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ABSTRACT

The oldest volcanic rocks in the study area occuring in the
Thirtynine Mile field and the Cripple Cresk areas are a series of
latitic ash-flow tuffs termed the ash flow - 1 cooling unit, and dated
at between 35 and 40 million years, Immediately overlying that unit in
the Cripple Creck area are latitic ash-flow tuffs probably assocliated
with subsidence of the Cripple Creek cauldron.

An interval of intravolcanic erosion and aggradation of basins
followed eruption of the latitic ash flows. The High Park and Bare
Hills basins and tﬁe Cripple Creek cauldron received arkosic sediments
from the ercosion of surrounding gramitic highs.

A major straém crossed the High Park basin and deposited con~
glomerates of varied lithology reflecting a larger source area, perhaps
the South Park intermontane basin,

The youngest rocks in the Cripple Creek area are phonolite plugs
and flows which intrude the lower andesite of the Thirtynine Mile field
{dated at 34.1 ¢ 1.1 m.y.). A minimum age for the\volcanism at Cripple
Creeck has not been established,

Post~volcanic block faulting along the Fourmile Creek - Oil
Creek féult zons and erosion have isolated the Cripple Creek center from
the Thirtynine Mile Tield. Ash flow - 1 outcrops on the Front Range
occur up to 1500 feet higher‘than outcrops in High Park. The Bare Hills
basin has been uplifted 500 to 1000 feet above the High Park basin.
These structural adjustments may be related to late Tertiary rise of
the southern Front Range and Royal Gorge blocks.
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- INTRODUCTION

The Problem

The purposes of this thesis are twofold: (1) to determine the
stratigraphic and petrologic relationships between the rocks of the
Cripple Creek volcanic center and those of the Thirtynine Mile volcanic
field, and (2) to determine the nature of the crustal deformation which

isolated the Cripple Creek volcanic center.
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and in the cffice, and for pstience during the writing of the thesis.

Location and Accesgibility

The study area is located on the eastern edge of the Thirtynine
Mile volcanic field (fig. 1) and extends eastward to include portions
of the Cripple Creek volcanic center. It is situated on a high plateau
at the northern edge of the Canon City‘émbayment and the southérn erd of
the Front Range. Colorado State Highway 67 and the county roads con-
necting Cripple Creek with Canon City provide useful access roads, but
the majority of the area is accessible only in a four-wheel drive or

gimilar vehicle.

Methods of Investigation

The field study was accomplished during the summer of 1968; geo-
logic mapping was done directly on the United States Geological Survey
Cripple Creek South 7.5-minute quadrangle and on a blue-~line edition of
the Pikes Peak No. 3 (A.F.C.) quadrangle. A mylar topographic base map
for the compilation of data was prepared bymjoining copies of the Cripple
Creek South 7.5-minute quadrangle and the Cover Mountain l5—minute:quad~
rangle. Aerial photographs were used in the field‘as guides to the
location and configuration of outcrops and to the trend of structural
lineaments.

Axial angles of alkali feldspars in the ash-flow units were mea-
sured orthoscopically on a Leitz microscope and 5-axis universal stage
using the method of Chapin and Epis (1965). Modal analyses of the ash-
flow units were performed with the aid of a Swift point counter; for

the other units, mineral ratios were obtained by visual estimation.
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Previous Investipgstions

Published papers on the geology of the thesis area are gencrally
accurate, bub most previous investigators were not primarily concerned
with volcanology. Geologic exploration in the area began with recon-
naissance work by members of the Hayden Survey in 1873 (Endlich, 1874,
1878). The most significant early contributions to understanding the
volcanic stratigraphy were made by Whitman Cross (1894) during the map-
ping of the Pikes Peak area. Other early work by Cross and Penrose
(1895) and Lindgren and Ransome (1906) dealt specifically with the
mineralized portions of the Cripple Creek volcanic center. Since that
time several papers have been written dealing with the economic geology
and engineering geology of the Cripple Creek mining district (Loughlin,
1927; Loughlin and Koschmann, 1935; Koschmann, 1947, 1960; Lovering and
Goddard, 1950). |

