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ABSTRACT OF THESIS

Geology of the Ashcroft Area
Pitkin County, Colorado

by
Herbert D. Waterman

The Ashcroft area is in central Colorado and is approximately ten

mile® south of Aspen, Colorado* The area is on the west flank of the

Sawatch Range and two to three miles north of the intersection of the

Sawatch Range and the northwest-trending Elk Mountains.

There is no land control and very little elevation control in the

area. The geology was recorded on Forest Service aerial photographs;

the only instruments used were Brun ton and measuring tape* More

faulting is present in the Ashcroft area than is shown on the geologic

map of Colorado.

Pre-glacial and alpine glacial erosion have left their mark on

the area. The effects of erosion plus considerable vegetal cover

obscure much of the bedrock in the region. The geomorphic cycle has

advanced to a stage of early maturity .

The bedrock of the area consists of pre-Cambrian granite, Cambrian

quartsites and shales, Ordovician dolomites and shales, Devonian

quartzites, shales, dolomites and limestones, and Mississippian lime-

stones and dolomites. The shale members of the above units are quite

thin* Pennsylvanian shales, marlstones, siltstones, and arkoses are

present in parts of the area. Tertiary intrusive® of diorite porphyry,

quartz porphyry, quartz monsonite aplite, and granodiorite are of

considerable importance in the region, pleistocene morainal deposits

are in the valleys of the area. The Mississippian and older rocks,

excluding the pre-Cambrian, were deposited in the old Gordiileran

geosyncline.
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On the other hand, the Pennsylvanian rocks are local rock units;

their depositional environs are more or less restricted to central

Colorado. The intrusives are part of a northeast-southwest trending

belt of Tertiary intrusives found throughout much of central Colorado,

The Laramide Revolution greatly affected Ashcroft and adjacent

areas. Actual dating of the structural events is virtually impossible

as late Cretaceous and Tertiary sediments that once covered the area

have been eroded and are not present.

The northern half of the Ashcroft area is structurally similar to

that of the Aspen district to the north of the Ashcroft area. The

Aspen district is one of the most complex structural areas in Colorado.

Rocks of this district, as well as the northern half of the Ashcroft

area, have been broken into numerous blocks by both transverse and

longitudinal high angle faults. The dominant structural feature in

the Aspen district is the Gastle Creek fault. This longitudinal fault

is 15 to 20 miles long and is present in the northern part of the

Ashcroft area; this fault probably represents the initial crustal

break in the region. Along most of its length the fault is a high

angle, reverse fault. The southern half of the Ashcroft area is not

as complexly faulted as the northern half.

During the waning stages of the diastrophism in the Ashcroft and

adjacent areas considerable mineralisation took place. The most

important metals include silver, lead, and sine. Most of the mining

was done in the vicinity of Aspen. However, considerable exploration

has taken place in the Ashcroft area and several small mines, now

abandoned, were developed. Undiscovered ore bodies probably exist in

the Ashcroft area.
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The mineralization in the region was exploited in the late 1800‘s

and early 1900‘s. Many of the small settlements, some of which are now

ghost towns, are the direct result of the great silver boom in Aspen.



INTRODUCTION

location and Accessibility of Area

The Ashcroft area is in the south-central portion of Pitkin

County, Colorado ( Figure 1) * The area is approximately five miles

south of Aspen, the county seat of Pitkin County* Ashcroft can be

reached by car on the forest service road which joins State Highway

82 about one-half mil© west of Aspen* This gravel road is well

traveled by tourists throughout the summer months and is well main-

tained. Only jeeps use the trails east of Gastle Creek shown in

Figure 2* The road along Express Greek can be traveled by a jeep or

pickup*

Climate and Vegetation

The mean annual temperature of Aspen is 1*0*5 degrees Fahrenheit;

the annual precipitation is about 19 inches* In 19W a low tempera-

ture of -21 degrees and a high of 87 degrees were recorded. An annual

snowfall of 12 feet helps to make Aspen one of the leading ski regions

in the United States. The field season at Ashcroft is approximately

from May l$th to the end of October* However, the season varies from

year to year.

The Ashcroft area is situated in the montane, subalpine, and

alpine life zones. Only a small portion of the southern part of the

area is actually in the alpine zone. The vegetation in the area is

largely shrubs and trees. The most common type of tree is Engleman

spruce, followed by Aspen, Douglas fir, Lodgepole pine, and Alpine fir.

Along Castle Creek and its tributaries are various species of mountain
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willows# Abundant grass, which supports numerous head of cattle,

blankets the Gastle Greek valley for a short distance north and south

of Ashcroft# On top of Richmond Hill are a large number of grassland

parks surrounded by spruce and fir# During the summer months sheep

are grazed in these parks.

Purpose and Method of Investigation

The writer’s geologic study of the Ashcroft area included;

1. Mapping the Paleozoic formations end related intrusives,

2* Interpreting the structure,

3, Studying the stratigraphy.

I*. Working out the geomorphology of the area.

5# Consideration of the geologic history of the mapped area

and central Colorado#

The mineral economics of the Ashcroft area were not investigated#

Numerous mines and diggings are in the region. However, to Investi-

gate all the mining ventures in the Ashcroft area was beyond the scope

of this problem.

Field mapping was done on forest service photographs during the

summer of 1953# Because of inaccessibility and rather great relief

over most of the region, the field mapping is essentially of a

reconnaissance nature. Sections were measured by Brunton and tape*

Samples of the section were studied on the outcrop, in the hand

section with a hand lens, and under a binocular microscope. The

Igneous rocks were studied both megasoopically and microscopically#
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PREVIOUS PUBLICATIONS

The first geologic work In the region of the Elk Mountains and

Asp en | Colorado, was done by the Hayden Survey in 1873 and 1876 under

the direction of Peale ( 28) and Holmes ( 18) , respectively.

In 1898 Joseph Spurr completed his monograph on the geology of

the Aspen Mining District ( 30) * Today this paper remains a classic

on the geology of this area, especially since many of the mine

workings mapped by Spurr have long since been abandoned and are now

inaccessible* Knopf (21$) in 1926 extended Spurr1 s work farther

south, brought to light the most recent developments in the Aspen

region, end contributed significantly to the pétrographie knowledge

of the Tertiary intrusives in the region, Vanderwilt ( 35) in 1935

made some revisions on the stratigraphy and structure of the Aspen

district*

Johnson ( 20) measured numerous pre-Pennsylvanian, sections along

the Sawatch Range and published these data in 19M; ; he also measured

several sections in the vicinity of Ashcroft* Johnson1 ® pre-

Pennsylvanian stratigraphy of the Sawatch Range is the foremost

stratigraphie reference for workers in the area* No geologic mapping

except of a broad reconnaissance nature has ever been done of the

Ashcroft area. Knopf * s (21$) work extends to the northern edge of

the writer1s area.
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GEOLOGIC HISTORY

Pre-Cambrian

During pre-Cambrian time both sediments and igneous rocks were

formed in west-central Colorado* The oldest pre-Cambrian rocks are

schists and gneisses, which were probably totally derived from pre-

Cambrian sediments. These metamorphosed sediments are intruded by

younger pre-Cambrian granites. Stark and Barnes ( 31, p. It70) have

summed up the pre-Cambrian rocks of the Sawatch Range as:

"The Sawatch Range is made up largely of rocks of pre-Cambrian
age, later rocks being only of local importance. These older
rocks include highly metamorphosed quart site and limestone
and the closely related Holy Gross and Sawatch schists of
sedimentary origin, the coarse-grained Hell Gate porphyry,
and two intrusive massives of variable texture and composi-
tion, which have been correlated with Silver Plume and pikes
Peak granit© of the Front Range, "

Paleozoic

Throughout much of Cambrian time the pre-Cambrian rocks were

subjected to sub-aerial erosion and weathering. About the middle of

the period a sea advanced from the Gordiileran geosyncline and covered

most of Colorado. In the Ashcroft area a basal quartz conglomerate,

the basal unit of the Sawatch formation, containing very little

feldspar, was deposited. The scarcity of feldspar attests to the

completeness of weathering in the Ashcroft area prior to the first

"invasion of the sea.

During much of Cambrian time the seas were shallow to moderate in

depth and the islands and border lands were very low. Conditions for

deposition of well sorted, medium-grained blanket and beach sands were
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favorable» In late Cambrian time the sea deepened and finer elastics

such as shales and silts were deposited contemporaneously with

carbonates»

The deposition of fine elastics and carbonates continued into

the early Ordovician time with no apparent break in the sedimentary

processes in the Ashcroft area. The sea deepened slightly and more

carbonate material formed in lower Ordovician time. The shore line or

sea level probably oscillated during lower Manitou time as several

sand beds are in ter bedded with the dolomites and argillaceous dolomites

in the Ashcroft area. Throughout upper Manitou time the land areas

were practically non-existent and the sea remained fairly deep; thick

deposit® of dolomite® and thin stringers and nodules of chert formed

at this time. Ho middle and upper Ordovician sediments are present in

the Ashcroft area; however> in other parts of Colorado they were

deposited. Possibly these beds were deposited In the Ashcroft area

and were removed during the interim between Ordovician and Devonian

deposition.

The lands were emergent in Colorado and undergoing erosion

throughout the Silurian period. If sediments were deposited, they

were subsequently removed by erosion.

Upper Devonian beds lie mconformably, with no apparent angular

discordance, on the Manitou dolomites of the Ashcroft area. The

©mergence of the land during Silurian time was of an epeirogenic

nature. The seas were shallow and the shore lines oscillated consid-

erably through the deposition of the lower Chaffee. These conditions

gave rise to the elastics and near shore deposits typical of the

Parting member. Gradually the sea deepened and the dolomites and

limestones of the Dyer member were deposited. At the end of Chaffee

time the seas withdrew to the west and the land was one© more emergent.
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The lower Mississippian seas advanced from the west or northwest

into the southern part of the area now occupied by the Sawatch Range

( 20). The base of the Mississippian is marked by an edgewise con-

glomerate which the writer believes was the result of strong

oscillating currents breaking up the underlying Devonian dolomites

and almost immediate burial of these angular fragments with sands and

lime or dolomite muds.

Nearly all the Mississippian sediments deposited in the Ashcroft

area are carbonates# as elsewhere in Colorado. The sea was probably

of moderate depth* and conditions for a neritic environment prevailed.

