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STRUCTURE AND PETROLOGY OF THE EASTERN MARGIN

OF THE WET MOUNTAINS, COLORADO
INTRODUCTION

The conditions governing the deformation of the earth's crust
afe only vaguely understood. The.traditional field studies together with
recent laboratory and theoretical investigations have served to emphasize
the complexity of the prcolems involved in defining the behavior of rocks
whder geological conditions. The differing mechanical response of rocks
ﬁo similar stress conditions and the influence of existing structural

!
features upon subsequent deformation are two prcblems that have received

s£oradic attention (Donath, 1961, 1962; Biot, 1961; Chamberlin, 1945).
T;eSe separate problems have been considered together in field studies
uﬁéer the general concept of "Precambrian basement control (Chamberlin,
1525, 1945; Bucher, et al., 193%4; Cloos, 1948; Hoppin, 1961; Foose, et al.,
1961). Uhforfunately, much of the speculation over these problems, which
are centered on relationships de&eloped with Precambrian rocks, has been
without the benefit of investigations into the crystalline rocks them-
selves. There is an even greater paucity of studies which attemptkto inte-
grate the structural relations of both cfystalline and sedimentary rocks.
This research was undertaken to consider these separate but re-

lated general problems of the temporal and the mechanical relations of

deformation as they are manifested in the natural occurrences. It was

1
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believed that such a strugtural study would be profitable only if both

>

the crystalline and sedimeﬁ%ary rocks were studied simultaneously.

Scope of Investigation

During 1961-1962 the author completed a structural investigation
along the northern margin of the Wet Mountains, Colorado. This study dem-
onstrated the influence of lithglogic features within the Precgmbrian rocks‘
upon faults that participated ﬁh late Cretaceous to early Tertiary deforma-
tion. This period of deforma?ion is commonly believed to represent Laramide
events in the south-central Rocky Mountains of Colorado (Burbank and
. Goddard, 1937; Boyer, 1962). The term "Laramide" will be used in a simi-
lar sense in this paier. Reconnaissance work revealed the juxtaposition
of VariBus types and ages of crystalline and sedimentary rocks along the
eastern margin and suggested.that the Wet Mountains had undergone more
strﬁctufal deformation than previously postulated. These features indi-
cated that the eastern margin of the Wet Mountains would be an ideal area
for carrying out the proposed investigation.

A strip two to seven miles on either side of thecrystalline-
sedimentary roék contact and extending some 36 miles from the northern
margin of the Wet Mountains southeastward to Beulsh was selected for study.

In addition to the two general problems that formed the basis of
the study, a number of specific questions were considered: (1) Is the
trend of the mountain range the result of control exerted by older struc-
tural features or the product of a dominant Laramide stress system? (2)
Did older structures--presumably of Precambrian or late Paleozoic age-~-

influence the formation of Laramide faults and the associated folds?
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(3) To what extent did the crystalline rocks of Precambrian age differ
from the sedimentary rocks in their mode of deformation? (4) Could any
estimation be placed upon the relative importance of vertical and hori-
zontal movements in the formation of the tectonic features? (5) Could
structural featufes be found to support the contention of Melton (1925),
Ver Wiebe (1930), and Holmes (1952) of late Paleozoic deformation in this
area?

An attempt to answer these questions necessitated the study of
a number of factors. The general features within the sedimentary rocks
along the eastern margin of the Wet Mountains have been outlined by
Ganguli (1950), Kim (1951), Franks (1956), and Mann (1957). The contact
of the sedimentary rocks, which range in age from Paleozoic to late
Cretaceous, with the Precambrian crystalline rocks has been variously
reported to be depositional or a single fault showing normal, reverse,
low angle reverse, strike-slip, or composite apparent relative movement.
The first problem investigated in the field was to ascertain the exact
geometrical relationship that exists along this contact. Since the con-
tact colncides with a sharp topographic break and, apparently, a highly
deformed zone, structures present in both crystalline and sedimentary
rocks were studied in detail to compare their deformational character.
Establishment of a temporal sequence of deformation is of primary impor-
tance. If the influencg of existing structures upon later stress fields
is to be evaluated, this must be distinguished from possible varying mani-
festations of failure as reflections of the different mechanical proper-
ties of the rocks. An integratidn of the sequence of structural events,

mineral recrystallization and absolute age dates was attempted to extend
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fhe refinement of the temporal féamework.

The nature of the Precaﬁbrian rocks is of fundamental importance.
A structural investigation could only be undertaken if petrologic units
could be recognized aﬁd mapped. The petrology of the Precé&grian rocks
of the Wet MountainsAis only superficially known. Christman and others
(1959).investigated an area in the western portion of the Wet Mountains
in comnection with possible thorium deposits and Boyer (1962) studied the
petrology of the mountain range south of Beulah. A considerable p§rtion
of the current study was devoted to reéognizing petrologic units that

would delineate the structural relationships and also indicate the se-

quence of petrologic events.

Regional Setting

The Wet Mountains are part of the Southern Rocky Mountain physio-
graphic province and are a structural as well as a topographic mountaih
range. Precambrian rocks,‘exposed as result of erosion following uplift
of the Wet Mountains duripg Tertiary time, form a northwest-southeast
trending belt approximdtely 50 miles'in length and 15 to 20 miles in
width (Fig. 1). This belt sBems to be bbunded on the east and west by
steeply dipping faults (Boyer, 1962).

The Wet Mountains form an en echélon pattern with the Front Range,
with the Denver Basin bordering both positive structures on the east. The
Canon City embayment, a structural reentrant of the Denver Basin, separa£es
The Wet Mouptains from the Front Range to the northeast (Fig. 1). The
Red Creek arch forms the southern projéction of the Front Range as it
plunges southward under sedimentary strata (Glockzin and Roy, 1945). The

Wet Mountains and the Royal Gorge block of the Front Range are separated
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6
southwest of Canon City by an east-west trending fault éystem.(Logan,
1962). |

The Front Rahge extends northward as the Laramie Range into south-
eastern Wyoming. The. structural character of the Front Range is that of a-
large uplifited crystal block (Harmes, 1964, p. 93). On the eastern margin,
the east dipping hom@clinal arrangemenf of the sedimentary beds is broken
by faults and some of the sedimentary strata have been displaced eastward
over the Denver Basin (Vander&ilt, et al., 1948, p. 74); Boos and Boos
(1957, p. 2673) report that reverse faults are.present along a third or
more of the eastern foothills. The absence of large recumbent folds is
noticeable in these areas. On the west side of the Front Range, bordering
the parks, is a belt of east dipping reverse faults and associated "valley
and ridge folds" (Curtis, 1960, p. 5). The larger internal Laramide struc-
tures of the Front Range trend northwesterly (Eardley, 195;, P 376) with
the north-south trend of the east flanks reflecting a north-south zone of
en echelon folds.

