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GENERAL GEOLOGY OF THE CRIPPLE CREEK DISTRICT,
COLORADO.

By WHITMAN CROSS.

CHAPTER 1.

INTRODUCTION.
FIELD WORK AND ACKNOWLEDGMENTS.

This report is principally based upen centinucus field work in the
Cripple Creek district frem September 5 te November 24,1894, In the
course of mapping the Pikes Peak district, during the summer of 1893,
about ten days were spent in the area embraced by this special map.

During both seasons the writer was ably assisted by Dr. E. B.
Mathews, now instructer in petrelegy and mineralegy in Johns Hop-
kins University, Baltimore. The portion of the accocmpanying geclog-
ical map witheut the border of the velcanic center, excepting Grouse
Mcuntain, is mainly the work of Dr. Mathews.

The examinaticn of the ore depesits of the district was carried on
almest simultanecusly with the investigation of the general geclegy,
and the writer wishes to gratefully acknowledge the great assistance
he has received frem Dr, Penrese threughout the werk.

GEOGRAPHIC POSITION OF THE CRIPPLE CREEK DISTRICT.

The mining district which is the subject of this repert is situated in
a group of, for the most part, rounded hills seme 7 to 12 miles scuthwest
of Pikes Peak, in the western part of El Pasc County. It lies near the
center of the territory embraced by the Pikes Peak sheet of the Geclegic
Atlas of the United States, issued in 1894,

The general elevation of the district is frem 9,000 te 10,800 feet above
sea-level. It is situated between Beaver and Oil creeks, two tributaries
of the Arkansas River. The former, on the east, has several forks
which rise in amphitheaters cn the scuthern face of Pikes Peak, while
Oil Creek, on the west, drains a large surface of thé granite plateau
west of the peak. The creek from which the tewn and mining district
derive their name is cne of the numercus branches of Oil Creek, which

cut deep canyocn gerges on their way te the main stream.
' ‘ 13



14 - GENERAL GEOLOGY OF THE CRIPPLE CREEK DISTRICT. |,

The climnate of the region is arid, and vegetation is correspondingly
scanty. Before the discovery of the gold mines the district was known
only as a grazing country, as the names attached to several of the hills
abundantly testify. The most striking feature of the country for some
miles about Cripple Creek is the aspen growth, which has replaced a
forest of spruce destroyed by forest fires many years ago. At the alti-
tude of the mining district the aspens are often limited to the northern
slopes, but toward Pikes Peak they cover large tracts, and finally give
way to some beautiful dark forests of spruce, particularly on the west-
ern slopes of the mountain, and up to altitudes of over 11,500 feet.
After the frosts of early autumu the aspen-clad hills seem fairly atlame
with the brilliant yellow and orange colors of the turning leaves.

The mining camp is reached by wagon roads from Florissant and
Divide on the north, from Colorado Springs on the east, and from
Canyon on the south. Within the past year (1894) two railroads have
been built into the district, one coming from the Colorado Midland
Railroad, at Divide, on the north, and the other from Florence, on the
Denver and Rio Grande Railroad, in the Arkansas Valley.

LITERATURE.

Prior to the discovery of the gold deposits now being worked the
only publication concerning the geology of the Cripple Creek area was
the Annual Report of the Hayden Survey for 1873. In this volume
Endlich speaks in a most general way of a voleanic area south of Pikes
Peak characterized by voleanic cones and flows of lava, and it may be
assumed that he refers to the district in question.’

Since the gold discoveries of 1891 numerous newspaper accounts of
the local geology have been given, and descriptions of mines and of the
ores have been published in technical journals; but none of these has
contributed to the general geology of the district to an extent deserv-
ing special meuntion.

After the field work upon the Pikes Peak district the writer presented
a paper on Cripple Creek geology to the Colorado Scientific Society,
which was published in pamphlet form in advance of the regular vol-
ume of the soeiety’s proceedings.?

CONDITIONS OF GEOLOGICAL WORK,

In all the central part of the area, where the hills are made up of
volcanic material, there are but rare rock outcrops to aid the geologist
in outlining the various formations. The slopes are usually smooth,
covered with a scanty growth of grass or of aspens, or with a mantle
of slide rock, effectually concealing the contacts of formations. The
general character of the hillsides is well illustrated by the views shown
in Pls. I, I, VIII, and IX.