During the deposition of the upper Mississippian limestones abundant

plant and animal life thrived on the ocean bottom. About middle

Mississippian time the sea began to withdraw to the west and southwest.

During the remainder of Mississippian time the newly formed carbonates

were subjected to considerable solution action* developing a wide-

spread karst surface over much of central Colorado (20).

At the beginning of the lower Pennsylvanian * an elongate basin

persisted through most of central Colorado (6). The lands surrounding

the basin were quite low; fine elastics* thin carbonates, and swamp-

type sediments were deposited. About the middle of lower Pennsylvanian

time, the Ancestral Rockies began to rise slowly in Colorado and New

Mexico. Gradually the rocks became coarser and the sediments thicker

as alluvium was supplied from the Umcompahgre and Ancestral highlands

to the central Colorado trough. In the Ashcroft area thick deposits

of conglomerates * arkoses, grits, silty shales, and some evaporite

beds were deposited. In upper Pennsylvanian time the 1 animasses

became lower* and finer and better sorted material was formed. This

type of deposition continued into Permian time, and in the Aspen area

the upper Maroon formation is probably of Permian age (7).



13

Mesozoic

Trias sic deposits in west-central Colorado are all of a continen-

tal environment as the Gordiileran marine basin did not extend into

Colorado, Continental deposition continued into the Jurassic period

in west-central Colorado, The lower Jurassic is represented in west-

central Colorado by the sandstones of the Entrada formation# and the

upper Jurassic is represented by fluvial and flood plain sediments of

the Morrison formation.

In lower late Cretaceous time the great Cretaceous seaway began

to advance over Colorado both from the north and the south. With the

initial advance of this sea a series of sandstones# making up the

Dakota group, were laid down on top of the Morrison formation. The

sea became fairly deep and a very thick section of marine shales was

deposited on top of the Dakota sands.

The sea became quit® shallow and conditions fluctuated between a

littoral and swampy environment through most of upper Cretaceous time.

Thick sandstone beds interbedded with fire clays and coal beds are

typical upper Cretaceous deposits. These depositional and environ-

mental changes were the first manifestations of the Laramide Revolution.

Cenozoic

Knopf (2)j) summarizes the early Cenozoic history of the Aspen and

Ashcroft areas as* (1) implacement of the dikes and sills in the

initial phase of the Laramide Revolution; (2) folding and faulting;

(3) deposition of the ore minerals; (L) intrusion of the igneous

masses making up the Elk Mountains and related bodies.

In the time between the end of the major diastrophic action and

the present, the Ashcroft area# as most of central Colorado, has been
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subjected largely to epeirogenic uplifts. The degradation and aggra-

dation of streams and ice have played a major role in sculpturing

today s landscape. When the Laramide Revolution came to a close#

central Colorado was probably in a stage of late youth or early

maturity in the geomorphic cycle. Whether there was more relief at

this time than is exhibited by today' s exhumed landscape is enigmatic.

During the remainder of Tertiary time this landscape was subjected to

continuous erosion and deposition by water and wind. By the middle

or late Tertiary period, the Laramide mountains had been worn down to

a late mature surface. Subsequent broad uplifts between the time of

development of the first widespread erosion surface and Pleistocene

time resulted in several such surfaces being formed.

When the first glaciers began to form in Colorado during the

. pleistocene period, the topography was that of a late youth or early

mature stage. During the two stages of glaciation, the valleys were

carved deeper and large loads of debris were deposited by the glaciers.

The topography resulting from this glaciation has not changed notably

since the end of the Pleistocene epoch.
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STRATIGRAPHY

Pre-Cambrian granites and schists» Paleozoic sediments of Cambrian»

Ordovician» Devonian, Mississippian, and Pennsylvanian age. Tertiary

intrusives# and Pleistocene glacial deposits are the rocks present in

the Ashcroft area ( Figure 3),

particular attention was given to the Cambrian# Ordovician,

Devonian, and Mississippian rocks with detailed sections of Devonian

and Mississippian rocks included below ( Figures 8 & 9) # Wentworth' s

( 29) size classification of clastic rocks and Hill' s ( 17) size classi-

fication of carbonates were followed by the writer.

Mo measurements were made of the Tertiary intrusives, which

include stocks and sills, as veiy few good exposures of these intru-

sive e are found in the area mapped.

Pre-Cambrian

Silver Plume granite and Sawatch schist have been mapped by Stark

and Barnes ( 31# Plate I) in the Ashcroft area.

Sawatch Schist

The Sawatch schist consists mainly of biotite and hornblende*

Numerous mlgmatlo injections of white pegmatite are found in the schist.

Silver Plume Granite

The Silver Plume granite is medium- to coarse-grained, pink and

gray granite. Orthoclase feldspar, quartz, and muscovite were the

only primary minerals visible to the writer in the hand specimen.
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paleozoic

Cambrian

Sawatch Formation

History of Nomenclature

The Sawatch formation was named, by Bldrldge ( 13» p. 6) in 1891$

because of its persistent occurrence around the Sawatch Range. In

1932 Behre ( 1, p. 98) divided the formation into a lower quartzite

member and an upper Peerless shale member» which has its type section

on the northwest slope of Peerless Mountain » six miles east southeast

of Leadville# Behre1s nomenclature is followed in this paper.

Lithology and Thickness

Two hundred and twenty feet of sediments was assigned to this

formation by the writer. Approximately five miles to the north and

south of the Ashcroft area» Johnson ( 20, p, 309} measured LOO and

188 feet of sediments » respectively# The lower member consists of

179 feet of medium- bedded » brown and white, medium-grained, limonitic,

hematitic, and calcareous» sub-rounded to well-rounded quartzitic

sandstone ( Figure L)« The base of this unit is represented by a

quartz conglomerate ( Figure 9), The Peerless member is  h9  feet of

shaly, calcareous, dolomitic and sandy beds which are quite thin

bedded# The following section was measured by the writer.

Section of the Sawatch Formation

( Section 1, Figure 2)

Pitkin County, Colorado

Section measured in the first gulch 2900 feet N. 30° E. of
Ashcroft and east of Castle Greek. The basal quartzitic part
of the formation was measured on the north side of the gulch
and the remainder of the section on the south side of the gulch*

Manitou Formation ( Lower Ordovician)
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Sawatch Formation ( Upper Cambrian) Thickness
( feet)

Peerless Member
3» Thin-bedded (1 to 6 inches), brown and red weathered,

dolomitic, calcareous, and arenaceous brown shales
and dolomitic sandstones. Quartz grains are medium
grained and well rounded. Toward the top of the unit
the shales become more calcareous and less arenaceous.  h9

Sawatch Quartzite Member
2. Medium-bedded ( 6 inches to 2 feet) , brown and white

weathered, calcareous# limonitic, hematitic, and
micaceous, fine- to medium-grained, tan and white,
fairly well sorted sandstones and quartzites. The
quartz grains are well rounded, sub-spherical to
spherical, and sometimes frosted with numerous
secondary overgrowths. Fifty-one feet below the
top of this unit is a  2rl/h  foot zone of black
weathered, calcareous, dark gray, pebble
conglomerate. The pebbles are well rounded, sub-
spherical quartz grains which have a maximum size
of 3/8 inch in diameter. This whole unit is very
resistive and is a good cliff former.

Covered

1. Red and white, pebble conglomerate consisting of
60% quartz pebbles and grains,  5%  limonite and
hematite, and 35% feldspar, which sometimes
weathers to a white clay. The quartz pebbles
vary from  l/h  inch to 1-1/2 inches and are well
rounded and sub-spherical. Most of the pebbles
are elongate.

Total 220

Unconformity

Pre-Cambrian

Nature of Contacts

The writer found the Sawatch-pre-Cambrian contact at one locality,

where it is exposed for only a few feet. Here the pre-Cambrian is a

very smooth surface overlain by a basal conglomerate; the contact is

very sharp ( Figure $). However, Johnson ( 20, p. 311) found the pre-

Cambrian in the Aspen area to the north to be deeply weathered, which

gave the impression of being an arkosic deposit and suggested the

boundary to be transitional.

10$

bO

26
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The -writer places the top of the Peerless -where the beds start

to become considerably more dolomitic and less argillaceous» This

boundary is transitional and could easily be located in several places.

Age and Correlation

Most of the fossils found to date indicate a lower to middle

upper Cambrian age for the Sawatch formation» Most of the dating of

the Sawatch formation has been done with Graptolltes.

Paleontology

The writer failed to find any fossils in this formation. The

fossil® found in the Sawatch formation are always from the Peerless

or upper shale member. In the Ashcroft area Johnson ( 20, p. 313)

found in the first gulch north of Ashcroft and east of Castle Greek

two genera of Graptolltest

Dlctyonema sp.

Qallograptus sp# nov.

Environment of Deposition

The Sawatch was deposited on a surface of little relief. The

quartz and other allogenic particle® were probably transported some

distance before reaching the deposition site, as shown by the round-

ness and sphericity of the grains. The seas were shallow and not

conducive to good sorting during the initial deposition of the basal

conglomerate®. Gradually the water deepened and became favorable for

the deposition of medium-grained and better sorted sands which formed

near shore blanket sand deposits. Further deepening of the sea

produced the environment for the deposition of the arenaceous,

dolomitic, and calcareous muds of the Peerless member.
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Ordovician

Manitou Formation

History of Nomenclature

The type section for the Manitou formation is at the narrows of

Mill lams Canyon near Manitou Springs, Colorado, SW l/h Sec* 32,

T, 13 S», H« 6? w. , where the formation was described by Brainerd,

etal (li, p. 381) in 1927. Kirk ( 23) in 1929 correlated the Manitou

formation of the Front Range with beds in central Colorado that

formerly were referred to as the "white limestone" and "Yule formation"

by early workers* The white limestone was the age equivalent of the

Manitou, while the Yule formation Included rocks of upper Cambrian

through Mississippian in age* Johnson ( 19, p. 21) suggested the name

Manitou be used in central Colorado rather than introduce a new term

for these equivalent rocks.

Lithology and Thickness

Two hundred and fifty feet of Manitou formation was measured In

the Ashcroft area* Both to the north and south the thickness of this

formation is quite variable because of changing environments of

deposition and difference in erosion at the top of the formation,

which is marked by a major hiatus.

The formation can be divided into two units in the area studied.

