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ABSTRACT

Lower Mississippian rocks (Kinderhookian and Osagean) 
of the Leadville Limestone crop out along the southwestern 
flank of the Sawatch uplift in northeastern Gunnison County, 
Colorado. In this area, the Leadville Limestone can be sub
divided into three members, based on lithologie character.

At the base, the Gilman Member consists of quartz 
arenite, dolomudstone, and arenaceous carbonate breccia.
The middle unit, the Redcliff Member, consists of lime- and 
dolo-mudstones, stromatolitic boundstones, wackestones , and 
packstones. At the top, the Castle Butte Member consists 
predominantly of massive bedded packstones and grainstones.

The lithologies demonstrate a vertical change repre
sentative of a transgressive sequence. Initial deposition 
of elastics along the margin of the transgressing Mississ
ippian sea is represented by lithologies of the Gilman Mem
ber. The sand grains are thought to have been derived from 
the underlying Devonian sandstones.

The Redcliff Member was deposited in an intertidal 
to subtidal environment. Depositional energies are thought 
to have been low due to the presence of abundant micrite.

The Castle Butte Member was deposited in a subtidal 
environment characterized by relatively high depositional
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INTRODUCTION

Purpose and Scope 
The purpose of this research was to describe and 

analyze the detailed carbonate sedimentologic relationships 
of the Leadville Limestone and to relate the nature and ex
tent of these features to their depositional environments.
The information compiled in this study, and that available 
from areas where other workers have studied the Leadville Lime
stone in similar detail, was then utilized in gaining a 
clearer understanding of factors affecting deposition and 
sedimentation patterns.

Location of Study Area 
The study area is located in northeastern Gunnison 

County, Colorado (fig. 1), along the outcrop trend of the 
Leadville Limestone between the towns of Crested Butte, to 
the northwest, and Pitkin, to the southeast. The strati
graphie sections measured along this outcrop trend are 
situated along the southwestern flank of the Sawatch uplift. 
Figure 2 shows the location of the stratigraphie sections 
measured in this investigation along with their assigned 
numbers and corresponding geographic names.
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Geologic Setting 
The study area borders the southwest flank of the Sawatch 

Range anticline, a recurrently positive feature in central Colorado 
throughout the Paleozoic (De Voto, 1972). Cambrian- through Cre- 
taceous-age sedimentary rocks are exposed peripherial to the Pre- 
cambrian quartz monzonite core of the Sawatch. The lower and middle 
Paleozoic rocks are dominantly carbonates and quartzites deposited 
in shallow seas, which extended eastward over the craton in a wide 
north-south trending trough (Ham and Kent, 1965).

Blocm (1961) reported that the faunas of the Leadville 
Limestone in central Colorado are of Kinderhookian and Osagean 
age. Deposition of the lowermost portions of the Leadville 
Limestone took place in Kinderhookian time. Sadlick (1957) reported 
that Osage time is marked by the deposition of the middle and upper 
portions of the Leadville Limestone. Upper Mississippian (Chesterian) 
rocks are not cannon in the Rocky Mountain region and may have 
been removed by pre-Pennsylvanian erosion (Ham and Kent, 1965).

The Mississippian System in central Colorado has been 
described by Nadeau (1972) as consisting of three distinct 
members of the Leadville Limestone. The basal sequence is com
prised of sandstone units and limestone, or dolomite breccia 
bodies. The middle member is a micritic sequence, and the upper 
member consists of lime packstones and grainstones.
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pétrographie analysis and descriptions of detailed carbonate 
facies relationships in interpreting the regional stratig
raphy of the Leadville Limestone in the vicinity of the the 
Sawatch uplift. Figure 3 shows the location of strati
graphie sections studied by Nadeau as well as those studied 
by the author. Figure 4 is a generalized geologic map of 
the study area.

Methods of Study
Field Methods

The Leadville Limestone was investigated along the 
southwestern flank of the Sawatch uplift by tracing expo
sures and measuring the stratigraphie thickness of the 
formation, throughout the study area. Several of the mea
sured sections are located in the vicinity of Paleozoic 
sections measured by Johnson (1944). In other localities, 
where exposures of the Leadville Limestone were not suitable 
for measurement, notes were made and samples collected for 
later reference and study.

At each measured section the overlying and underlying 
units were described. The sections were measured to the 
nearest tenth of a foot from the base up, and the various 
lithologies and their variations were described in detail. 
Characteristic samples were collected for each lithology
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described* Where thick, relatively homogeneous units were 
encountered, samples were collected at approximately five- 
foot intervals.

Laboratory Methods
Hand specimens collected during the course of the 

field work were examined with the aid of a binocular micro
scope after they had been slabbed and polished. The 
presence and distribution of dolomite in rock specimens 
were studied using Alizarin Red S staining solution (Fried
man, 1959). Seventy-eight samples were selected for thin- 
sectioning. Twenty-five thin-sections were stained for cal
cite and two were stained for potassium feldspar. The thin- 
sections were examined with a pétrographie microscope in 
order to identify the constituent grains and note the tex
tural relations. An attempt was then made to interpret and 
cite evidence for the sedimentologic history of each thin- 
section.

For those samples best examined on a large scale 
(i.e., those containing large breccia fragments), acetate 
peels were used to facilitate their study. Several acetate 
peels were also made to augment the thin-section study.

Two thin-sections of the basal quartz arenite of the 
Gilman Member were examined and the size, roundness, and
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sphericity of 100 representative grains for each thin- 
section were carefully noted. This procedure was repeated 
for two thin-sections of samples taken from the uppermost 
sandstone beds of the underlying Chaffee Group. The re
sults were then compared to examine the possibility of a 
Devonian source for the sand contained in the Gilman Member.

The size of the particulate constituents was deter
mined by the use of an ocular micrometer. The visual com
parison chart of Folk (1969) was used for determining the 
relative abundances of constituent grains.

The roundness of detrital grains was estimated by the 
use of a visual estimation chart (Powers, 1953). Spherici
ties were determined using the procedure devised by Riley, 
as described by Folk (1969).

Data compiled during the mega- and microscopic exam
ination of the hand samples and thin-sections were then 
utilized in preparing graphic representations of each strati
graphie section (pis. 1 and 2 ).

Carbonate Classification
Dunham's (1962) classification of carbonate rocks has 

been used in the preparation of this report. This classifi
cation utilizes: (1) mud-supported vs. grain-supported
depositional fabric; (2 ) the presence or absence of
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carbonate mud ; and (3) presence of signs of binding during 
deposition as definitive criteria in the classification.

Dunham’s classification is best used for those car
bonate rocks which retain their depositional textures.
Those carbonate rocks in which the original depositional 
texture has been obscured or destroyed are categorized as 
crystalline carbonate rocks. A grain-size designation has 
been added to this category for the purposes of this study.

Clastic Classification
Clastic sedimentary rocks which are considered in 

this report have been classified according to Pettijohn 
(1957) .

Ackn owl e dgemen ts 
It is a pleasure to acknowledge the assistance and 

encouragement of the many individuals and institutions 
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STRATIGRAPHY

General Stratigraphie Relations 
The Leadville Limestone, as named and described by 

Emmons (1882), included a thick carbonate sequence between 
the underlying Parting Quartzite (Devonian) and the over- 
lying Weber Grits (Pennsylvanian). Kirk (1931) restricted 
the Leadville Limestone to include only those strata of 
Mississippian age and named the underlying Devonian strata 
the Chaffee Formation. An erosional unconformity separates 
the Dyer Member (Kirk, 19 31) of the Chaffee Formation from 
the Leadville Limestone in central Colorado. Campbell (1970) 
suggested ' that the Chaffee Formation should be elevated to group 
status. The Belden Shale (Pennsylvanian) overlies the Leadville Lime
stone and was distinguished as a formation separate from the Weber 
Grits by Kirk (1931). The Mississippian-Pennsylvanian boundary is 
a disoonformity and can be recognized by development of karst features, 
paleosols, conglomeratic lenses, and relief on the upper surface of 
the leadville Limestone (Nadeau, 1972). Figure 5 outlines the 
evolution of Leadville Limestone terminology from underlying Devonain 
strata in central Colorado.

Nadeau (1972) recognized a three-fold subdivision of 
the Leadville Limestone : (1) a basal member consisting of
quartz sandstone and carbonate depositional breccia; (2 ) a
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middle member consisting of cherty, micritic limestone, and 
dolomite; and (3) an upper member consisting of thick-bedded 
limestone composed of various skeletal and nonskeletal 
grains and a micritic matrix or sparry cement. These mem
bers are present in the study area with some variation, and 
the same subdivision of the Leadville Limestone has been 
adopted in this investigation.

The basal Gilman Member was named by Tweto (1949) for 
exposures near Gilman, Colorado. It has been found through
out central and north central Colorado and its lowermost bed 
is the base of the Leadville Limestone. Within the study 
area, a thin bed of quartz arenite cemented by calcite or 
dolomite comprises the base of the Gilman Member. Over- 
lying this is generally a series of quartz arenites, dolo- 
mudstones, and arenaceous carbonate depositional breccias. 
The Gilman Member has a thickness variation of 9.5 to 22.5 
feet (2.9 to 6.9 meters) within the study area. Figure 6 
shows the typical coarse-grained and well-rounded nature of 
the basal quartz arenite of the Gilman Member.

The middle Redcliff Member was named by Nadeau
(1972) for exposures near Redcliff, Colorado. Within the 
study area, the Redcliff Member is composed of lime- and 
dolomudstones, stromatolitic boundstones, wackestones, and 
packstones and varies in thickness from 71 to 167 feet
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(21.6 to 50.8 meters). The limestones and dolomites are 
generally fine to medium grained, except where they are 
highly recrystallized or where they contain large amounts 
of skeletal matter. Nadeau (19 72) described the base of 
the Redcliff Member as being marked by a 2 to 8 foot (0.6 
to 2.4 meter) bed of waxy-lustered dolomite which is dense 
and micritic. This diagnostic bed, as described by Nadeau, 
was not observed in the study area. In lieu of this, the 
base of the Redcliff Member is herein placed at the top of 
the uppermost bed of carbonate depositional breccia or 
arenaceous carbonate of the Gilman Member.

The upper particulate Castle Butte Member was named 
by Nadeau (1972) for exposures at Castle Butte on Aspen | 
Mountain near Aspen, Colorado. The Leadville Limestone 
and underlying Dyer Formation were given the name "Blue 
Limestone" by early-day miners because of the massive 
"bluish" cliffs formed by the Castle Butte Member. Within 
the study area the thickness of the Castle Butte Member 
varies from 130 to 145 feet (39.6 to 44.2 meters). The 
Castle Butte Member is typically a coarse-grained limestone 
containing varying amounts of oolites, peloids, crinoids, 
fossils, and fossil fragments. Figure 7 shows an outcrop 
view of the Redcliff and Castle Butte Members.
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Petrologic Constituents
Introduction

The primary constituents comprising the Leadville 
Limestone are: oolites, skeletal grains, peloids, intra
clasts, and micrite. In the Castle Butte Member, particu
late grains such as oolites, skeletal grains, and peloids 
are dominant. In the Redcliff Member these same constit
uents are also locally important. In addition, micrite is 
an important constituent of the Redcliff Member and may 
compose entire beds or fill the interstices of grain- 
supported fabrics.

Sparry calcite is an important secondary pore- 
filling constituent of the Leadville Limestone. It occurs 
in significant quantities in the Castle Butte Member and in 
lesser quantities in the Redcliff and Gilman Members as a 
cementing agent in the pore spaces of grain-supported 
fabrics.

The following detailed discussion of the rock-forming 
constituents is divided into three categories : (1) terrig
enous constituents, which were derived near the basin of 
deposition? (2) orthochemical precipitates, derived within 
the basin of deposition? and (3) particulate constituents 
derived within the basin of deposition, which include 
oolites, peloids, intraclasts, and other allochems.
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Terrigenous Constituents
Quartz grains account for almost all the terrigenous 

detritus contained in the Leadville Limestone and are con
fined largely to the Gilman Member. Detrital grains of 
potassium feldspar are also present in thin-sections of 
samples from the Gilman Member, but their occurrence is 
extremely rare.

Quartz Grains. Quartz grains are an important con
stituent of the Gilman Member. The size of the quartz 
grains ranges from coarse silt to very coarse sand. Round
ness and sphericity determinations show an average round
ness of 0.4 and an average sphericity of 0.7. Sand grains 
of medium to coarse size predominate and invariably demonstrate 
the highest roundness and sphericity. Figure 8 is a photomicrograph 
showing the rounded and spherical nature of quartz grains from the 
Gilman Member.

Feldspar Grains. Detrital grains of potassium feld
spar are extremely rare in the Gilman Member. Two th in
sections of sandstones from the Gilman Member were stained 
for potassium feldspar and showed negative results. Only 
six grains of detrital feldspar were observed in thin- 
section and were identified as microcline feldspar on the 
basis of distinctive twinning habit. Figure 9 shows a 
photomicrograph of a grain of detrital feldspar from the
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Gilman Meirfcer.

Orthochesmical Constituents

Micrite, Micrite is an important constituent of the Redcliff

Member and may also appear as matrix material in the Castle Butte

and Gilman Members. This is consistent with the findings of other

workers such as Nadeau (1972) and Conley (1964). As the result of

work by Lowenstam (1955), it is new commonly believed that much

micrite is derived from the disarticulation of aragonite -secreting

algae. It is difficult, however, to identify micrite-sized particles

as having a particular mode of origin in a carbonate sediment. This

necessitates the extension of the term to include all grains too

small for specific identification.

The amount of micrite present is considered to be a reflection

of the energy at the site of deposition. Those rocks containing

high percentages of micrite are considered to have formed in

depositional environments having low energies. In depositional

environments characterized by high energies, the micrite has been

winnowed away.

Sparry Calcite. Sparry calcite is present, at least to a

small degree, in all members of the Leadville Limestone. By far

the most important quantities of sparry calcite occur in the Castle

Butte Member, where it acts as a cementing agent in the pores of

grain-supported fabrics. Lesser amounts of sparry calcite are also

found in the upper portions of the Redcliff Member. Relatively minor
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amounts are present in the Gilman Member where it acts as a

cementing agent. The pore-filling habit of sparry calcite

cement in grain-supported fabrics indicates that it is of

a secondary nature. The presence of sparry calcite cement

is widely used as an indicator of moderate to high energy depo-

sitional environments, since fine carbonate grains are selectively

winncwed, thus creating primary porosity for the sparry calcite

to fill.

Allochemical Constituents

Particulate constituents are most common in the

Castle Butte Member and may also be quite abundant in the

Redcliff Member, particularly in the upper portions of the

unit. Megafossils show poor preservation throughout the

study area due to extensive recrystallization. Micro-

fossils, however, are generally well preserved.

Inasmuch as skeletal material is generally found in

association with micrite and rounding of skeletal material

is rare, the skeletal material is probably representative

of the fauna that lived at the site of deposition. Table 1

summarizes the environmental distribution of biota common

to the Leadville Limestone.