In recent years, more detailed geologic work has been done in the
Thirtynine Mile volcanic field by Chapin and Epis and by graduate stu-
dents under their direction from the Colorado School of Mines and the
New Mexico Institute of Mining and Technology (Chapin and Epis, 1964;
Chapin, 1965; Chapin and Wyckoff, 1968; Epis and Chapin, 1968). In the
course of this continuingwwork, the detailed volcanic straﬁigraphy ard
ages of most of the volcanic events in the Thirtynine Mile field have
been worked out. Recent work on the stratigraphy and structure of
Palecsoic rocks in the 0il Creek area has been dqne by Walter (1959)
and Gerhard (1967, 1968). The Heavy Metals Division of the United
States Gaoldgical Survey has recently conducted geochemical Sufveys in
the Cripple Creek district to determine the feasibility of finding new

gold telluride ore bodies (Nzkagawa, et. al,, 1968).




ROCK UNWITS

Praovoleanie Dooks

Prevoleanic rocks in the thesis area range from Precambrian to
early Tertlary in age. Hocks assigned to the Paleozoic era crop out
in the 0il Creek embayment and Mesozmoic rocks are present in the Bare
‘Hills and in High Park. FBarly Tertiary prevoleanic rocks crop out in

the High Park basin and psrhaps in the Bare Hills.

Precambfian Rocks

Precambrian rocks in the study area consist of both metasedi-
mentary roogs and granitic inbrusive bodies, The metasedimentary rocks
are made up of biotile and viotite sillimaniteAschists arnd the Cripple
Creek augen gnelss of Hutchinson and Hedge (1967) which is dated at
1.70 b.y. The schists crop out 25 long lenselike bodies included in
the granites and the augen gneiss occcupies a large area near Victor.
Precambrian intrusive rocks dnclude those of the Cripple Creek and Pikes
Peak batholiths. The Cripple Creek granite is fine to medium grained,
reddish in coler, and displays a plamar flow structure caused by paral-
lelien of tabular Carlsbad twins of potash feldspar in groundmass of
Tiner grained feldspars and quartz (Ransqme, et, al., 1906, p. 45).
The Cripple Creek grauite has been dated at 1.43 b.y. by the Ab/Sr
mathéd (Hutehinson and Hedge, 1967).

Although the southern boundary of the Pikes Peak batholith is

north of Cripple Creek a small outerop of the granite is present in the
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High Park area, The rock is a coarse grained, pink to gray, bictite
granite that weathers distinctively to a very coarse mineral gravel.
The Pikes Pesk granite has been dated at 1.04 b.y. by Rb/Sr methods

{(Mutchinson and Hedge, 1967).

Paleozolc Rocks

 Rocks of the Paleozoic era are represented in the thesis area by
the Ordovician and Pennsylvanian syﬁﬁeﬁs. For the purposes of the pre-
sent study, the Ordovician rocks were mapped as undifferentiated and the
following description of the Ordovician formations is largely a distil-
lation of the reports of previous workers including Boés and Boos (1957)
and Gerhard (1967-68). Three Ordovician formations exist in the study
area; the Manitou Dolomite, the Harding Sandstone, and the Fremont
Limestone. Rocks 6f_Pennsy1vanién age were mapped as the Féuntain

Formation,

Manitou Dolomite: The Manitou Dolomite was first described by Cross

(1894, p. 2) at the type section near Manitou Springs, Colorado where
it is 218 feet thick. In the Canon City embayment, the Manitou reaches
& thickness of 113 feet and consists of 3 members, only two of which are
present in the type loeality (Gerhard, 1967, p. 226L)., The basal member
~ was named the Helena Canyon Menber for exposures in Helemna Canyon (T.16
S.=R.70W.) whefe it consists of about 10 feet of dolémite which confains
no chert and weathers brick red. It is nonconformable on rocks of Pre-
cambrian age and has a basal conglomerate of rounded to subangular
quartz cobbles in a limestone matrix (Gerhard, 1967, p. 226L4).

The middle cherty member consists of thin-to medium~bedded, gray

to pink.dolomite with irregular interbeds of chert up to 10 inches in




thickness (Walter, 1959, p. 15). The member reaches 45 feet in thick-
ness and is conformable on the Helena Canyon member (Gerhard, 1967, p.
2264).

The upper member is composed of massive dolomitic limestone with
thin shaly partings and reaches a maximum thickness of 75 feet in the
thesis area (Gerhard, 1967, p. 2264). It is gray to light red when
fresh and weathers dark red. Berg and Ross (1959, p. 110) have found
trilobites of lowermost Ordovician age in the Manitou Dolomite north of

Manitou Springs.