The lower unit is 98 feet of arenaceous, micaceous, and argillaceous,

brown dolomites. The upper unit is 19b feet of gray dolomite with

numerous gray chert nodules and stringers ( Figure 6). The following

section was measured by the writer.

Section of the Manitou Formation

( Section 2, Figure 2)

Pitkin County, Colorado

Section measured in the first gulch 2000 feet N* 26° E. of
Ashcroft and east of Castle Greek on the south side of the gulch.
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Chaffee Formation

Unconformity

Formation Thickness
( feet)

Thin-bedded to massive ( 2 Inches to 5 feet) # gray
and tan weathered dolomite containing numerous
stringers and nodules of gray# dark gray# and blue-
gray chert. The chert stringers are usually 2 to 3
inches wide and 1 to L feet long and are parallel
to the bedding planes* The nodules occur in a
variety of shapes. Approximately in the middle of
this unit is a 2 foot zone of fossils# all of which
have been replaced by white chert* Most of the
fossils were small horn corals and crinoid stems. I5h

1. This unit is principally red, brown, and yellow
weathered, thin- to medium-bedded ( 2 inches to 3
feet) , sandy dolomites. The beds have ripple marks
and mud cracks on them* A few shaly dolomites and
dolomitio sand beds are found in this mit. Micro-
scopically, the dolomites are tan# fine- to medium-
crystalline# and contain 5 to 30 percent well-rounded#
medium-sized quartz grains. Near the base of this
unit the dolomites contain hematite and ilmenite
particles. 98

Total 252

Sawatch Formation

Nature of Contacts

A considerable period of erosion exists at the top of the Manitou

where Devonian rocks rest un conformably on the top of the Manitou, At

the top of the measured section of Manitou, a two foot sandstone bed

rests on top of a smooth dolomite surface. However, where the

Devonian section was measured, there is a channeled surface, which is

exposed for a length of 15 feet at the top of the Manitou ( Figure 7).

The largest channel observed was one foot deep and three feet wide.

All the channels are filled with gray, micaceous shales and overlain

by a 6*8 foot bed of dolomite.

Age and Correlation

The Manitou formation is of lower Ordovician Beekmantown age, as

indicated by fossils (21, p. 18). It is correlative with part of the

Manitou

2.
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Arbuckle limestone of Oklahoma, the El Paso limestone of the Franklin

Mountains of west Texas, the Pagonip of Nevada, and possibly the upper

part of the Deadwood formation of Wyoming and Montana (21, p. 18 & 20).

Paleontology

The previously mentioned horn corals and crinoid stems in the

upper dolomite unit were the only fossils found by the writer in the

Manitou formation. These fossils were not identified.

Environment of Deposition

Condition® prevalent for the deposition of the peerless were much

the same for the deposition of the lower member of the Manitou.

Shallow- to medium-depth seas were present, as indicated by ripple

marks and mud cracks on the bedding planes. The surrounding lands

were low and expressed very little relief. Gradual deepening of the

seas and lowering of the lands were responsible for the deposition of

the dolomite and chert of the upper Manitou and a cessation of clastic

deposition. The origin of the Manitou dolomites is in doubt. The

writer believes the dolomites represent either primary dolomite or

replacement of limestones and lime muds shortly after deposition.

There are no mottled limestone® or irregularly bedded limestone to

indicate a replacement after lithification. The writer likewise

believes the chert to be of primary origin. The evidence for primary

deposition of chert is the parallelism of the nodules and stringers

to bedding. The criteria for a secondary origin of chert is the

occurrence of chert along bedding planes or vertical conduits

containing chert in the rock being replaced. Blotches or small

patches of chert occurring in a matrix of carbonate would indicate

a replacement origin of the chert. All the chert stringers and

nodules observed had the qualifications of a primary origin. The
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fossils replaced by the chert in the middle of the upper unit are the

only criteria--and this is questionable— evident to the writer for

calling the chert secondary.

Devonian

Chaffee Formation

History of Nomenclature

Kirk ( 23# p« 230) proposed the name Chaffee in 1931 for the

Devonian deposits of Chaffee County# Colorado* Type sections for

this formation can be found south of the Arkansas River about five

miles southeast of Salida and about  1$  miles southwest of Salida on

the western slope of Monarch Mountain» Because of the variation in

lithology of the Devonian of the Sawatch Range and the Devonian for-

mations of southwest Colorado, the Ouray and Elbert formations, Kirk

believed the name Chaffee was warranted. The type sections for the

upper member, the Dyer, and the lower member, the Parting, of the

Chaffee formation are located on Dyer Mountain, east southeast of

leadville. The above nomenclature is followed in this paper.

Lithology and Thickness

The writer measured 177 feet of Chaffee formation in the Ashcroft

area. Approximately five miles north and south of the area at

Tourtelette Park and Taylor Pass, respectively, Johnson ( 20, p. 309)

measured 303 and 118 feet of Chaffee formation*

Ninety-two feet of sediments was assigned to the lower Parting

member. The rocks consist of varicolored and interbedded dolomites,

shales, limy shales, sandstones, quartsites, and conglomerates. The

Dyer consists of 85 feet of gray and black dolomites and a few black

limestone beds, which are found at the top of the unit* Figure 8 is

a detailed section of the Chaffee formation. The writer measured the

following Chaffee section.
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Section of the Chaffee Formation

( Section 3, Figure 2)

Pitkin County, Colorado

Section measured in the third gulch 7$00 feet due north of
Ashcroft and east of Castle Creek on the north side of the gulch*

Leadville Formation ( Miseleslpplan)

Unconformity

Chaffee Formation ( Devonian) Thickness
( feet)

Dyer Member
lu* A eerie* of 6 inch to 1 foot thick dolomite beds

ehich weather to a light gray color* One-half
inch laminations of alternating light gray and
dark gray bands are diagnostic of this unit.
The dolomite is fine- to medium-crystalline,
dark gray to black, and contains numerous
limonite- and calclte-filled fractures, 11

13* Blue and brown weathered* gray to black, very
fine-crystalline limestone. L

12* Alternating 1/8 Inch to 1/2 inch bands of dark
gray and light gray weathered dolomite which is
very fine-crystalline, black, and contains
caleite- and limoulte-fflled fractures l/L inch
wide. These fractures show displacements of
1/b inch. 5

11. Blue weathered limestone which is fine-crystalline,
black, and slightly siliceous. 3

10. Dark gray and black, fine-crystalline* limy
dolomite which weathers gray and brown. $

9. Blue weathered, fine-crystalline, black limestone. L

8. A series of 6 inch to 2 foot gray and brown
weathered dolomite beds which weather into sharp
angular blocks* The dolomite is gray and tan,
fine-crystalline, and sometimes has numerous
limonite- and caleite-filled fractures, $3

Parting Member
7. Brown weathered, gray, fine-crystalline, limy

dolomite beds which average 1 foot in thickness.
A 2 foot gray, medium-grained, well-rounded sand-
stone bed caps this member, 13

6. Brown and gray shale. 1



28

Chaffee Formation ( continued)

5. A series of 6 inch to 2 foot beds of broim and
red weathered sandstone, quartzite, and pebble
conglomerate beds. The sandstone and quartzite
beds contain fine- to very coarse-grained, sub-
angular to sub-rounded, frosted quartz grains
that are cemented by silica, limonite, and
caleite. The conglomerates are tan, contain
sub-rounded, poorly sorted quartz grains, 1 to
10 mm in length and 1 to 5 mm In width, and are
caleite and limonite cemented.

lu A series of thin- to medium-bedded, varicolored,
sandy dolomites, shaly dolomites, and dolomitio
sandstones make up this unit. The sand grains
are medium to coarse in size and well rounded.
Several feet from the base of this unit is a 10
foot zone of 1 to 6 inch beds of light yellow,
fine-crystalline, sandy dolomite which is a very
good marker in the parting member throughout the
area. bit

3. Thin-bedded and interbedded buff dolomites and red
and green paper shales. The dolomites are tan,
fine-crystalline, calcareous, and argillaceous. 13

2. Medium- to coarse-grained, light tan, limonitic
and calcareous, well-rounded and spherical,
poorly sorted sandstone. 1

1. Light gray to blue-gray, gray and brown weathered,
fine- to medium-crystalline dolomite. At base of
the unit is gray-green, sandy and silty, micaceous
shale which fills the channeled top of the Manitou. $

Total 177

Unconformity

Manitou Formation ( Ordovician)

Nature of Contacts

The Missiesippian-Devonian unconformable contact is fairly sharp.

Everywhere on the area, where the contact can be seen, a one to two

foot sandstone bed overlies the Devonian dolomites and limestones.

The sandstone usually rests on top of the uppermost laminated

dolomite unit, which was described in the section above. The uncon-

formity surface does not show any relief in the Ashcroft area. Above

Thickness
( feet)

1$
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the basal Mississippian sandstone unit is a five to ten foot bed of

edgewise conglomerate which contains fragments of Devonian dolomite.

Age and Correlation

The Chaffee is generally considered to be of upper Devonian age

( 7* Chart The Dyer and Parting members of the Chaffee formation

are correlative with the Ouray and Elbert formations» respectively*

of southwest Colorado*

Paleontology

The writer did not find any fossils in the Ashcroft area.

Environment of Deposition

Johnson ( 20* p. 328) visualises the following conditions of

deposition for the Devonian sediments*

"Late in Devonian time the seas seem to have gradually
advanced and slowly covered the area. In the preceding
long interval of erosion the lands had been worn down
to a low* nearly flat, surface* The advancing sea re-
wozted the soil and weathered material* forming the
basal sandstone and conglomerates. For a time the
water was very shallow, and one oan visualise numerous
estuaries and lagoons along the shores with beaches
and bars and streams bringing in sediments that were
moved and sorted by waves and along-shore currents.

"The dolomitio muds and the fragments of dolomite in the
sandstones suggest materials derived from the weathering
and erosion of the Ordovician dolomitio limestones. The
ripple marks Indicate shallow water, and the occasional
sun cracks and caste of salt crystals indicate exposure
to the air between tides or storms or in dry seasons.
During this time a granite landmass appears to have
existed north of the present Sawatch Range* Erosion
probably provided the abundant sands of Parting
quartzite type deposits of the northern Mosquito Range
and of the northern half of the Sawatch Range.