I Ann. Rept. Geol. and Geog. Survey of the Territories for 1873, p. 318.
2Geology of the Cripple Creek gold mining distriet, Colorado, read June 4, 1894.
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Before the mining excitement had caused the opening of the thou-
sands of prospect pits and trenches which now dot the slopes on all
sides, it would have been impossible to have mmade a map of these hills
having any great detail, and much is still lacking in regard to the
boundaries of some of the important formations. Although prospect
shafts are very numerous, they are often full of water, or caved in, or
otherwise inaccessible; and while an inspection of the dump may show
that several rocks were met with in sinking the shaft, their relations
can not be ascertained. And while the camp is new it is by no means
easy to get intelligent information concerning abandoned workings, nor
is the obtainable information always satisfactory.

‘““ Phonolite” has become a magic word in the district, and every pros-
pector is sure that he has found it in his shaft.. “Trachyte” and “por-
phyry” are also common terms, the application of which is sometimes
highly original, as in the following instance: A certain phonolite dike,
which was partly fresh and partly highly decomposed, was designated
by a miner who had sunk a number of prospect holes in it ¢ a belt of
" trachyte and porphyry.” On being asked for his definitions of the
terms, trachyte was described as ‘‘a blue-gray, hard rock,” and ‘por-
phyry—well, porphyry generally runs three or four dollars” of gold
to the ton. “Porphyry” is the term usunally applied in the district to
the bleached rocks, whether indurated breccia or massive material.

The greater part of the grading and cutting on the line of the Mid-
land Terminal Railroad in the area of the map was done after field
work had been finished. -

GENERAL GEOLOGICAI;. CHARACTER OF THE DISTRICT,.

The group of hills containing the mines of the Cripple Creek district
are almost entirely made up of voleanic rocks, and the chief result of
the present investigation is the demonstration that there is here a small
vent in and about which the sequence of phenomena has been remark-
ably complete and typical of a true volcano. The principal material is
fragmental, breccia or tuff, resulting from a succession of explosive
outbursts. Massive rocks ocecur, representing in part bodies that have
been largely destroyed in succeeding explosive periods of the voleano,
and in part intrusive bodies of various sizes and shapes belonging to
the later eruptions. Gaseous exhalations played a prominent part at
certain periods, and in the final stage of the volcanic cycle hot waters
circulated through the more or less permeable mass and decomposed
the rocks to a great extent.

The history of the series of igneous magmas erupted at this center,
as well as of the physical phenomena, has been that of a true volcano.
The earliest rock was andesite, which was followed by a great number
of eruptions of phonolite, the peculiarly characteristic rock of the cen-
ter, at several periods, with explosive outbursts between them. As
the last products of eruption, a number of ]nghly basic rocks of vary-
ing character are found in small dikes.
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The formation through which the Cripple Creek voleano burst and
upon which its superficial materials lie is the granite-gneiss complex
of the Colorado Range. In the immediate vicinity of the volcanie
center these older rocks have been locally much altered by the agencies
of the vent, but in general they are fresh and characteristic and con-
tain many dlkes of igneous rocks belonging to the phonolitic perlods of
the volcano. -

GENERAL RELATIONS OF THE DISTRICT TO THE SURROUNDING
COUNTRY.

In order to clearly eXI;Iain the bearing of the geology of Cripple
Creek upon questions of economic importance, it is necessary to present
a sketch of the geological relations of the district to the area about it.
The geological map and descriptive text of the I’ikes Peak folio bring
_out most of the relationships, but it seems desirable to review in this
place some of the features of greatest importance..

The hills of Cripple Creek lie near the eastern border of an uneven
plateau, which stretches westward for 40 miles from the southern end
of the Colorado Range to the low hills convecting the Mosquito and
Sangre de Cristo ranges. It is true that the present surface of this
plateau is much modified' by canyons, hills, and low mountain masses,
but a glance at the profile sections of the Pikes Peak folio shows how
insignificant the minor variations appear in a broad view of the area.
Moreover, it is not so much the plateau of to-day which deserves recog-
nition as that which existed at the time of the voleanic outbreaks which
formed the Cripple Creek hills; for the highest mountain masses of
the area lying to the southward of South Park are also due to volcanic
eruptions, probably in part synchronous with those of the smaller dis-
trict to the east, and the canyons and depressions below the old plateau
level are of still later date than the voleanic outbursts.

In the vicinity of Cripple Creek the granites, gneisses, and schists
are exhibited in a very irregular and intricate mingling of types, and
it is necessary to examine a large territory in order to understand much
of this complication. The volcanic phenomena of Cripple Creek must
be compared with those of the larger district in order to properly appre-
ctate the natural limitations of the ore deposition in and about the vol-
canic center, as well as to indicate a natural field for future exploration.
In respect to sedimentary formations, there is but little in the known
history of the surrounding country which has any visible connection
with that of the Cripple Creek district. The relations to the granite
plateau and to the larger volcanic area will now be specially considered.