A éeries of down-folded and faulted inter-mountain synclines or
"parks" is present west of the Front Range. This row of basins extends
southward as the Wet Mountain-Huerfano Park depression, and separates the
Wet Mountains from the Sangre de Cristo Range on the west (Fig. 1).

The structural character of the Sangre de Cristo Range has been
summarized by Gabelman (1952, p. 1611). North of Orient, which is approxi-
mately 18'miles southwest of Canon City, the structures are characterized
by east-dipping reversé faults, whereas to the south, west-dipping reversé
faults are dominant.

At its southern end the uplifted Precambrian exposﬁre of the Wet
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Mountains bifurcates with the western segment, the Greenhorn anticline,
plunging into the Raton Basin (Boyer, 1962, p. 1061). The eastern branch
plunges southeastward as a buried ridges recognized as the Apishapa uplift
(Maher and Collins, 1953). The discordance of the Wet Mountains to the
other mountain ranges suggests a change in the structural trend to the
south.

In 1962, the northern margin of the Wet Mountains was studied by
the author and the field map of that area is incorporated on Plate I for
completeness. The area of present investigation forms a diagonal strip
between 105o 00' and 105° 22' and 38° 00f and 38° 28'. Samples collected
from the northern margin in 1961-1962 by the author were examined as part
of the présent study, apd lithologic units of the crystalline rocks were
mapped during the present research.

Crystalline rocks of presumed metasedimentary origin,.large masses
of igneous rocks and smaller circular and tabular bodies of igneous rocks
are exposed along the length of the area investigated. These crystalline
rocks are generally_believed to be of Precambrian age, although many of
the smaller intrusive bodies are probably younger. Sedimentary rocks
raﬁging from Ordovician to Tertiary age are found in both conformable and
fault contacts with the crystalline rocks. The thickness of the sedimen-
tary section varies: 2,500 feet are present in the eastern portion of the
Canon City embayment (Miller, 1951, p. 8) whereas 3,693 feet were reported
in the Florence 0il Fiel(i (Mann, 1957, pp. 67-86). Northeast of Wetmore
4,158 feet have accumulated, although only 3,390 feet were measured in the
vicinity of Beulah (Malek-Aslani, 1957, pp. 13-73) and 4,262 feet in the

Threé-R syncline southeast of Beulah.
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The fopographic relief of the Wet Mountains ranges from 2,500
feet in the north, where the mountain front is steep, to 200 feet in the
Beulah area, .where.no pronounced front is present (Cross Sectionms, Pléte I).
Elevations.within the area range from approximately 5,300 feet along the
Arkansas River on the north to more than 10,000 feet within the Wet Moun-
tains west of Wetmore. The elevations generally increase to the south
where the Greenhorn Peaks, southwest of -the area investigated, attain
12,220 feet, the highest elevation within the Wet Mountains.

The sedimentary rocks dip eastward away from the exposed crystal-
line rocks with differential erosion commonly producing a hogback which

is held up by the Dakota Group.

Method of Investigation

Field mapping was accomplished during the summers of 1962 and
1963. Laboratory work was accomplished between the field seasons and
during 1964 and 1965. A final field check was completed in 1965. Field
mapping was done on U. S. Forest Service photos (1:20,000). and was trans-
ferred to U. S. G. S. enlargements of individual photographs (1:10,560)
after each days work. Complex areas were mapped on larger scales where
necessary. The composite map (1:125,000) was compiled on a base map drawn
from U. S. D. A. Soil Conservation sheets and published and unpublished,
unedited U. S. G. S. topographic sheets.

Precambrian lithologic units were sampled and mapped on mega-
scopic criteria in the field. Samples were collected on a subjective
basis. Although collection stations were established at regular intervals,
the heterogeneous nature of the iithology at individual sites precluded

arbitrary sampling. Generally *the dominant lithologic type was collected.
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Frequently the two major lithcdlogic types were sampled. In a few cases,
suites of all of the rock types were obtained and stratigraphic relations
were noted. The ratio of potash feldspar to plagioclase was checked uti-
lizing a crushed portion of the sample under a binocular microscope With
1.54 index oil. Preliminéry thin section study was accomplished during
the field season. The crystalline rocks were studied in some detail fol-
lowing the field work when over 500 samples were examined. Over 300 |
samples were thin sectioned and the remainder were crushed and examined
under the binocular microécope. Corroboration of mineral identification
was provided by x-ray diffraction analysis where necessary.

Modal analyses of selected thin sections were completed following
staihing of the thin section and hand specimen for potash feldspar. Within
eaéh rock type, compositional curves up to 3,000 counts were made. The
point was established where the compositional accuracy was not increased
by further counting and used as the upper limit in subsequent analysis
of that rock type. For most rock types this limit proved to be 1,000

counts. - -

History of Previous Investigations

The Wet Mountains have received relatively little attention in
the published literature. In 1874 Endlich's reconnaissance work noted the
presence of the basalt plugs south of Canon City (p. 331).> Walcott, in
1892, described a vertebrate fauna found near Canon City. Cross (1896,

p. 280) ;ecognized the abundant granites and gneisses and the scattered
felsic and mafic bodies present in the central portion of the Wet Mountains .
and the general trend of the foliation in the Greenhorn Peaks area was map-

ped by Gilbert in 1897. The first petrologic investigation was undertaken
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by Hills (1900, p. 1) who also summarized the geologic history. The
Florence 0il Field, which lies Jjust to the east of the area mapped, was
described by Fenneman in 1905, and in 1906, Darton identified fish re-
mains from the Harding Formation within the Canon City embayment aqd pub-
lished the first map of the eastern ﬁargin of the Wet Mountains. Washburne
(1908, P. 371) undertook a study of the coal beds exposed southwest of
Florence and along a portion of the eastern margin of the Wet Mountains.
.Hb published a map of the contact between the sedimentary strata and the
crystalline rocks in which he postulated that the Precambrian rocks had
been "overthrust" over the Cretaceous sediments, producing moderate over-
turning within the latter. Subsequent publications (Finlay, 1916; Lee
and Knowlton, 1917; DeFord, 1929) were concerned with the Florence 0il
Field and the Cretaceous coal-bearing formeticns expcsed along the eastern
margin of the Wet Mountains.