Algae. Clacareous algae are widely present and

locally abundant in the Redcliff and Castle Butte Members
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of the study area. Red algae (Rhodophyta) encountered in 
this study have been identified as belonging to the ung- 
darellacean genus Stachia (B. A. Skipp, 1976, personal 
communication). Johnson (1945) reported the red alga 
Solenopora from the Leadville Limestone near Gleriwood 
Springs and southeast of the White River uplift. Green 
algae (Chlorophyta) are represented in the study area by 
the dasycladacean genera Kamaena (fig. 10) and Pseudo- 
kamaena (B. A. Skipp, 1976, personal communication)? and 
the codiacean genus Garwoodia (J. L. Wray, 1976, personal 
communication). Johnson (1945) reported the occurrence of 
the codiacean genera Garwoodia and Ortonella in the Lead
ville Limestone.

Blue-green algae (Cyanophyta) are represented by the 
genus Girvanella (fig. 11) of the family Porostromata, and 
the mat -like forms preserved by the sediment binding 
action of noncalcareous blue-green algae (stromatolites). 
Johnson (1945) also reported the occurrence of Girvanella 
in the Leadville Limestone near Glenwood Springs. Stromato
lites are most abundant in the lower portion of the Redcliff 
Member. A local occurrence of stromatolitic boundstone was 
found at the top of the Castle Butte Member in Ute Gulch 
(section 5, bed 33) .
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Arthropoda. Both ostracods and trilobites are

present in the Leadville Limestone, although ostracods are

far more common than trilobites. Ostracods, in both the

Redcliff and Castle Butte Members, occur more commonly in

lithologies containing relatively higher proportions of mic-

rite. Thick-shelled ostracods are more common in pack stone

and grains tone lithologies, whereas less durable, thin-

shelled ostracods are more common in the mudstone and

waekestone lithologies. Although high-energy depositional

environments do not generally favor the preservation of

delicate life forms, it is not uncommon to see thin-shelled

ostracod fragments serving as nuclei for oolites.

Trilobite occurrences in the Leadville Limestone of

the study area are rare. Only trace amounts of trilobite

skeletal debris were observed in the 6 thin-sections which

contained trilobites. It is clear, however, that trilo-

bites occur in both the Redcliff and Castle Butte Members.

Brachiopoda. Brachiopod shell debris is a common

constituent of the Redcliff and Castle Butte Members.

Brachiopod shells are typically disarticulated and frag-

mented. Where this material is rounded, it is commonly

associated with grainstone lithologies. Figure 12 is a

photograph showing brachiopod shells weathering into relief
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at an outcrop. Figure 13 is a photomicrograph of the 
fiberous microstructure of a brachiopod shell in thin- 
section.

Bryozoa. Bryozoans are not an important volumetric 
constituent of the Leadville Limestone in the study area. 
Trace amounts of fenestrate bryozoans were observed in 
numerous thin-sections from the Redcliff and Castle Butte 
Members, but the preservation of these delicate life forms 
has not generally been favored in high-energy environments. 
Nadeau (1971) did not report the occurrence of bryozoans 
along the northern flank of the Sawatch uplift. Conley 
(1964), however, reported bryozoans to be a common constit
uent of the Leadville Limestone in the vicinity of the 
White River uplift, although he did not study them systemat
ically.

Coelenterata. Rugose and tabulate corals are pre
sent in both the Redcliff and Castle Butte Members. Exten
sive recrystallization makes these fossils difficult to ob
serve on freshly broken surfaces. Corals are best observed 
in outcrops of the Leadville Limestone where they weather 
into relief or in thin-section. Rugose corals observed in 
the study area are generally small, ranging in length from 
0.5 to 2.0 inches (1.2 to 5.0 cm.). Figures 14 and 15 are 
photographs showing rugose corals weathering into relief at
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an outcrop and in thin-section, respectively. The largest

rugose corals were observed at Hall' s Gulch, beds 16 and

17, Redcliff Member, section 9 Several genera and species

of solitary rugose corals have been identified from

Devonian and Mississippian strata in central and north-

western Colorado by Bloom ( 1961) .

Syringopora colonies, probably in growth position,

were observed at American Flag Mountain ( bed 10, Redcliff

Member, section 8) and near the top of the Castle Butte Mem-

ber, just west of section 1 at Cement Creek. Figure 16 is

a photograph of syringoporid coral collected from a general-

ly hemispherical colony, approximately 1 foot ( 0. 3 m. ) in

diameter at American Flag Mountain, bed 10, Redcliff Member,

section 8.

Wells ( 195 7) believes Paleozoic rugose and tabulate

corals flourished in warm, well-oxygenated, shallow marine,

lagoonal habits. As with most corals, their environment was

one of slow sedimentation which prevented their being

smothered by sediment.

E chin ode rmat a. Echinoderm debris is present in the

Leadville Limestone in the form of crinoid columnals, calyx

plates, and spines. By far the most important skeletal con-

stituent of the Leadville Limestone in the study area is

echinoderm material. Echinoderm debris ( principally
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crinoid columnals) is present in both the Redcliff and 
Castle Butte Members, but occurs more abundantly in the 
Castle Butte Member. Commonly crinoid columnals are broken 
and rounded (presumably as a result of high energies in the 
depositional environment) where found in limestone cemented 
by sparry calcite. Crinoid material generally is not 
rounded or broken where found in limestones with micritic matrix. 
Echinoid spines and plates are commonly broken in associa
tion with packstone and grainstone lithologies. Figure 17 
is a photomicrograph of a transverse section through an 
echinoid spine.

Paleozoic crinoids are known to have inhabited seas 
as sessile benthonic organisms. Living crinoids have very 
narrow salinity tolerances; probably fossil forms were like
wise controlled (Brower, 1969).

Foramini ferida. Five families of foramini fers are 
common to the Leadville Limestone of the study area. Endo- 
thyridae and Tournayellidae are represented by several 
genera, while Earlandiinae, Parathuramminidae, and Tuber- 
itinidae are represented by one genus each. Foramini fers 
occur in packstones and. grainstones in widely varying 
amounts. Commonly they are uncoated skeletal grains, but 
often may be found forming the nuclei of coated grains. 
Foramini fers are common to both thé Redcliff and Castle
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Butte Members, but quantitatively more foraminifers occur

in the Castle Butte Member.

B. A. Skipp ( 1976, personal communication) was able

to identify the following foraminifers from thin-sections

of samples collected in the study area: Tuberendothyra,

gpinoendothyra, Latiendothyra, Paleospiroplectamiina,

Septabrunsiina, Septaglomospiranella, Septaglomospiranella

primaeva ( Cherneysheva) , Tournaella, Earlandia, Parathur-

ammina, and Eotubertina. The preservation of these micro-

fossils has, no doubt, been favored by the durable nature

of their thick-walled tests. Figure 18 is a photomicro-

graph of a typical foraminifer found in the study area.

Moliusca. Gastropods are by far the most abundant

molluscan fossils encountered in the study area. Typically,

gastropods in the. study area are small and high-spired.

Such gastropods occur in both the Redcliff and Castle Butte

Members, but are more common in the Castle Butte Member.

A large, unidentified low-spired gastropod approximately 1. 5 inches

( 3. 7 cm. ) in diameter was encountered at Cement Creek, bed

12, Castle Butte Member, section 1. Figure 19 is a photo-

micrograph of a small gastropod from Ute Gulch, bed 18,

Redcliff Member, section 5. Johnson ( 1944) and MacKay

( 1953) reported the occurrence of Straparaolus (Euomphalus)

ophirensis ( Hall and Whitfield) , S. ( Euophalus) cf. S.
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( White) and Euomphalus sp. in the Leadville Limestone of

central Colorado.

No samples of pelecypods were observed during this

study. Nadeau ( 1972) collected one pelecypod sample from

the Leadville Limestone and tentatively identified it as

Schizodus diff. £. paleoneiliformis ( Herrick) . Johnson

( 1944) identified this same pelecypod in the Leadville

Limestone. Conley ( 1964) reported that only rarely could

molluscan shell fragments be assigned to a probable pele-

cypod origin.

Porifera. Sponge spicules have tentatively been

identified from only two thin-sections and have been as-

signed to the class Calcispongiae. J. L. Wray ( 1976, per-

sonal communication) concurs with this identification and

points out that the preservation of these delicate life

forms is not favored in agitated environments. Johnson

( 1945) encountered sponge spicules in only three of 350

thin-sections of samples collected from areas near Glenwood

Springs , Colorado. Nadeau ( 1972) and Conley ( 1964) did not

report the occurrence of sponge spicules from the Leadville

Limestone of central and west-central Colorado. Figure 20

is a photomicrograph of the rare sponge spicules observed

in this study.
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Oolites. Oolites are an abundant constituent of the 
Castle Butte Member and commonly form packstones and grain- 
stones in which they are the predominant grain type. Minor 
occurrences of oolites were also observed in the upper por
tion of the Redcliff Member at Mount Tilton (bed 5, section 
7), American Flag Mountain (bed 10, section 8), and Ute 
Gulch (beds 18 and 20, section 5).

Oolites in the study area range in size from fine to 
coarse grained. Typically they are medium to coarse 
grained and have an average size of 0.5 mm. The oolites are 
generally spherical except for those grains having irregular 
nuclei or grains which have been deformed by compaction. 
Commonly, oolites demonstrate well-formed concentric lamin
ations around skeletal grain nuclei. Commonly the nuclei 
have been completely recrystallized to structureless forms. 
The shape of such nuclei is of little help in determining 
their identity since they have almost invariably been rounded 
by current action prior to the formation of the oolites. A 
few of the oolites observed had nuclei which were formed by 
two or more grains bound together before the oolite cortex 
was added. Figure 21 shows oolites typical of the upper 
Castle Butte Member.

Peloids. McKee and Gutshick (1969) developed the 
term "peloid" to embrace all structureless grains composed
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of micrite or microspar, irrespective of their size or mode

of origin. Many peloids are considered to be of fecal

origin. Purdy ( 1963a) and Bathurst ( 1966) suggested that

peloids also originate from the complete replacement of

skeletal particles by micrite as a result of processes

associated with endolithic algae. Bathurst referred to

this process as "micritization” and stated that it was not

a neomorphic process since it did not involve the simul-

taneous growth of new crystals of the same mineral or poly-

morph at the expense of older crystals. Instead, it is a

replacement phenomenon whereby empty bores, vacated by the

borer presumably after death, are filled with micritic

carbonate. Beales ( 1958) has reported that peloids are

common in ancient limestones. The term "peloid" has been

adopted in this study since the precise origin of many such

grains is uncertain, yet it must be possible to refer to

them without implying any particular mode of formation.

Peloids, probably of fecal origin, are typically

elipsoidal, fine grained, and occur predominantly in the

micrite-rich packstones and wackestones of the Redcliff

Member. Evidence of at least incipient micritization of the

constituent grains by micrite is ubiquitous in the Redcliff

and Castle Butte Members. Many grains have developed thick

micrite envelopes where micritization has not been complete.
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shoals, which were probably subaerially exposed. Fragmented

oolites are often associated with the pisolitic intraclasts

and attest to rigorous depositional energies ( fig. 23) .

Conley ( 1964) observed similar features in the Leadville

Limestone in the vicinity of the White River uplift and

labeled such beds as "beachrock. " J. L. Wray ( 1976, per-

sonal communication) has observed similar pisolitic intra-

clasts in Devonian carbonates of western Australia.

Intraclasts of the Castle Butte Member and the upper

portions of the Redcliff Member are composed predominantly

of micrite and demonstrate some degree of rounding ( fig. 24) .

Some intraclasts of the Gilman and lower portions of the

Redcliff Member are thought to have been transported later-

ally only a short distance since the clasts are not rounded.

Beds containing intraclasts in the Redcliff and Gilman Mem-

bers are of short lateral extent and are thought to have

formed as the result of slight agitation of desiccated

sediments in the intertidal zone.

Folk ( 1969) recognized that biogenic structures of

burrowing organisms may also produce similar features. The

most important criteria in the recognition of intraclasts

is the recognition of internal structure and evidence of

abrasion.
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Problematic a. Calcispheres are a common constituent 
of the Leadville Limestone. These forms are of uncertain 
affinity, and have been variously described as extinct 
protozoans, parts of radiolarians, algal spores, algal 
siphons, and calcite fillings of air bubbles in sediments. 
Calcispheres occur commonly in both the Redcliff and 
Castle Butte Members, but are comparatively less abundant 
in grainstone lithologies.

Diagenetic Effects
Cementation. Sparry calcite cement occurs as rim 

cement, intergranular cement, and small vein fillings in 
the Leadville Limestone. These three categories represent 
different cementation events.

Rim cement was first deposited in low pressure areas 
on grain surfaces as a result of intergranuïar solution at 
points of grain contact where high pressures had developed. 
Intergranuïar, or drusy cement, followed the implacement of 
rim cement.

Numerous small fractures filled with sparry calcite 
are present throughout the Leadville Limestone. The cross
cutting nature of their vein-filling cement indicates that 
it is a later generation of cement than the intergranuïar 
cement.
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Cementation features, especially in the Gilman and 
Redcliff Members, are often obscured or obliterated by the 
effects of dolomitization and silicification.

Micritization. Bathurst (1966) proposed the term 
"micritization" for the process whereby carbonate grains 
are bored by endolithic algae, and the emptied bores sub
sequently filled with micritic carbonate. By repeated 
boring followed by vacation of the bore and the filling of 
it with micrite, carbonate grains are gradually and centri
pe tally replaced by micrite. Bathurst (1971) has stated 
that this is not a neomorphic process since the simultaneous 
growth of new crystals of the same mineral or polymorph at 
the expense of older crystals is not involved.

Micritization is widespread, affecting many types of 
grains, and is not entirely a post-depositional process.
Most oolites have been subjected to varying degrees of 
micritization of their concentric fabric. Micritization 
was initiated prior to final deposition by the boring of 
endolithic algae (Ginsberg, 1957? Swinchatt, 1967; Purdy, 
1963a; and Bathurst, 1966). These algae are ubiquitous and 
commonly utilize carbonate grains as a substrate. The ef
fect of this process has been to cause the modification of 
oolites to dense, randomly oriented calcite, similar to that 
of pellets (fig. 38). In addition to oolites, skeletal
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grains commonly exhibit the effects of micritization 
(figs. 22 and 38).

Neomorphism. Folk (1965) proposed the term "neo- 
morphism" to embrace all transformations between one 
mineral and itself or polymorph. The term involves the in 
situ processes of polymorphic transformations and recrystal
lization. This term is valuable because it can be used 
when it is certain a carbonate fabric has been modified in 
situ, but it is not known whether polymorphic transforma
tion or recrystallization or both were involved. Folk 
(1965) also applied the term "aggrading neomorphism" to the 
process whereby a mosaic of finely crystalline carbonate is 
replaced by a coarser mosaic of neomorphic spar. As with 
most ancient limestones, this increase of sparry calcite is 
by far the most dominant indication of neomorphic processes 
in the Leadville Limestone (fig. 39).