Harding Sapdstone: The Harding Sandstone (Walcott, 1892, p. 153) dis-

conformably overlies the Manitou Dolomite and reaches a thickmess of
100 feet in the Canon City embayment (Gerhard, 1967, p. 2264). The
Harding may be divided into at least three members, the lowest of which
consists of thin-bedded to massive, white to greenish, quartzoée sand-
stones alternating with greenish sandy shales. The basal 5 feet of this
member often contain quartz psbbles as much as one-fourth inch in diam-
eter. The middle member consists of a dark red, fissile, sandy shale
with thin interbeds and lenses of green shale. This member contains
disarticulated ostracodermi plates which were found by the author and by
previous workers (Walter, 1959, p. 20; Gerhard, 1967, p. 2264). The
upper member of the Harding contains massive o fissile, argillaceous
sandstones with partings of red shale. The member is variable in color

and ranges from green to pink or yellmw[

Fromort Timestone: The Fremont ldmestone disconformsbly overlies the

Harding sandstone, and consists of massive, gray to yellow, dolomitic

limestones, Most of the Fremont is noncherty but some chert is present




in the lower part, The unit woathers cavernously and presents a apiny
surface. Corals (principally Halysites, Gerhard, 1968, p. 113), and
other fossils, including the cephalopod Gorbyoceras (Flower, 1964, per-
sonsl communication), have been found and a late OrdoVioian age is

assigned to the unit. The Frewmont resches a thicknsss of 80 feet in

the thesis area {(Walter, 1959, p. 22).

Fountain Formation: The Fountain Formation (Cross, 1894) overlies with

angular>unconformity Ordovician strata in the southern part of the
study area. The Fountain is a large wedge of latefally intertonguing
clastic sediments recognized as a series of coalescing alluvial fans de-
rived from the Ancestral Rocky Mountains (Howard, 1966, p. 147)., It
consists of crossbedded, fissile to massive, arkosic conglomerates and
coarse sandstones with interbeds of micaceous shales and siltstones.
Sorting and rounding are poor but fluvial stratification is well devel-
oped. The red color of the Fountain is due to hematite which occurs
both as’stains on the grain éurfaces and as interstitial cement.
Melaughlin (1947, p. 1973) dates the Fountain as Pennsylvanian on the
basis of invertebrét@ fossils found iﬁ limestone facies along the east~

ern margin of the Front Range.

Mesozoic Rocks
Rocks of the Mesozoic era are represented in the thesis area by
the Morrison Formation of Jurassic age and the Dakota Group of Cr@ﬁ&-.
ceous age. These units crop out along the wesﬁérn boundary of the
study area where they have been preserved, for the most part, as narrow

siivers in fault zones.
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crrpation: The Morrisom Formation wzs first described by Cross

(1894) but was named by Eldridge and Emmons (1896) for a type sechion
at the town of Morrison which is located a few miles west of Denver.

It has been extensively studied in the western United States and its
age and relatlionships to other units zre the subject of much conbtroversy
(Stokes, 1952, p. 1770; Haun and Weimsr, 1960, p. 59; Oriel and Craig,
1860, p. 55). The exposurcs of the Morrison Formation in the Canon
City embayment are well known for excellent repbtilian fossils of
Jurassic age among which are: Allosaurus, Brachlosaurus, Camptosaurus,
Uynosaurus, Stegosaurus, and sixvsamropod genera. Other fossils, in-
cluding crocodile, turtle, and phytosaur remains as well as fecal
pellebs and gastroliths, are consistent with a Jurassic age (Stokes,
1952, p. 1969; Gerhard, 1967, p. 2268).

In the mapped area, the Morrison is nonconformable on rocks of
Precanbrian age and 8 basal white feldspathic conglomerate overlies the
deeply weathered Precambrian surface. Above the conglomerate, the for-
mation consists of variegated mudstones, siltstones, and sandstones

with thin, nodular to lenticular, fresh-water limestonss.