Work by Kirk (Harding Formation) in l§29 was the first of a large
number of stratigraphic and peleontological studies carried out, particu-
larly in the Canon City area. These works include: Kirk (Harding forma-
tion, 1930), Johrson (Paleozoic stratigraphy, 1945), Pollack (paleontology,
Harding Sandstone, 1951), Tolgay (stratigraphy, Harding Sandstone, 1952),
Monk (paleontology, Fremont Formation, 1954), Frederickson, De Lay, and
Saylor (Ralston Creek Formation, 1956), Robertson (Williams Canyon Forma-
‘tion, 1957), Nottingham (Pennsylvenian stratigraphy, 1957), and Morris
(Dakota Group, 1961).

Mepping projects of various portions of the sedimentary rocks
along the eastern flank'of the Wet Mountains have been completed by Peterson

(1941), Ganguli (1950), Kim (1951), Malek-Aslani (1951), Miller (1951),
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Ruley (1952), Franks (1956), and:Mann (1957). Logan (1962) completed the
ﬁost recent work on the northern margin to which the reader is referred
for a detailed structural resume of that area.

Reconnaissance investigations (Burbank and Goddard, %937, and
Gabelman, 1953) describé the general structure and geological history of
the Front Range, Wet Mountains, and Sangre de Cristo Range. The only
results of geophysical work that has been done along the-eastern margin
of the Wet Mountains was published in 1944 by Blum, who completed a mag-
netic survey of the Canon City area. Heinrich in 1948 studied the detailed
petrography of the pegmatites of the Royal Gorge block. The regional
structural geology of the Front Range and the Canon City area was considered
by Boos and Boos (1957). Christman, et al. (1959) summarized the geology
of an area approxXimately 12 miles west of the eastern margin of the Wet
‘Mountains. The most recent work of Boyer (1962) deals primarily with the

petrology of the area south of the present area of investigation.



STRATIGRAPHY OF SEDIMENTARY ROCKS

General Statement

The stratigraphies of the sedimentary and crystailine rocks have
been separated for ease of reference and to distinguish the largely origi-
nal work conducted on the latter from the literature survey bf the former.
The author has departed from the normal organizational formst where Pre-
cambrian rocks afe considered first to provide better continuity to the
strucfural interpretation, which is closely associated with the Precambrian
rocks. Although stratigraphic problems are numerous within the area map-
ped, they were investigated only superficially. The sedimentary rocks
have been investigated in detail by‘other workers and only a brief resume
will be presented here except=where.original material mey be contributed.

The sedimentary rocks range in age from Ordovician to Tertiary
with unconsolidatéd material of Tertiary and Quaternary age also ﬁresent
(Fig. 2). The Precambrian rocks are unconformsbly overlain by all forma-
tions from the Harding Formation of Ordovician age up through the Lytle
Sandstone of the Cretaceous Dakota Group. Paleozoic formations seem to
be absent in many places due either to nondeposition or to postdepositional
erosion. Meager subsurface data and surface exposures also indicate marked
variations in thickness of fhe Paleozoic and Mesozoic formations. As

already mentioned, the total thickness of sedimentary rocks along the

northern and eastern margins of the Wet Mountains ranges between 2,500

12
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feet to about 4,200 feet.

The lowest stratigraphic sedimentary formation, the Harding Forma-
tion, is overlain by the Fremont Formation, both of which are part of the
Ordovician System. The Williams Canyon Formation of Devonian age and the
Madison (?) Formation of Mississippian age are present only within the
ﬁeulah area and on the eastern flank of the Babcock anticline (sec. 6,

T. 22 S., R. 68 W., Plate I). The Pennsylvanian System is represented by
the Fountaih Formation which is highly variable in ito thickness and dis-
tribution. In the northern part of the area, lying unconformably above
the Fountain Formatioh, the Ralston Creek Formation of the Jurassic System
has been recognized. In the Beulah area, however, the correlation is only
tentative. In both regions, the Morrison Formation, also of Jurassic age,
lies stratigraphically above this lithologic unit. The Cretaceous System
contains, from the lowest stratigraphic unit upward: +*he Dakota Group;
the Benton Group, composed of the Graneros Shale, the Greenhorn Limestone,
the Carlile Shale, and the Codell Sandstone; the Niobrara Group, consisting
of the Fort Hayes and the Smoky Hill formations; the Pierre Shale; the
Trinidad Sandstone; and the Vermejo Formation. The uppermost rock unit
exposed is the Raton Conglomerate of Tertiary age. Unconsolidated
material--stream alluvium, pediment and terrace gravel deposits, talus

and alluvial fan material--are believed to be of both Tertiary and Quater-
nary age.

Although many formations are assumed to be separated by uncon-
formities deduced from paleontological criteria or from evidence from
other localities, oertain>p£y§ical unconformsble relations in the area

investigated are significant. All formations up to and including the
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Lytle Sandstone are found in depositional contact with Precambrian rocks,
with some of these formations showing markedloverlapping relations with
the underlying sequences. The most noticeable of these is the repeated
overlapping of the lower Paleozoic formations by the Fountain Formation.
This is evident in the Babcock anticline ard in the vicinity of Beulah.

A similar angular unconformity exists between the Ralston Creek Formation
and the underlying strata in sSection 12 south of Grape Creek.

Most of the formations seem to thin in the vicinity of the fault
zone that separates the sedimentary and crystalline rock but subsurfacel
data as well as field.evidence suggests_that the thinning is structurally
controlled rather than a stratigraphic feature. Smearing of the more
ductile lithologic units seems to be responsible for this apparent thin-
ning.

Formations were mapped in the field, however, on the compiled map
because of the smaller scale, groups were mapped to reduce the number of

contacts.

Ordovician System

Harding Formation
The Harding Formation lies unconformebly upon Precambrian rocks.
There is no evidence of the underlying Manitou Formation of Ordovician aée
that occurs north of the Arkansas River or of the Sawatch Conglomerate of
Cambrian age that had been previcusly mapped in the western portion of the
Canon City embayment (Ruley, 1952, Plate I). The field relations demonstrate
that the Harding Formation has been overstepped by all'férmations from the

Fremont Formation of the Ordovician System through the Ralston Creek Forma-
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tion of Jurassic age. Whereas the Harding Formation attains a thickness
of about 100 feet along the northern margin of the Wet Mountains, its mean
thickness along the eastern margin is 60-70 feet. It thins to zero feet
west of the Canon City embayment, in the Babcock anticline, and in the
Beulah area. It is only locally present alonglthe eastern margin.