THE GRANITE-GNEISS COMPLEX.

Pikes Peak and the southern end of the Colorado Range are com-
posed mainly of massive reddish granite, both coarse and fine grained.
Southwest from the peak, toward Cripple Creek, bands of gneiss are
occasionally met with, and the evidence that the gneisses are formed
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from the granite on zones of shearing is locally very distinet. The
field examination of the Pikes Peak area was necessarily too hurried
to permit the tracing out of these shear zones, but they can be said
to have a geueral north-northwest trend and to increase in importance
to the westward. :

Possessing a similar trend and extending from Cripple Creek to the
Platte Canyon, on the north boundary of the Pikes .Peak sheet, is a
line along which the granite and derived gneisses contain numerouns
large and small included fragments of quartzite, quartz-fibrolite schists,
or quartz mica schists, and other similar rocks. A number of these are
shown on the Cripple Creek map. This line is also in a very general
way a boundary between predominant coarse-grained granite on the
northeast and a later, fine-grained granite on the southwest. The
nnimber of the inclusions in granite 1s very great in all the district
examined to the westward, as far as the line beyond which voleanics
cover both. .

In Wilson Park, about 14 miles south-sonuthwest from Cripple Creek,
is a notable mass of finely stratified, bluish quartzites, included in and
penetrated by dikes of granite. These quartzites and others near
Rocky post-office, in the northwestern corner of the Pikes Peak dis-
trict, where fine conglomeritic layers occur, show that these granites
have broken through and carried away in their masses many fragments
of an ancient sedimentary formation, which is indeed at present known
only in these fragments. I‘rom the evidence that Upper Cambrian
strata rest upon these granites or their apparent contemporaries it has
been concluded that the quartzite fragments belong to the great series
of pre-Cambrian (Algonkian) sediments, to which remnants of ancient
strata found elsewhere in Colorado have been referred. Hence the
granites are not Archean, but are older than the only Cambrian rocks as
yet identified in Colorado. ‘

The igneous rocks of the Cripple Creek district are found resting
upon or penefrating this complex of granites, gneisses, and included
schist fragments, which are here micaceous or fibrolitic quartz-schists,
and almost always much decomposed.

VOLCANIC AREAS NEAR CRIPPLE CREEK.

The voleanic center of the mining district stands at present quite
isolated, but it is clear that it is to be regarded as a small outlying
point of eruption, intimately connected with the region to the west,
already referred to, in which outbreaks upon a large scale are proved
by the complex of agglomerate, breccias, and tuffs, with intercalated
lava-flows and intrusive inasses of various kinds. During the field work
upon the Pikes Peak sheet the eastern portion of the large volcanic area
between the Arkansas River and South Park was examined in some
detail. It is represented upon the Hayden map as chiefly of ¢ tracho-
reite” with some basalt, and one small mass of andesite. In fact it
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consists, in this eastern portion, of a series of roughly stratified brec-
cias and tufts of basaltic and andesitic rocks, more than 1,000 feet in
thickness, with frequent dikes and intrusive or extrusive sheets of
basalt, and later irregular masses and dikes of various andcsites, rhyo-
lite, and trachyte. '

The fragmental voleanics rest upon a rolling floor of granite and
gneiss, with the quartzite and schist inclusions described above. Ero-
sion has removed a large amount of this material, and its former thick-
ness and lateral extent are as yet matters of infercnce. 'As shown
upon the Pikes Peak geological inap, there are many remnants of this
volcanic Series cast of the main area, preserved by massive lava-flows
or filling minor hollows in the granite platean. These remnants occur
to within 6 miles of Cripple Creek on the northwest, and it is not
improbable that at oue time the fragmental materials of the Cripple
Creek center mingled with those of the main district, the granite sur-
face between them being entirely covered.

It appears certain that the chief source of the dark breceias and
tuffs described was south of South Park, and although minor vents
may have coutributed locally, the evidence indicates that there was a
principal center not yet accurately located. The rhyolites, trachytes,
and later andesites seem, however, to have issued through innumer-
able fissures on all sidcs.

The small Iake basin at Florissant, celebrated cspecially for its late
Kocene (Oligocene) insect fauna, seems contemporaneous with the
earlier part of the volcanic phenomena, for its beds are made up
chiefly of fine volcanic dust and ashes, and are overlain by coarser
breccia and by rcmnants of rhyolite flows. In High Park, 5 miles
south of west from Cripple Creek, identical rhyolite lows were over-
lain by a local lake deposit, and these were in turn suceeeded by pho-
nolite masses. In this way a chain of evidence tends to show that the
volcanic phenomena of this broad area belong to the Eocene pcriod,
possibly continuing iuto the Miocene.