Dalota Group: In the Celorado Plateau region, rocks of lower Creta-

sous age have been divided into a basal Burro Canyon Formation and an

[¢]
[

up

per akota Group with the boundary sebt ab the appearance of quarizose
conglomerates {Stokes, 1952, p. 1772). In the thesis area, conglomere
atic sandstones and marine shales are mapped as Dakota, although no
clear cub boundary exists between the Dokola and Morrison Formatiomns

(Stokes, 1952, p. 1772; Haun and Weimer, 1960, p. 59). The Dakota was

found only in the soulbwest corner ol the thesis area where it consists



of well-indurated, silica cemented, crossbedded, quartzose sands and

conglonerates with some partings of shale.

Tertiary Bocks

Prevoloanie arkoasz: Prevolcanie arkose is an informal name applied to

arkoaic valley-£ill deposits of probable Eocens or early Oligocens age
in the Thirtynine Mile wolcanic field. These immature sediments are
older than all known volcanic units of the field (Epis and Chapin,
1868, p. 59). In the Tallahassee Cresk reglon the arkose occupies a
steep-walled, grab@n»like p&leovélley and attains a thicknzss of as
much as 1200 feet (Bpis and Chapin, 1968, p. 59).

Similar arkose crops oub in the High Park area as an unconsoli-
dated, green o red and brown, sandy mudstons as much as 40 feet in
thickness. Carbopaceous material is present in some of the beds. Cone-
solidated basal arkosic copglemerates and sandstones grade upward into
frisble mudstones. The basal beds are cemented by clay with some
patehy caleite. The grains are bimodally rounded with about GO% sub-
angwlar to subrounded and sligh@ly larger than average. These grains
are composed of feldspars amd obher labile fragments; the other LOZ of
the grains are extremely well-rounded ard spherical with frosted sur-
faces and are composed principally of quartz., Sorting is poor in all
of the beds with voulders of regolithic granite present in the mudstones.
Voleanic debritus is absaﬁﬁ except for a few pebbles of a yellow rhyo-
lite porphyry which condains double terminsted quartz crystals as much
a8 one=-fourth inch in length. No fragmernts of any known Thirtymine

Mile volcanic unit were found in the arkose.




-

ot [T
VOLOANNG Qoo

Tho Ash Plow ~ 1 Cocling Undit: The earliest volcanic mateclal deposited

in the Thirtynine Mile field is a multiple-flow, simple cooling unit of
welded ash-flow tuffs. Chapin and Opis (1964, p. 147) mapped and deg-
crived bwo nembers of this undt which they termed ash flows-1 and 2.
& third member of the sheebt, recognized by the present author and by
aary R. Lowell in the Salida aren (personal communication, 1969, has
been informally designated ash flow-0.5. This member is distinguished
by a bigher median 2V, of the sanidine phehncrysts and by a higher
plagloclase Lo sanidine ratlio. It may be the basal member of the ash
flow-Y cooling unit; definite stfatigraphic evidence, however, is not
yetl available,

in the étuﬂy area, the most extensive outcrops of these ash
flows oceur in the High Park bazin where a thickness of aboult 50 feet
is abtained. In the remainder of the area, the unit crops out as swell
isolated erosionsl remnants. The member flows of the cooling unit fomm
ledge~like outcrops with a marked eutaxitic fabric imparted by stretch-
ed and compacted pumice fragments. The rock ranges In color from

.

reddish~brown to purplish-brown and weathers to various shades of buff,

1

rowit and reddish-brown. Petrographically, the unit consists of a
reddish~brown groundmass of devitrified glaszs shards containing broken
srystals ol clear unaltered sanidine; clay pssudomorphs alter vlagio-
clase, and crystals of biotite which are commonly oxidized to a dark
red or are completely opaquas. The sanidine ranges in length upvto
Srme. , bhe plagioclase sseldom @ﬁheeds Jmm., and the biotite flskes have

a maximun dismeter of 2mm. The rock is made up of less than 204 crystal

fragments with the remainder being mabrix,




iz
Tables 1 and 2 swimarize the optical and mineralogical data ob-
tained by thin-zection study of the cooling unit, Table 1 1lists swdal
amalyses of each of the membsr flows with puenceryst percentages recal-
cgalated to 100Z. Table 2 tabulates the axial angles of sanidine pheno-
crysts. Tne medisn axial angies are sufficiently constant in each {low