Close to the base of the Harding Formation is two to five feet
of coarse, light-gray.conglomerate containing abundant quartz fragments
ranging in size up to one-half inch. This distinctive horizon is not a
true basal conglomeraﬁe for it rests upon six to eight inches of fine-
graihed sandstone af some localities. Above this conglomeratic sandstone
is approximately ten feet of fine-grained quartzose sandstone. -Overlying
these sandstone units are alternating shale and sandstone horizons. The
shéles vary in color from light gray to purplish-brown and red. An upper-
most sandstone layer which occurs from six inches to five feet below the
tob of the formation is distinctive with mottled color bands of yellow,
pink, red, and white. Commonly an abunaance of ostracoderm plates are
visible in the upper six inches of this layer.

A moie detailed 8iscussioh of the Harding Formation is given by

Pollack (1951), Tolgay (1952), and Sweet (195L4).

—~ Fremont Formation
The Fremont Formation, which unconformably overlies the Harding
Formation, is only locally exposed along the eastern margin. It is also
overlapped by all formations from the Williams Canyon Férmation of Devonian
age ﬁhrough the Ralston Créek Formatioﬁ of Jurassic age. One and one-half

miles north of the Arkansas River in Priest Canyon, Maher measured 281
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feet of the Fremont Formation (1950a, pp. 6-7). In the area investigated,
this formation is most widespread in the Canon City embayment where it
averages 35 to 40 feet but thins to zero feet. It is present in Soda Gulch
.(sec. 6, T. 22 S., R. 68 W., Plate I) where 19 feet were measured. In the
Beulah area, approximately 22 feet are present (Malek-Aslani, 1951, p. 2k),
Approximately 95 feet were measured north of North Osk Creek (Maher, 1950,
T. 5), where it is in fault contact with Precambrian rock, and 22 feet are
exposed at South Hardscrabble Creek (Kim, 1951). -

Within the area mapped, the Fremont Formation is a massive, cliff-
forming, red-stained, tan to gray dolomite. Chert is commonly found along
bedding planes and as nodules. The chert is blue-white, purple, and tan
and is considered secondary (Monk, l95ﬁ, P. 10). The weathered surface is
characteristically very rough and irregular. In places a highly breccilated
aspect is present, a condition ascribed to solution activity that accompanied
post-Fremont, pre-Fountain erosion. This solution brecéia contains sub-
angular fragments ranging in size up to three inches and has a conspicuously
red-stained matrix. |

Much of the Fremont Formation contains solution éavities, ranging
in size up to six feet in greatest diameter, that are filled with material
of the Fountain Formation of Pennsyivanian age. The cavities are not pre-
sent where the Williams Canyon or Madison formations ovérlie the Fremont
Formation. Apparently the pre-Fountain erosion produced an irregular karst
topography on the surface of the Fremont Formation and entirely removed it
in other places. |

A more complete discussion of the Fremont Formation is presen#ed

by Walcott (1892), Maher (19502, 1950b), Monk (1954), and Sweet (1954).
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" Devonian System

Williams Canyon Formation

The Williams Canyon Formation, possibly of Devonian age, overlies
the Fremont Formation. The contact between these two formations is irregu-
lar and the upper beds of the Fremont Formation are truncated locally.
Maher (1950a) reports that north of the area mapped, the Williams Canyon
Formation also locally reéts on the Harding.Forﬁation. The Williams
Canyon Formation is unéonformably overlain by the Madison (?) Formation
of thg Mississippian Systeﬁ and by the Fountain Formation of Pennsylvénian
age.

The Williams Canyon Formation is best exposed in the Beulah area,
or north of there, along the Frontal Zone to South Hardscrabble Creek,
ﬁhere.it ranges in thicknesé from 10 to 38 feet (Malek-Aslani, 1951,
pp. 28-31, and Maher, 1950z, p. 4)., It is also present in restricted out-
crops in Soda Gulch. Robertson (1957, pp. 61-62) measured 12 feet of the
Williams Canyon Formation Jjust south of the A}kansas River. No other
expgosures of the Williams Cagyoﬂ Formation were found.

Thé Williams Canyon Formation is composed predominantly of lime-
stone and dolomite in beds ranging from a few inches to four feet in thick-
ness. Shale beds and shale lenses are present within the carbonate rocks.
Sand-sized grains are scattered throughout the carbonates and shales.
Light gray, purple, yellow, and maroon are the characteristic colors of
the carbonates, whereas the shales are red-brown to maroon. Colcring is
not uniform, with mottling, banding and color concentration in spots.and

z-nes being the more common appearance of the beds. Commonly the indige-
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nous color is masked by red staining where the ?ountain Formgtion~overlies
the Willianﬁ Canyon strata.

The limestone and dolomite is generally finely crystalline to
microcrystalline. The shales separating the carbonate beds are thin,
ranging from one-eighth inch to three inches thick. The thickness of each
bed is generally conétant but the upper and lower contacts are characteris-
tically wavy and irregular (Robertson, 1957, pp. 22-31).

The Williams Canyon Formatién has been assigned to both the
Devonian and Mississippian Systems. The absence of fossils necessitates
lithologic correlation only. In 1933, Brainerd, Baldwin, and Keyte, at-
tempted to clarify the nomenclatural problem associated with the unit by
redescribing the formation in accordance with exposures in Williams Canyon,
near Manitou Spfings. At this time, they believed the Williams Canyon
Formation to be of Devonian age. Maher (1950a), reviewing the problem,
felt that the Williams Canyon Formation was lithologically similar to the
Speegan Limestone, which was recognized in the subsurface of eastern
Colorado. The Speegan Limestone was believed to be Mississippian.
Robertson, in a detailed study of this formation, correlated the Williams
Canyon Formation with the Chaffee Formation of upper Devonian age. No
information bearing upon this problem was seen in the field, so that latest

evaluation of Robertson is used although the disputable age is recognized.

Mississippian System

Madison (?) Formation
In the Beulah area, a sequence of carbonate rocks between the

Williams Canyon Formation and the Fountain Formation of Pennsylvanian age,
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ranging from 125 to 175 feet in thickness, forms a distinctive mappable
unit. This sequence has been mapped as the Madison (?) Formation.
 Gilbert in 1897 used the term‘Millsap to characterize this se-

quence of strata. Brainerd, Baldwin, and Keyte (1933, p. 388).pointed
out that the name Millsap was preoccupied in the literature for a Pennsyl-
vanian formatioﬁ in Texas. Following a study of the sequence one and one-
half miles west of Beulah (sec. 5, T. 23 S., R. 68 W.), they divided tﬁe
sequence between two formations--the lower 20 feet being ascribed to the
Williams Canyon Formation and the upper 210 feet., which contains Mississip-
pian fossils, was considered equivalent to the Madison Limestone of Wyoming
and Montana (1933, p. 391). Brainerd and Johnson (193%, p. 3%41) concurred
with the usage.