RECENT PHYSIOGRAPHIC CHANGES IN THE REGION.

Since the close of the volcanic activity which has been briefly
described, the granitic plateau and the volcanic acecumulations upon
it have been greatly modificd by erosion. The region in guestion
forms the watershed between the Platte and Arkansas rivers. The
former traverses Sounth Park, and leaves it at its southeastern extrem-
ity, in the northwestern part of the Pikes Peak district, and then
turns abruptly to a northeasterly course across the Colorado Range to
the plains, From this sharp bend it is about 30 miles nearly due
south to the Royal Gorge of the Arkansas, the Platte being 2,700 feet
higher than the Arkansas. As a result of this difference in elevation,
the northern tributaries of the Arkansas—Current, Oil, Eight Mile,
and Beaver creeks—have had much greater cutting power thau those
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of the Platte. They have removed much of the surface volcanic mate-
rials, and have carved deep canyons in the underlying granites and
gneisses, so that on the Arkansas side the plateau feature which has
been dwelt upon is recognizable only by the even elevations of many
of the ridges between the canyons. Some of these tributaries have cut
back to within 5 miles of the Platte at its bend to the northeast.

The Tertiary orographic movements which have resulted in this
deformation are no doubt complex, the resultant being a general eleva-
tion of the monntain area relative to the plains, and one which seems
to have been most pronounced to the north of the Arkansas River.
But the stndy of the sedimentary area of Garden Park, which pene-
trates the platean region from the south behind the Colorado Range,
has shown that many local differential elements of the broader con-
tinental movement have played an important part in the present
relation of the Cripple Creek district to the western plateau.

Garden Park Bay, as it may be called, is bounded chiefly by faults,
upon which there has been a vertical movement of varying amonnts in
different places; but the chief displacement is on the eastern side, and
increases northward, from zero opposite Millsap Creck to over 800 feet
some 4 miles to the northward. 1t will appear, in discussing the geol-
ogy of Grouse Mountain (see Chapter V), that there are grounds for
supposing this fanlt to increase to a displacement of at least 1,200 feet
opposite Cripple Creek, accounting for one of the most marked and
sudden breaks in the plateau structure. By this fault the area on the
east, including the entire district embraced in the special map, has
been raised 1,000 to 1,200 feet. Other faults have doubtless had influ-
ence in producing some of the moss distinet modifying features of the
plateaun country.

Trom the evidence which will be developed in desecribing the forma-
tions of Grouse Mountain it appears that the large fault above men-
tioned is of later age than the volcanic eruptions at Cripple Creek, and
is thus probably Miocene or later.



CHAPTER 11I.

ROCK FORMATIONS.
GENERAL CLASSIFICATION OF THE ROCKS.
ROCKS OF THE FUNDAMENTAL SERIES,

Two gencral subdivisions of the rock formations of the Cripple Creek
district wmay be made. One embraces the very old granites, gneisses,
schists, etc., which constitute the main mass of the Colorado Range,
and make the floor upon which the Paleozoic sediments rest, and through
which igneous rocks have been ernpted. With these may be included
the narrow diabase dikes of pre-Cambrian age, which have nothing to
do with the later eruptives.

These older rocks of the distriet belong to types which have been
studicd in the larger area of the Pikes Peak sheet. Many of their
characteristics and relationships are not well shown near Cripple Creek,
and as it is intended to publish a description of the geology of the
larger area, these rocks are not treated in this chapter so fully as are
those which are peculiar to the territory embraced within the special

map.
TERTIARY ROCKS.

The second division includes the rocks ernpted from the Cripple
Creek volcano or found in the surrounding granite, but of evidently
intimate connection with the volcanic center, and the deposits in a Ter-
tiary lake basin. The treatment of the voleanic types will vary some-
what according to the importauce of the different rocks. Thus, phono-
lite, the characteristic rock of the region, is present in many masses
of somewhat differing development, and as it is, moreover, a very rare
rock type in this country, it will receive a much fuller discussion than
the more common and less interesting types of the volcano.

DESCRIPTION OF THE ROCKS.
GRANITE.!

Varieties distinguished.—The granites of this district are similar to
those found in the area of the Pikes Pealk sheet. Among them may be
distingnished at least three well-defined types. The most prominent
of these’is that which has been called the *Cripple Creek granite.”?