"The seas continued their gradual advance until the shores
were pushed considerably beyond the area under considéra-?
tlon, and only fine sediments such as dolomites and
impure dolomites were deposited. "

The origin of the dolomites Is of interest* The contacts of the

limestone and dolomite beds are quite sharp, which is good evidence

of interbedded primary dolomites and limestone. However* there are
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not sufficient outcrops exposed to study the lateral relations of

these beds* The uppermost laminated bed® of the Dyer member show

lamina® which were deformed shortly after lithlfication* This

deformation proves that the dolomite had already formed and was

either of a primary or pen ©contemporaneous replacement origin.

Mississippian

Leadville Formation

History of nomenclature

Early workers in Colorado— Eldridge ( 13, p. 6) , Spurr ( 30, p, 22) ,

Worcester and Crawford ( 10, p. 61) — Included both Devonian and

Mississippian rocks in the Leadville formation. In 1931 Kirk ( 23,

p. 239) recommended that the term Leadville be restricted to Missis-

sippian sediments* Kirk1 s nomenclature is followed in this paper.

Lithology and Thickness

The writer measured 192 feet of Leadville ( Figure 9) . The basal

Leadville consists of brown and gray dolomite containing dark-colored

chert inclusions. A two foot bed of sandstone marks the base of the

Leadville and is in turn overlain by a nine foot zone of deposition

breccia or edgewise conglomerate. The upper Leadville consists

primarily of blue fossiliferous, oolitic limestones ( Figure 10) .

Several beds of brown weathered dolomite, which is much less resistive

than the under- and overlying limestones, are found in the upper part

of the Leadville in the Ashcroft area. The entire section of the

Leadville formation is shown in Figure 11. The following section was

measured by the writer.

Section of Leadville Formation

( Section L, Figure 2)

Pitkin County, Colorado
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Section measured 7000 feet s. 5° I* of Ashcroft along Express
Creek and just north of the old Express Min©,

Belden Formation ( Pennsylvanian)

Unconformity

Leadville Formation ( Mississippian)

11. Gray-blue weathered, massive, gray, fine-
crystalline, fossiliferous, oolitic limestone.
Many of the oolites are caleite cemented and
are 1 to 2 mm in diameter.

10. Brown weathered, poorly resistant, gray-brown,
very fine-crystalline dolomite.

9*  Massive, light to dark gray weathered, gray and
brown, medium-crystalline limestone*

8. Brown weathered, poorly resistant, fine-
crystalline, brown, limy dolomite* Finely
divided particles of limonite give the unit its
characteristic brown appearance*

7. A thick massive, gray-blue weathered limestone bed
with a few thin lenses of brown dolomite inclusions
in the middle of the mit. The limestone is oolitic,
fossiliferous, gray, and very fine-crystalline.
The dolomite is medium-crystalline, brown, limy
dolomite. 36

6. A medium-bedded ( 6 inches to 2 feet) , brown
weathered, medium-crystalline, gray to dark gray
dolomite. Gray and black chert nodules are
common in the center of the unit. 33

5* A thin-bedded ( 2 inches to 6 inches) unit of light
yellow chert and gray, medium-crystalline limestone. L

li. Dark gray, medium-bedded ( 6 inches to 2 feet) ,
fine-crystalline, gray and brown dolomite con-
taining numerous caleite seams. 2h

3* Mouse-gray weathered, very fine-crystalline, brown,
calcareous dolomite, containing a few thin sandstone
stringers, 1/2 inch to 1 inch thick, a small amount
of edgewise conglomerate, and a few stringers of
black chert. lit

2. A massive unit of edgewise conglomerate. Most of
the fragments are angular pieces of black chert, an-
gular pieces of gray laminated dolomite from the
underlying Devonian dolomites ( up to à inches in
diameter) , and gray and tan, medium- to coarse-grained
sandstone. Many of the quartz grains sit in a matrix
of gray dolomite. The fragments are cemented by
light gray, fine-crystalline dolomite. 9

Thickness
(feet)

1*0

3

10

17
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Leadville Formation ( continued) Thickness
( feet)

1. Gray to tan, medium- to coarse-grained,
calcareous sandstone# The grains are sub-
rounded and spherical. 2

Total 192

Unconformity

Chaffee Formation ( Devonian)

Nature of Contacts

Nowhere on the area mapped is a Mi ssiss ippian-Pennsylvanian

contact observable on the surface# Several miles south of the area

mapped, along the west slope of Express Creek, the writer found a

red, white, and gray pebble conglomerate containing rounded pebbles

of red and white chert and gray limestone. Figure 11 shows what

might be interpreted as a sink hole in the top of the Leadville.

In the mines around Aspen, Johnson ( 19, p. 337) found large sink

holes in the top of the Leadville filled with Belden shale.

Age and Correlation

The Leadville is of Kinderhook age ( 21, p. $2) . It is correl-

ative with the Madison formation in southwest Colorado, along the

Front Range, and in northwest Colorado,

Paleontology

The writer found numerous fragments of Syringopora harveyi White

in the upper limestone unit* Figure 10 is a thin section from this

unit* The section shows an aggregation of fossil fragments cemented

together by coarse-crystalline, clear caleite. The fragments

include the remains of crinoid®, gastropods, pelecypods, and corals.

Numerous round pellets, some of which show radiating oolitic structure,

make up a large percentage of the slide. Some of the pellets have a

faint, nondescript structure to them; possibly they are calcareous
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alga©» Many of the organisms have cavities filled with calcareous

paste» Considerable calcareous paste has replaced parts of the

fossils.

Johnson ( 20) has identified the following fossils from the

Express Mine section:

Syringopora harveyi "White

Caninia sp.

Straparolus Hal and Whitefield

Homolophyllum ( ?)

Environment of Deposition

After cessation of Devonian deposition, the sea withdrew and the

land area was eroded to a low-level surface. Following the first

invasion of the Mississippian sea, a thin sandstone bed was deposited.

Shallow depth water with strong oscillating sea currents was respon-

sible for the edgewise conglomerates, chert, and sandstone stringers

laid down on top of the sandstone bed» Quiet waters with little or

no elastics being supplied and numerous marine invertebrate© present

was the condition prevalent for the deposition of the limestones and

dolomites overlying the basal edgewise conglomerate unit. Except for

the lenses of dolomite in unit 7 of the measured section, all the

dolomite-lime stone boundaries are very sharp. A primary or penecon-

temporaneous replacement origin seems logical for most of the dolomite

beds of the Leadville formation.

Pennsylvanian

No stratigraphie studies were made on the Pennsylvanian sediments

in the Ashcroft area. Much of the Pennsylvanian section in the area

is covered and faulted, making it infeasible for any stratigraphie

measurements. However, as the Pennsylvanian has been mapped by the
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•writer in the Ashcroft area# a brief discussion of the Pennsylvanian

formations in the area is necessary*

Belden Formation

History of Nomenclature

The name Veber was used by Spurr in 1898 ( 30, p# 32) for the

lower sequence of Pennsylvanian rocks in the vicinity of Aspen. The

name was proposed by King In 1876 ( 22) and in 1882 Emmons, etal (lit)

applied the name to the lower Pennsylvanian sediments around the

Leadville district; Emmons correlated these sediments with the rooks

in Weber Canyon, Utah, the type section for the Weber formation.

Brill (5, p» 1381) in 1912 proposed the basal part of the Battle

Mountain formation in the vicinity of Min turn, Colorado, be called the

Belden member. Later, in 191$, Brill (6, p* 621) demonstrated the

Belden deposition was widespread and suggested the name Belden be

raised to formation rank* Because the Weber formation of northwest

Colorado is of a slightly different age than so-called Weber of the

Leadville area, the writer has followed Brill * s nomenclature in this

paper.

Lithology and Thickness

Brill (6, p. 62$) shows 700 feet of Belden formation in the

Ashcroft area. Black shales, thin-bedded black and tan limestones,

dark and thin-bedded sandstones, and local thin coal beds are the

main lithologies found in the Belden formation* Many of the mine

dumps of the Ashcroft area consist of the typical black Belden shale.

Figure 12 is a picture of the Belden formation, although only a few

feet of the uppermost part of the section is exposed.

Nature of Contacts

The contact of the Belden and overlying Maroon formation is

transitional. Brill ($, p. 1386) places the upper limit of the
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Belden where the shales and dark sandstones cease to be predominant

and the grits, arkoses, and red beds of the Maroon formation become

important.

Age and Correlation

Fossils indicate the Belden to be Morrowan age (32, p. 22).

The formation is correlative with the lower part of the Garfield

formation in the Monarch, district, the Weber shale of the leadville

district, the Weber formation of the Salt Greek area, the Kolas

formation of the San Juan district, the Glen Eyrie ah ale of the

©astern Front Range, and perhaps the lower portion of the McCoy

formation and the upper Amsden formation of Wyoming (5, p. 626, 627) .

Maroon formation

History of Nomenclature

Eldridge (13, p# 6) in 189h proposed the name Maroon in the

Crested Butt® district. All the Pennsylvanian sediments overlying

the Belden formation in the Ashcroft area are called Maroon.

lithology and Thickness

Approximately 7000 feet of Maroon sediments 1® present in the

Ashcroft area (7)« The formation consists of red shales, arkoses,

grits, thin-bedded limestones, and intercalated gypsum masses.

Age and Correlation

The entire Maroon sequence may be of Desmoinesian age (6, p. 631) .

The Maroon is correlative with the Fountain formation of the Front

Range in stratigraphie position and lithology (21, p. 69).

Qenozoic

Tertiary

Early Tertiary Intrusive®

Several intrusive bodies in the form of dikes and stocks are
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present in the Ashcroft area. Knopf’s work ( 2).i, pp. 6~lli) on the

intrusive® just north of the Ashcroft area was very helpful and

instructive to the writer as nowhere in the Ashcroft area are the

intrusive bodies completely exposed. One-half mile north of the area

is the Hope Tunnel, which extends into Aspen Mountain 7000 feet. It

was in this tunnel that Knopf measured and described the different

sills which extend into the Ashcroft area. The Hope Tunnel has been

abandoned and is no longer open.

