planes of overthrusting fomed ab depth adjacemt
to the pusheblock, Finally, the plane of the overthrust Lyoke the sure
faze and the plane of the wndertipust terdinated agalnst the overtiwust,
thua leaving the bulged sedinents as a wodpe between the two thrust planes.




D
L-Cone A
D
B
C
c D
| G
B '.-_‘-.A'-i
A.%\‘——
C
B

From Link (1%2%)

*I¢., 3., Results of pressure-box studies by Iink: A) "Cross '
section of deformed sphere illustrating use of terms cone of shear
and wedge.," B) "Soon after application of pressure tre first no-
ticeable change is compacting of the material in froht of the push-
block in the area of the cone APD." (C) "Incipient bulgine at the
surface between D and C, slisht wriniling near D, incipient faul-
ting in lover portion of cone and also in uprer part near 0, Con-
tinued compacting of the wedge area *NC." 1) "Extension of the
overthrust shear plane ARC to the surface and underthrust plane
toward B, Continued deformstion of the wedge and cone," &)
"Growth of underthrust fault until reacline B, uplift of wedge DRC
causing displacements a2long over- and underthrust fault planes as
indicated by arrows."



In tho cnee in question, the wilmown side of the Wet Mountains
foalt corvesponds to the push-block and the theust fault on the nose of
the Frocadwion core of Deulah arch sorpesponds to the evertirust plane
(Ple 2, Sooctions A-AY and G=0%)s The two wnderthrust Saults correspond,
therefame, to the plane of wadertleusting developed in the eaperinents.
In sotuality, the furn of the arch iteelf could be attribubed %o the
bulzizg off the rocks prior to the development of the faults. It also
should be menbioned that the consliderations outlined shove conform to
the requivencnts of thoe strain ellipsoid theory in whish two opposed
planes of shear should devolop wader conditions of conproessions

Bopmal fmuiis. Two nommal faults of ssall displasement (not eme
eeeding 60 feet) ond soublmard dip have been napped in the ares. 0o
is located in the S8k, SER, Secs & and the W33, O3, Soss 9, Te 23 8.,
Be 66 Viee It in on the south Lladk of the Dewlah arch and trends
northeast fwon ite terminstion against the Vet leuntalns fanlt to the
point where it appears to tomduste in Section Je The fault probebly
devoloped on the blank of the arch whore tensional ferces would develop
norwal 4o the dlrection of thrwsting dwrding the flewing of the arche It
i entirely within the Precwiirian rocks and has prodused only slight
displacensat of the Palsosole sedioents on elther side.

The obther nesmal foult trends nurtisest-southesst in 83, Sec. 13,
Ta 23 Bep Re 68 Wew It is locatod on the cast flauk of the northeast
trending portion of the synoline which 19 the northern end of the
Throo-Rl troughe Idke the fauld on the south flank of the Beulsh arch,
it probably is releted to uplift aleng the arch.



Soutlaly faeh

The Deulsh arch was nesed by Gllbert (1997)s It is tho prosinent
stractwal foatwre in the gproxiiate center of the ares and i3 an cest-
v plunging mabtiolinal nose which sbubs agalnst the Yot Nountalns fault
o the wost (Ple 1)e The sove of tho swoh is a Precwielan baseuent
canple which i5 overlain by Paleosole voska, The Famtain foxmation,
widch wrape around tho noge of Yhe aveh, hew been epoded to form Deulah
Valley. lest above the Fountain fommbion swe the rocls of the loreison
Zorvation and the Dulwta sandsbono which also wwap avound the arch and
have beon eroded to fomn the procdnest hogbaske on the eest side of Dewlah
Vallaye Doubtloss, the Fountaln, liowedeon, snd Dalots formations
orlinally exbonded over the aveh, but since have been resoved by erosions
Only sevmants of the Fountain forustion are found in the cove of the archs

Tho Daliota sadstone dips off the fianks of the awch &b angles
betwoen 15 and 25 degress. AL the water sop oub tiwouwgh the Dalwta
hogback by the norbh beansh of the 56, Charles River, the plnge of the
arch is sbowt 12 degrwes to the eiobe