The original concentric laminations of most oolites 
have undergone neomorphism to a radial-fibrous fabric 
(figs. 21 and 25). The crystals are radially oriented, 
coarse, clear, and, in some cases, may extend from the 
nucleus to the outer margin of the oolite. Relict concen
tric laminations are usually visible as the result of impuri 
ties or crypto-crystalline calcite.
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The development of syntaxial overgrowths are also a

product of recrystall! zation. In this process, neomorphic

spar or pore-filling sparry cement is added in optical

continuity to the margin of a constituent grain, most

commonly a crinoid fragment ( fig. 41) . Thus a single crystal

of spar may have a dual origin, the older part of it being

cement, the younger part being a neomorphic replacement of

some pre-existing micron-sized fabric.

Molluscan skeletal structures are particularly vul-

nerable to replacement by neomorphic spar calcite due to

their original aragonitic composition. Molluscan shells in

the Leadville are now replaced wholely by a mosaic of

sparry calcite ( fig. 11) . Calcareous algae, particularly

Garwoodia and Girvanella, are also susceptible to neomorph-

ism and invariably consist of neomorphic spar.

The progressive neomorphism of micrite to sparry

calcite is most prevalent in the Redcliff Member. Relicts

of fossil grains can be seen floating in replacement cal-

cite. In other areas, crystal sizes may vary place to place

in a patchy manner.

Intercrystalline boundaries of neomorphic spar are

also curved or wavy. Where neomorphic spar is in contact

with a constituent grain, often the contact is hazy and im-

precise, indicating incipient replacement of the grain.
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Dolomitization. The Leadville Limestone contains two 
distinctly different types of dolomite. The first type is 
an early dolomite formed penecontemporaneously with the 
deposition of the carbonate sediments, The second type is 
a late dolomite formed sometime after final deposition.

Early dolomite is crypto- to microcrystalline and 
preserves abundant evidence of primary sedimentary features 
and early diagenetic features. Stromatolitic textures are 
preserved by early dolomite (fig. 26) and indicate deposi
tion probably took place in an intertidal environment. In 
the Redcliff and Gilman Members, dolomitized stromatolitic 
intraclasts, formed by desiccation, have been t o m  up and 
redeposited in a matrix of early dolomite (fig. 35). In 
the Gilman Member sedimentary breccias of early dolomite 
have been redeposited in sandy dolomite (fig. 34).

The formation of early dolomite in intertidal environ
ments characterized by hypersaline conditions has been dis
cussed by Kinsman (1965), Deffeyes (1964), Behrens and Land 
(1972), Folk and Land (1975), and many others. Dolomite 
formation in such environments is enhanced by alternating 
hypersaline and near-fresh conditions as a result of fresh
water flooding. Flushing marine waters with fresh water 
lowers salinity but maintains a high Mg/Ca ratio. This 
effect slows the high crystallization rate of aragonite and
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Mg-calcite in hypersaline environments, reduces the inter-

fering effect of foreign ions, and allows the precise Ca-Mg

ordering necessary for dolomite formation to take place.

Late dolomite is more coarsely crystalline than the

early dolomite, ranging from fine to coarse crystalline.

Primary and early diagenetic features have been obscured or

obliterated. Relict echinoderm fragments can be observed

in some dolomites ( fig. 27) . Late dolomite may also demon-

strate nodular chert or patchy development of silica ( fig.

20) . In some outcrops, late dolomite can be seen as transi-

tional, laterally and/or vertically, with limestone.

Late dolomite was developed during the period of

emergence which followed the regression of the Mississippian

sea when fresh and marine waters mixed in the subsurface.

This mechanism has been discussed by many authors ( Back and

Hanshaw, 1970? Hanshaw, et al. , 1971? and Land, 1973) and

numerous examples are known where a freshwater lens over-

lies sea water. Near the fresh / marine-water interface is

a zone of brackish water where the waters mix. In this zone

marine waters with a high Mg/C a ratio ( 5: 1) provide a dyna-

mic source of magnesium and mix with calcium-rich fresh

water to form brackish water. In the zone of brackish water

the salinity is drastically reduced, but the Mg/C a ratio re-

mains high ( approx. 1: 1) because the amounts of Ca and Mg
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added by fresh water are very small compared to the large

amounts of these cations present in sea water ( Folk, 1975) .

Dolomiti zation is then able to proceed since the number of

interfering ions is reduced and the high ratio of Mg/Ca

permits the precise Ca-Mg ordering required for the forma-

tion of dolomite to occur. Figure 28 is a schematic cross-

section of central Florida where dolomitisation is occurring

by this mechanism today.

Silicification. Banks ( 1970) has studied extensively

the nature and origin of chert in the Leadville Limestone of

west-central Colorado. In his study, he observed two

generations of chert. One of these is an early chert formed

prior to final burial and lithification of the carbonate;

the other is a late chert formed after or during karst ero-

sion of the formation during Late Mississippian or Early

Pennsylvanian time. The early chert occurs within the Gil-

man Member, while the late chert is found throughout the

Leadville.

Development of chert is not as extensive in the study

area as that reported along the north flank of the Sawatch

uplift ( Banks, 1970; Nadeau, 1972) . However, observations

of chert occurrences in the study area are in agreement with

those of Banks ( 1970) .
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FLORIDA

GULF' OCEAN

H y p e r s a l i n e  w a t e r

Figure 28, Diagrammatic cross-section of subsurface 
waters across central Florida. Arrows 
indicate general directions of water flow. 
Dolomitization occurs in the brackish 
water zone (after Hanshaw, et al., 1971).
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Early chert commonly demonstrates carbonate laminae 
wrapped around chert in a manner indicating differential 
compaction of carbonate mud around hard chert* In addition, 
abraded and angular clasts of chert which occur in inter- 
formational breccias of the Gilman Member indicate that such 
chert formed and was lithified prior to final lithification.

Two distinct varieties of early chert are present in 
the study area. One variety is a black chert which ewes its 
color to inclusions of carbonaceous matter (Banks, 19 70).
The second variety, a gray chert, is common to arenaceous 
dolomites.

Banks (1970) concluded that the dominant source, if 
not the only source, of silica for the early chert was the 
sand contained within the Gilman Member. The replacement of 
sand grains by carbonate (figs. 8, 9, 33, and 34) lends 
sturdy support to this conclusion. Possible sources of bio
genic silica, such as sponges and radiolarians, have not 
been reported from the lower Leadville Limestone.

Experiments by Alexander, et al. (1954), and Kraus- 
kopf (1956) have shown that water with pH greater than 8.5- 
9.0 dissolves much larger quantities of silica than water 
with pH less than 8.5 (fig. 29). This implies that pH 
variations were important in controlling mobilization and 
redistribution of silica.
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The formation of opaline silica has been reported by 
Peterson and von der Borch (1965) in hypersaline lakes 
associated with the Coroong Lagoon in southern Australia. 
Photosynthesis in these lakes can cause the pH to commonly 
reach 1 0 .2 , thus enabling the dissolution of detrital 
silica. If the brine dries on the sediment surface, silica 
may be precipitated at the surface. If the brine sinks be
low the sediment interface, rotting vegetation may cause the 
pH to drop as low as 6.5 and also cause silica to precipi
tate. It is believed that the early chert of the Gilman 
Member and that of the Coroong Share a similar mode of 
origin.

Banks (1970) attributed the color and textural differ
ences between the two types of early chert to their modes of 
origin. He cited the microcrystalline grain size, the in
clusion of carbonaceous material, and relict laminae as 
evidence for the replacement of dolomite by black chert 
(fig. 26) . Gray chert appears to have precipitated only 
where sand grains served as nuclei or loci for silica over
growth .

Late chert in the Leadville was formed by the intro
duction or redistribution of silica after initial lithifi- 
cation of the formation. Most of the late chert in the 
study area is found within the Redcliff and Castle Butte
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Members, with lesser amounts being found in the Gilman 
Member.

Late chert is principally brown in color and consists 
of micro- to cryptocrystalline fracture fillings, chert 
masses (fig. 30), nodules, stringers, and layers which 
commonly cut bedding at low angles. Minute, doubly termin
ated euhedra of quartz also occur in association with late 
cherts. Contacts between limestone and late chert are com
monly diffuse or gradational. Fossils near these contacts 
often show incipient replacement by chert (fig. 31).

Banks (1970) believes that late chert in the Leadville 
Limestone precipitated from natural waters bearing extra- 
formational silica in concentrations of 60 ppm or less. The 
waters then became supersaturated with respect to amorphous 
silica as the result of evaporative concentration. Evapora
tive conditions developed when the formation was later ex
posed to subaerial weathering. During this time the Front 
Range and Uncompahgre highlands were elevated to the north
east and southwest of the study area, while the Central 
Colorado Basin was relatively depressed. In this setting, 
meteoric water entered the formation by direct precipita
tion, surface runoff, and artesian upwelling (fig. 32A). 
Chert-filled fractures indicate the formation was fractured, 
thus allowing atmospheric access to groundwater and
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enabling precipitation by evaporation to occur at the air-water 
interface (fig. 32B). Banks (1970) stated that the presence of these 
chert-filled fractures or "feeders” was the most convincing evi
dence that the chert formed during or after lithification. Waters 
entering the Leadville Limestone from sandstones lying below the 
formation were slightly acidic and caused, the removal of calcite 
which is now replaced by chert.

Maslyn (1977) observed silica-replaced rims of carbonate rock 
12-14 feet thick surrounding paleokarst sinkholes in the Aspen 
area, and suggested that silica may have also been leached from 
the Late Mississippian to Early Pennsylvanian soil overlying the 
Leadville. He reasoned that weakly acid waters might collect in 
sinkholes and be neutralized by the carbonate wall rock, forcing 
exchange of the silica in acid solution for the sinkhole rim 
carbonate, neutralizing the acid in its place. If so, it might 
be that the only paleokarst sinkholes with silicified rims are 
those that contained standing water at the time.
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Description and Lithogenesis

Introduction
In the following section the lithologies comprising 

the individual members of the Leadville Limestone are de
scribed from the base upward, as they appear in the rock 
sequence. The attendant processes responsible for the 
formation of the various lithologies in their depositional 
environments are also discussed in detail. The Gilman Mem
ber is generally not well exposed in the study area and is 
usually seen only in areas of high, rugged topography, where 
the upper portions of the Leadville Limestone have been 
stripped away by erosion. The Castle Butte Member is the 
most exposed and most easily studied member of the Leadville 
Limestone, due to its resistant cliff-forming nature.

Gilman Member
General Description. The base of the Gilman Member is 

formed throughout the study area by a 1 to 3 foot (CL33 to 0.91 
meter) bed of quartz arenite (pl. 1) The sand grains are generally 
medium- to coarse-grained, rounded to well rounded, and are 
cemented by both carbonate and silica. At De adman’s Gulch 
(section 4) , the basal quartz arenite was found to contain 
dolomite up to several percent of the rock by volume. This 
basal sandstone was also found to contain sparse amounts of
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Individual beds within the Gilman Member are lenticu
lar and discontinuous and thus are not correlative from one 
location to another. Even measured sections which are in 
close proximity, the lithologies may show great differences. 
This observation is not unique to the study area since 
similar variations have been described by Tweto (1949) and 
Nadeau (1972).

Depositional Environment. According to several 
workers (Sando, 1967; Bloom, 1961; Tapp, 1961; Behre, 1935), 
the basal lithologies of the Gilman Member are the result 
of a regional transgression of an early Mississippian sea. 
The Gilman Member was deposited dis conformably upon the 
Dyer Formation which had been eroded unevenly. The vertical 
sequence of lithologies contained in the Gilman Member shows a
change in depositional environments through time. This is indicative 
of the affect the positive nature of the Sawatch uplift had on 
deposition and lithologie development in the Gilman Member during 
this period of deposition.

The basal quartz arenite (fig. 33) is thought to 
represent the relatively high-energy deposition of elastics 
along the margin of the transgressing Mississippian sea as 
elastics were shed into the area of deposition. The subse
quent deposition of dolomuds tones, additional quartz aren
ite, arenaceous mudstones, arenaceous carbonate depositional
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breccias (fig. 34), and breccias containing intraclasts of 
disrupted algal mat in a matrix of dolomuds tone (fig. 35) 
indicate that depositional energies vacillated following 
the deposition of the basal sandstone. Dolomudstones in
dicate that depositional energies were low and the local 
occurrence of stromatolitic intraclasts (section 7, bed 2) 
indicate that some of the deposition was intertidal and/or 
supratidal. The confinement of quartz sand to the Gilman Member is 
probably due to the burial of the source of terrigenous detritus 
below sea level as sediments onlapped the source area, which is 
thought to have been the Mississippian (?) Sawatch uplift.

Redcliff Member
General Description. The predominant lithologies of 

the Redcliff Member are stromatolitic bounds tones, mudstones, 
wackestones, and packstones (pis. 1 and 2). Dolomite occurs locally 
and has destroyed the original depositional textures of the 
rocks. The first three lithologies are generally important 
near the base of the unit, while packstones are important 
near the upper portions of the unit. The pore spaces of 
these packstones are now filled with sparry calcite cement. 
The occurrence of dolomite does not show a preference for a 
particular stratigraphie position.
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Tweto ( 1949) stated that the Redcliff Member rests

disconformably on the Gilman Member, as evidenced by

channels and scattered limestone-pebble conglomerates at

the contact. In the study area, however, the contact be-

tween the Gilman and Redcliff Members is conformable.

Conley ( 1964) also observed continuous deposition in the

sandy intervals in the lower Leadville Limestone near the

White River uplift. Apparently, the disconformity is re-

stricted to the northern part of the Sawatch uplift

( Nadeau, 1976, personal communication) . The uppermost bed

of the Gilman Member is everywhere present as either an

arenaceous do1omuds tone or arenaceous carbonate depositional

breccia.

The Redcliff-Castie Butte contact along the north

end of the Sawatch uplift is marked by a poorly developed

disconformity ( Nadeau, 1972) . Nadeau cited the cross

cutting of upper Redcliff beds and widely scattered occur-

rences of limestone-pebble conglomerates at this horizon

as evidence for a disconformity. Masyln ( 1977) has reported

that this horizon is a marked disconformity in the Aspen

region with as much as four feet of scour. In the study

area the Redcliff-Castie Butte contact is easily distin-

guished by the transition from medium-bedded packstones, of

the Redcliff Member, to massively bedded packstones and
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grainstones of the Castle Butte Member (fig. 7). However, 
in the study area, the contact between these two members in 
the study area is clearly not one of disconformity. The 
exposed thickness of the Redcliff Member ranges in the 
study area from 71 to 167 feet (21.6 to 50.8 meters).

The predominant constituent grains of the Redcliff 
Member are peloids and echinodermal debris. Gastropods, 
brachiopods, rugose corals, foraminifers, calcareous algae, 
bryozoa, ostracods, and calcispheres are present in lesser 
numbers. Oolites are sporadically present in packstones 
near the top of the member. At Ute Gulch (section 5) cross
stratification is evident near the base of the Redcliff 
Member, but no sets of cross-strata could be delineated, 
nor could attitudes of cross-strata be determined.