Diorite, albite alaskite porphyry or quarts porphyry, and quartz

raonzonite aplite sills and granodiorite stocks are the Intrusive® in

the Ashcroft area. Knopf (2li, p. 13) dates the igneous rocks in the

Aspen and Ashcroft areas as late Cretaceous or early Eocene * The

diorite is probably the oldest intrusive in the region, followed by

successively younger albite alaskite porphyry or quarts porphyry,

quartz monzonite aplite, and granodiorite (2i$, pp. 13-lh) . Below is

the writer’s description of the intrusive® in the Ashcroft area,

Diorite porphyry

Hand Specimens The rock is fine- to medium*grained, equigranular,

gray and dark gray diorite with a slight greenish cast. White

feldspar and chlorite are the only minerals recognized by the writer

under the hand lens. No outcrops of the diorite dike were found on

the area mapped, but numerous piece® of diorite float from the dike

were found. However, in about the middle of the area on the hillside

west of Castle Creek are several outcrops of diorite intrusive. The

writer believes this intrusive is either a stock or part of the

grandiorite mass which is found in the Elk Mountains to the south

and the diorite possibly represents a border facies of the larger

granodiorite body.
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Thin Section: ( Figure 13) The rock has a porphyritic,

hypautomorphic texture* Many of the phenocrysts are euhedral. The

writer identified the following:

Plagioclase and orthoclase feldspar and quartz 30$ - the three
minerals about evenly divided and make up most of the groundmass
of the rock* Grains are less than 1 mm in size. The quartz is
anhedral and the feldspar subhedral to euhedral.

Chlorite  2$%  - occurs as anhedral and subhedral graine 1 to 3 mm
in size*

Plagioclase feldspar altering to epidote lt0$ - occurs as
phenocrysts 1 to 5 mm in size, many of which are euhedral in
shape.

Black opaque mineral 2$

Biotits 3% - occurs as crystals 2 to 3 mm in size.

Knopf describes this rock as*

11 Under the microscope the diorite porphyry from Richmond
Hill is seen to consist of feldspar phenocrysts, now
completely altered to epidote except where rarely the
peripheral zone of albite has remained intact, and
ferromagnesian phenocrysts, largely chloritized, embedded
in a mlcrogranular groundmass of quarts and albite. The
feldspar of the groundmass is fresh and clear, thus
contrasting notably with that of the phenocrysts? it has
evidently escaped alteration to epidote, like the peripheral
zones of some of the plagioclase phenocrysts, because of its
albitic, noncaleic composition. From the abundance of
chlorite in the rock, the diorite porphyry was evidently
a fairly basic variety, much more basic than any of the
other igneous rocks in the district. R

Albite Alaskite Porphyry or Quartz Porphyry

Hand Specimen: The rock is a white quartz porphyry with a fine-

grained, limonite-stained, white groundmass in which clear quartz

grains up to 5 mm in size are embedded. The reason for the two names

for this rock is that in the hand specimen only quartz phenocrysts

are recognizable. The feldspar phenocrysts are too thoroughly altered

to be identified. The writer believes the name quartz porphyry is

better suited than albite alaskite porphyry for a field classification

of the rock.
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Thin Sections ( Figure lb) The rock is porphyritic with a fine-

grained groimdmass. The following minerals were found:

Quartz  1 %  - occurs as subhedral grain® up to $ mm in size*

Albite 30$ - occurs as euhedral grains up to 8 mm in size.
The grains are almost completely altered to sericite.

Groundmass  55%  - a mosaic of fine-grained quartz and somewhat
sericitized feldspar*

Quarts Monzonit# Aplite

Hand Specimen: The rock is a very distinctive, gray and white,

blue- and black-spotted, fine-grained quartz monzonite aplite,

containing very small quartz grains, less than 1 mm in size, and

feldspar which i® practically indistinguishable with a hand lens.

The blue and black spots are small crystals, less than 2 mm in size,

of biotite. The rock is very calcareous* Close to its borders the

dike becomes quite fine grained, resembling felsite ( Figure 16) .

Thin Section; ( Figures IS and 16) This rock has an equigranular,

zenomorphic, fine- to medium-grained texture* The following minerals

were noted1

Quarts 30% - fine- to medium-grained, anhedral to subhedral,
containing many small in ter growths of feldspar.

Orthoclase  55%  - subhedral to euhedral, fine- to medium-
grained, much of the orthoclase occurs as intergrowths in the
quartz.

Plagioclase 25%- fine, euhedral crystals, many of which
show incipent alteration to sericite.

Caleite  5%  - occurs as fine mosaic crystals*

Biotite  h%

Black opaque mineral  1%

Granodiorite

Hand Specimen; The rock is tan and white, equigranular, medium-

grained granodiorite. Clear quartz grains, 1 to 3 mm in size, and
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biotite crystals* 1 to 3 mm in size* are quite prominent. White

feldspar* both altered and unaltered, makes up the groundmass*

Thin Section: ( Figure 17) This rook has a fine- to medium-*

grained, sparsely porphyritic* hypautomorphic texture* The following

minerals were recognized:

Quartz  25%  - medium-grained*, anhedral to subhedral grains*

Orthoclase 25% - euhedral grains* 1 to 5 mm in size* some of
which are altered to sericite,

Plagioclase ( labradorite  ?)  30% - subhedral to euhedral grains*
1 to 5 mm in size, altered to sericite*

Biotite 15% - occurs as crystals 1 to 5 mm in size#

Black opaque mineral b% - less than 1 mm in size, possibly
magnetite.

Accessory mineral ( zircon ?) 1% - occurs as inclusions in
quartz grains.

Pleistocene

Glacial Deposits

In the Ashcroft area the valleys of Castle Creek and Express

Creek are covered with glacial deposits except where post-glacial

notching has cut through this veneer of glacial debris* Behre

(2, p. 789) has determined the age of the latest glacial deposits

in the upper Arkansas River and Eagle River valleys* north of the

Ashcroft area* as Wisconsin* Most likely the deposits occupying the

stream floors of the Ashcroft area are of Wisconsin age. The deposits

are from 20 to 100 feet thick* Much of the rook debris in the

morainal deposits is from the intrusive masses of the ilk Mountains

south of the area*
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QIQMORPHOLQQY

The Ashcroft area, is in the Southern Rooky Mountain Province of

the Rooky Mountain physiographic system as defined by Fenneman ( 16) .

The area is located on the western flank of the Sawatch Range and is

in the Colorado River drainage system. The relief is rugged and the

geomorphic cycle has advanced to a stage of very late youth or early

maturity in the humid cycle. The highest point* located one mile

southeast of Ashcroft, is approximately 12, 500 feet; and the lowest,

in the floor of Castle Greek at the northern extremity of the area,

is approximately 8500 feet. The maximum relief is in the northern

portion of the region where Richmond Hill rises almost 3000 feet above

the floor of the Castle Greek valley.

The writer visualises two distinct geomorphic ages in the region.

Physiographic manifestations of both these ages are present in the

area. The first age is pre-Pleistocene and the second, Pleistocene

and Recent.

Drainage

The region mapped is drained by Castle Greek and Difficult Greek,

tributaries of the Roaring Fork River which lies to the north.

Castle Creek throughout its course in the area mapped is a sub-

sequent stream. Its valley is cut In the relatively weak Pennsyl-

vanian sandstones and shales. Express Greek, which joins Castle

Greek at Ashcroft, is both subsequent and resequent. In general it

follows the strike of the beds and much of its valley in the

Ashcroft area is out in the Belden shale. However, at the Express
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Mine the stream is cutting across the Manitou formation and north of

the mine it cuts across the Chaffee and Leadville formations. Express

Creek rises in the pre-Cambrian rocks south of the area* The stream

could have originated as a consequent stream flowing on the pre-

Cambrian and early Paleozoic rocks, or it could have developed as a

subsequent stream in the sediments and worked its way headward into

the crystallines along a line of structural weakness*

The tributaries flowing into Castle Creek and Express Creek from

the east are resequent and subsequent streams through much of their

courses* However, in places these streams have cut through the

sediments and are incised in the pre-Cambrian. The streams flawing

west into Castle Creek and Express Creek are essentially obsequent

and subsequent, although in several places where streams cut the

intrusive body which lies just west of Castle Greek and south of

Ashcroft they are consequent or structurally controlled. Some of the

streams flowing into Castle Creek from the east and one stream flowing

east off Richmond Hill flow along line® of faulting* Spurr ( 30)

found this to be true in the Aspen district. Very few of these

tributaries are perennial as most of them dry up in the latter part

of the summer*

Difficult Greek is not in the Ashcroft area, but its tributaries

drain the northeastern portion of the area. Most of these stream®

are cut in the pre-Cambrian and are consequent streams. Obsequent,

subsequent, and fault-controlled streams flow on the sediments in

the extreme northeastern part of the area.

Physiographic or Geomorphic Features

Topographic expressions caused both by the work of ice and water

are prevalent in the area. As previously mentioned, the area is in
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a stage of early maturity or very late youth. Very little upland

exists# although along and near the crest of Richmond Hill are the

remnants of a former widespread mature erosion surface. Except for

several places where Castle Greek has attained a temporary base level#

all the streams in the region are in youthful stage and are actively

down cutting. The base leveling is represented in the area by two

stretches along the channel of Castle Greek where the stream meanders

over almost the entire width of the valley floor ( Figure 18) ; these

temporary base levels are just north and south of Ashcroft* Her®

Castle Greek is in a stage of late maturity.

The valleys of Castle Greek and Express Creek are glaciated

throughout the area ( Figure 19) * However# in many places both

streams have cut through the former glacial floor and are now cutting

V-shaped gorges. Numerous hanging valleys which have been notched

since glaciation are found on the west side of the Castle Creek valley

and on both sides of the Express Greek valley. The Castle Greek valley

throughout the Ashcroft area is lined with alluvial fans which were

deposited by the streams feeding into the main channel ( Figure 20),

These fans are typical of one of the features so easily observed in

a glaciated valley. At the present time the fans are being breached

by the streams that once deposited them. Numerous landslides or

talus slopes are situated on the east side of the valley immediately

north of Ashcroft.