I'The description of the granitic rocks of the area1s taken from the manuscript of Dr, E. 3. Mathews,
now of Johns Hopkins University.
2The granites of Pikes Peak, Colorado, by E. B. Mathews, Bull. Geol. Sug, Aw., vol. 6, 1895, p.471,
20
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This occupies the greater portion of the area immediately around the
town. To the north may be ‘seen the granite which seems to be espe-
cially characteristic of the larger area extending to and beyond Pikes
Peak, whence the type receives its name. The third type is that which
is common throughout the whole region in numerous narrow dikes.

Besides these three principal types, there are a few minor modifica-
tious, the most prominent of which are the peculiar red granite which
forms the small hill on the south side of Spring Creek, opposite Red
Mountain, and the variety adjacent to the town of Cripple Creek on
the northwest. _

Cripple Creek type.—The rocks included under this division make up
the area west of the strcam of Cripple Creek, and for a long distance
west of the map line. The rock is a rather fine-grained, reddish biotite
granite, in which the prominent constituent is an alkali feldspar, in
lath-shaped, tabular, or short and stout crystals, a Carlsbad twinning
being common. Quartz is present in bright-red giains evenly dissemi-
nated through the mass, the color being due to a warked staining by
iron oxide. Biotite is, as a rule, not very abundant and not prominent,
since it 1s scattered through the massin small grains; but ou the western
border of the town the granite is locally different, containing biotite in
abundance in large, clearly defined flakes, which seem to be fresher and
more lustrous than elsewhere. Thisdevelopment of biotite at tirst sug-
gests a further variety of the granites, but the fact that the feldspars
preserve their short, stout habit makes it probable that this is only a
local facies of the type under discussion. Biotite appears to be wmore
richly developed in the zones abont the included schist {ragments than
in the mass of the rock. »

Oun microscopical examination it is found that the feldspar oceurs
chiefly in large, more or less automorphic individuals, which are appar-
ently orthoclase and not microcline, as in many similar rocks of the
Pikes Peak area. Plagioclase is present in subordinate amounts, and
in the sections studied it 1s usually altered to kaolin or sericite. The
alkali feldspar also occurs in the micropegmatite, which presents radi-
ating or arborescent forms, near the large feldspar and quartz grains,
with one of which there may be similar orientation.

Quartz is more abundant than in some of the other types, and it
is especially distiuct by reason of iron stains or inclusions. The large
grains show some limonite in fissures. The quartz is often full of the
inclusions which have been called ¢ quartz-needles ” and of small flakes
of hematite.

Biotite occurs normally in large flakes rather than in aggregates of
sinall ones, as is the case in much of the granite of the Pikes Peak
type. Though apparently fresh, the niiecroscope shows that the process
of chloritization has gone on to a considerable extent., Muscovite is
present as an original constituent, and when in connection with the
biotite is seen to be older, giving to the latter its form and differing
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from it in its orientation. But secondary muscovite is also present,
derived from the biotite or from the feldspathic constituents.

- Among the accessory minerals of this granite the more noticeable
are zircon, apatite, epidote, and magnetite, all occurring in the nsnal
manner.

Pikes Peak type.—This type occupies nearly all of the area north, east,
and south of the volcanic center. The rock is coarse-grained and
rudely porphyritic through large, more or less automorphic individuals
of potash feldspar, usually microcline, which stand out most prominently
on weathered surfaces. These rough phenocrysts are of a slightly
pinkish color and often contain many small, black inclusions, probably
biotite. The brachypinacoidal faces are best developed, and sometimes
reach the size of an inch or two. The granular ground-mass consists
of alkali feldspar, plagioclase, quartz, biotite, and sometimes hornblende.
In many places the porphyritic structure is lacking and the rock is
simply a coarse-grained biotite-granite,

The microscope shows that oligoclase, orthoclase, and what is prob-
ably secondary albite occur with the predominant miecrocline. In the
great majority of specimens the predominant feldspar is microcline,
which, with but a few minor exceptions, shows the usual twinning strue-
ture to extend equally across the entire individual. Sometimes when
there are included mineral grains there may be a slight accentuation
of the microcline structure about those inclusions, but in general there
is no evident connection between the development of that structure
and any deformation which the rock may have undergone. Further,
there is perfectly developed microcline structure adjacent to quartz
. grains showing no undulatory extinetion or other indication of pressure.
Everything seems to point to an original development of the character-
istic structure, and nothing seems to be contrary to such a conclusion.
This statement refers to the larger grains of microcline, for the rocks
carry small grains of evidently secondary microcline, which is clcarly
separable from the original., Plagioclase is less abundant than micro-
cline and belongs to the oligoclase series.