The lithologies found in the Redcliff Member of the 
study area show a pattern of development both vertically and 
laterally (pl. 1). Lithologies which are commonly associ
ated with intertidal or supratidal environments (stromatolitic bound-
stone s) , or quiet, shallow waters (mudstones and wacke- 
stones), are common in the lower portions of the unit.
These lithologies are most developed in the southeastern 
portion of the study area (section 9) , but are virtually ab
sent to the northwest (sections 6 , 7, and 8) . The upper 
portion of the Redcliff Member is characterized by the
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development of packstones which are extensively developed in 
the northwestern portion of the study area (sections 6 , 7, 
and 8), and grade laterally into the mud-supported lithologies 
of the southeast (sections 4 and 9).

Depositional Environment. The stromatolitic textures 
present in the lower portion of the Redcliff Member would indicate 
that deposition took place initially in a supratidal to low-energy 
restricted intertidal environment (fig. 36). Periodically, 
energies were high enough to disrupt dried portions of algal 
mat and form "flat-pebble" breccias. Stromatolitic bounds tones 
in the southeast portion of the study area (pl. 1, section 9, beds 
2, 8, 10, and 13) indicate that a supratidal to low-energy inter
tidal environment was present intermittently. These beds were 
observed to persist laterally in excess of 300 feet (91 meters) 
before being covered. To the northwest (pl. 1, section 4, bed 5; 
section 5, beds 2, 8, and 10), stromatolitic bounds tones are 
less developed, and are absent from sections 6, 7, and 8 
(pl. 1).

As the transgression of the Mississippian sea pro
gressed, the depositional conditions changed to those of a low- 
energy restricted subtidal environment in which the deposits 
were mudstones and wackes tones. These lithologies, like the 
stromatolitic boundstones, are abundant toward the south
eastern portion of the study area (pl. 1, section 9 ,
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beds 1, 3, 5, 6 , 7, 9, 11, 12, and 14) arid are comparatively

less abundant toward the northwest (pl. 1, section 4, beds

6 and 8 ; section 5, beds 5, 6 , and 14) . The data indicate

that depositional energies were lower and that these

low-energy environments persisted longer toward the southeast.

Though conclusive evidence is lacking, the origin of the micritic

material comprising these mud-rich rocks is thought to be similar to

the biologic origin proposed by Lowenstam (1955) for micritic

material deposited in Holocene carbonate mud environments.

Skeletal grains are more abundant in the middle and

upper portions of the Redcliff Member, resulting in the

formation of wackestones and packstones ( fig. 37) . Moder-

ate-energy subtidal environments are indicated by the pack-

stone lithologies present in the upper portion of the member

(pl. 1, section 6 , beds 8 , 9, 11, and 13? section 7, beds 5

and 7? section 5, beds 12, 14, 16, 18, 20, and 21) . Local-

ly, some of these areas experienced low depositional ener-

gies, as indicated by the presence of wackestones inter-

bedded with packstone lithologies.

Oolites occur sporadically in the upper portion of

the Redcliff Member ( fig. 38) . Locally where currents

might have allowed a more rapid influx of oolites, local

accumulations of oolites developed ( fig. 39) . The presence

of oolites in lithologies characteristic of low and
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moderate-energy environments indicates they were probably 
transported from the margins of oolite shoals into more 
protected environments (pl. 1, section 6 , beds 8 and 9; 
section 8 , bed 10; section 5, beds 18 and 20). Purdy 
(1963b) documented the occurrence of oolites in similar 
environments from the Bahama Platform. Many lithologies 
encountered in the upper portion of the Redcliff Member are 
similar to those described by Purdy (1963b) from the 
pellet-mud facies of the Bahama Platform.

The accumulation of packstones is more prevalent in 
the northwestern portion of the study area (pl. 1 , sections 
6 , 7, and 8), indicating that moderate-energy conditions 
developed early and persisted throughout the deposition of 
the Redcliff Member. Similar depositional conditions did 
not develop in the southeast (pl. 1, section 9 , beds 16 and 
17) until much later.

Castle Butte Member
General Description. The Castle Butte Member is 

conformably underlain by the Redcliff Member, and discon- 
formably overlain by the Belden (Pennsylvanian) Formation. 
Pre-Pennsylvanian erosion has removed an undetermined amount 
of upper Leadville Limestone. Paleosolution features may be 
observed at this horizon at certain localities in the study 
area. The exposed thickness of the Castle Butte Member in
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the study area ranges from 130 to 145 feet (39.6 to 44.2 
meters).

The predominant constituent grains in the Castle 
Butte Member are oolites, echinodermal debris, and peloids. 
Present in lesser numbers are: foraminifers, gastropods,
brachiopods, rugose and syringoporid corals, calcareous 
algae, bryozoans, trilobites, ostracods, and calcispheres. 
The constituent grains are commonly well sorted and the 
pore spaces of these rocks are always filled by sparry cal
cite cement. Elongate and tabulate grains, such as crinoid 
fragments and rugose corals, have been transported and are 
ocEnmonly aligned parallel to stratification.

The most typical lithologies of the Castle Butte 
Member are packstones and grainstones, with minor local 
occurrences of wackestones, mudstones, and boundstones. 
Dolomites, in which the original depositional texture of 
the rock has been destroyed, also occur locally in the mem
ber. Generally, peloidal-echinodermal packstones with 
small percentages of micrite are more common to the lower 
portion of the member, while oolitic-skeletal grainstones 
are more common in the upper portion.

Packstones and grainstones show a general pattern 
of vertical change throughout the study area. Packstones
near the base of the member contain small percentages of
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interstitial micrite and constituent grains which show 
little evidence of rounding (pi. 2, sections 1, 2, 3, and 
5) . Interstitial micrite is generally more abundant near 
the base of the member in the Cement Creek area (sections 1, 
2 , and 3) than the Ute Gulch area (section 5) . Generally, 
these packstones grade vertically into grainstones. Micrite 
is absent from these lithologies and the constituent grains 
are commonly rounded. Grainstones near the top of the 
Castle Butte Member in the Cement Creek area contain piso- 
litic intraclasts (pi. 2 , section 1 , bed 18? section 2 , bed 
19; section 3, beds 11 and 12) .

Syringoporid boundstone was encountered in the Cement 
Creek area while examining outcrops near the top of the 
Castle Butte Member, approximately 1/4 mile (0.4 km.) west 
of section 1. At this location, a corallum of syringoporid 
bounds tone approximately two feet (0.6 meters) in diameter 
was found in growth position. Stromatolitic boundstone con
sisting of simple algal mat was encountered at Ute Gulch 
(pi. 2, section 5, bed 33) overlying wackestone.

Depositional Environment. Lithologies present in 
the Castle Butte Member indicate the sequential increase of 
depositional energies as the transgression of the Mississ
ippian sea progressed. The overall depositional energies 
represented in the Castle Butte Member are greater than
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on the sheltered side of reefs, bars, and banks. Packs tones 
of the lower Castle Butte Member may also contain relatively 
large amounts of oolites. In areas of modern carbonate de
position, similar occurrences have been reported from areas 
where lobes of oolitic material have been washed over by 
storms onto micritic mud flats on their protected side.

Oolite-skeletal grainstones are common in the middle 
and upper portions of the Castle Butte Member, and are per
sistent throughout the study area (pi. 2, section 1, bed 17; 
section 2, bed 18; section 3, bed 10; section 5, bed 28). 
Mud-rich lithologies which occur locally beneath this inter
val indicate periods of lower depositional energies existed 
prior to deposition of the grainstones (pi. 2 , section 1 , 
bed 16; section 2, bed 17; section 3, bed 9). These grain- 
stone s indicate the presence of high energies in the de
positional environment. Work by Purdy (1964) on the Bahama 
Bank shows that oolites are common to high-energy environ
ments where strong tidal currents across a typical shoal may 
reach 150 cm. per second. In such an environment, oolites 
are in almost constant motion. The oolites provide a mobile 
substrate upon which ho macroscopic vegetation can grow and 
only rapidly burrowing bivalves can survive. Newell, et al. 
(1960), found that the highest concentrations of oolites on 
the Bahama Bank were at a level of six feet (1.8 meters)
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below the average low-water mark, suggesting that this level 
may signify optimum conditions for ooid growth. Observa
tions of oolite characteristics of the Castle Butte Member 
(fig. 41) are similar to those of the Bahama Bank, and are 
thought to reflect similar environments of deposition. 
Skeletal grains in these lithologies are commonly broken, 
disarticulated, and rounded to some extent. Ginsberg (1956) 
has described environments where these types of grains form 
as occurring characteristically on the seaward sides of 
banks, bars, and reefs. Nadeau (1972) has described such 
grains tones as being confined to the upper portion of the 
Castle Butte Member. These grainstones contain a wide 
variety of skeletal and nonskeletal grains. The lack of 
lime mud and the broken and abraded nature of the particu
late material is conclusive evidence for deposition in a 
high-energy environment. Figure 4.2 (a and b) shows typical 
examples of these grainstones.

Grainstones containing pisolitic intraclasts and 
oolites are present at Cement Creek (section 1, beds 18 and 
19? section 2, bed 19; section 3, beds 11 and 12), near the 
top of the Castle Butte Member, and are indicative of a 
high-energy depositional environment. Many of these grains 
are greater than two millimeters in diameter and are conse
quently referred to as pisolitic intraclasts. They are
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UNIT LITHOLOGY ENVIRONMENT OF 
DEPOSITION

Oolitic-skeletal Shallow sub
grainstones tidal. Oolite 

shoals or near 
oolite shoals. 
(High Energy)

Castle
Butte
Member Peloidal-echinoder Shallow sub

mal packstones tidal. Pro
tected side of 
shoals. (Mod
erate Energy)

Wackestones and Shallow sub
packstones tidal (Low 

Energy)
Redcliff
Member Stromatolitic Intertidal to

boundstones, mud shallow sub
stones, "Flat tidal (Low
Pebble" breccias Energy)

Gilman Carbonate breccia Intertidal to
Member and quartz arenite shallow subtidal 

(Low Energy). 
Clastic sediment;; 
shed from Sawatcl— uplift.____ ___ ___

Figure 44. Generalized vertical sequence of lith
ologies present within the study area 
in relation to their depositional en
vironments .
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of oolites and skeletal grains often underwent fragmenta
tion and rounding, particularly in the upper portion of the 
member.

Depositional History
Stromatolitic boundstones present at the top of the 

Dyer (Devonian) Formation were deposited in an intertidal 
environment as the latest Devonian shoreline regressed 
southwestward (Campbell and Baars, 1964). The Leadville 
Limestone in the study area was deposited disconformably on 
the Dyer (Devonian) Formation. A major break is not evident 
at the base of the Leadville, and there are no fossils to 
conclusively date the deposition of the first sediments of 
the transgressive Mississippian sea. However, it is be
lieved that deposition of the earliest Leadville sediments 
took place in the Kinderhookian.

Initial deposition on top of the disconformity is 
represented by clastic lithologies at the base of the Gil
man Member (fig. 45, pl. 1). This sedimentation took place 
along the margin of the transgressing Mississippian sea.
The source area for these sediments was the Sawatch uplift 
to the east, which was a positive area during early Miss
issippian time (fig. 46). Similarities of roundness and 
sphericities for sand grains of the Gilman Member and the
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sandstones of the underlying Chaffee Group (fig. 47) indicate the 
sand was probably derived from these rocks.

Overlying the basal quartz arenite of the Gilman Member 
are dolcmudstones and carbonate depositional breccias containing 
various amounts of quartz sand, which were deposited in shallow, 
quiet water (fig. 45, pi. 1). The lime mud originally deposited 
in these beds was penecontenporaneously dolcndtized in this en
vironment. An early generation of chert also developed in this 
environment as the result of hypersaline conditions. Individual 
beds within the Gilman Member are difficult to correlate, due to 
their lenticular!ty and discontinous nature (pi. 1).

Samples of endothyrid and toumayellid Forarniniferida 
necessary for the zonation of the leadville limestone are limited. 
However, available data do permit general statements to be made 
concerning time of deposition (tables 2 and 3).

Initial deposition of the Redcliff Member occurred as 
hydrographic conditions changed slightly sonne time during the Early 
Osage. This change, though probably small, was not uniform and 
caused the development of locally higher depositional energies in 
an area otherwise characterized by an extensive low energy envi
ronment. In seme areas (fig. 45, pl. 1, section 9), intertidal 
and quiet, shallow, subtidal conditions persisted for some time. 
This is evidenced by the thick accumulation of stromatolitic 
boundstones, mudstones, and wackestones at the Hall's 
Gulch section. In other areas (fig. 45, pl. 1, sections 4,
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N COLO.

PITKIN CO
0.4/0.7Aspen •

0.4/0.6 (Gilman 
Member)
0.3/0.5 (Devon
ian sandstones)

Mt. Tilton

GUNNISON CO.

Gunnison #

32 km.
20 mi.

Figure 47. Values of roundness and sphericity deter
minations for the Gilman Member and Devon
ian sandstones near Mt. Tilton (this study), 
and Gilman Member near Aspen (Nadeau, 1971) .
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Table 2
Age of Leadville Limestone (Castle Butte Member) 
in study area based on endothyrid and toumayellid 
Forarniniferida.
(Thin-section index: section no.- bed no.- sample no.)

Kinder-
iiook

Lower
Osagean

Middle
Osagean

Upper
Osagean

Castle Butte 
section 1

thin-section
1-17-25
1-17-10
1-17-0
1-8B
1-8A
1-6-10
1-5

X
X
X
X

iiiiii
| X 

X | X 
X I X 
X I
X !
X j

section 2
thin-section

2-18
2-11 X

11
1X « X

x !
section 3

thin-section
3-10-2
3—8—6
3-6
3-2

X
X

111
! x

X J X 
X l
X 1 1

section 5
thin-section

5-28
5-26-9
5-26-6 X

11

1 x
X j X
X 1 1 1 1
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6 1 7, and 8), thinner sections of similar lithologies 
developed. Instead, these sections show the early deposi
tion of packstones, due to the existence of relatively 
deeper water and higher depositional energies. Possibly 
the abundance of mud-rich lithologies to the southeast 
represents the facies change from higher to lower deposi
tional energy environments which might be expected as the 
Sawatch positive area is approached.

Prior to the middle Osagean, transgression had pro
gressed to the point where moderate-energy subtidal environ 
raents were widespread throughout the study area. Abundant 
skeletal debris in the widespread packstones representing 
this period of deposition indicate that marine life was 
abundant in this environment (fig. 45, pl. 1, section 6 , 
beds 9, 10, 11, and 13; section 7, beds 5 and 7; section 8 , 
beds 6 , 7, and 10; section 4, beds 9-13 (?) ; section 5, 
beds 14, 16, 18, 20, and 22; section 9, beds 16 and 17).
At the beginning of the middle Osagean depositional ener
gies were slightly higher. Peloidal-echinodermal pack- 
stones containing low percentages of lime mud and skeletal 
grains showing little evidence of abrasion were deposited 
at the base of the Castle Butte Member (fig. 48, pi. 2).
It is thought that these lithologies represent transitional 
environments existing near the sheltered side of bars.
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Periodically, oolitic material was washed into these areas 
by storm-generated currents. Depositional energies soon 
increased to levels which were optimum for the formation 
of oolites. This resulted in the deposition of oolitic- 
skeletal grainstones which continued well into the middle 
Osage in the Cement Creek area (fig. 48, pi. 2).