A partis) eplasstion of the rizin of Deulah arch alveady has beon
glven in the preceding section on foulte, It s thought that the arch
16 the direst resuld of bulsing of the yooks duwing Lareide time s
movenend ook place along the Wb lountaing feult and pressure was applied
to the rools east of $he Lawld by the nass west of the fault which served
& a push-blosite The bebostonic axis of the arch, therefore, has a
nosthepouth trend and rams ob right engles to the amial trece of the
fimowo shown on %he mep (Ple 1) The aveh is astually & sallemd




doveloped on the cast uide of the Vet lowsaing foult,

Znpmosoh 23 o section of wpor Pemgylvanian, wyer Juvaseic, and
uppey Grpetaseous rocks proebobly wos present peice to the fommtion of
tha arch, more than 3,000 feot of overbusden would have covered the
Procadulon bosenont now mposed in the cove of the srchs Thus, the
mnmmmmmaMm
ponent, of howlaonbal thrust could heve bom transultted ewvess the Vet
Iountalng Jaulbe The hovimomtal theust time produced probebly is ro-
sponailile for the Jevelopmt of the Dewlah areh sod the assoelated
hizhweonzle fanlbs in sccopdunce with the wperdsets performed by link
(1923, pe 025 = 054)s The anch is melagous %o the bulge which developed
in hls eperivede price to and during the formation of the tiwuste,

dlnee-D JZreuds

The Thrwe-R trough vas namod by Gilbert (1597)e It i & dowbly-
plungins synelinel strasture which poseos tlwouch the Threew Rench.
The best dovoloped porkions of the twouch are soth of the thesis area,
bt ite soutivestverd phmging noge is present in the southoest corner
of the awea (Pl 1 and Pl. 2, Section D-0f), Cretaceous rocks crop oub
in the synaline. The synsline pevbably is the result of cospwession
and dra; alons the Vet Homtaine femdd, bub in the thesls area, its
trend and forn have been influenced by the development of the salient
Dedah apoh, The trough is located on the soubtlweat Sl of the arch
and tpends norblsostyad rather than parallel to the Webd lowntains fault,
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Gengealls The Precaubrisn roclm, which crup cub in the west half
of the thesio area, incinde isnvous, neta-igecus, and metasedinentary
types, Fop napplug purposes, the writer has divided then into five
wlts: the Idaho Sprinis formation, an adaellite suedes, undifferentiated
Procanbrien neto-izwous rocles, pepuatite diles, and the Pilkes Peal:
senite. Althoush not all the mosk types found in the Precantwien have
veen mopped independently, they ave discussed in tle following paces.
Demepiptions of reproswmbabive thin sections ave yrovided in Appendix B,

fedlo dnplace Zoposhlons The Idabo Speinge formatlon cvops owb ia
a norbh-south trending belt juot west of Deulah Valley. It inclwies the
oldest rocls lmowm in Colopado and 1s & sequance of politic metasedinente
which has beon injested by ranitic and pegnatitic rocks. The pelitic
podinents have boen netanorphosed prinarily to dak ey, quarta-blotite
sehiste. Also prenent within the limite of the Idahe Springs formation
is an aven of andesine mphibelite which is probably uete~igecus in
orlgine The rocls of the Idaho Springs formabion show well developed
bodding plane foliation along which the lit-parw1ib injections of

Schists, doromsecplsally, the schists are composed of quarts,
slemacline, placieclase, and biotite. IMinar constituonte inslude
The textwre of the schists is mmnoblastic-lnequisranuler. Folistion i

woll developede



Catonlantic structuren are seen in noest thin sections of sahist
Sron the Idaho Spedage fornabion. - Anhedwal to subhedral porplyroblasts
of quaris and feldopar are swrounded by sualler graine of the sam
mlrerals. Pollrileblastle strusturen mre comon 4n the feldspars and
horgizlento. The policiloblastis or slove tertwes are produced by rounded
inslslons of quarts ia the feldepars and of guarts and feldsper in the
horrblende. ﬁﬂnwmmwm.m.uﬂ
BPDORRTICC

Dlokite fows anhoedeal o oubhedral books vith shredded eads,
Inclwedons of sircon are sweounded by pleccivols halose The biotite
is Interstlilaol to the obiwe ninerelsn of the schists ifierosline and
they for: o renulor mosale in vwhich the blotite and other winerels are
digparged, [3oh of the plasioclese displeys wmeldtde intergrouthe with
quartz. The inter;zowthe probebly vesult from the replacenant of mloro-
cline Ly placicclese snd soccmpanying emolubion of sllicas