South and well beyond the confines of the area mapped rise the

Elk Mountains. In Montezuma Basin at the headwaters of Castle Greek,

alpine glaciers once existed and have left their impression in the

form of cirgues# rock glaciers# and Pater Hosier lakes deeply etched

upon the peaks ( Figure 21), The glaciers that once flowed out from

these peaks covered the Castle and Express Creek valley floors with
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a mantle of ground moraine ( Figure 22) . About one mile south and one

mile north of Ashcroft the most recent glaciers deposited two well-

preserved terminal or recessional moraines ( Figure 23). After the

glaciers retreated and melted, the moraines acted as dams and the

streams were ponded and attained a temporary base level which exists

today ( Figure 18) . The terminal moraines are now breached and Castle

Creek is in the process of eroding headward through the flat valley

floors behind the moraines.

East of Castle Greek along the summit of Richmond Hill at an

elevation of approximately 11, WO feet is a well-preserved remnant of

a one® extensive erosion surface which is a late mature or early old

age surface ( Figure 21). Small hills of Sawatch quartz it e rise 10 to

3 0 feet above the surface which has an areal extent of two to three

Square miles* Vfhere discovery pits have penetrated the surface, there

is no evidence of any mantle other than a very thin veneer of soil and

sometimes decomposed granite fragments. On both the west and east

sides of Richmond Hill and approximately 50 to 100 feet below the

high level erosion surface are discontinuous benches cut on bedrock,

with the ones on the west side cut in sediments and one surface on the

east side developed on granite. In one place on the west side the

bench or lower erosion surface was cut on the Dyer dolomite, resulting

in a hummocky karst surface. On the east side of the hill in juxta-

position with the most easterly outcrop of Sawatch shown in Plate I,

there is a bench which has been cut on the pre-Cambrian. The Sawatch

hill rises 100 to 150 feet above the surface. The side of the hill

and the surface are covered with well-rounded granite boulders, some

of which are three feet in diameter. These boulders appear to the

writer to be stream transported, as there is no evidence of  any  glacial

features nearby and the boulders do not appear to be striated or
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Hill are related to the erosion surface on top of the hill*

About two miles north of the area mapped are two well-developed

benches at 10, 100 and 10, 700 feet* The surfaces of these benches

were not studied* In the Ashcroft area at approximately 10, 000 feet

on the east side of the valley is a chain of narrow benches $0 to

100 feet wide. On several of the benches rest a few small monzonitic

boulders which are similar in composition to the Elk Mountain intru-

sives to the south. It is difficult to determine definitely whether

the benches have a fluvial or glacial origin. The paucity of any sort

of morainal material is favorable negative criteria for considering

them stream cut.

Geomorphic History of the Present-Day Landscape

As the Laraside Revolution gradually began to decline in the late

Eocene and early Oligocene, a newly formed landscape had replaced the

shelf seas which persisted through most of upper Cretaceous time*

The new landscape probably consisted of low hills, broad mountain

ranges with subdued relief, and intervening basins which were rapidly

being filled with aggradational debris from the adjacent mountains.

The sediments on the flanks and tops of the mountains were severely

bent and faulted# Erosive forces were the dominant forces of destruc-

tion and construction throughout the remainder of the Tertiary period,

although locally in Colorado mid-Tertiary volcan ism was important in

altering the physiographic features.

After cessation of the Laramide Revolution and no doubt during

its extent, streams carved into the newly formed mountains, cutting

deep gorges and canyons. The region rapidly went through a youthful
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stag© to one of early maturity. The streams began to out laterally

as well as down, and as the mountains and ridges were gradually

reduced, the pre-Laras id© orogeny sediments were stripped from their

flanks and deposited in the basins adjacent to the mountains. The

denuded hills and mountains were further eroded and their pre-Cambrian

cores were exposed. The low hills and broad mountain ranges were

finally reduced to a late mature surface which may have been accordant

with the fill level in the contiguous basins. This surface may

correlate with the mature surface on top of Richmond Hill* As the

Tertiary sediments have been removed in the Aspen region, there is

no positive proof that the fill level of the basins and the surface,

such as that on top of Richmond Hill, were accordant.

Behre (2) described similar erosion surfaces in the Arkansas

River drainage area of Colorado at the following locations; On the

ridge northeast of Buffalo Peaks and south of ' feston Pass at an

altitude of 12, 300 feet, a remarkably flat surface exists which is

about four square miles in area. At the crest of the Mosquito Range

near Weston Pass and ranging from 11, 500 to 12, 000 feet in altitude,

there is a conspicuously flat surface. On the west slope of Ht.

Massive marked timber-covered benches are seen at 12, 000 feet in

several places. In the upper part of Taylor Park, Gunnison County,

at approximately 12, 000 feet, there are large bedrock remnants of this

surface which has been trenched by the Taylor River.

Closer to the Ashcroft area and the surface on top of Richmond

Hill are several fairly flat surfaces which can be seen on the Mount

Jackson quadrangle. Two miles southeast of the Richmond Hill surface

is a surface at 11, 700 feet. North of Aspen between Woody Creek and

the Frying Pan Elver is a surface at 11, 000 feet. Several other

examples can be found by studying this quadrangle. It is fairly
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conclusive, therefore, that erosion surfaces such as those on the top

and eastern elope of the Front Range exist on the Western Slope.

Whether the surface on top of Richmond Hill correlates with any

of the surfaces described by Behre has not been determined.

Undoubtedly a surface gradient existed at the time of the development

of this surface. But whether that slope was enough to extend the

Richmond Hill surface into the 12, 000 foot surfaces east and south of

the area has not been determined.

The exact age of this high level surface is enigmatic. Van Tuyl

and Lowering (36) date the highest surface along the Front Range as

lower Eocene and the next highest as middle Eocene. These surfaces

are the Flattop and Green Ridge peneplains which range from 11, 000 to

12, 600 and 9, 700 to 10, 700 feet, respectively. On the basis of

similar elevations, the writer would correlate the Richmond Hill

surface with one of these two surfaces. However, a correlation such

as this could easily be erroneous. Walhstrom ( 37) has presented good

evidence in the vicinity of Flattop Mountain, Rooky Mountain Rational

Park, the type locality for the Flattop peneplain, that this surface

was not developed until late Oligocene or early Miocene time. Van Tuyl

and Lowering in using the term, peneplain, for these high level

surfaces have said;

"In the stricter usage of the tern, none of the erosion surfaces
of the Front Range should be construed as a peneplain, for it
is certain that the old age stage of stream erosion was not
reached throughout the Front Range region in any of the several
cycles involved. "

After the development of the Richmond Hill surface, the area was

epeirogenically uplifted and the meandering streams started once again

to down cut. In the course of this new erosion cycle several epelrogenic

uplifts occurred in the region, thus accounting for the two well-

developed benches just a short distance north of the Ashcroft area.
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prior to the start of glaciation in the region, the topography was

probably in a stage of middle or late youth* Spurr (30) found two

stages of glaciation had definitely occurred in the Aspen area* The

first stage of glaciation was more severe than the second in the Aspen

district* However, the writer did not find evidence of the first

glacial stage in the Ashcroft area, Behre (2) has dated the latest

stage of glaciation in the Sawatch Range as Wisconsin*

The valleys of Castle Creek and Express Greek were deeply eroded

by the glaciers» The depth of this erosion is determinable in several

places along the main valleys where hanging valleys are 300 to $00

feet above the glacial floor, and therefore, the main valleys must have

been lowered 3 0 0 to $00 feet by the glaciers.

In the waning stages of glaciation a terminal or recessional

moraine was formed about one mile north of Ashcroft and another about

a mile south of Ashcroft, These moraines acted as dams and lakes

developed behind them. Before the lakes could completely fill with

muds and silts, the moraines were breached. Today Castle Greek

meanders across the former lake beds, and at the lower end of the

lacustrine deposits, the streams are actively working headward* Since

the end of glaciation streams have actively resumed downeutting* As

much as 200 feet of erosion has occurred in places in the area since

the end of the Pleistocene epoch.
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STRUCTURE

Regional Structure

The structural complexities of the Ashcroft area are the result

of orustal movements during the Laramide Revolution. In the area

this major structural disturbance began in late Cretaceous time,

probably climaxed in Pal eocene and Eocene time, and still exhibit#

dying paroxysms today. All the structural events taking place after

the end of the Eocene epoch are classified by the geologic calendar

aa belonging to the Caaoadlan Revolution* However» the writer favors

the idea of some structural geologists who believe the late Tertiary

faulting is related to stresses developed during the Lar amide

Revolution. Exact dating of structural events is difficult because

of the absence of Tertiary sediments in the area* Spurr found evi-

dence ( 30) of recent faulting in glacial deposits and mines. As far

as the writer knows, the Umcompahgre Uplift, which occurred during

late Mississipplan, did not contribute to orustal weaknesses in the

Ashcroft area. The Umcompahgre Uplift was south of the Ashcroft area

and paralleled the present-day northwest-trending Elk Mountains*

The faulting of the greatly fractured Aspen district extends

some distance into the Ashcroft area. Actually, the structure in the

Ashcroft area is a small Integral part of the larger structural

features of the Aspen district. The Aspen district in this paper is

the area bordered on the north by the town of Aspen, Colorado, on the

south by the intersection of the Sawatch Range and Elk Mountains, and

on the east by the pre-Cambrian rocks of the Sawatch Range* The

western boundary is essentially the northwest-trending Elk Mountains.
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The structural nomenclature of Billings ( 3) is rigidly adhered to in

this paper.

The Aspen district is a syncline which lies between the Sawatch

Range and the Elk Mountains. This paper is concerned primarily with

the east limb of the syncline. Folding of the east limb is almost

non-existent; however, the limb has been severely faulted. The

faults are all high angle and are both reverse and normal. This

extremely faulted region is on the west flank of the Sawatch Range.

The Sawatch Range is a doubly-plunging anticlinal arch, approximately

100 miles long and 60 miles wide, and is composed of pre-Cambrian

granit® and schist and Tertiary intrusive batholiths with a thin

veneer of Paleozoic sediments on its lower flanks* The rang® is one

of the so-called "back ranges" of Colorado. The Elk Mountains are a

northwest salient of the Sawatch Range. These mountains are Ll) miles

long and  1$  to 20 miles wide and abutt against the Sawatch Rang© about

18 miles south of Aspen, Colorado* This spur consists of Pennsylvanian

sediments— the Maroon formation— and Tertiary stocks.