Depositional environments changed dramatically, 
probably in the upper-middle Osagean. At. Cement Creek 
(pi. 2, section 1, bed 18? section 2, bed 19? section 3, 
beds 11 and 1 2), beds containing pisolitic intraclasts 
overlay oolitic-skeletal grainstones and show evidence of 
several cycles of erosion, abrasion, and deposition. These 
beds are thought to represent the subaerial exposure of 
partially lithified shoals. These subaerial events are re
flected in low-energy shallow-water deposits at the top of 
section 5 (beds 31 and 33). The changing environments 
represented by these beds indicate at least a local with
drawal of the sea from the area.

Emergence in Late Mississippian time allowed karst erosion 
to take place on the upper Leadville surface as ground water seeped 
and flawed into fractures in the unit. A late generation of dolo
mite and chert developed concurrently during this period of emer
gence. The late dolomite developed following the regression of 
the Mississippian sea as fresh and marine waters mingled in the
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subsurface. The late chert precipitated as groundwater bearing 
extraformational silica became supersaturated with respect to 
amorphous silica due to evaporative concentration along fractures. 
Silicification also took place near Late Mississippian sink holes 
as silica leached from the overlying Late Mississippian to Early 
Pennsylvanian soil was precipiatated in an ion exchange between 
weakly acid groundwater and carbonate wall rock.

The Belden Shale (Pennsylvanian) disconformably overlies the 
Castle Butte Member. In the study area, the contact is characterized 
by the development of karst features, paleosols, conglomeratic 
lenses, and erosional relief on the upper surface of the Leadville. 
The development of a pre-Pennsylvanian carbonate breccia horizon 
on the eroded upper Leadville surface is common throughout central 
Colorado and has been described in detail by Maslyn (1976) for 
the area near Aspen, Colorado.
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Correlation
In Colorado the Gilman Member is correlatable in the surface 

and subsurface from Salida to the White River uplift north of 
Glenwood Springs. The member consists throughout this area of 
variable amounts of sandstone, sandy dolomite, dolomite, breccia 
and chert (fig. 46), and is bounded by irregular upper and lower 
contacts (Rothrock, 1960). In southwestern Colorado clastic sed
iments have not been reported from the base of the Leadville (Baars, 
1968). Clastic sediments at the base of the Mississippian in 
southeastern Colorado are represented by the Misener Sandstone 
(Lopez, 1973).

In the study area, the source area for the clastic sedi
ments contained in the Gilman Member appears to have been the 
Sawatch uplift. However, the regional presence of clastic sed
iments at the base of the Mississippian indicates sediment was 
derived from several source areas. In Colorado, this included 
other positive elements of the Ancestral Rockies, and the trans
continental arch (Maughn, 1963)

In west-central Colorado, the lower Leadville generally 
exhibits development of similar lithologies (fig. 49). The 
abundance of micrite-rich rocks reported by Nadeau (1971) indicate 
that intertidal and low-energy subtidal conditions persisted 
throughout the deposition of the Redcliff Member around the north 
flank of the Sawatch uplift. In the study area, equivalent lith-
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Figure 49. Generalized lithofacies map of the Redcliff 
Member (lower Osagean) and equivalent rocks based on 
surface studies in west-central Colorado. Lithologies 
present in various areas are listed in order of de
creasing abundance. (dm-w = dolomudstone-wackestone; 
sdb = stromatolitic doloboundstone; Ip = lime packstone; 
olg = oolitic lime grainstone)
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ologies indicate that similar conditions were present initially, 
but moderate-energy environments later developed during deposition 
of the upper portion of the Redcliff Member. Lithologies repre
sentative of lew depositional energies are also characteristic of 
the lower Leadville Limestone in the vicinity of the White River 
uplift (Conley, 1964), but the local occurrence of oolitic grain
stones indicate that higher depositional energies developed earlier 
in this area. Lithologie correlation shows the Redcliff Member 
to be equivalent to the dolomite sequence in the lower Leadville 
Limestone of southwestern Colorado (Nadeau, 1971). In southeastern 
Colorado, the Redcliff Member is probably equivalent to the Gilmore 
City Formation (Lopez, 1973),

Lithologies present in the upper Leadville Limestone are 
quite similar throughout west-central Colorado (fig. 50). The 
abundance of oolite-rich packstones and grainstones reported by 
Conley (1964), Nadeau (1971), and in this study indicate moderate 
to high depositional energies existed throughout the deposition of 
the Castle Butte Member. These same lithologies are well developed 
in the upper Leadville of southwestern Colrado (Baars, 1968). In 
southeastern Colorado, the Castle Butte Member is equivalent to 
the St. Joe Formation (Lopez, 1973),
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CONCLUSIONS

Lithologie differences within the Leadville Limestone 
allow the subdivision of the formation into three members. 
The lowermost was named the Gilman Member by Tweto (1949). 
The Redcliff and Castle Butte Members overlay the Gilman 
Member, respectively, and were named by Nadeau (1972).

The Gilman Member is composed of quartz arenite, 
arenaceous mudstones and carbonate depositional breccias,
”flat pebble" breccias containing intraclasts of disrupted 
algal mat, and mudstones. The basal quartz arenite repre
sents deposition of elastics along the margin of the trans
gressing Mississippian sea. The depositional environment 
subsequently vacillated between one of intertidal and shal
low subtidal deposition which was subjected to periodic in
fluxes of quartz sand and carbonate breccia. The presence 
of abundant lime-mud indicates that depositional energies 
were low, and stromatolitic intraclasts signify periodic 
subaerial exposure.

Roundness and sphericity determinations of quartz 
grains contained within the Gilman Member, and their simi
larity to values obtained for underlying Devonian sandstones, 
suggest that these sandstones were the source of the sand in 
the study area.
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higher depositional energies, as evidenced by the frequent 
fragmentation and rounding of constituent grains and the 
absence of lime-mud. The presence of these lithologies is 
thought to represent the further transgression of the 
Mississippian sea. A small amount of stromatolitic bound- 
stone present at the top of one of the measured sections 
was deposited in an intertidal to subtidal environment, and 
could serve to indicate initial regression of the Mississ
ippian sea from the area.

Age dates based on the occurrence of endothyrid and 
tournayellid foraminifers indicate that the Castle Butte 
Member is Middle to Upper Osagean.

The vertical sequence of carbonate lithologies pre
sent in the Leadville Limestone is similar to the model for 
a transgressive sequence proposed by Laporte (1969) .

Dolomite present in the study area is of two types. 
The first type was formed pen e con tempo r ane ous ly with the 
carbonate sediments in a schizohaline environment. The 
second type is a late dolomite which formed sometime after 
final deposition of the formation, as a result of the 
mixing of ground and connate waters.

Two distinct types of chert occur in the study area. 
The first type is an early chert and formed prior to final 
burial and lithification of the carbonate. Early chert may
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be a black variety found in association with early dolo
mites , or a gray variety found in arenaceous dolomites.
The source of silica for the early chert was probably the 
quartz sand within the Gilman Member. Early chert commonly 
occurs in association with primary depositional features.
The second type of chert is a late chert which formed by the 
introduction or redistribution of silica after initial 
lithification of the formation.

Correlation of the Leadville Limestone and equivalent for
mations throughout Colorado show little variation in lithôlogy or 
infered depositional environment. This widespread development of 
similar lithologies is consistent with a pattern of regional car
bonate deposition in a shallow epeiric sea.





Feet
(Meters)

Oolitic-skeletal packstone-grainstone: 30.0
Dark gray, massive bedded, medium to coarse (9.1)
grained. Oolites 20%, echinoderms 10%, 
peloids 5-10%, foraminifers 5-10% (Septaglomo- 
spiranella, Sep tab run s i in a, Earlandia, Tuber- 
endothyra, Latlëndothyra7“Spinoendothyra, Cal- 
cisphaera), calcareous algae 5% (Kamaenâ, Gir- 
yanella, Stacheia), ostracods 3%, brachiopods 
2%". Isolated rugose corals in outcrop. Many 
grains show evidence of rounding. No porosity.

Echinodermal-peloidal packstone: Dark gray 10.5
to grayish black, massive bedded, medium to (3.2)
coarse grained. Echinoderms 20%, peloids 10%, 
calcareous algae 5-10% (Kamaena, Stacheia), 
foraminifers 5% (Tuberendothyra, L a tiendothy ra, 
Earlandia common; lesser amounts of Septaglomo- 
spiranella, Sep tab runs i in a; and abundant Calci- 
sphaera), oolites 5%, brachiopods 5%, fenestrate 
bryozoans 3%, ostracods 3%. Isolated rugose 
corals in outcrop. Grains show little or no 
rounding. No porosity.

Crystalline dolomite-fossiliferous dolopack- 3.5 
stone: Brown, medium bedded, medium to coarse(1.1)
grained. This bed is largely crystalline dolo
mite which owes its color to the weathering of 
disseminated fine grained pyrite. Rare samples 
show an obscured depositional texture which is 
thought to be that of a packstone. Fossil 
material is not identifiable except for relict 
echinodermal matter (2 %). Blocky weathering 
habit causes this bed to be a nich former.

Peloidal-echinodermal packstone: Brown to 0.8
brownish gray, medium bedded, medium grained. (0.24) 
Much like above unit but the packstone tex
ture is much clearer. Peloids and echino
dermal grains (crinoids). Slightly dolomitic 
near upper and lower contacts.
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Bed

13.

12.

11.

10.

9.

8.

Feet
(Meters)

Crystalline dolomite : Light brown, medium 2.0
bedded, fine to medium grained. Depositional (0.6) 
te xture de s troye d.

Echinodermal-peloidal packstone: Light to 3.8
medium gray, medium bedded, medium grained. (1 .2)
Echinodermal matter 25%, peloids 15%, for
aminifers 1%, gastropods 1%, trace occur
rences of brachiopods and bryozoans. One 
(4-5 cm.) low-spiral gastropod found near base. 
Minute, doubly terminated euhedra of quartz 
have developed by replacement. Trace amounts 
of weathered fine grained pyrite. Secondary 
intergranular solution porosity 1%.

Crystalline dolomite: Light brown to brown, 19.5
massive bedded, medium grained. Depositional (5.9) 
texture destroyed. Color from limonite 
staining. Intercrystalline porosity 1%.

Peloidal-echinodermal packstone: Medium,
gray, massive bedded, medium grained. 
Peloids, echinodermal matter (crinoids), 
minor oolites and foraminifers.

Covered

Oolitic-peloidal-echinodermal packstone- 
grains tone: Medium gray, massive bedded, 
medium to coarse grained. Oolites 10%, 
peloids 10-15%, echinodermal grains 10-15%, 
calcareous algae 5-10% (Kamaena, Stacheia), 
foraminifers 5-10% (Septaglomospiranella, Lati- 
endothyra, Tuberendothyra, Septabrunsi m a , 
Earlandia, S^noendothyra, PaleospTroplectaminna) , 
gastropods 5%, ostracods 1%7 intraclasts 1%, *
trace amounts of trilobites and bryozoans.
Rugose corals, crinoids, and brachiopods 
weather into relief at outcrop. No porosity.

18.0
(5.5)

4.0(1.2)

20.5
(6.25)
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Bed

7.

6.

5.

4.

3.

2.

1.

Feet
(Meters)

Crystalline dolomite: Brown, medium bedded, 1.5
medium to coarse grained. Limonite staining (0.46) 
from weathered fine grained pyrite. Cube 
shaped molds present where pyrite euhedra 
have weathered out. Distinctive blocky wea
thering habit makes this bed a nich former.

Crystalline dolomite: Brown, massive bedded, 7.8
medium to coarse grained. Limonite stain- {2.4)
ing after weathered pyrite. Much like above 
unit except for more resistant nature. Inter
crystalline porosity approximately 1%.

Peloidal-echinodermal packstone: Light to 2.0
medium gray, medium bedded, fine to medium (0 .6 )
grained. Peloids 40%, echinodermal matter 
15%, rugose coral 5%, calcareous algae 3% 
(Pseudokamaena), foraminifers 1% (Septaglomo
spiranella, Tuberendothyra, Calaisphaera).
Many grains Have been micritized. No porosity.

Crystalline dolomite: Brownish gray, medium 2.3
bedded, medium to coarse grained. Limonite (0.7) 
produced from weathered pyrite gives brown 
color to this unit.

Fossiliferous packstone: Light to medium gray,0.5
thin bedded, medium grained. Fossils not (0.15)
identifiable.

Covered 4.5
(1.4)

Peloidal-skeletal packstone: Light to med- 5.7
ium gray, medium bedded, fine to medium (1 .7 3)
grained. Peloids, brachiopods, crinoids, 
and undifferentiated shell fragments.
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Bed Feet
(Meters)

Total exposed thickness Castle Butte Member 143,0
(43.6)

Base covered

Section 2

Location: Section 2 was measured along the east side of
the gulch 0.9 miles (1.45 km.) ENE of section 
1, 1/4 mile (0.4 km.) from the Cement Creek 
Road (NE 1/4, sec. 23, T. 14 S., R. 85 W.), 
in Gunnison County, Colorado.

Bed Feet
(Meters)

Belden Shale (Pennsylvanian)
Shale: Dark gray, thin bedded, fine grained.
— Disconformity—
Leadville Limestone (Mississippian)
(Castle Butte Member)

19. Intraclastic-oolitic grainstone: Pisolitic 10.0
intraclasts and oolites 30%, peloids 10%, (3.0)
ostracods 2%, gastropods 1%, trace amounts 
of foraminifers and undifferentiated shell 
fragments. Limonitic along small factures. 
Secondary intergranular solution porosity 1%.
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Bed

18.

17.

16.

15.

14.

13.

Feet
(Meters)

Oolitic-skeletal packstone-grainstone : 36.0
Medium gray, massive bedded, medium to (11.0)
coarse grained. Oolites 10%, foraminifers 
5-10% (Spinoendothyra, Tuberendothyra,
Latien dothyr a), brachiopods 10%, calcareous 
algae 5% (Kamaena), echinodermal matter 5%, 
peloids 5-10%, undifferentiated shell matter 
5%, trace amounts of ostracods. Isolated 
rugose corals weather into relief at out
crop. No porosity.

Mudstone: Dark gray to black, thin bedded,
fine grained. No fossils. No porosity.

Limy crystalline dolomite: Brown, massive
bedded, fine to medium grained. Limonite 
staining from weathering of pyrite. Inter- 
crystalline porosity approximately 1%.

Oolitic-peloidal packstone-grainstone: Med- 21.1
ium gray to dark gray, massive bedded, fine (6.4) 
to medium grained. Predominantly oolites and 
peloids. Lesser amounts of brachiopods, 
endothyrid foraminifers, and rugose corals.
Skeletal grains show signs of fragmentation 
and abrasion. No porosity.