Lo provide & basis for correlation when used in conjuncticn with the

mroes Lithologic charncheristics and wineral percentages {Chapin and

<, Ky

Figure 2, with end members sanidine, plagioclase, and biotite plus
opaquazs. 1t can be seen from this disgram that ash flows=-0.5, 1 and 2

1.

are labtites and that the composition bescomes progressively more tra-

chiytic from ash fiow-0.5 to ash {low-2 which also suggests that ash

slow-0.5 is probably the basal member even though definite stratigraphic

relationships have not yet been established in the field.

v

‘he Ash Flow of Crivple Creek: The ash flow of Cripple Creck consists

ko]

|
|
|
|
|
|
The modal anclyses were plotted on a three component diagram, ‘ ‘
of at least two members in a mulﬁiple flow unit which overlies the more
extensive ash flow = 1 cooling unit. Both cooling units were previously
mapped a8 Tertiary rhyolite by Cross {1894) and Koschmanm (1947). In
this study, the Cripple Creek unit will be divided into a basal member
known as ash flow-G {gray) ard an upper member desigpated ash flow-S
{squizgly). ‘
The ash flow of Cripple Creek crops oub on Grouse Mountain and
Little Plsgal Peak and as large xenoliths in the phepolite on Crouse i
\
|

Mountzine.  Rather than forming ledges as does the ash flow - 1 cooling

unit, a typical ouberop conslists of a meadow strewn with rounded boul-
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o

ders. In the valley between Grouse Mountain and Little Plsgah Peal,
the zeh flow of Cripple Creek atiains a thickness of at least 100 feet.
The member [lows may be distinguished inm the field by thelr color and
fabric., Ash flow=G has a purplish-gray to pinkish-gray color and does

o

not displey a marked eubaxitic fabrie, Asn flow-5 is yellowlsh~brown

w

fo davk reddish-brown in color apd exhibils a squiggly or wormy eubaii-

a1

pic fobric imparted by emeared and devitrified glass shards. The upper
sorbion of ash flow-S is an extremely fine graiued, crudely-stratifled
deposit of volcanic dust and glass shardavﬂhat may represent the last
pulses of ash-Ilow achivity (Schminke ard Swanson, 1967, p. G4LE].

- LS

Petrorraphically, rocks of bobh members conslst of fraciured
28 »

eryshals of plagieclase, sanidine, and blotite set in & fine grained

matrix. Plagicclase is completely replaced by pseudomorphs of white

clayv wheress bthe sanidine is largely clear and umaltered. DBlotite has

smaller plagioclase crystals; biotite occurs as minute flakes with some
larger flakes having dlameters up to Tmm. The rocks consist of about
15% crystels with the remsinder composed of glass shards, a small per-
cenbage of lithic fragments, and pumice lapilli which are largely re-

placed by vapor phase minerals. Ash $low-G contains nunerous, smadl,

accessory lithic fraguments of quartz and microeline derived from pro-
voloanie rocks.

Tables 3 and 4 sumnarize the optical and mineralogical data ob-
tained by Lhin section study of the member f{lows. Table 3 lishs mods.

e T R Y Y T O S N op e iyt oy " .
anzlyses of the ash flows wikh bhe | shenceryst percentages recaleuwlated

il T B -~ ez
to 1000, Teble L sumarines the axial angles of sanidine phenocrysts,



Tabla A, Yodes £ phonocrysts
; ].O»G% )
from tn@ a5 flowa of Cripple Creck

b
O

Paroonh Poinba
7 phenoeryste | Sanidine Bictite Countad

Ash=flow o

-~ o £
T2 12.5 56 25 11 .59 6¢u
T -1 -2 14.8 63 =3 5 .52 66
Ash~flouw G
A i S 15.6 1 37 12 .72 435
T wlh -3 16.2 56 32 12 .57 78l