In 1950 Maher suggested that this sequence which had been termed
the Madison Formation be divided into an upper Beulah Formation and a
iower Hardscrabble Formation. He proposed that a type section for the
former be in the area of Beulah (MW 1/k, sec. 4, T. 23 S., R. 68 W.) and
for the latter, Just norfh of South Hardscrabble Creek (S 1/2, sec. 11,
T. 22 S., R. 69 W.). While proposing this division, Maher (1950b) stated:
"As far as the writer knows, the Beulah limestone is restricted to an iso-
lated exposure on South Hardscrabble Creek in Custer County and to the
almost continuous upper ledge in the cliffs north and west of Beulah in
Pueblo County."

It is not the intention of this author to become involved in a
dispute over nomenclature. This carbonate sequence is a well-defined and
useful mappablelsequence, although it is restricted to the area south of

South Hardscrabble Creek with the exception of the small exposures present
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in Soda Gulch. ﬂThe Mississippi;n age of this sequence is agreed on by
all investigators and in this light, its pre-Fountain existence just south
of the Arkansas River as suggested by Robertson (1957, p. 62) is probable.
It seems that the introduction to the literature of two additional forma-
tional names is needless, particularly where one unit is only known in a
few square miles. Additionally, Maher's choice of the exposure at South
Hardscrabble Creek for a type section of the Hardscrabble Formation is
considered poor because of the highly faulted nature of the block. At
least three major faults are recognized and more may well exist. For these
reasons this sequence of rocks is ﬂapped in éccordance with the previous
designation--Madison-Formafion--although this correlation is recognized as
guestionable. This nomenclatural problem does not diminish the usefulness
of this formation as a mappaﬁle unit.

Unconformsble relations between the Madison (?) Formation and
the underlying Williams Canyon Formation are indicated by the presence of
the latter formation in the basal pc;rtion of the Madison (?) Formation.

The Madison (?) Formation is a light-buff to dark-brown, massive,
finely crystalline limestone. Red %o brange tolored chert lenses are
common in the. central portion of the seduence. The lower beds contain
numerous cream colored circular spots about one-eighth inch in diameter
which Maher (1950b) termed oolites. The percentage of sand-sized clastic
grains seems to increase upward in the sequence with' irregular carbonate-
cemented sandstone beds developed near the top of the section. Bedding
is obscure in thé exposures.

Large solution cavities filled with limestone boulders, red sand-

stone and conglomerates similar to those of the Fountain Formation are
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present. These cavity fillings are similar to those present at the Fremont-

Fountain contact. Spirifers are a commbn megafossil of this Mississippian

sequence.

Pennsylvanian System

Fountain Formation

The Fountain Formation unconformably overlies the Madison (?2)
Formation of Mississippian age but it has also been found to rest upon
all older sedimentary strata and upon the Precambrian rocks. This forma-
tion includes all of the Pennsylvanian strata and possibly some lower
Permian deposits of the area (Maher, 19532, 1953b, 1954). The thickness
of this formation is one of the most variable within the stratigraphic
section. North of the Arkansas River, Nottingham (1957, p. 1) measured
1,440 feet in Priest Canyon but it thins rapidly, attaining & maximum
thickness of 250 feet immediately south of the Arkansas River and‘pinch—
ing out against the Precambrian rocks north of the Burial Ground syncline
(sec. 12, T. 19 S., R. 7L W.). It is present only in irregulaer outcrops
southwarfi until in the area of fhe Babcock anticline it attains signifi-
cant arebl distribution (Plate I). In Soda Gulch approximately 1,825
feet were measured by Kim (1951). In the Beulah'afea, 1,900 feet were
measured (Le Roy, 1957, p. 33) whereés in the Pure 0il Company No. 1
well, drilled in the Three-R syncline (sec. 13, T. 23 S., R. 68 W., Plate
I) approximately 2,500 feet were encountered. Scanty subsurface data
suggests that east of Wetmore and Beulsh, the Fountain Formation commonly
rests upon the Precambrian basement.

This formation is predominantly a feldspathic conglomerate con-
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taining rock frégments up to two féet in diameter. Thesé large clastic
particles are composed of Precambrian, Manitou, Harding, Fremont, and
Williams Canyon material. Associated with the conglomerate facies are
feldspathic sandstone, shales, and siltstones. Irregular bedding, lenses,
and cross bedding are prevalent making accurate attitude measuremenfs
difficult. Qolors are generally pale red or pale reddish-brown, although -
nearly white, bleached zones are common.

A more detailed discussion of the Fountain Formation is given by
Maher‘(l953a, 1953b, 1954), séhulze (1954), Nottingham (1957), and Warren
(1960).

Melton (1925) and Ver Wiebe (1930) have postulated that a posi-
tive area existed during Pennsylvanian times throughout much of the region
now occupied by the Wet Mountains. The overlapping relations of the Foun-
tain Formation to the underl&ing formations clearly testifies to a pre-
Fountain period of erosion and Warren's (1960) studies wifhin the Canon
City embayment showed the proximity of a shoreline to that area during

much of the deposition.

Jurassic éystem

Ralston Creek Formation
Strata definitely identifiable as the Ralston Creek Formation are
present south of the Arkansas River in the Canon City embayment. Here the
thickness ranges from approximately 100 feet just south of the river to 35
feet west of Grape Creek. Although the Ralston Creek Formation contains
lithologic facies varying from gyﬁsum—shale té conglomerate  (Frederickson,

De Lay, Saylor, 1956, p. 2132), only the conglomeratic facies is present
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south of the Arkansas River.

In the Babcock anticline and pinching out to the south is a dis-
tinctive mappable lithologic unit above the Fountain Formation but below
the Morrison Formaéion of Jurassic age. Kim (1951) and Frank (1956) map-
ped this interval as two unnamed units which they questionably correlated
with the Lyons and Lykins‘formations.of Permian age, the closest known
exposures of which are present along the northern edge of the Canon City
embayment.

No detailed lithologic study nor stratigraphic correlation of
this unit was undertaken by the author. A megascopic comparison;of this
unit with the Lyons-Lykins sequence and the Ralston Creek Formation map?
ped to the north showed very close lithologic similarities to the latter.
Such megascopic similarities are not sufficient *o degonstrate any corre-
lation, but it does suggest that this unit is more satisfactorily mapped
as questionably Ralston Creek Formation rather than Lyohs-Lykins strata.