Quartz occurs in considerable abundance, but is much less developed
than the feldspar; it is always xenomorphic and in good-sized graius.
Usually there is little evidence of dynamic action, though in the same
granite beyond the area of the sheet there is abundant development of
quartz mosaic and all of the phenomena due to crushing pressure.
Generally the grains carry inclusions of ivon oxide, rutile needles (?),
and indeterminable fine particles of a green mineral with high dounble
refraction. Micropegmatitic intergrowths are often present, frequently
in great beauty, and are commonly connected with the contacts between
the feldspar and quartz grains.

Biotite is but sparingly present in the Pikes Peak type, and appears
in aggregates of small plates, the whole not much larger than the ordi-
nary flake of biotite. It is often unaltered, with strong pleochroism in
tones of reddish brown and yellow.
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Besides the minerals described, there may be noticed occasionally
small amounts of magnetite, hematite, rutile (?), hornblende, sphene,
epidote, allanite, and fluorite.

Fine-grained dike granite—The two granites above described and the
schist masses included in them are traversed by many dikes of a fine-
grained, reddish granite, composed of the same minerals as the earlier
type, but differing from them in grain and in the equidimensional
development of their grains, which are all xenomorphic and without
crystal outline, except in the case of thc early-formed ores and apatite.
The intrusion of this fine-grained dike granite was considcrably later
than the eruption of the coarser types, as is proved by the fact that
the Pikes Peak variety had already suffercd deformation before the
injection of this last rock, for gneisses derived from the earlier granite
are cut by the fine-grained dikes. _

Spring Creek variety—There still remains to be described the pecul-
iar variety which occurs opposite Red Mountain, on Spring Creek.
The rock is of medium grain, has a more or less distinct porphyritic
structure, and is marked by brilliant-red color, due to an exceptionally
heavy impregnation of all the feldspar by iron oxide. Quartz appears
in small irregular grains abundantly disseminated through the mass,
No other coustituents are visible to the unaided eye.

Under the microscope the striking feature is the clearness of the
quartz grains between the deeply colored feldspars. The character of
the feldspar is largely undeterminable, on account of the density of the
hematite pigment staining it. It seems to be chiefly orthoclase.

Biotite was probably an original constituent of this granite, but it
has been decomposed and mainly replaced by muscovite. An interest-
ing element is fluorite, which occurs sparingly all through the granite.
There is no indication that the fluorite has replaced any other mineral,
and it seems probable that it here plays the role aseribed to it by
Rosenbusch, of a druse mineral, filling the so-called miarolitic eavities.

SCHISTS,

Origin.—The schistose rocks of the Cripple Creek district belong to
the great series of inclusions in the granites to which attention has
been called in the introductory chapter. They are not so clearly met-
amorphosed sedimentary rocks as are many of the schists of theregion
to the west, but all these inclusions possess certain featnres in common,
from which it must be concluded that they have been subjected to the
same metamorphicaction. Itis quite possible that some,if not all,of the
Cripple Oreek schists have been produced from Archean gneisses
forming the foundation upon which the Algonkian sediments were laid
down. They represent so many varying modifications of a series that
their description must be very general.

Description.—~The schists in question are especially characterized by
silvery muscovite and fibrolite, the latter being more variable than the
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mica and not always present. Schistosity seemns never very perfectly
developed, bnt is always distinetly visible through the larger folia of
mica, or the bands of dense fibrolite. Often the muscovite appears
both in large plates and in very dense aggregates of minute flakes.
Fibrolite is developed in most characteristic bundles of fibers, usually
very thin but in many cases in isolated prisms, affording excellent
material for study.

The schists of the body on the ridge northeast of Mount Pisgah
consist almost wholly of muscovite, partly in large flakes and partly
in a very fine-grained aggregate, with magnetite grains scattered all
through it. The largest area of schists in the district, that lying
northeast of Cripple Creek town, consists chiefly of fine-grained white
mica schists, with much quartz, and in most cases a small amount of
fibrolite. The quartz occurs in irregular grains scattered through the
mass, as in a granite or gneiss, and is penetrated on all sides by fibro-
lite needles. Much of the muscovite is in fine aggregates of flakes, as
if from replacement of a feldspar, and a small amount of kaolin appar-
ently indicates the same former constituent. No biotite is seen in any
of these rocks, :

‘A rock which may properly be called a fibrolitic gneiss occurs on the
ridge north of Grassy Gulch. Here an irregular granular mass of
quartz and microcline feldspar, with abundant fibrolite of exception-
ally large prisms, grades into a variety with mica replacing feldspar.
Magnetite, limonite, and biotite make these rocks dark in color.

DIABASE.