-3 =
§

N

[}

]
W LR
L I
L A
(WS ¥e]
-t
N

.70 £29
.50 589

Tabla 4, Axial angles (2Vy) of sanidine

from the ash flows of Cripple Creek

Range of

Hugber of

Ash-~{Low Range Median goning debterminetiona
3 2 - 54 38 36 - Lé L&

S=5led 4.7 37 - 44

T e 3 L‘:« - f‘:&b i -
7 s 58 - £1 42 -
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6 con be seen {rom this diagram that ash flow-G is a latite and that

ash Mow-3 i s trachytic latite; this trend from lavite toward tra-
ehyhe with ascending stratigraphic position is similar to that observed

in the ash flow ~ 1 cooling unlt.
Semz of the ash={low outerops represent rafted blocks in the

later phonolite flows, In these outcrops, the tufls were bleschsad

nearly whlte, bthe sanidine was strongly corroded, and the biotite was
almost completely oxidized to iron oxide These samples pave distincte

iy higher median 2Vy values of sanidine and were plotted as allerad
suffs since they could not be definitely correlated. I is inberesting
to observe that deuteric vapor-phase activity in the cooling ash flows
failad té alter the sanidine axial angles, whereas they were apprecia-

3

bly a&t red by hydrothermal flulds from an exbernal source.

Lower Voleanie Conslemerate: Arkosic conglomerates and voleanic conglome-

erabes overlie and channel through the ash fiow - 1 cooling wnit in
meardering valley-£ill deposits in the ceniral and soukhern portions of

3

the Thirtynine Mile voleanic field (Epis and Chapin, 1968, p. &2).
These deposits are overlain by laharic breccias of the lower andesite.
Deposits of similar stratigraphic position and composition are present
thronghout the study arsa bubt exhibit local varlations. Sedimantary

vocks im the High Park and Cripple Creek vicinities have previously

, 1894; Koschmann, 19473,

Lr

n mapped as High Park Lake Beds (Cro

)

D
2

ata outerop as low rounded hills wibth grassy, boulder-strewn
slosus. A lag concentrate of bouldsrs on the surface gives an illusion

™ - s
Ll “,». GaLey CoalTlenasa,
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Figure 4:

View of the lower voleanic conglomerate exposed
in a cut of the Cotter Corporation uranium
prospect in High Park (SW/4, NE/L, sec. 36,
T.15S8., R,7IW.). Note the imbrication of boul-

ders and cobbles which indicates a southeasterly

direction of transport {facing northeast, field
of view 10 feet). A large elongate and angular
boulder of welded tuff in the center of the
picture stands in sharp contrast to the well-
rounded boulders of Precambrian rocks.

20
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P L e gy o e SRR, D A
the ash flow - 1 cooeling unit as o daitun

feult to separ

. !

serewn slopes of locally derived granite Iragwents can be distvingulshed

e P 2 o T SUPRRC WU Y 3 R PR P
from slopes underlain by Precambrian rocks by the high albedo of tho

B T T LO BN B Sy sy P PV ] T TS 2 PRI =3

rounded and whiltensd boulders. Voleanice fragnents {(composed entirely

of the ash flow - 1 cooling unil) comprise 38 Than 5% of the deposit.
T igh

are combiguous with the Bars Hills

into the basin.

: The lower andesite is comprised of a serdies of breccias

- s

and flows ol dark andesliic rocks which have been divided into a lower
mamber of chaotically-stratified laharic breccias and an upper member

3L )

£ well-strabified flows and fiow breccias (Epis and Chapin, 1968, p.

]

65). The lower member iz the most extensive and voluwninous volecanic
unit in the Thirtynine Mile field and was erupted from nunerous small

vents randomly scabtlered throughout the area, Lateral distribution of

Jlow breceles rarsly flowed more than a few hundred yards from the

[T S £ 4} Ty | sl Telpm Lo, 424 Loy P N o E B T o~
vents (Chapin and Wyckeld, 19¢3). Oubterops of the lower member of the

Lowsy andosite occur in High Park, the Bare Hills, and on Little Pisgah

e EV i oy g o g Ny o ey Ty o, E4 h o & o P LR S "
i @ P ik : 4 sl TS 75 1 o
Pasl he upper meiber is absent in the theslis area
e e Y s, 1Y g 173 iy oty 31 oy - LY o 3y o g R e
in Bhe High Park sires, the lower andesite cousists ol both

lahars. Angular frapgnents of pyroxene



Figure 5:

View of red and white mudstones of the lower vol-
canic conglorerate in the Bare Hills (SE/4, NE/4,
sec, 10, T.16S., R.714.). MNote the volcanic
boulders in soil above unit. Field of view 15
feet,
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andesive, as much a8 12 inches in diameter, comprise the mono Lithic
brecoias. Individual pyroxene erystals are as mach as one~-fourth inch
in lenzth., The h@t@roli%hic‘brecciaa conbain more rounded Iragments
and a gr@ataf diversity of rock types. Scme lahars near the base of
the unit are composed of as much as 85% granite fragments picked up
from the Precagbrian bssement rocks over which they flowed (Fig.6).
Laharic broceiss of more silicecus compusition make up about 2% of the
unit; these breccias form thin, white deposits composed of {ragments of
hornblerde trachyte and Precambrian granites. The fragments and the
matirix display differing oxidation states; in breccias with a high
pefcemﬁage of matrix, the fragments are purple-black and the matrix is
reddish, DBreccias with less mairix are green-gray to dark gray and
waather brown.

4 zmall breccia vent was found at the north end of High Park and
is marksd by shori, sﬁeeply*dippinglflo~s aﬁd {flow breccias of pyroxene
end hornblende andesites. TFaulting and hydrothermal alteratlon is pre-
sent in the vent area.

Two small outcrops of lower andesite in the Cripple Creek area
are composed of highly altered voleanic and granitid fragments in a
finely comminubed matrix. The volcanic fragments range froﬁ biotite and
wyroxene andesites to olivine {?) basalts. Alteration is extreme and

s8 have been replaced by.calaiﬁ@ or iron oxides so that their
‘based largely on the euhedral cutlines of the calcite
lower andesite was intruded by a phonolite plug on

)

ook and near the conbact the rock is baked and oxidized

a brizkt red. The red coloration is dus to disseminated hematite. The

vhonoliie neck on Mount Plsgah, northwest of the town of Cripple Cresk,




Figure 6:

Close up of a laharic breccia composed primarily
of Precambrian granitic fragments in an andesitic
matrix., The breccia occurs near the base of the
lower member of the lower andesite in High Park
(su/y, SW/L, sec. 4, T.15S., R.7IW.). Field of
view 4 feet.

e
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Figure 7: View of andesitic boulders weabhering out of a
tuffaceous matrix in an epiclastic laharic
breccia expesed in the Bare Hills (ME/L, SW/4,
sec. 10, T,165., R.7IN.). Field of view 5
feet.
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Figure 8: View looking east at a bifurcating trachyte dike
cutting granite in the Bare Hills (SW/4, NW/4,
sec., 2, T.168., R.7I4.). Grassy knob in back-
ground is Big Baldy.
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Figure 9: View of phonolite flow rock with prominent hori-
zontal sheeting exposed on Booger Red Hill
(wi/y, Wi/L, sec. 32, T.155., R.70W.). Note
platy nature of weathered phonolite fragments
on ground,
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g1
fissility of the rock. Feldspar displays twinning only according to
the Carlsbﬁd law and has been described as soda orthoclase (Ransome et.
al., 1906, p. 59). Seven thin sections of the phonolites yielded the
following average mineral percentages: 65% feldspar, 15% nephelins,
10% pyroxene, 5% analecite, and 5% minor constituents such as nosean,
zeolites, other feldspathoids and accessory minerals.

The feldspar occurs as euhedral laths and as microlites with
poorly-defined crystal boundaries which are usually in a state of turbid
decomposition. Clay and zeolites are common alteration products of the
feldspar. The principle pyroxene is aegirine, some of which have
aegirine-augite cores. The crystal habit of the aegirine varies from
euhedral crystals to clusters of radiating crystals and feathery aggre-
gates. The radiating clusters frequently penetrate analcite but seldom
penetrate nepheline or feldspar. Analcite occurs as veinlets and with
nosean as small rounded blebs in the groundmass. In the coaréevgrained
inclusions of intrusive bodies, the phonolite consists of euhedral
acgirine, nepheline, soda orthoclase, sphene, and dark biotite crystals

set in an analcite matrix,.

Silicie Intrusives: Koschmann (1947) mapped as Tertiary rhyolite the
ash~flow sheets and four, small, irregularly-shaped intrusive bodies in
the granite between Cripple Creek and Wilson Creek. These intrusives
were emplaced along a shear zone that parallels the 0il Creek fault.
The rock consists of a few euhedral feldspar crystals and many granitic
fragments set in a purple-brown, aphanitic, silicic groundmass. Micro-
cline in the fragments is largely altered to clay. The abundance and

size of the granitic fragments increases toward the borders of the in-
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