Crystalline dolomite: Brown, medium bedded, 1.2
fine to medium grained. Locally limy. Color (0.37) 
is the result of limonite staining.

Skeletal packstone-wackestone: Dark gray to 1.2 
black, medium bedded, fine to medium grained. (0 .37) 
Crinoids, peloids, brachiopods, rugose corals,
No porosity.

0.2
(0.06)

1.8
(0.55)



Feet
(Meters)

Crystalline dolomite : Brown, medium bedded, 1.6
fine grained. Upper and lower contacts (0.49)
undulatory. Weathers blocky, nich former.
Color is the result of limonite staining. 
Intercrystalline porosity 1%.

Oolitic-peloidal packstone-grainstone: Dark 7.5
gray, massive bedded, medium grained. Oolites(2.3) 
20%, peloids 15%, echinodermal matter 5%, 
foraminifers 2% (Latiendothyra, Tuberendothyra, 
Tournayella, Sep tab run s i ina), coral fragments 
T% (rugose) , brachiopods 1%, ostracods 1%, cal
careous algae 1%. Brachiopods, rugose corals, 
and crinoids weather into relief at outcrop.
Little micrite. No porosity.

Crystalline dolomite: Brown, massive bedded,
medium grained. Color is due to limonite 
staining. Intercrystalline porosity 1%.

Peloidal packstone: Dark gray to black,
medium bedded, fine to medium grained. 
Peloids, oolites, brachiopods. No porosity.

Dolomitic packstone: Dark gray to brownish
gray, medium bedded, fine to medium grained. 
Constituent grains difficult to distinguish, 
but crinoids and peloids can be seen in small 
amounts. Local occurrence of small nodules 
of dark gray chert near top. No porosity.

Peloidal-skeletal wackestone-packs tone : Med
ium gray to brownish gray, medium bedded, 
fine to medium grained. Peloids, crinoids, 
and brachiopods. Small, discontinuous bed of 
brownish gray chert 2.1 feet (0.64 meters) from 
base of unit. Larger bed of nodular chert 
4.0 feet (1.22 meters) from base of unit. No 
porosity.

4.2
(1.28)

1.9
(0.58)

2.4
(0.73)

6.4
(1.96)
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Bed

6.

5.

4.

3.

2.

126

Feet
(Meters)

Limy crystalline dolomite: Brown to brown- 3.1
ish gray, medium bedded, fine to medium (0.95)
grained. Relict echinodermal fragments 5%.
Blocky weathering habit, nich former.
Limonite staining from weathered pyrite.
Vuggy and intercrystalline porosity less 
than 1%.

Echinodermal packstone: Medium to dark gray, 2.4
medium bedded, medium grained. Relict cri- (0.73) 
noids and echinodermal plates and spines 2 0%, 
brachiopods 5%, peloids 5%, and trace amounts 
of gastropods. Recrystallization obscures 
grains and textures.

Crystalline dolomite: Brown, massive bedded, 11.0
medium grained. Color is the result of li- (3.35) 
monite staining. Intercrystalline porosity 
1%.

Oolitic-echinodermal packstone: Light to med- 9.4
ium gray, massive bedded, medium grained. (2.87)
Relict oolites 20%, relict echinodermal matter 
10%, peloids 10%, undifferentiated shell matter 
1%. Interstices may show replacement by chert.
No porosity.

Crystalline dolomite: Brown, massive bedded, 13.2
medium grained. Trace amounts of relict (4.02)
echinodermal fragments. Vuggy and inter
crystalline porosity 3-5%.

Oolitic-echinodermal-peloidal packstone: Med- 7.5
ium gray, massive bedded, medium to coarse (2.28) 
grained. Relict oolites 20%, relict echi
nodermal matter 15%, peloids 15%, undiffer
entiated shell matter 1%. Recrystallization 
makes identification grains difficult. Sec
ondary intergranular solution porosity 1%.
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Bed Feet
(Meters)

Total exposed thickness Castle Butte Member 142.1
(43.33)

Base Covered

Section 3

Location: Section 3 was measured near the head of the
gulch (NE 1/4, sec. 25, T. 14 S., R. 85 W.), 
approximately 1 mile (1.61 km.) from the 
Cement Creek Road, in Gunnison County, 
Colorado.

Bed Feet
(Meters)

Belden Shale (Pennsylvanian)
Shale: Dark gray, thin bedded, fine grained.
— Disconformity—
Leadville Limestone (Mississippian)
(Castle Butte Member)

13. Peloidal packstone: Light to medium gray, 11.1
medium bedded, medium grained. Peloids 50%, (3.38)
oolites 4%, foraminifers 1%, and trace 
amounts of ostracods. Oolites may demon
strate a wide range in size and distribution.
Shell matter has been abraded. Secondary inter
granular solution porosity 1%.
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Bed

12.

11.

10.

9.

8.

Feet
(Meters)

Intraclas tic-oolitic grainstone: Medium gray, 4.5
medium bedded, medium to coarse grained. (1.37)
Pisolitic intraclasts and oolites 35%, pel
oids 2 0%, variable amounts of abraded shell 
matter. Trace amounts of disseminated wea
thered pyrite. Secondary intergranular solu
tion porosity less than 1%.

Intraclastic-oolitic packstone: Light gray, 4.5
medium bedded, fine to medium grained. (1.37)
Pisolitic intraclasts and oolites 35%, pel
oids 2 0%, intraclasts of oolitic lime-mud 1%.
Trace amounts of disseminated weathered pyrite.
No porosity.

Peloidal-skeletal packstone: Dark gray, mas- 28.5
sive bedded, medium grained. Peloids 15%, (8.7)
foraminifers 10% (Latiendothyra, Paleospiro- 
plectaminna, Septaglomospiranella, Septabrunsiina, 
Spinoendothyra, Calcisphaera), rugose coral 10%, 
echinodermal matter 5-10%, bryozoans 3-5%, brach
iopods 3-5%, calcareous algae 3-5% (Stacheia, Kam
aena) , and trace amounts of ostracods, trilobites, 
gastropods and possibly sponge spicules. No por
osity.

Skeletal wacke stone: Dark gray to black, mas-10.0 
sive bedded, fine to medium grained. Cri- (3.05) 
noids, brachiopods, rugose corals, and high- 
spiral gastropods. No porosity.

Peloidal-echinodermal packstone: Medium gray,22.0
massive bedded, fine to medium grained. (6.27)
Peloids 25%, echinodermal matter 20%, brach
iopods 1%, calcareous algae 1% (Kamaena), 
foraminifera 1% (Septaglomospiranella, Tuber
endothyra, Latiendothyra, Spinoendothyra,
Earlandia, S ep tab runs i ina), and min or amo un ts 
of ostracods, rugose corals and undifferen
tiated shell matter. No porosity.
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Bed

7.

6.

5.

4.

3.

2 .

129

Feet
(Meters)

Skeletal packstone: Light to medium gray, 5.0
medium bedded, medium to coarse grained.
Crinoids, brachiopods, foraminifers, pel
oids. No porosity.

Oolitic-peloidal-echinodermal packstone: 10.0
Medium gray, medium bedded, medium grained. (3.0)
Oolites 30%, peloids 15%, echinodermal matter 
10-15%, brachiopods 1%, calcareous algae 1% 
(Kamaena), trilobites 1%, and trace amounts 
of ostracods and foraminifers (Latiendothyra, 
Tuberendothyra, Spinoendothyra, Earlandia).

Peloidal-echinodermal packstone: Light to 10.0
medium gray, medium bedded, medium grained. (3.0) 
Crinoids, peloids, brachiopods, foramin
ifers. No porosity.

Covered 4 .6
(1.4)

Peloidal-echinodermal packstone: Light to 4.2
medium gray, medium bedded, medium grained. (1.28)
Peloids, crinoids, brachiopods, foraminifers, 
rugose corals. No porosity.

Oolitic-peloidal packstone-grainstone: Med- 12.2
ium gray, massive bedded, medium grained. (3.71)
Oolites 35%, peloids 10%, echinodermal matter 
5%, foraminifers 1% (Latiendothyra, Tuberendothyra) 
calcareous algae 1% (Kameanaj, and minor amoun ts 
of bryozoa, trilobites, ostracods, and brach
iopods. No porosity.

Peloidal-echinodermal packstone: Medium gray, 4.2
massive bedded, medium grained. Peloids 15%, (1.2 8) 
echinodermal matter 15%, intraclasts 5%,
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Bed Feet
(Meters)

ostracods 3%, brachiopods 2%, bryozoa 1%, and 
minor amounts of gastropods and calcareous 
algae. Highly recrystallized. Possibly bio- 
turbated. No porosity.

Total exposed thickness Castle Butte Member 129.6
(39.51)

Base covered

Section 4

Location: Section 4 was measured near the top of the
ridge on the north side of Deadman’s Gulch, 
approximately 0.75 miles (1.2 km.) up the 
gulch from the confluence of Deadman*s Creek 
and Spring Creek (NE 1/4, sec. 2 3, T. 14 S., 
R. 84 W.) in Gunnison County, Colorado.

Bed Feet
(Meters)

Top of Exposure
Leadville Limestone (Mississippian) 
(Redcliff Member)

13. Crystalline dolomite: Gray to brownish 4 4.0
gray, massive bedded, coarse grained. (13.4)
Sucrose texture. Conspicuous rhombs of 
coarse grained dolomite. Interstices have 
been replaced by silica. Intercrystalline 
porosity less than 1%.
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Bed Feet
(Meters)

Total thickness Gilman Member 22.5(6.86)

Total exposed thickness Leadville Limestone 104.1

— Di s con formity—
Dyer Formation (Devonian)
Dolomudstone-stromatolitic doloboundstone : 
Brownish gray to dark gray, thin to medium 
bedded, fine grained.

Location: Section 5 was measured along the north side
of Ute Gulch, approximately one mile (1.6 km.) 
from the confluence with Spring Creek, (SE 1/4, 
sec. 13, T. 14 S., R. 83 W.) in Gunnison 
County, Colorado.

Belden Shale (Pennsylvanian)
Shale: Dark gray, thin bedded, fine grained.
Slightly silicified.
— Disconformity—
Leadville Limestone Mississippian)

(31.73)

Section 5

Bed Feet
(Meters)

(Castle Butte Member)
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Bed Feet
(Meters)

26. Oolitic-peloidal-echinodermal packstone- 49.5
grainstone: Medium to dark gray, massive (15.09)
bedded, medium to coarse grained. Oolites 
10-30%, peloids 10-30%, echinodermal matter 
10-20%, foraminifers 5% (Septagiomospranella,
S ep tab run s i in a, Spinoendothyra, Latiendothyra, 
Tuberendothyra, Earlandia, CaTcisphaera), cai- 
careous algae 3-5% ̂ (Girvanella, kamaena), 
brachiopods 3-5%, gastropods 3-5%, ostracods 
3%, rugose corals 3-5%, and trace amounts of 
bryozoans and intraclasts. Percentage of 
major constituents is variable throughout 
unit. No porosity.

Total thickness Castle Butte Member 145.4
(44.33)

(Redcliff Member)
25. Limy crystalline dolomite: Gray, medium 3.0

bedded, medium to fine grained. Local 
development of small nodules of dark gray 
chert near top of bed. This unit has a 
blocky weathering habit which causes it to 
be a nich former.

24. Wackestone: Dark gray to black, medium 3.1
bedded. Peloids 15%, echinodermal matter (0.95)
(crinoids) 10%, ostracods 5%, intraclasts 
1%. No porosity.

23. Limy dolomite : Dark gray to black, massive 7.1
bedded, medium grained. Sucrose texture, (2.7)
highly recrystallized. Minor intercrys
talline porosity.

22. Peloidal-skeletal packstone: Dark gray to 1.6
black, medium bedded, medium grained. (0.49)
Peloids, crinoids and brachiopods.
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Bed

21.

20.

19.

18.

17.

16.

136

Feet
(Meters)

Limy dolomite : Dark gray to black, medium 1.5
bedded, medium grained. Sucrose texture. (0.46)
Minor intercrystalline porosity.

Oolitic-echinodermal packstone: Dark gray 1.5
to black, medium bedded, medium grained. (0.46)
Oolites 30%, echinoderms. 10-15%, rugose 
corals 5%, peloids 5%, bryozans 2%, ostra
cods 1%, and minor amounts of foraminifers 
(Eo tube ri tin a, Latiendothyra, Tube rendothyra), 
andcalcareous algae (Stacheia). No porosity.

Crystalline dolomite : Dark gray to black, 1.5
medium bedded, medium grained. Sucrose (0.46)
texture. Minor intercrystalline porosity.

Oolitic-peloidal-echinodermal packstone: 2.6
Dark gray to black, medium bedded, medium (0.79)
grained. Oolites 20%, peloids 20%, echi
nodermal matter 10-15%, brachiopods 3%, 
ostracods 1%, and trace amounts of foramin
ifers (Septaglomospiranella, Tuberendothyra, 
Parathurammina, Earlandia,""Latiendothyra)! and 
calcareous algae (Kamaena^) . Rugose corals 
weathering into relief at outcrop. No porosity.

Dolomitic crystalline limestone: Dark gray 3.3
to black, medium bedded, medium to coarse (1.0)
grained. Sucrose texture. No porosity.

Peloidal-echinodermal packstone: Dark gray 10.5
to black, massive bedded, fine to medium (3.2)
grained. Peloids 25%, echinodermal matter 
15%, brachiopods 10%, rugose coral 3-5%, 
foraminifers 1% (Tube ren dothyra, Spinoendo
thyra ?, Septaglomospiranella prime va ?, 
Septaglomospiranella, Caicisphaera)! and trace 
amounts of calcareous algae and intraclasts.
Minor secondary solution intergranular porosity.
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Bed

15.

14.

13.

12.

11.

10.

9.

Limy crystalline dolomite: Dark gray to
black, medium bedded, medium to coarse 
grained. Sucrose texture. Minor inter
crystalline porosity.

Skeletal packstone: Dark gray to black,
massive bedded, fine to medium grained. 
Recrystallization makes identification of 
biotic constituents difficult. Peloids, 
crinoids, and brachiopods. No porosity.
Limy crystalline dolomite: Dark gray to
black, massive bedded, medium to coarse 
grained. Pyritic.

Packstone-wackestone: Dark gray to black,
massive bedded, medium to coarse grained. 
Peloids, crinoids, intraclasts. Evidence 
of cross-bedding. No sets of cross-strata 
could be delineated nor current directions 
determined. No porosity.

Crystalline dolomite: Dark gray to black,
medium bedded, medium to coarse grained. 
Sucrose texture. Minor intercrystalline 
porosity.

Crystalline dolomite to stromatolitic dolo- 
boundstone: Dark gray to black, thin bedded
fine grained. Laminated appearance. Minor 
intraclasts. Relict fenestra. No porosity.

Skeletal dolowackestone: Black, medium 
bedded, fine grained. Crinoids, brach
iopods, and rugose corals weathering into 
relief at outcrop.