The grémites, gueisses, and schists of the Colorado and Wet Moun-
tain ranges are cut by many small dikes of diabase and syenite which
have not been observed to peunetrate the Paleozoic sedimentary beds,
and are hence probably of Algonkian or early Cambrian age. The
diabase dikes are known to range from Devil’s Head Mountain on the
north to beyond the Rosita Hills on the south, more than 100 miles.
They are especially numerous in the Royal Gorge and adjacent canyons,
and may be distinctly seen from the car windows.

As a rule, the diabase of thesc dikes is of the simple ophitic type, but
olivine-bearing rocks have also been observed near Parkdale, in the
Arkausas Valley. The reddish syenites are especially nuinerous near
Silver Cliff, and are often porphyritic.

In the Cripple Creek district a number of dark dike rocks have been
found in the granites and gneisses. Their original composition is usu-
ally a matter of inference, for they are much altered, augite being
entirely decomposed, with uralitic hornblende, chlorite, or calcite as
products. Often the ophitic structure indicated by the feldspar crys-
tals is the only guide in determining the rock.

The principal dikes of diabase represented upon the map are in the
town of Cripple Creek or in the ridge to the northwest, and in the space
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between Brind and Straub mountains. Many other small dikes are
scattered throngh the region, but most of them can be traced only
short distances. :

PHONOLITE.

IMPORTANCE OF THE ROCK,

The peculiarly characteristic rock of the Cripple Creek voleano is
phonolite, It occursin dikesand in larger irregular masses, and is also
a constituent of the tuffs and breccias of one of the explosive periods
of the vent. This rock, moreover, occurs in many dikes in granite
without the immediate volcanic center, and on all sides.

Phonolite is also a specially importantrock in this district because it
is closely connected with certain types of gold-bearing veins, as will be
explained by Mr. Penrose in a subsequent chapter. From the general
standpoint of petrology, too, these rocks are of particular interest, not
only as belonging to a family very rare in the United States, but
because their chemical and mineralogical composition is one especially
suggestive in regard to the imperfectly understood laws which have
operated to produce the great complexity of igneous rock types.

The material available for this study embraces specimens from nearly
thirty masses of considerable size, including those of the area beyond
the limits of the Cripple Creek special map, and from a large number of
narrow dikes. The material is unusunally fresh, excepting in the imme-
diate volcanic center, and even there a few of the dikes exhibit some
unaltered rock. Ou account of the excellence and importance of the
material, it will be treated more systematically and fully than that of
any other rock type.

GENERAL CHARACTER.

\

The phonolites of this region are all rich in potash and soda feldspars,
and contain, as other characteristic minerals, nepheline, sodalite,
nosean, and wgirine, or an allied augite. The accessory constituents,
not always present, embrace analcite, livenite, amphibole, biotite,
titanite, magnetite, apatite, and a few rare and undetermined species.
As arule, these rocks exhibit the usual characteristies of the group,
but certain varieties have interesting structural or mineralogical
peculiarities, which will be specially described.

MINERALS OF THE PHONOLITES.

Feldspar.—All the feldspars of the phonolites, large and small, are,
so far as observed, alkali feldspars. No single crystal of the common
lime-soda plagioclase series has been found.

Glassy tabular phenocrysts are present to some extent in all masses,
but they are seldom abundant. The crystals have a very good cleav-
. age parallel to the predominant clinopinacoid, and flakes parallel to
this face show an extinction relative to the basal cleavage line of
about +9° to +10°, No fine twin structure was visible in these flakes,
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but sections of crystals in the rock slides sométimes show minute,
spindle-shaped lamellze of one or two systems, arranged as is character-
istic of anorthoclase, although extinction is sensibly homogeneous in
most cases. Where this structure is most distinet there is usunally an
outer zone free from the spindles, but full of gas pores, and even with
a ragged outline interlocking with adjacent feldspar grains. Many
phenocrysts have no visible structure suggesting a reference to any
triclinic alkali feldspar, and it is believed that the phenocrysts of these
rocks are predominantly sanidine, doubtless rich in soda, while anortho-
clase is also developed in numerous cases.!

The minute feldspars of the ground-mass and of the small crystals
of intermediate size found in a few rocks are apparently all referable
to sanidine, though their nature can not be demonstrated. They are
characteristically developed in staves and scales, exactly as in trachytes
and in the well-known trachytic phonolites of Europe. A twinning
according to the albite law is most cominon, but in some cases the
Maunebach law prevails, Elongation is parallel to the clinoaxis, and the
optical character seems uniforinly negative,