The homrlende fame subhedral crystals which display alwedded ends
ad hold pounded inolupions of quarts and feldspar. IHpidote is present
28 ouhediral o anhedral zralns thet are interstitial to snd insluded in
tho other minevals, nodably hognbleade and biotite. The sphene is anhe-
draly nametite furve drmesulne and subbedral sraine that are closely
assoclated with the bdotite. Treses of sillinanite are preseat in
weh of the schist, bub 1t is best deweloped and most abundant near the
igmesus injections. Traces of caleite are present as swall, irvesular
replocenonts in Lhe quarts and feldspers.
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fndosine anphibolites Vithdn the mapped limite of the Idaho Springs
Loyeation one suall ares of andesing anphibelite was nepped in the SUd,
Sk, Sec, 28 and 8Bk, B3, S00s 29, Te 22 Sey Re 68 W, Pushlo Comty,
Codorado. The ampldbolite conpits of altermating layers of & dmrle grecn
auplibole with ninee auowne of feldepure and loyers composed almost
sapletaly of foldeper. The altermate light mad davk alyers of feldsper
and amplibole are one sdllineter or legs in thdemoss. The boundaries of
the aphibolite are confommble with the swrouwnding schiste

Tn thin sestion, the pock shows & grolsele fbrie and & mencblastice
inequiszranmilar texture. IU ig couposed prinarily of andesine ond dark
aphibole. The andesine forse mnhedral to subbedral svains of wequal
sloes The auplibole is otrengly plocchrols with X = Ut geeunish-
yellow, T = gmeen, ond 2 = davk promn. The optic sign is negative.
2V = 7,9 2 0.1%; 2Ae¢ = 33 £ 19 The bivefvingamwe 19 low with the
Mohost interfoarence colors in the upper Siwt order, bubt they are camwaly
rasled by the dark coler of the mineval, Availsble information, albhoush
it 19 souowhet contyadistory, indicates that the ntnerel may be related
to parphalie, & magnesiun-iigh, dade-colored variety of hornblende with
larse eginetion angles.

In additdon to the amphibole and andesine, the vock is conposed of
losser sownte of rderocling, quarta, and sphene, with traces of apatite.
The couposition of the asphibolite indlcates that it is mete-lgwous
rather than uetasedinentary in aridn since it lacks the typical as-
sosblage of minerals found in nmetesedisentary sphibolites. It mey have
beon derived frox a diorite or an andesite. The andesine mphibolite




astually nay be tho rosk wnlt termed the Swandyle howblende guedss
whlch s Zound in ost areas along the Fronb Nange, The Swandyie
boryiblonds gwelss shows the saw deree of metamcrphics as the Idaho
Springe fopmation and is thought to be & metancrphosed quarts diopite
or dacite (Lovering & CGoddard, 1950, pe 20}

Iyneous injectionse Ignoous uaborial was injested into the Idale
Springs ferustion along badding sclistosilys The thiclmess of the ine
Jested matorinl ranges fron a fyacticn of an lnch to sbout 20 foob.
he roul: typoa shudied in thin section include sranite, chlorite adamellite,
and pesustlitie adamelllte.
leoser niowds of Llobite, plaslosiose, and crthoslese, Acsessory
minevels insluwie apatite, wivecom, calsite, and epidotes The texdwre
is smnoblashic~inequl pramilsrs

Sliinanite ls present in tie grenlte injections. It indlcates
that olthor the grenlite has been uetsxephosed amevbet o that it has
rosctod with the pelitic nstasedinents into which it has boem injectede
Comtacta with tho schdet are cradstionale Rartheruore, the schist
adjesent to ¢he srenite dnjections is richer in microcline than thab
wore dletant fras the pranite.
wore found to be rolstively shoep in the field. The chlorite adanellite
i dlovussed in sone detall in the section on undifferentisted Precaubrian
roclie




The poguetitic admmllite injections are moot ccmone They ave
couposad of guarts, ollisclase, and microoline with lesser suounts of
neowtites [lcropeopically, the temture is hypallotwicesepition
inoguloparuler aad coerso-ained, A well developed somation 48 found
in the popatiten. The quorts faws a core wihish is bowdered by the

The contactes with the schist ere wvory sharp. There is much gramae
lation of the eshict adjncerd to adanellije pegusdite injectionse
Hletlie in the sohist is altered te peminite and mametites Alterebion
products derived fyon the feldspers imelude sericito and clay minerals,

The ool of the Zdaho Springs fawation gesrally fall into the
aphibolite Lucics and pepresent & noderate grade of resional nota-
norpidacn. The notosediments Lelony to the coniierite-anthoplyllite
subfooien, bub Kp0 is present in suownts too great to have pamitted
the femmition of andalugite, cordicrite, almandine, or anthoplyllite in
the achista. Insteond, tho cpssblase in one of biotite-hormblende-
placioolase-riorooline-uarts (Tumer & Verhoogen, 1951, pe 446 = 451)e
nly edjacent o the ignoous injectious hoe tho grede of nebancrphisn
TRoz0s00d $0 e Bhae Where daoe awunts of sillinenite have fwned.
The gohiste have been derived fron Lrpure shaly sedinento.