The Aspen district also lies in a northeast-southwest belt which

traverses the mountain ranges of Colorado. The belt extends from the

southwest corner of the state to the city of Boulder, Colorado, where

it disappears under the sediments of the Denver Basin. This zone has

been called both the Colorado Mineral Belt and the Transverse porphyry

Belt. Most of the state1s mineral deposits occur where this porphyry

belt intersects the early Paleozoic sediments, especially the Leadville

formation. Numerous early Tertiary intrusive®, consisting of dikes,

sills, stocks, and small batholiths, are found in this zone.

It has been suggested by T. S. Levering that the porphyry belt is

a huge shear zone ( 12, p. 38b) with eastward pressure acting north of

the zone and westward pressure south of the zone. North of the Aspen
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district is an eastward thrust fault and south of the district a

westward thrust fault. As previously mentioned, in this district the

faults are high angle, and although some of the faults are of a

reverse nature, non® can be classified as low angle thrust faults.

This pattern of faulting would tend to support Lowering' s hypothesis.

Lowering *s idea of a major couple explains the high angle atti-

tude of the faults in the area. However, the writer would expect

considerable tear faulting to be present if the faulting were prima-

rily the result of a couple acting in a plane of the earth*© surface.

There is very little tear faulting in the Aspen district. However,

north of Aspen tear faulting is present. If a couple acted with

force# that were not in a plane of the earth*# surface, perhap#

faulting such as is present could be explained.

The writer favors the idea that the faulting at Aspen is due

primarily to vertical forces, the origin of these forces being the

result of a nsqueeze play** between the Sawatch Range and the Elk

Mountains. S. F. Emmons in his discussion of the Aspen district in

the introduction of Spurr * 8 monograph (30, p. xix) said:

"If one examines a general geological map of Colorado, it will
be noted that at just this point the strike of the Paleozoic
rock resting upon the Sawatch granite changes abruptly from
a little west of north to northeast. The geological signi-
ficance of this change of strike is that here is the point
where the two converging uplifts of the Sawatch and the
younger Elk Mountains come together, and that, whereas north
of this point there was room for the sedimentary beds included
between them to be compressed into broad anticlines and
syncline#, here they came so close together that there was no
room for the development of more than embryonic folds, and
the rock strata were crushed, squeezed, and broken into
narrow blocks or sheets by a complicated system of faults. "

Emmons* idea on the origin of the Aspen structure is very clear and

explains the overall structural complexities quite well.

A cursory glance at the state geologic map in the Aspen district

reveals that the axis of the Elk Mountains abutt® against the Sawatch
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Ran# eix to eight mile# south of the transverse faulted area ehoen

on the map* As will be shown in the discussion of the Ashcroft area,

the transverse faulting, though probably not as severe, actually

extends to within four to five miles of the Elk Mountains axis# The

longitudinal faulting possibly extends to within several mile# of the

axis# Would the stresses exerted by the Sawatch Range and Elk

Mountains become greater closer to the axes of the two ranges as they

were uplifted? Perhaps not, as the sediment# near the axis of the

Elk Mountains are higher in elevation than those of the Aspen district

and were probably not subjected to the force® developed in the center

of the Elk Mountalns-Sawatch Range vise#

The Colorado state geologic map shows the pre-Pennsylvanian

sediments to be considerably more faulted than the Pennsylvanian and

Permian rocks in the Aspen district. This may be because the pre-

Pannsylvenlan rock# ware subjected to more stresses than ware the

Pennsylvanian and Permian sediments. The Pennsylvanian and Pemian

sediments are essentially incompetent rocks, while the pre-Pennsyl-

vanian sediments are extremely competent rocks. The forces would be

transmitted through the pre-Pennsylvanian sediments in the form of

faults; however, these stresses would be absorbed in the Pennsylvanian

shales, silts, and evaporites.

Very little folding ha# been observed in the Aspen district#

This lack of folding could be because ( 1) no folds were formed or

( 2) the folds or incipient folds that developed were formed in

sediments that once overlay the faulted sediments and have since been

removed by erosion# It is very possible that some of the high angle

faults in the district terminated In folds#

The writer believes that the structural picture in the Aspen

district is the result of two major regional structural events. First,
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the development of a zone of weakness at Aspen associated with the

Colorado Mineral Belt. This zone was possibly formed in the way

visualized by Lovering. A possibility exists that this belt was

Initially a pre-Cambrian weakness belt which was rejuvenated during

the Laramide movements. Second# the localization of vertical forces

in the Aspen area which were the result of the Sawatch Range and #lk

Mountain uplifts and the lack of space between these structures for

horizontal movement.

Any horizontal stresses that developed between the two ranges

were acted against by the ranges themselves. Hence, if westerly

acting horizontal forces were developed by the rising Sawatch Range,

these forces would be transmitted against the Elk Mountains bulwark

or vice versa* As this bulwark prevented orustal shortening in the

form of folding and low angle thrusting from taking place, the

horizontal stresses would be transformed into vertical forces. The

lack of folding and thrust faulting in the Aspen district supports

the writer' s Ideas* Worth of Aspen folding and low angle thrust

faulting exists. However, north of Aspen there was considerable

room for orustal shortening.

Previous work in the Aspen district proved that the various

sills found in the Aspen district were emplaned before the occurrence

of the extreme faulting ( 2b and 30)* The general chronological

sequence of structural events in the Aspen district was: (1) gentle

uplift and arching of the Sawatch Range and emplacement of the various

sills found in the district; ( 2) further uplift and arching of the

Sawatch Range and uplift of the Elk Mountains, squeezing the sediments

between the two structures ; (3) initial break of the crust that is

represented by a long and large longitudinal fault, the Castle Creek

fault, which has a maximum net slip of 7000 feet; (it) further faulting



6L

represented by both longitudinal and t ran ever se high angle reverse

and normal faults; ( S) relaxation of the forces caused by the two

mountain uplifts and possible gravity faulting after release of the

compressive forces. Perhaps some of the structure of the Aspen

district is the result of rejuvenation of pre-Cambrian faults. The

writer has no evidence to dispute or support this idea*

Local Structure

Plate I depicts the writer*# interpretation of the geology of

the Ashcroft area. Although the area was thoroughly examined* the

field work wae of a reconnaissance nature and was completed with the

aid of Brunton, tape* and aerial photographs* Because of a lack of

exact vertical and horizontal control* the geologic map and cross

sections are not accurate in every detail* There has been no land

survey of the area* and much of the geology lies on the edge of the

aerial photos* where distortion is the greatest* However* the

northern part of the region* where the geology is the most complex,

was covered by the center of the aerial photos.

The base map is a Forest Service map which was compiled by

photogramaetrle methods. The geology was transferred from the aerial

photos to the base map by using natural landforms which occurred on

both the base map and photos.

Except for the two main longitudinal faults in the area, the

Castle Creek fault and the Fall Creek fault* which are identified as

such on the geologic map, the faults have been identified by Roman

numerals. The numbering starts with the northernmost faults and runs

through fault XII located at the south end of the map. Number X was

not assigned any fault as this numeral is quite similar to the symbol

used to show prospect pits. Several small faults are not numbered.
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The fault displacements mentioned below are all estimates.

Detailed mapping with surveying instruments would be necessary to

gather accurate quantitative information on the faulting. Dense

vegetations! cover in the northern half of the area hindered the

writer considerably* A detailed geologic and economic evaluation

of the area would require considerable subsurface Information* As

the majority of the rooks In the Ashcroft area are extremely hard,

it was physically impossible for the writer to dig for dips and

strikes. The discovery pits and accessible mines in the area were

of invaluable aid in interpreting the geology.

The part of cross section DB1 west of Castle Creek is actually

outside the Ashcroft area; however, it is included in this paper to

stimulate interest. In section DD* west of Castle Creek and east of

the westernmost intrusive body no geology is shown. This critical

zone is completely covered by glacial material. The attitude of the

Belden formation adjacent to the western intrusive is so radically

different from the Belden along Express Greek that Hie writer does

feel he had sufficient evidence in the Ashcroft area to complete

section DD*, The strike and dip shown in Monument Gulch is in the

Maroon formation.

Essentially the Ashcroft area consists of a series of rocks with

a homoclinal dip of approximately h$ degrees to the west ( Plate 1) .

These steeply dipping rocks are broken by two rather large longitu-

dinal faults and a series of both major and minor transverse faults.

In many places the faulting has modified the regional dip of the

sedimentary beds. In several places in the area there are slight

indications of folding; however, this folding is interpreted as drag

effects related to the faulting.
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North of Fall Greek are three intrusive bodies* These bodies

for siiaplification are called sills. Spurr ( 30) and Knopf (2h) have

classified these intrus! ves as sills on the basis of their relation-

ship to the sediments at the time of their emplacement* However»

this evidence was not found in the Ashcroft area, and from their

present structural positions, it is very difficult to classify the

bodies as either dike© or sills. Two criteria for the time of emplace-

ment and classification of these intrusives would be (1) the relation-

ship of the intrusive© to the sediments over- and underlying them,

and (2) the effect the faulting in the region ha® had upon these

intrusive bodies. No evidence for the first criterion was found and

only very poor evidence of the relationship of the faulting and

intrusive® le present in the area. The writer is not convinced that

these plutons were emplaced before tectonism was started. A possibil-

ity exists that they were emplaced along the longitudinal faults in

the region. If this is true# the longitudinal faults must not have

been tight end are probably normal faults. However, throughout the

discussion of the Ashcroft structure the intrusive® are implied to be

emplaced before any faulting occurred and are classified as sills.

The most complicated structure in the area is north of Fall Greek

and is part of the Aspen structure. South of Fall Greek the trans-

veree faulting is not nearly so prevalent. It is interesting to note

that at Fall Greek the strike of the rocks south of the creek is

approximately nortb^south, while north of the creek the strike is

approximately N. 30 degrees W. See Plate I.

The initial orustal break in the area is represented by the

Castle Creek fault. This fault is one of the most significant struc-

tural features in the Aspen region. Actually the evidence of the

fault extending to Fall Greek is slight. The fault is present in the
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extreme northern end of the Ashcroft area* This Is shown where the

Belden formation, dipping 80 degrees to the northeast, is In

juxtaposition with the Leadville formation which dips  kh  degrees to

the southwest* The relative position of the older Paleosolos to the

Belden formation and the sills is quite similar to their respective

positions in the Little Annie Mine several ailes north of the Ashcroft

area. Because of the overturning of the Belden formation and because

It has a similar attitude in the Little Annie Mine# the Gaetle Greek

fault is interpreted as dipping steeply to the east and being reverse,

although it may change its attitude as it approaches Fall Creek. The

fault probably has from 100 to $00 feet throw; in the immediate

vicinity of Aspen the net slip is 7000 feet. The westernmost fault

in cross section AA1 on Plate 1 is the Castle Greek fault.