In the Babcock anticline, the Ralston Creek (?) Formation has a
thickness of 100 to 150 feet. |

The Ralston Creek Formation is chiefly an arkosic conglo&erate
with sdbangular particles ranging from sand size up to three inches in
length. The clastic material is composed of éhert, quartz, limestone,
sandstone, feldspar, schist fragments, and incompletely disintegrated
conglomerates. The sedimentary clasts represent all of the older sedi-
mentary sequences. Cross-bedded sandstones, with large feldspar aggre-
gates, are interbedded with the conglomerate. In the Babcock anticline

ﬁhe sandstone is the dominant lithologic constituent.

The Ralston Creek Forﬁétion rests unconformably upon the Fountajin
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Formation. South of Grape Creek in the Canon'City embayment it oversteps
the Pennsylvanian and Ordovician formations and rests upon the Precambrian
rocks. In the exposures of the Babcock anticline the unit pinches out to

the south from either nondeposition or postdepositional erosion.

Morrison Formation

The Morrison Formation of the Jurassic System unconformably over-
lies the Ralston Creek (?) Formation and the Fountain Formation along the
eastern margin of the Wet Mountains. It has also been found in depositional
contact upon Precambrian rocks. The thickness of the formation is highly
variable, thinning from more than 300 feet in section 12 just south of the
Arkansas River to zero, three miles to the west. Along the eastern margin
of the Wet Mcuntains, the Morrison Formation is commonly in fault contact
with crystalline rocks so that accurate thicknesses are not available here.
Subsurface data from section 27 in the Cuckoo anticline (T. 19 S., R. 70 W.)
show that 402 feet of Morrison are present, althbugh, one mile south in
section 34, 501 feet of Morrison were logged. In section 34 north of
Wetmore, 445 feet were recorded in the Davis No,‘l well. In the area of
Beulah, east of North Creek in section 27, Malek-Aslani (1951, pp. 54%-57)
measured 254 feet. Sections of 75 feet or less are present along the
crystalline-sedimentary rock contact. The lack of distinctive marker beds
makes it uncertain whether the thimning is duve to stratigraphic or struc-
tural causes.

The lithology of the Morrison Formation is variable, although
variegated shales are the prqminent constituent. Shales of gray and green

color are most abundant in the lower portion of the strata, although red
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and purple shales prevail in the upper portien ef the formation. Sand-
stone beds are numerous but generally discon%inuous. Locally they may
achieve 5 to 10 feet in thickdess and maintain a consistent thickness and
stratigraphic position. Discontinuous limestone beds.occur at intervals
within the lower 20 feet of.the formation.

Egposures of the Morrison Formation in depositional contact upon
Precambrian rock are of structural importance. These are particularly well -
developed along the northern margin. Here the highly fractured Precambrian
rocks were swept clean by fresh water currénts and calcium:cérbonate and
angular fragments of granite filled these fraqtures. fhis basal section
is generally from one to two feet thick and is overlain by green and yellow
shales'and yellow sandstone. Although such exposures are few, the possi-
bility of fracture analysis on these filled surfaces, establishing a pre-
Morrison geometric pattern of failure, has considerable structural signifi-
cance.

A detailed account of Morrison stratigraphy within the Canon City

embayment is given by Hassinger (1959) and by Waldschmidt and Le Roy (194k4).

Cretaceous System

Dakota Group
Along the northern and eastern mafgins of the Wet Mountains, the
Dakota Group typically forms a hogback. During field mapping, three units
of the Dzkota Group ﬁere recognized to better delineate the structure: the
Lytle Sandstone, which immediately overlies the Morrison Formation; the
Glencairn Shale; and the Dakota Sandstone. To simplify the composite map

and the enlargements, these subdivisions are omitted from Plate I.
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Hassinger (1959, p. 12) stated that the Lytle Sandstone uncon-
formably overlies the Morrison Formation wit£in the Canoh City embayment.
Morris (1961, p. 51) in a study of the Dakoté Group along the Front Range
aﬁd in the Canon City émbéyment found no lithologic break between the two
formatiens. The field relations observed by the author corroborate the |
conclusion of Morris.

Boyer (1962, Plate I) shows the Dakota Group in depositional con-
tact with Precambrian rocks. A similar relationship-is possible rorth of
Hardscrabble Creek in section 28, although, the presence of pediment gravels
precludes accurate determination of the relationship. Isolated exposures
of Lytle (2) Sandstone were also found in section 13 along the northern
margin of the Wet Mountains. Verification of these identifications would
place the Lytle Sandstone as the highest stratigraphic unit to'be found
in depositional contact with Precambrian rock in the area mapped.

South of the Arkansas River within the Canon City embayment, 100
to 175 feet of strata of the Dakota Group were measured. In sec. 3%4,
T. 19 S., R. 70 W., 200 feet of the group were measured in the subsurface.
North of Wetmore in the Dr. T. A, Davis No. 1 well, 245 feet were recorded.
Along North Creek just east of Beulah approximately LOO feet were measured,
suggesting a gradual southward thickening of the group. |

The base of the ILytle Sandstone was arbitrarily taken as the base
of the‘sandstone éontaining the lowermost pebble conglomerate zone. This
congloﬁerate zone was found throughout most of the areé. The pebbles are
predominantly quartz, chert, and brown orthoquartzite (Morris, 1961, p. 7).
The remainder of.the Lytle is a dark-yellow to buff-colored, medium-grained

sandstgne.
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Overlying the Lytle Sandstbne is the Glencairn Shale. ‘The con-
tact is defined by & transition from the lentitular, massive-bedded, light-.
colored Lytle Sandstone tc the thin-bedded, laterally continuous dark
shale and dark-weathering sandstone of the Glencairn Formation. The latter
consists of thin—bedded, fine-grained to very fine-grained, dark-weathering
sandstone with interbedded dark carbonaceous shale and siltstone (Morris,
1961, p. 17). These units are not distinct in their boundaries and a
gradational sequence 1s apparent throughout the formatien.

Stratigraphically above the Glencairn Shale is the Dakota Sand-
stone. The contact is marked by the lithologic change from continuous,
thin-bedded, fine-grained sandstone and shales of the Glencairn to lenti-
cular, thick-bedded, coarse-grained sandstone of the Dakota Sandstone.
Cross bedding within the Dakota Sandstone is prominent, ranging in size
from two inches to five feet (Morris, 1961, p. 25). '

Within both the Lytle Sandstone and the Dakota Sandstone, silici-
fied joints are abundant. Many of these are slickensided but the struc-
tural significance of these features'is.doubtful.