The andesine anphibolite emiibits the sane mrade of webmorphisa
an the sohists, but 4t 19 thought to be derived fvom the mebencwpiien
of & dlopitic i;meous pocli

The 1oecus Injections not cnly had a rele in lecally increasing
the pade of nwhaorphioy, bub alse, they have had retrorade alfects.
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Mjsserts to the admwllite pesmtito injections vheve the schist hus
boon oramilated, the Lictite hes boen aitered to chlorite snd namebites
Sewsdngly, the pojatitlc Injestions took place after resicual netes
sowphien had been larsely ascouplished, The injection of granite
pecbably contribubed to tanepiion of the schist. OCerbatmly, the
sanite injections produced no retrosrade affests, The sshist adjecent
te the pumitde injestions is sleher in pobesh feldepars It ds lilely
that the surplus ndsrooling wes added to the sohist and that it was
derived fvoi: the sranite. The additlon, however, is & local featwre;
it was oot wideaprend emoush to varrant uwe of the term: grenmitization.
The gbpeice of replaceuent testures in schist adjscent to pranite
injections may be duo in port to later veerystallisebions

It is proboble that the orisinal sedinmewts have been subjected to
soveral stages of netanorphisn widsh are related to She different
able to defing any dlfferent stages of metanorphimr.

Adgwellite meige. The adamellite gwiss hos bewm intruled into the
Idobo Spreings fopmatione IG crops oub in the Wh, Sece 16, Te 23 34y
Re 60 W and in the 53, Sece 20 and the i}, Seae 32, Ts 22 8¢y Rs 62 Wee
The condacts botweon the adanellite gmeiss and the Idaho Springs foruation
are very shawp, bub the recions) trend of the folistion parsiste acrose
fandted asninst cbhor Precalwrian recks Ly the Vet Howbains fault.

The rock ie pink end mediwmgrained. Presh smples show & melseic
sogrosation of licht and derk winerels, Idoroscopically, the rosk 19
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coposed of guarts, mlerocline, and sodic olisoclase with lessor anmounts
of tiotite. Accessory minerals inolude magmetite, spatite, and sircon,
The textwee is menoblastic-inequijrenular, Poikiloblastic and catas
plastic structwres are comon in the quarts and feldspars. rmekitis
inter mowtle of quarts and plazioslase are abundante These are in-
terpreted as the result of replacement of microcline by plagicolase and
ascoupanying exsolution of ellicas luch of the ¢uarts in the rock is
segregated into siringers, bub zraing nay appear ao insclusions in other
ninarals or present lobate outlines sgainst them,

The adsmellite gnedes is younger than the Idaho Springs foruation
which it intrudes. Age relationsidps with the Piles Peak granite could
not be detormined. Indications ore, however, that it 4s older than the
Pikes Peak cwenite, one of the youngset Precasbrisn intrusive rocks
(Lovering & Goddard, 1950, pe 28)s Bvidence for this conslusion is
the well developed gneissic fabrlc and metamorphic texture in the
adanellite. The Pikes Foal srenlte nesr Deulsh is enly falndly smelssic.
It is recogalzed, howover, that the gmeissic texbwre of the adamsliite
mght be primary and have no bearing on ite aze. The grade of metee
morphdan nay be indicetive of a younger or older ase for the adesellite
cneles capared to the Pikes Peal srenite. IS netenorphosed to the sae
desree pe the Idaho Springs formation, however, & rock of quarts nonso-
witic sonposition nay be effectively reconstituted and need not contain
any odnerals particularly different firom these in an wmetamorphosed
rook (Harhew, 1939, pe 313 = 334)s
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ted Precaladon zooks. Tho rocls here classified as

Sandilfarentisted Precadeda® fnslude those rocks wideh were not mapped
a8 independant wnlts, The rock Sypes aze lithologically shilser and are
progeont in gush mall bodles that they could mot be mapped satisfactorily.
Thoy crop ouwt in & northw-soubh trending belt betwoen the sress of Pilee
Poal: srandie and Tdaby Speinge solilst in the western helf of the thesis
aren. Omo other arcn of undifferordisted Procmdvdan rocks is found in
Seae 335 T 22 Ses Be 68 Wee