Feet
(Meters)

2.3
(0.70)

7.5
(2.28)

39.4(12.0)

10.0
(3.0)

6.0
(1.83)

6.8 
, (2.07)

3.2
(0.97)
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Bed Feet
(Meters)

1. Rhyolitic quartz latite porphyry: Tertiary
intrusive sill containing disseminated 
euhedra of pyrite. Large blocks of Leadville 
are contained within the intrusive as a re
sult of stoping.

Total exposed thickness Redcliff Member 144.5
(44.06)

Total exposed thickness Leadville Limestone 289.9
(88.39)

Base covered

Section 6

Location : Section 6 was measured near the summit,
the northeast side of Mount Tilton (NW 1/4, 
sec. 34, T. 12 S., R. 84 W. ) , in Gunnison 
County, Colorado.

Bed Feet
(Meters)

Top of Exposure
Leadville Limestone (Mississippian)
(Redcliff Member)
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Bed

13.

12.

11.

10.

9.

Peloidal-echinodermal packstone: Dark gray 
to black, massive bedded, medium grained. 
Peloids 30%, echinodermal matter 20%, 
brachiopods 5%, foraminifers 1% (Tuber- 
endothyra ?, Earlandia), calcareous algae, 
rugose corals and ostracods. No porosity..

Limy crystalline dolomite: Dark gray, med
ium bedded, fine to medium grained. No por 
osity.

Skeletal packstone : Dark gray, massive 
bedded, medium grained. Peloids, brach
iopods, crinoids, and rugose corals. No 
porosity.

Dolomudstone-dolowaekestone: Dark gray to
black, thin bedded, fine to medium grained. 
Laminated appearance. Sucrose texture.
No porosity.

Peloidal-echinodermal packstone: Dark gray 
to black, fine to medium grained. Peloids 
20%, echinodermal matter 20%, brachiopods 
5%, relict oolites 5%, gastropods 3%, for
aminifers 1% (Tuberendothyra, Septoglomo- 
spiranella), and calcareousalgae (Kamaena) 
and rugose corals. Many grains have been 
micritized. No porosity.

Oolitic-echinodermal-peloidal packstone : 
Oolites 15-20%, echinodermal matter 20%, 
peloids 10-15%, foraminifers (Septaglomo- 
spiranella, Septag1omospirane11a primeva, 
Tuberendothyra, Calcisphaera), and minor 
amounts of bryozoans and calcareous algae. 
Rugose corals weathering into relief at out 
crop. No porosity.

Feet
(Meters)

12.0
(3.66)

3.0
(0.92)

24.0
(7.32)

2.4
(0.73)

2.4
(0.76)

2.4
(0.73)
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Bed

7.

6.

5.

141

Feet
(Meters)

Dolomudstone-dolowackestone: Dark gray 4.8
to black, thin bedded, fine to medium (1.46)
grained. Laminated appearance.

Intraclastic dolomitic wackestone-packstone- 48.5
crystalline dolomite: Dark gray to black, (14.8)
thin to medium bedded, fine to medium 
grained. Minor peloids, intraclasts, and 
crinoids. Sporadic occurrences of medium 
to coarse-grained subrounded to rounded 
sand near base of unit. Small chert nodules 
19 feet (5.8 m.) from base. Most of the 
primary depositional texture has been de
stroyed. Crystalline dolomite is the pre
dominant lithology. Poorly exposed inter
val.

Total exposed thickness Redcliff Member 99.5
(30.34)

(Gilman Member)
Intraclastic dolomuds tone: Gray to black, 7.1
massive bedded, fine to coarse grained. (2.16)
Gray to brownish gray fine-grained dolo
muds tone and arenaceous limy dolomuds tone 
in a matrix of arenaceous, black, fine
grained dolomuds tone. Quartz sand is medium- 
to coarse-grained and subrounded to rounded. 
Discontinuous bed of gray chert 0.3 feet thick 
(0.09 meters) 4.4 feet (1.34 meters) from base 
of unit. Sporadic occurrences of gray "sand 
chert" throughout interval.

Arenaceous stromatolitic doloboundstone: 0.3
Brown, thin bedded, fine to coarse grained. (0.09)
Doloboundstone is well laminated and non- 
fossiliferous. Quartz sand (3%) ranges from 
fine to coarse grained. Finer grains are 
largely subrounded, while coarser grains are



Feet
(Meters)

rounded to well rounded. At outcrop laminae 
are wrapped around ± 3-5 cm. fragments of 
gray chert. No porosity.

Quartz arenite : Brown, medium bedded, medium 1.6 
to coarse grained. Smaller grains subrounded,(0.49) 
larger grains rounded. Overall sorting is 
moderate. Dolomite cement is present to 
several percent. No porosity.

Arenaceous intraclastic dolomudstone : Brown 3.5
to black, massive bedded, fine to coarse (1.06)
grained. Angular fragments <1-2 cm.) of 
arenaceous, black dolomudstone in a matrix 
of arenaceous, brown dolomudstone. Approxi
mately 25% sand and 25% breccia. Finer grains 
of quartz sand are subrounded, coarser grains 
are rounded. No porosity.

Quartz arenite: Brown, medium bedded, medium 1.3 
to coarse grained. Smaller grains subrounded,(0.4) 
coarser grains rounded. Overall sorting is 
moderate. Dolomite cement is present to 
several percent. No porosity.

Total thickness Gilman Member 13.8
(4.21)

Total exposed thickness Leadville Limestone 113.3
(34.54)

— Disconformity—
Dyer Formation (Devonian)
Dolomudstone-stromatolitic doloboundstone: 
Brownish gray to dark gray, thin to medium 
bedded, fine grained.
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Section 7

Location: Section 7 was measured approximately 0.75 miles
(1.2 km.) south of section 6 in the steeply 
dipping strata south of Mount Tilton (SE 1/4, 
sec. 34, T. 12 S., R. 84 W.), in Gunnison 
County, Colorado.

Bed Feet
(Meters)

Top of Exposure
Leadvilie Limestone (Mississippian) 
(Redcliff Member)

7. Peloidal-sekeletal packstone : Dark gray to 40.0
black, massive bedded, medium to coarse (12.2)
grained. Peloids 30%, foraminifers 10% 
(Septaglomospiranella, Septaglomospirane11a 
primeva, Tuberendothyra, Latiendothyra, 
Parathurammina, Earlandia, Calcisphaera), 
rugose corals 10%, ostracods 2%, calcareous 
algae 2% (Kamaena, Girvanella), gastropods 
3-5%, intraclasts 2%, and trace amounts of 
oolites. Many grains have been micritized.
A few small carbonaceous stylolites observed.
No porosity.

6. Crystalline limestone to skeletal wackestone- 3.1
packstone : Dark gray to black, medium bedded,(0.95)
medium to coarse grained. Some areas of this 
bed are too recrystallized for the original 
depositional texture to be recognized. In 
other areas it can be recognized as a skeletal 
wackestone-packstone and contains peloids, 
rugose corals and crinoids.



Feet
(Meters)

Peloidal-skeletal packstone: Dark gray to 17
black, medium bedded, medium to coarse (5
grained. Peloids 35%, foraminifers 10% 
(Septaglomospiranellar Tuberendothyra, 
Latiendothyra, Calcisphaera), gastropods 3-5%, 
intraclasts 3-5%, ostracods 3%, calcareous 
algae 1% (Kamaena, Girvanella, Stacheia, Or- 
tonella). Rugose corals andbrachiopods wea
thering into relief at outcrop. Micritized 
grains. No porosity.

Intraclastic mudstone: Dark gray to black, 10
medium bedded, fine grained. Black mudstone (3 
with "flat-pebble" intraclasts of black mud
stone. Some intraclasts have disseminated 
fine-grained pyrite euhedra. No porosity.

Total exposed thickness Redcliff Member 70
(21

Gilman Member
Quartz arenite: Brown, medium bedded, me.d- 0
ium to coarse grained. Smaller grains sub- (0
rounded to rounded, larger grains rounded. 
Moderate sorting. Calcite cemented.

Arenaceous intraclastic dolomudstone : Brown 6
to grayish black, massive bedded, fine to (1
coarse grained. Gray to black intraclasts 
of dolomudstone and stromatolitic dolo
boundstone in a matrix of arenaceous dolo
mudstone. Amount of breccia and sand may vary 
greatly. Sand averages approximately 30% and 
is medium to coarse grained and rounded to 
well rounded. Some well rounded echinodermal 
matter (1-3%). No porosity.

8
43)

0
05)

3
43)

5
152)

5
98)
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Bed Feet
(Meters)

1. Quartz arenite: Brown, medium bedded, med- 2.5
ium to coarse grained. Moderate sorting. (0.76)
Coarser grains rounded to well rounded, 
smaller grains subrounded to rounded.
Loosely packed. Mostly floating contacts, 
only a few tangential contacts. Minor 
"sand chert." Many grains have been etched 
by chemically active fluids and are partially 
replaced by dolomite. No porosity.

Total thickness Gilman Member 9.5
(2.9)

Total exposed thickness Leadville Limestone 79.8
(24.33)

— Disconformity—
Dyer Formation (Devonian)
Dolomudstone-stromatolitic doloboundstone:
Brownish gray to dark gray, thin to medium 
bedded, fine grained.

Section 8

Location: Section 8 was measured along the gulch at the
northeast end of American Flag Mountain (SE 
1/4, T. 12 S., R. 83 W.), in Gunnison County, 
Colorado.

Bed Feet
(Meters)

Top of Exposure
Leadville Limestone (Mississippian)
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Bed Feet
(Meters)

Sporadic occurrence of probable relict intra
clasts in upper portion of unit* Relict 
echinodermal matter 5%, silica replacement 5%.
No porosity. Extensive recrystallization.

5. Crystalline limestone: Gray to black, med- 1.8
ium bedded, fine grained. Depositional (0.55)
texture destroyed. Blocky weathering habit, 
nich former. No porosity.

4. Crystalline dolomite: Dark gray to black, 5.7
massive bedded, medium grained. Slightly (1.74)
limy near base. Small (± 3 cm.), irregular
ly shaped pods of dark gray chert near top 
of bed. Minor intercrystalline porosity.

Total exposed thickness Redcliff Member

(Gilman Member)
3. Arenaceous intraclastic dolomudstone: Brown

to grayish black, massive bedded, fine to 
coarse grained. Angular intraclasts of 
gray dolomite and black dolomitic mudstone, 
in a matrix of arenaceous dolomudstone. Some 
intraclasts are also stromatolitic. Very 
sandy in the lower 2 feet (0.609 meters), but 
sand decreases upward. Concentration of sand 
and intraclasts may vary locally and grade 
out toward top of bed. Limonite after wea
thered pyrite. No porosity.

2. Mudstone: Black, medium bedded, fine grained. 1.7
Very dense. No porosity. (0.52)

166.6
(50.8)

13.9
(4.24)

1 . Quartz arenite: Brown, medium bedded, fine 0.6
to coarse grained. Moderately sorted, (0.183)
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Bed

17.

16.

15.

14.

13.

Feet
(Meters)

(Redcliff Member)
Peloidal-echinodermal packstone-grainstone: 27.1
Medium to dark gray, massive bedded, med- (8.26)
ium to coarse grained. Peloids 25%, echi
nodermal material 15%, ostracods 5%, brach
iopods 5%, calcareous algae 3% (Kameanà and 
encrusting forms), intraclasts 1%1 Foraminifers 
1% (Earlandia, Tuberendothyra, Latiendothyra, 
Septaglomospiranella). Appears to be a grain- 
stone at the outcrop, but there are minor 
amounts of interstitial micrite. No porosity.

Skeletal packstone: Dark gray to black, mas- 16.0
sive bedded, fine to medium grained. Highly (4.88) 
recrystallized and vuggy locally. Stringers 
of brown chert weathering into relief in the 
bottom 2 feet (0.609 meters) of the bed.
Rugose corals, brachiopods, and crinoids.
Vuggy porosity.

Crystalline limestone: Light to dark gray, 19.4
massive bedded, medium grained. Breccia (5.92)
along fractures and calcite fracture 
fillings. Vuggy porosity 3%.

Intraclastic wackestone: Light brownish gray, 5.1
medium bedded, fine grained. Intraclasts (1.55)
of lime mud and stromatolitic boundstone.
Sporadic occurrence of sand grains. Limonite 
staining after weathered pyrite. No porosity.

Stromatolitic boundstone : Dark gray, thin 16.8
bedded, fine grained. Echinoderms 5%, (5.13)
ostracods 5%. Laminated appearance.
Contains trace amounts of detrital quartz.
Minor stylolites. Small fenestra cemented 
by spar. No porosity.
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Bed

12.

11.

10.

9.

8.

7.

6.

5.

150

Feet
(Meters)

Mudstone : Dark gray, medium bedded, fine 1.9
grained. Very dense and homogeneous. (.0.58)
No porosity.

Muds tone : Light to medium gray, medium 1.0
bedded, fine grained. Blocky weathering (0.31)
habit, less resistant, nich former.

Stromatolitic boundstone: Gray to brownish 3.3
gray, thin bedded, fine grained. Laminated (1.0)
appearance. Small fenestra cemented by 
sparry calcite. Small stylolites. No 
porosity.

Mudstone: Medium to dark gray, medium bedded, 2.6
fine grained. Very dense and homogeneous. (0.795)

Stromatolitic boundstone: Gray to brownish 3.5
gray, thin bedded, fine grained. Laminated (1.06)
appearance. Rare stylolites.

Mudstone: Dark gray to brownish gray, med- 4.2
ium bedded, fine grained. Very homogeneous. (1.28)
Grazing trace near top of bed. No porosity.

Intraclastic wackestone: Light gray, medium 1.2
bedded, fine grained. Intraclasts of light (0.37)
brownish gray, fine grained mudstone in a 
matrix of light gray fine grained muds tone.
Blocky weathering habit. Nich former.

Intraclastic wackestone-mudstone : Dark gray, 12.2 
medium bedded, fine grained. Interbedded (3.72)
intraclastic wackestone and muds tone.
Very dense. No porosity.





T-1876 152

REFERENCES

Alderman, A. R., and Skinner, H. C. W., 1957, Dolomite
sedimentation in the southeast of south Australia:
Am. Jour. Science, v. 255, p. 561-567.

Alexander, G. B., Heston, W. M., and Ilder, R., 1954, The 
solubility of amorphous silica in water: Jour.
Rhys. Chem., v. 58, p. 453-455.

Baars, D. L., 1968, Pre-Pennsylvanian stratigraphy and 
paleotectonics of the San Juan Mountains, south
western Colorado: Geol. Soc. America Bull., v. 79,
p. 333-350.

Back, W., and Hanshaw, B. B., 1970, Comparison of chemical 
hydrology of the carbonate peninsulas of Florida and 
Yucatan: Jour. Hydrology, v. 10, p. 330-368.

Banks, N. G., 1970, Nature and origin of early and late
cherts in the Leadville Limestone, Colorado: Geol.
Soc. America Bull., v. 81, no. 10, p. 3033-3048.