The most recent'étudy of the Dakota Group was carried out by

Morris (1961).

Benton Group
The Benton Group is composed'of the Graneros Shale which con-
formably overlies the Dakota Sandstone, the Greenhorn Limestone, the
Carlile Shale'and the uppermost unit, the Codell Sandstone.
The Graneros Shale is a soft, black to gray, fissile, calcareous
"shale. Stringers of gypsum are loczlly present. This unit is easily

weathered and commonly forms & shale slope or valley between the Dakota
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Sandstone and the Greenhorn Limestone. Immediately south of"~the Arkansas.
River in section 13, 284 feet of Graneros Shele were measured (Ruley, 1952,
p. 54). Kim (1951) measured 100 to 200 feet southeast of Wetmore. South-
east of Beulah on the northwest flank of the Three-R syncline, Malek-Aslani
(1951, p. 60) measured 55 feet of Graneros Shale.

The Greenhorn Limestone is an excellent mapping horizon within
the Benton Group as. it consists of a series of alternating bluisﬂ-gray
limestones and darker gray shales. The limestone beds range in thickness
frog 3 to 12 inches, are microcrystalline, and characteristically fracture
into sharp, angular fragments. The shale layers vary in thickness from
10 to 12 inches. Fifty-one feet of this unitwere measured in the southern
portion of the Canon City embayment (Ruley, 1952, p. S54). This unit thins
in the Cuckoo antiqline to about 20 feet but thickens in the viecinity of
Wetmore to more than 100 feet (Kim, 1951) and -apparently maintains this
thickness southward into the Beulah area where Malek-Aslani measured-101
feet in the Three-R syncline (1951, p. 62).

The Carlile Shale-is composed of medium-gray, black, and buff-
colored shales. Approximately 250 feet of the Carlile Shale are present
south of Grape Creek (Ruley, 1952, p. 55) but only 166 feet were measured
Ey Morris (1957, P- 83) north of Chandler Creek. In the vicinity of Wetmore,
100 to 130 feet were recorded by Kim (1951), and in the Beulah area, the
sequence has increased‘in thickness to more than 175 feet (MalekeAslani,
1951, p. 63). -

The‘Codell Sandstone is a relatively thin but persistént unit
throughout the area. Its resistance to erosion produces excellent expo-

sures. The Codell Sandstone is only 2 to 3 feet thick in the Canon City
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embayment but thickens gradually to the south: attaining approximately 30
feet in the Beulah area. This sandstone-is light yellow to brown in color,
cross-bedded and typically calcareous. It is locally highly fossiliferous

with specimens of Inoceramus being present.
Niobrara Group

Fort Hayes Formation

Conformably overlying the Codell Sandstone is the Fort Hayes
Formation composed of thin;gédded limestone layers separated by one to
two inch beds of light-gray calcareous shale. The limestone beds range
in thickness from a few inches to two feet with the thicker units occur-
ring near the base of the formation. The limestones are light gray to
" chalky white in color, becoming creamy white upon weathering.. Conchoidal
fracturing of the microcrystalline limestone is common. Poor exposures
commonly preclude accurate thickness determinations. Approximately 260
Teet are exposed southeast of Grape Creek, 9L feet (Mann, 1957, p. 83)
north of Chandler Creek, 90 feet in the arez of Wetmore (Kim, 1951), but

only a few feet are present in the Beulah area.

Smoky Hill Formation

Conformably above the Fort Hayes Formation is the Smoky Hill
Formation. The exposures of this unit are few. Less than 100 feet is
exposed along the northern margin of the Wet Mountains, although approxi-
mately 150 feet are present east of Wetmore. This formation consists of
predominantly argillaceous sﬁale with occasional lenses of calcareous-
cermented shales. Thin gypsum stringers are locally abundant. The fresh

surface is dark gray but the weathered outcrops take on a straw-yellow
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coior. Within the shale'sequenées are thin lenses.of buffhcolofed sand-
stone. |
In 1964, Scott and Cobban, while working in the Pueblo area,

suggested that the Niobrara Group be reduced to formational status with
a commensurate lowering of the Fort Hayes and Smoky Hill formatiens to
members. The widespread usage of the former ranks of these units, and
the equivalence of mapping properties of the Fort Hayes and the Smoky
Hill to other established units of formational rank has led the writer

to retain the older group-formation notation here.

Pierre Shale s

The Pierre Shale has been mapped north of Oak Creek. It is more
widespread than would be suggested by the compiled map on Plate I, but
generally the exposures are too small and ;eparated to be mapped at that
scale.

The Pierre Shale rests conformably upon the Smoky Hill Formetion
with a transitional contact present.

Lead-gray to black shales are characteristic of the Pierre Shale.
Within the Arkansas Valley, Lavington (1933) and Griffiths (1949) sub-
divided the Pierre Shale into five zones: +the Barren Zone at the base,
above which appear successively the Rusty, Tepee, Cone—in—Cdne, and the
Transition zones. All of these zones have transitional contacts. The
Barren Zone, which is a dominantly dark-gray to black,‘limonitic and
fossil~bearing, very thinly bedded shale with oval, gray septarian con-
cretions, contains a 20 foot sandstone member. Within the Florence Oil

Field this zone attains a thickness of 400 feet. The Rusty Zone is dis-.

tinguished by its bentonite and brown concretionary limestone beds which
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develop up to three feet thick. The Tepee.Zone«isPtypified by cylindri-
cally shaped, gray, fossiliferous limestone masses, and bentonite beds
which are up to a foot thick. Althoﬁgh cone-in-cone beds are present
throughout the Pierre Shale, they achieve a marked concentration above
the Tepee Zone. Ironstones, calcareous concretions, thin sandstone and
bentonite beds are also associated in the Cone-in-Cone Zone. The Transi-
tion Zone of Lavington incliudes beds between the lower strata of the
Pierre which contain Montanan fossils and the Trinidad Sandstone.  This
zone is blue gray with thinly laminated shales and siltstones which con-
tain scattered calcareous concretions and several thin limestone beds.
The Transition Zone is commonly fractured, and contains abundant gypsum
veins. Along the western limb of the Chandler syncline about lOO feet
of this zone are present (Hunt, 1963, p. 17).

Subsurface data suggest that the Pierre shale has a thickness
from 2,500 to 3,000 feet.

A more detailed discussion of the Pierre Shale is given by

Lavington (1933) and by Le Roy and Schultz (1958).