At the adit of a mine 3300 feet north of the mouth of Fall Greek,

the Manitou formation is in fault contact with the quarts monsonite

aplite sill* This is the Castle Creek fault* The actual contact was

not found.

Along most of the length of the Castle Greek fault is a large

gulch* This gulch always lies east of the sills and west of the

Paleozoic sediments which dip approximately li$ degrees to the west*

This gulch is 10 to 30 feet deep and resembles a giant irrigation

ditch in places* The writer believes this ditch is a topographic

expression of the Castle Creek fault. Spurr found in the Aspen

district that many of the faults were expressed as gullies and other

topographic lows. This fact is also well illustrated by several of

the transverse shears in the Ashcroft area.

The Castle Creek fault strikes into the valley of Castle Greek

in the vicinity of the mouth of Fall Creek. Three to four thousand

feet south of the junction of Express and Castle Creeks and west of the
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granodiorite intrusive there is evidence to support faulting. Steep

dips in the Maroon formation— the formation is overturned in one

place*”lend support to a longitudinal, high angle, possibly reverse

fault ( XI on Plate I) bordering the west side of the intrusive, a®

shown in DD* on Plate I* The writer has attributed these dips to

faulting# However, they may in some manner be related to the

emplacement of the granodiorite intrusive and merely be local dip®.

This intrusive is a Tertiazyrfonaed pluton, most likely a small

stock# The generally accepted means of emplacement of an igneous

body of this kind Is ( 1) by quiet intrusion into the sediments which

ere atoped and assimilated or ( 2) by granitisatlon# It is infeasible

that the sediments would be broken and distorted if the adjacent

pluton were formed by the processes listed above. However, the

pluton may have solidified in the crust below the enclosing sediments

that now surround it. Some sort of teetonism then forced the igneous

body into the sediment®, with the result that the sediments were

broken and deformed.

If a fault does exist as shown on the geologic map ( Plate I) , its

strike would project into the Castle Creek fault several miles to the

north. The writer feels that more work should be done south of the

Ashcroft area to substantiate or disprove the longitudinal fault

discussed above. If it does exist, it is quite possibly an extension

of the Castle Creek fault.

The quarts monsonite aplite and diorlte porphyry sills are

closely associated with the Castle Creek fault north of Fall Greek,

all of which strike into the glacial debris-mantled valley at Fall

Greek and are no longer visible in the Ashcroft area. The pinch out

of these sills as well as the extension of the Castle Greek fault

might be delineated by magnetic or electrical geophysical method®.
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The other large longitudinal fault in the Ashcroft area is the

Fall Creek fault* which was named for the creek which bisects it

( Plate I)* This fault is possibly related to the release of forces

rather than an initial compressive break in the crust* On Plate I it

is shown to extend nearly the length of the Ashcroft area* However»

in some places— notably the Fall Greek valley--the fault may not be

continuous? this is very difficult to determine because of the extreme

cover. This fault has been interpreted as a steeply dipping normal

fault? it could have a high angle reverse attitude. The evidence for

either attitude is very scanty. The fault* which has a throw as high

as 2000 feet in places, is shown on cross sections M 1, BB*» and GO' »

North of Fall Creek and east of the Fall Creek fault the Leadville

formation and all older rocks are repeated. West of this repeated

section but lying in the downfsuited block is a 8000 by 3 0 0 0 foot

wedge of quarts porphyry. This porphyry was not found elsewhere in

the Ashcroft area. The relationship of the porphyry to the sediments

in this block is not clear. The interpretation shown assumes the

porphyry is a sill. If the Fall Greek fault has a gravity origin as

shown and the porphyry conformably overlies the Leadville formation,

there•should be some quartz porphyry west of the Fall Greek fault in

the vicinity of the quarts monsonite aplite and diorite porphyry

sills. However, none was found. The quartz porphyry is present

farther north where it has been mapped by Knopf ( 2b) and Spurr ( 30).

What is the explanation for the presence of the quartz porphyry

and the sedimentary rocks in this block? Perhaps there has been

horizontal movement as well as vertical movement on the Fall Greek

fault. The block may have moved both down and to the southeast*

Another explanation, and one that seems quite logical* is that the

quartz porphyry was emplaced after faulting. However, as previously
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mentioned) the intrusIves in the region were supposed to have been

emplaced before the tectoniem occurred ( 2b) « The porphyry could

have attained its present position by additional faulting not in

evidence.

South of Fall Creek is another huge downfaulted block# one and

three-quarters miles long and several thousand feet wide# consisting

of the Manitou and Sawatch formations ( Plate I) , Exposures were

rather poor and only a few attitudes were obtained. One erratic

attitude is shown hOOQ feet east of Elk Mountain Lodge# There is

probably some transverse faulting connected with this anomalous

attitude $ however# there is not enough data to assume this# The

relationship of the block to the other sediments is shown in section

CC* on Plate 1# Some flattening of the Sawatch formation in the

upthrown block is shown in section CC*. The Sawatch flattens from

h$  degrees along the Castle Creek valley walls to 23 degrees at the

top of the ridge east of Castle Creek, The flattening of dip could

be the result of drag along the Fall Creek fault#

Most of the transverse faults in the area are assumed to have a

vertical attitude. This assumption may be far from the actual fact;

however# it is based on the topographic expression of the fault traces.

Dips on faults mapped in the mine 7000 feet north and 1700 feet east

of Elk Mountain Lodge are not vertical# although most of them are vezy

steep ( Figure 2$) » The dip® recorded in the mine could be somewhat

misleading as only a very small plane or cross section of these faults

was studied. It is very difficult to map the traces of the transverse

faults in the area for any distance to tell whether they are straight

lines or vacillate with the topography# Some of the transverse faults

are probably hinge-type and have some rotational movement. Fault IV

is probably a hinge-type fault* This is illustrated on Plate I by the
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greater amount of displacement along the fault trace near the crest

of Richmond Hill than along the trace in the valley to the west.

The faults in the mine mentioned above appear to have only a

vertical component of movement, as concluded from the slickensides

and grooves on their planes. However, these lineatlons may only

represent the final pulsatory movement of the faults.

The northernmost transverse fault. I, in the area is very large#

It is quite noticeable on the aerial photographs, where it is

represented by a straight line gully on the east side of Richmond

Hill. The only concrete evidence of its existence was found around

the mine located 1200 feet north of the mouth of Fall Creek. This

mine is developed in the Chaffee formation* Actually the only rocks

exposed are the limonitic dolomites on the mine dump. North of the

gully is the quarts porphyry. This fault probably extends to the west

across Castle Greek where it is absorbed in the shales and silts of

the Maroon formation. The writer has not extended the fault to the

west much beyond the crest of Richmond Hill as there is a scarcity of

data north of it® projected line on the east hillside of the Castle

Greek valley.

Faults II and III, Plate I, are based on the position of the

observed outcrop® plus anomalous patterns on the aerial photographs.

The area is heavily covered in the vicinity of these faults and to

conclusively prove they exist would require subsurface work.

The evidence indicating fault IV is also inconclusive. On top

of Richmond Hill the aerial photos show good evidence of fracturing.

Drag is exhibited in the Manitou outcrop north of the fault. The

fault appears to die out to the vest; possibly it does not cut the

quartz monzonite aplite as shown on the map. Its plane may be steeply

dipping to the north, as a plane with this attitude would leave a
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surface trace such as that shewn on Plate I. The small fault several

hundred feet south of fault IV is probably a small subsidary break

related to the movement along fault IV, Better elevation control is

needed on the sediment® on the east side of the Castle Greek valley to

conclusively prove the fault exists there.

The interpretation of faults V, VI» and VII is self explanatory

on Plate I. These faults border gravity blocks» each of which has

had slightly different movement than the other. They all occupy

gullies in which springs are actively flowing. Figure 25 is a survey

of the mine on the north side of fault V, The movement on the faults

appears to have been vertical ( Figure 25); this conclusion is based

on the related slickensides which are certainly not absolute criteria

for determining the directional movement of blocks on opposite sides

of the siickensided plane. The faults in the mine with a northward

trend are probably related to the Castle Greek shear a short distance

to the west. It is difficult to determine their relative movements

as they occur in essentially homogenous rock that is void of markers*

Fault VIII has a high angle reverse attitude and is probably

related to the Castle Greek fault a short distance to the west which

it parallels* Along most of the length of fault VIII the pre-

Cambrian has been brought in contact with the Manitou formation;

section BBf on Plate I shows the relationship. Another small fault

is just north and west of faults VII and VIII» respectively. The

plane of this small fault could actually be seen in one small exposure

and had one-half to one inch of gouge on it. Discordant dips and

strikes of the Manitou and Chaffee formations were obtained on

opposite sides of the fault.

Fault IX in the southern part of the area is based on the steep

anomalous dip in the Bel den formation. A possibility exists that this
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dip Is the result of slumping of the Bel den shales as the attitude

was taken on an outcrop along a steep bank of Express Greek.

The southernmost fault# III# is located at the Express Mine, one

mile south of Ashcroft ( plate I). A good breccia zone one to two

feet thick outcrops on the south side of Express Greek. Offset of

the Leadville~Chaffee contact was found. Several tunnels were driven

in the hillside to intersect this fault. Several very small breaks

were noticed on the northern extremity of the Lead ville outcrop at the

Express Mine.

The two granodiorite intrusives at the southernmost part of the

map are part of the Elk Mountain intrusives. The writer does not

know whether the easternmost intrusive is actually a small stock or

an apophysis off the intrusive to the west. The western intrusive is

actually the edge of the Elk Mountain batholith. The writer favors

calling the eastern intrusive a small stock, which at depth is

undoubtedly connected to the Elk Mountain mass. Whether this intru-

sive is or is not a tongue off the pluton to the west could probably

be determined by geophysical work done in the Castle Greek valley

between the two granodiorite bodies.

Much more transverse faulting may exist north of Fall Greek than

is shown on Plate I. However, finding these faults would necessitate

considerable subsurface work, which will probably not be done unless

some new ore deposits are discovered in the region.
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