The wdiiferentisted Precariwdan wocks include o gnelsaic grenite,
& swisslc~aplitic zranite, a onolseic chlorite ademllite, and the
adanellite owiss. The age rolationship of those rocis could not be

Both the adanmellite ;nolss and the meissls chlorite adamellite
have been found within the limits of the Idaho Springs formation. The
adeneliite mmedss vas napped oo two intrusive bodies whish have Leen
discvased on pages 52 and 53, The gnedssic chlorite admsellite has
Both of these roclks are definitely younger than the ldshe Springs

Gnedosic sranite. lojsscoploally, the rock is & aediwe- to coarse-
pained pnelssic jrenite whioh chows noderate parellelisn of blotite
books and the lon; dUummsicns of quards and feldsper sralns, Plak
containg feddopar, quarts, and biotite. The color of the rock rengee
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from pink to rays

ideroscopically, the rock is hypallotyiomerphic~inegulsramilar,
mwissic, and shows porphyritic development of subhedrel feldspar,
The essenbial congtltuents of the roclk are microcline, quarts, sodic
oligoologe, and bioctite. Accessory winerals include mumetite, epidote,
sphene, sircon, apatite, and sillinmanite,

iderosline fowmus cubhedral to ashedral grains and phencoryste.
Quarts occcurs as anhedral stringzers and grains disperwed through the
rock, s syrmekitie intergrowths in plazicclase, and ss poikilitic ine
cluslons in grains of svderocline, Tt i9 sonouhat rutilated, but other-
wise free of inclusions. Plagioclase (sodic oligoclase) forme subbedral
to anhwdral rains and phenoerysts. Some of the plagioclase seamingly
formed ab the cupense of microclines there are nyrmelcdtis intersrowths
of quarts in plazioslese srains widch ave in sontact with srelns of
mlerocline, Blotite is o minor constitusnt in the yosks It forme
anhedral books whish are larpely interstitial to the other minerals.
The sillimenite is apparently derived from the plagicclase while sericite
is & netanoyphic product in the mdereslinge

The presence of sillimanite probebly indlcates that the rock once
achicved a srade of metauorphisn compareble to the schists of the Idalw
Springs Sformation where they have been injected by gremite. The presence
of sepicite may be the result of retrograde metamorphisn of the micro-
eclines

Gnelssic aplitic granite. The gneisaic aplitic granite is a fine-
crained secharoidal roclk with o pink to grey colors It 1o conposed of
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clear quarty, pink and gray foldspur, and minor biotite and magmetite.
Heroseepically, 1t displays o fine-rained, sllotrioncrphic-ineqal ramular
texture and a distinst gnelssic fobric prodused by the parallel aldgmsent
of the long dirensions of the constituent minerals, none of which shows
any strong porplyritic tendencios.

Quarts and wiorocline are the dowinant minerals in the rosik.
Blotite and plagicclase ave present in uincy angunts, The sscessory
minerals include sordcite, zircon; and spheno, All the minerals, eu-
sopting the accessories, are anhedrels The plasicclase is gsodie oldgo-
closo,

Gnelssic chlorite admwllito. The rock is fowd in the belt of
undifforentisted rocks as woll as in injections in the Idabe Springs
Sarpntion whers, in the wposwre on Middle Creek, it has been intruded
by o Tertiary {?) disbase dike. It is o dense, mediuwegrained, inequie
sramlar adamellite with a distinet gwissic strustures The color is
salmon-pink with otreaks of awy. Hegsocoploally, quarts and Seldsper
are gseon to bo the dordnant constitumnte of the rocke The foldspar i
largely plasiosiase which ig diffiocult to distinguish firom the less
izportant rdorociine. The dark ninerals include & darkecolored chlorite
that 1o almest indistingulshable fras botite. lMagaetite and pyrite
also aro prosent. [Goor anouwnta of white clinoshlore which closely
reseubles sericite and suall anounts of epidote can be observed in hand
saples of the rocks

Meroscopically, the adamellite is senmoblastic-inequisramular with
slicht porplyritic developaents of plasicslase. It hea a distinet
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meisslis styrusture, and in places, cataslastic structwres are found
betwoon (ruinse The escontial conshitusnts imslude quarts, mderecling,
and plagioclase. The accessary ninerels include chlerite, mametite,
prrite, epidote, sphene, zivoon, and spatite. The quarts is istersertal
to the ollwr dnurals and florus anhedral sreins, ZThe rdorocline is
generally anhedwales It displays no strong porplyritic tendencies. 7he
plagloclage {sodic oligoclase) fomw suall anhedral srains and less
coumonly subhedral phoncerysts. I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>