Trinidad Sandstone

The Trinidad Sandstone is a massive sandstone and is the youngest
marine Cretaceous unit in the area (Lavington, 1933). Because of the
transitional contact with the underlying Pierre Shale, the appearance of
the first sandstone, together with the disappearapce of the dark shales,
was uged as the contact. The upper contact of the formation was pléced
Jjust below the coals and shales of the Vermejo Formation.

Only tﬁo exposures are of sufficient size to include on the com-

posite map. The Trinidad at these exposures ranges from 75 to 85 feet in



33
thickness.
The Trinidad Sandstone is composed of light-gray and light-brown,
thickly bedded sandstones which show some cross lamination and contain many
concretions which Weather'to a red-brown color. The beds are lenticular

in character.

VErmejp Formation

The Vermejo Formation weathers to form a prominent hogback in
the northern portion of the area, where it is exposed on the western limb
of the Chandler syncline.

A transitional relationship exists with the underlying Trinidad
Sandstone, where the lower coal bed of the Vermejo lies directly upon the
massive sandstones of the Trinidad, or is separated by two to three feet
of dark-brown lignitic shale.

Apart from its exposure in.the northeastern portion. of the area
mapped, only restricted exposures are present. This formation is the
highest stratigraphic unit in fault contact with Precambrian rocks.

A variety of lithologic types are displayed, ranging from the
cross-laminated sandstone which caps the prominent hogback in the Chandler
syncline to the thinly laminated shales in the lower portion of the unit.
The upper half of the sequence is a cross-laminated sandstone which weathers
to a characteristic light gray-brown. The lower half is a shale sequence
containing some coal measures and a few sandstone beds. No marker beds
are present within the formation as most of the strata are lenticular and
only a few may be traced for over a few hundred yards. The coal beds,
although thought to be continuous by ﬁiners in the area, are discontinuous

and commonly split. The coal is of bituminous grade and has been exten-
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sively mined. In many areas gypsum within the:coal renders it unusable.
On .tlr.le northeastern corner (sec. 17, T. 19-S., R. 70 W.), Hunt (1963,
p. 20) measured a complete section of the Vermejo Formation having a
thickness of 728 feet. Recent work on the palynclogy of the Vermejo

coals has been done by.Clark (1963).

Tertiary System

Raton Conglomerate
The Raton Conglomerate is the youngest consolidated stratigraphic
unit in the area. It is separated ffom‘the Vermejo Formation by an uncon-
formity that truncates the upper beds of the Vermejo. It attains a maximum
of about 90 feet in thickness where it outcrops on the west limb of the
Chandler syncline. It is a massive, coarse sandstone and conglomerate
containing some debris from older sedimentary units but primarily from

Precambrian gneisses.

Alluvial Fans, Terrace Gravels:

Alluvial fan material, terrace gravels, pediment gravels, and
talus debris have been mapped as one unit (Plate I). These deposits
generally extend north and east from the topographic break between the
Precambrian cyrstalline rock and the sedimentary strata. They mask the
bedrock relations in many places. The pediment and terrace gravels are
rounded to subrounded boulders, cobbles, and pebbles. Talus material is
confined to the Precémbrian slopes and is angular to subangular with |
blocks ranging in size up to 15 feet long. The alluvial fans are com-
posed primarily of sand- and.pebble-size particles. These deéosits are

composed predominantly of Precambrian rock but representations of all of
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the sedimentéry formations exposed within the area have been noted except
for the igneous intrusive méterial of assumed Tertiary -age.
Recent published work by Scott (1964) in the Pueblo area has
indica£ed a possible Quaternary age for much of the terrace and pediment
gravels but his reconnaissanpe work indicates that the features marginal

to the Wet Mountains may be of Tertiary age (Scott, personal communication,

1963).



. PETROGRAPHY AND PETROLOGY OF CRYSTALLINE ROCKS

Introduction

General Statement

The crystalline rocks of the Wet Mountains comprise a complex
interlayered sequence of interfingering and gradational rock types,l Twenty- -
two lithologic types were recognized but only 15 of these occur in suffi-
cient abundance to be mapped (Fig. 3). For discussion purposes these are
grouped as: mafic gneisses--biotite-quartz-plagioclase gneiss, hornblende-
plagioclase gneiss, hornblende-pyroxene-plagioclase gneiss, pyroxene-
scapolite gneiss and sillimanitic gneisses and schists; felsic gneisses--
granite gneiss, quartz monzonite gneiss, and granodiorite gneiss; mixed
rocks--lit-par-1it gneiss and migmatite; igneous plutonic rocks--San Isabel
Granite, granite of Oak Creek; and the igneous intrusions--pegmatites and
mafic bodies. Here the terms felsic and mafic are used in a color sense
only.

The relation of the various rock types in a layered sequence is
conspicuous. Lithologic layers ranging from a few inches to more than 200
feet in thickness are recognizable in the field. The contacts are generally
irregular and commonly gradational with a transition zone extending from a
few inches to tens of feet in width. Lateral variation and interfingering
contacts are common. Where the strata are only a few inches thick, wéll-

defined foliation is developed. The schistosity, vwhich is invaribly
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: Figure 3
Lithologic Units of Crystalline Rocks

Igneous Intrusives
Pegmatites
concordant and discordant tabular bodies; microcline, perthite, quartz,
muscovite
Mafic bodies
lenticular, tabular, irregularly shaped; concordant and discordant;
andesite, dacite, diabase

Igneous Plutonic Rocks
San Isabel Granite
porphyritic; quartz 25%, microcline forming phenocrysts 25-30%, oligo-
clase 20%, green biotite, sphene, apatite, mortar structure
Granite of Oak Creek
porphyritic and granular facies; light pink to brown; quartz 16%,
microcline 44%, oligoclase 23%, brown biotite 14%, accessories 3%
Mixed Rocks
Migmatites
highly contorted, mobilized aspect; flow folding characteristic
Lit-par-1it gneiss
interlayered sequence of beds less than 200 feet thick, similar,
flexural slip folds diagnostic; equal amounts of mafic and felsic
gneisses
Felsic Gneisses
Granite gneiss
light pink to tan; moderate to poor schistosity; quartz 28%, micro-
cline 48%, oligoclase 19%, biotite 4%
Quartz monzonite gneiss
light pink; moderate to poor schistosity; occasionally porphyroblastic;
quartz 33%, microcline 35%, oligoclase 30%, biotite 2%
Granodiorite gneiss
light pink to light gray; moderate to good schistosity; quartz 3