Bathurst, R. G. C., 1958, Diagenetic fabrics in some British 
Dinantian limestones : Liverpool and Manchester Geol.
Jour., v. 2, pt. 1, p. 11-36.

_______ __, 1966, Boring algae, micrite envelopes and lith-
ification of modern biosparites: Geol. Jour., v. 5,
p. 15-32.

__________ , 1971, Carbonate Sediments and their Diagenesis:
Elsevier Pub. Co., Amsterdam, The Netherlands,
620 p.

Beales, F. W., 1958, Ancient sediments of Bahaman type:
Am. Assoc. Petroleum Geologists Bull., v. 42, 
p. 1845-1880.

Behre, C., 1935, Geology and ore deposits of the west slope 
of the Mosquito Range : ü. S. Geol. Survey Prof.
Paper 235, p. 25-38.

Behrens, E. W., and Land, L. S., 1972, Subtidal Holocene
dolomite, Baffin Bay, Texas : Jour. Sed. Petrology,
v. 42, p. 155-161.



T-1876 153

Bloom, D. N., 1961, Devonian and Mississippian stratigraphy 
of central and northwestern Colorado, in Rocky Mtn. 
Assoc. Geologists, Lower and Middle Paleozoic rocks 
of Colorado, p. 25-35.

Brower, J. C., 1969, Crinoids, in McKee, E. D., and Gut- 
schick, R. C., eds., History of the Redwall Lime
stone of northern Arizona: Geol. Soc. America,
Mem. 114, 726 p.

Campbell, J. A., 1961, Stratigraphy of the Chaffee Group
(Upper Devonian), west-central Colorado: Am. Assoc.
Petroleum Geologists Bull., v. 54, no. 2, p* 313-325.

________ , 1970, Petrology of Devonian shelf carbonates
of west-central Colorado: Mtn. Geologist, v. 7,
no. 2, p. 89—97.

 ______ , and Baars, D. L., 1964, Environmental and
stratigraphie significance of Devonian stromatolites 
of Colorado (abs): Am. Assoc. Petroleum Geologists
Bull., v. 48, p. 520.

Chronic, John, 1961, Early and Middle Paleozoic index
fossils of Colorado, in Rocky Mtn. Assoc. Geologists, 
Lower and Middle Paleozoic rocks of Colorado, p. 91- 
100.

Cloud, P. E., Jr., 1962, Environment of calcium carbonate 
deposition west of Andros Island, Bahamas : U. S. 
Geol. Survey Prof. Paper 350.

Conley, C. D., 1964, Petrology of the Leadville Limestone 
(Mississippian), White River Plateau, Colorado: 
unpub. Ph.D. thesis, Wyoming University.

__________ , 1966, Fossil beachrock in the Mississippian
Leadville Limestone, White River Plateau, Colorado 
(abs. ) : Geol. Soc. Am., Program, 1966 Ann. Meetings,
p. 42-43.

________ __, 1972, Depositional and diagenetic history of
the Mississippian Leadville Limestone, White River 
Plateau, Colorado: Colorado School of Mines Quarter
ly, v. 67, no. 4, p. 103-135.



T-1876 154

Crawford, R. D., 1913, Geology and ore deposits of the
Monarch and Tomichi districts, Colorado: Colorado
Geol. Survey Bull. 4.

Deffeys, K. S., Lucia, F. J., and Weyl, P. K., 1964, Dol- 
omitization; observations on the Island of Bonaire, 
Netherlands Antilles: Science, v. 143, p. 678-679.

De Voto, R. H., 1972, Pennsylvanian stratigraphy and tec- 
tonism in central Colorado: Colorado School of
Mines Quarterly, v. 67, no. 4, p. 139-185.

Dunham, R. J., 1962, Classification of carbonate rocks ac
cording to depositional texture, in Classification 
of carbonate rocks : Am. Assoc. Petroleum Geologists,
Mem. 1, p. 108-121.

Eldridge, G. H., 1894, Anthracite-Crested Butte, Colorado:
U. S. Geol. Survey, Geol. Atlas, Folio no. 9, 10 p.
8 maps.

Emmons, S. F., 1882, Geology and mining industry of Lead
ville, Lake County, Colorado: U. S'. Geol. Survey
Second Annual Report, p. 203-290.

__________ , 1886, Geology and mining industry of Leadville,
Colorado: U. S. Geol. Survey, Monograph 12, 770 p..
Atlas.

Engel, A. E. J., Clayton, R. N ., and Epstein, S., 1958,
Variation in isotope composition of oxygen and carbon 
in the Leadville Limestone (Mississippian Colorado) 
and its hydrothermal and metamorphic phases : Jour.
Geol., v. 66, p. 374-393.

Folk, R. L., 1965, Some aspects of recrystallization in
ancient limestones, in Pray, L. C., and Murry, R. C., 
(Editors), Dolomitization and limestone diagenesis: 
Soc, Econ. Paleontologists Mineralogists, Spec. Pub. 
13, p. 14-48.

_________ 1969, Petrology of sedimentary rocks : Univ. of
Texas, Hemphill's, Austin, Texas, 170 p.

__________ , and Land, L. S., 1975, Mg/Ca ratio and salinity:
Two controls over crystallization of dolomite: Am.
Assoc. Petroleum Geologists Bull., v. 59, no. 1,
p. 60—68.



T-1876 155

Friedman, G. M., 1959, Identification of carbonate minerals 
by staining methods : Jour. Sed. Petrology, v. 29,
p. 87-97.

____________ 1969, Depositional environments in carbonate
rocks— an introduction, in Friedman, G. M., (Editor), 
Depositional environments in carbonate rocks: Soc.
Econ. Paleontologists Mineralogists, Spec, Pub. 14, 
p. 1-4.

Ginsberg, R. N., 1956, Environmental relationships of grain 
size and constituent particles in some south Florida 
carbonate sediments : Am. Assoc. Petroleum Geolo
gists Bull., v. 40, no. 10, p. 2384-2427.

 ________, 1957, Early diagenesis and lithification of
shallow-water carbonate sediments in south Florida, 
in Regional aspects of carbonate deposition: Soc.
Econ. Paleontologists Mineralogists, Spec. Pub. 5, 
p. 80-99.

Goddard, E. N., 1936, Geology of the ore deposits of the 
Tincup Mining district, Gunnison County, Colorado: 
Colo. Sci. Soc., Proceedings, v. 13, p. 551-595.

Graf, D. L., and Lamar, J. E., 1950, Petrology of the
Fredonia oolite in southern Illinois: Am. Assoc.
Petroleum Geologists Bull., v. 34, p. 2318-2336.

Gunn, D. W., 1965, Late Devonian regional unconformity in 
and around the Uinta Mountains, Utah: unpub. Ph.D.
thesis, Washington State University.

Haun, J. D., 1962, Introduction to the geology of north
western Colorado, in Rocky Mtn. Assoc. Geologists, 
Exploration for oilT™and gas in northwestern 
Colorado, p. 7-14.

__________ , and Kent, H. C., 1965, Geologic history of the
Rocky Mountain Region : Am. Assoc. Petroleum
Geologists Bull., v. 49, no. 11, p. 1781-1800.

Hanshaw, B. B., Back, W., and Deike, R. G., 19 71, A geo
chemical hypothesis for dolomitization by ground
water: Econ. Geology, v. 66, p. 710-724.



T-1876 156

Imbrie, J., and Purdy, E. G., 1962, Classification of modern 
Bahamian carbonate sediments, in Classification of 
carbonate rocks: Am. Assoc. Petroleum Geologists, 
Mem. 1, p. 253-272.

Irwin, M. L., 1965, General theory of epiric clear water 
sedimentations Am. Assoc. Petroleum Geologists 
Bull., v. 49, no. 4, p. 445-459.

Johnson, J. H., 1934, Paleozoic formations of the Mosquito 
Range, Colorado: U. S. Geol. Survey Prof. Paper
185B, 52 p.

__________ , 1944, Paleozoic stratigraphy of the Sawatch
Range, Colorado: Geol. Soc. America Bull., v. 55,
p. 303-378.

________ _, 1945, Calcareous algae of the upper Leadville
Limestone near Glenwood Springs, Colorado: Geol.
Soc. America Bull., v. 56, p. 829-847.

_______  _, 1951, An introduction to the study of organic
limestones: Colorado School of Mines Quarterly,
v. 46, no. 2, 185 p.

_______ __ , and Konishi, Kenji, 1956, Studies of Mississ-
ippian algae: Colorado School of Mines Quarterly,
v. 51, no. 4, 132 p.

Kinsman, D. J. J., 1965, Gypsum and anhydrite of recent 
age. Trucial Coast, Persian Gulf, in Second sym
posium on salt, v. 1.: Cleveland, Ohio, Northern
Ohio Geol. Soc., p. 302-326.

Kirk, Edwin, 19 31, The Devonian of Colorado: Am. Jour.
Science, v. 22, no. 5, p. 222-240.

Krauskopf, K. B., 1956, Dissolution and precipitation of 
silica at low temperatures : Geochemica et Cosmo-
chimica Acta, v. 10, p. 1-26.

Land, L. S., 1973, Holocene meteoric dolomitization of
Pleistocene limestones. North Jamaica: Sedimentoi-
ogy, v. 20, p. 411-424.

Lopez, M. R., 1973, Stratigraphy of the Mississippian System, Las 
Animas Arch, Colorado: unpub. M. S. thesis, Oolo. Sch.
Mines, 89 p.



T-1876 157

Laporte, L. F., 1969, Recognition of a transgressive car
bonate sequence within an epeiric sea: Helderburg
Group (Lower Devonian) of New York State, iii De
positional environments in carbonate rocks: Soc.
Econ. Paleontologists Mineralogists, Spec. Pub. 14, 
p. 98—118.

Logan, B. W., 1961, Cryptozoon and associated stromatolites 
from the Recent, Shark Bay, western Australia: Jour.
Geology, v. 69, p. 517-533.

Lowenstam, H. A., 1955, Aragonite needles secreted by
algae and some sedimentary implications: Jour. Sed.
Petrology, v. 25, no. 4, p. 260-272.

Maslyn, M., 1977, Late-Mississippian paleokarst in the 
Aspen, Colorado area: unpub. M.S. thesis, Colo.
Sch. Mines, 96 p.

MacKay, I. H., 1953, Geology of the Thomasville-Woods Lake 
area. Eagle and Pitkin Counties, Colorado: Colorado
School of Mines Quarterly, v. 48, no. 4, p. 21-33.

Maughn, E. K., 1963, Mississippian rocks of the Laramie 
Range, Wyoming and adjacent areas : U. S. Geol.
Survey Prof. Paper 475C, Art. 66, p. C23-C27.

McKee, E. D., and Gutschick, R. C., eds., 1969, History of 
the Redwall Limestone of northern Arizona: Geol.
Soc. America, Mem. 114, 726 p.

Nadeau, J. E., 1971, The stratigraphy of the Leadville
Limestone, central Colorado: unpub. Ph.D. thesis,
Washington State Univ., 144 p.

__________ , 1972, Mississippian stratigraphy of central
Colorado: Colorado School of Mines Quarterly, v. 67,
no. 4, p. 77-101.

Newell, N. D., Purdy, E. G., and Imbrie, J., 1960, Bahaman 
oolitic sand: Jour. Geology, v. 68> no. 5, p. 481-
497.

Peale, A. C., et al., 1876, Report on the valleys of Eagle, 
Grand, and Gunnison Rivers, Colorado: U. S. Geol.
Geog. Survey, Terr. 8th Ann. Report, p. 73-137.



T-1876 158

Peterson, M. N. A., and von der Borch, C. C., 1965, Cherts 
Modem inorganic deposition in a carbonate precipi
tating locality: Science, v. 149, p. 1501-1503.

Pettijohn, F. J., 1957, Sedimentary Rocks : New York,
Harper and Brothers, 718 p.

Powers, M. C., 1953, A new roundness scale for sedimentary 
particles; Jour. Sed. Petrology, v. 23, no. 2, 
p. 117-119.

Purdy, E. G., 1963a, Recent calcium carbonate facies of the 
Great Bahama Bank. 1. Petrography and reaction 
groups: Jour. Geology, v. 71, p. 334-355.

__________ , 1963b, Recent calcium carbonate facies of the
Great Bahama Bank. 2. Sedimentary facies: Jour. 
Geology, v. 71, p. 472-497.

__________ , 1964, Sediments as substrates, in Approaches to
paleoecology, Wiley, New York, New York, p. 238-271.

Bold, J. W., 1950, Structure and Pre-Pennsylvanian stratigraphy 
of the Westville area, Colorado: unpub. M. S. thesis,
Univ. of Colo., 49 p.

Rothrock, D. P. , 1960, Devonian and Mississippian Systems in
Colorado: in Weimer, R. J., and Haun, J. D., (Editors),
Guide to the Geology of Colorado: Geol. Soc. of 
America, pp. 17-22.

Sadlick, W., 1957, Regional relations of Carboniferous rocks 
of northeastern Utah, in Intermountain Assoc. 
Petroleum Geologists, 8th Ann. Field Conf. Guide
book, p. 56-77.

Sando, W. J., 1967, Madison Limestone (Mississippian), Wind 
River, Waskakiw, and Owl Creek Mountains, Wyoming:
Am. Assoc. Petroleum Geologists Bull., v. 51, no. 4, 
p. 529-557.

Schinn, E. A., and Ginsberg, R. N., 1964, Formation of
Recent dolomite in Florida and the Bahamas (abs.):
Am. Assoc. Petroleum Geologists Bull., v. 48, 
p. 547.



T-1876 159

Swinchatt, J. P., 1965, Significance of constituent composi
tion, texture, and skeletal breakdown in some Recent 
carbonate sediments: Jour. Sed. Petrology, v. 35,
p. 71-90.

Tapp, S. C., 1961, Mississippian rocks of eastern Colorado, 
in Rocky Mtn. Assoc. Geologists, Lower and Middle 
Paleozoic rocks of Colorado, p. 53-58.

Tweto, O. L., 1949, Stratigraphy of the Pando area. Eagle 
County, Colorado: Colo. Sci. Soc. Proceedings,
v. 15, p. 149-235.

Walker, T. ijt., 1960, Carbonate replacement of detrital 
crystalline silicate minerals as a source of 
authigenic silica in sedimentary rocks: Geol. Soc.
America Bull., v. 71, no. 2, p. 145-152.

Wells, J. W., 1957, Coral Reefs, in Ecology: Geol. Soc.
America, Mem. 67, p. 609-63T.

Woodland, R. B., 1958, Stratigraphie significance of
Mississippian endothyrid foraminifera in central 
Utah: Jour. Paleontology: v. 32, no. 5, p. 791-
814.

Zeller, E. J., 1957, Mississippian endothyrid foraminifera
from the Cordilleran Geosyncline: Jour. Paleontology,
v. 31, no. 4, p. 679-704.





CEMENT CREEK 

No. 3

CEMENT CREEK 

No. 2

CEMENT CREEK 

No.1

Covered

t

PLATE 2

S T R A T I GR A P H I C C R O S S  S E C T I O N  B

M. a  W ITTSTRO M , JR.

1978