Nepheline~This mineral is developed in these rocks in almost every
degree of distinctness and obscurity known to the phouolites. It
occurs in the characteristic short hexagonal prisms, varying in size
from reddish phenocrysts of 2 min, diameter in certain coarse-grained
rocks down to those 0.01 mm, long, and in all but a few cases the
trained eye experiences no difficulty in recognizing abundant grains of
this constituent in the thin sections. Occasionally, however, in very
fine-grained rocks the development of feldspar is less distinetly micro-
litic than usual, and here nepheline may be hidden almost completely,
probably in part because it lacks automorphic development. This is
true in some of the rocks which show a large percentage of substance
soluble in cold hydrochloric acid aud undoubtedly contain the usual
amount of nepheline. ) ‘

Nosean and sodalite—The quantitative analyses of phonolites of this
district all show the presence of sulphuric acid and chlorine, and {roin
this fact one would naturally suppose that the rocks contained both
nosean (or hauyne) and sodalite. And there are in reality two charac-
teristic developments of minerals referable to this group in most of the
rocks examined.

A majority of the phonolite specimens collected contain a few macro-
scopic crystals of rhombic dodecahedral form. They reach a maximum
‘size of 3 or 4 mm., and range downward to less than 0.5 mm., but the
microscopical study of thin sections shows the number of these crystals
to be practically limited to what may be seen with a hand lens in the
section. They contain a great many minute opaque inclusions, either
making the whole mineral dark, or arranged in an outer border, or in

1Tn the similar phonolite of the Devil’s Tower, near the Black Hills, Pirsson determined the pheno
crysts as soda-orthoclase. Ain. Jour. Sei. (3), Vol. XLVIIL, 1894, p. 342.
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the diagonal lines charaeteristic of hauyne and nosean. A pale bluish
or greenish color is sometimes visible in the fresh substance of crystals
included in sanidine or nepheline, This mineral corresponds exactly
to what has been called nosean or hanyne in many phonolites.

Contrasting with these large crystals, and often in the same rocks,
there are minute crystals corresponding in size to the nephelines,
visible only under the microsecope, of hexagonal or square outlines,
and uniformly isotropic, which usually contain a group of gas or fluid
inclusions in the central part, while an outer narrow border is perfectly
clear. Sometimes the substance is almost free from inclusions, but
ordinarily the mineral in question is specially recognizable by their
presence, for the accompanying ncpheline apparently never carries
them. There are no transitional forms between the large and small
crystals of these two classes.

In the case of the minute crystals of many of these phonolites their
recognition by the eye is a question of practice, for they are often so
small and so nearly free from inclusions that only by becoming accus-
tomed to their characteristics and associations can their identification be
carried out. Very similar particles occurring in the phonolites of the
Black Hills were interpreted by Pirsson! as sodalite, mainly because
of the chlorine contents (0.15 per cent) of a rock analyzed. And such
is the identification snggested by various circumstances connected with
the series of rocks under discussion. The rock from east of Big Bull
Mountain (see analysis, p. 39) contains no visible phenocrysts of the
nosean-like mineral, and it is this rock which has the least amount of sul-
phuricacid. It is also true that the supposcd sodalite is very difficult of
detection in this rock, but that is trune likewise of nepheline, although
.the rock is certainly a phonolite.

The rock containing the highest amount of chlorinc has many minute
erystal grains (0.04 mmn, in size), seemingly of the sodalite mineral,
but not well characterized by inclusions. As the two minerals lie
side by side, the microchemical method used by Osann? for distinguish-
ing the substances in question was tried with success. A thin section
containing a comparatively fresh nosean (%) crystal 2 mm. in diameter
and a large number of the minute sodalite erystals with very clear outer
zones was covered with dilute acetic acid (20 per cent acid) to which
chloride of barium had been added, and was allowed to remain under a
bell glass for several hours, together with a watch glass containing the
same solution, so that complete evaporation should not take place.
Both minerals were attacked, and the mnosean crystal was rendered
cloudy and opaque. by the precipitate of sulphate of barinm, while the
minute sodalite crystals remained perfectly clear, To confirm this test
a quantitative determination of chlorine in this same rock was made by

1 Phonolitic rocks from the Black Hills, Am.Jonr. Sci. (3), Vol. XL VLI, 1894, pp. 341-346.
2 Neues Jahrbuch fiir Mineralogie, etc., 1892, Vul. I, 224,
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Dr. W. F. Hillebrand, and 0.54 per cent was found. This amount eor-
responds to 7.4 per cent of sodalite in the rock, on the basis of the
accepted formula for the mineral, and this does not seem at all too high,
considering the abundance of the minute erystals described.

Hgirine and wgirine-augite.—The pyroxenic constituent of the phono-
lite is all @egirine in a majority of cases, but angite of grass-green color
is very often associated with it.! Most commonly the augite appears as
a core to irregular prisms whose outer zone is segirine, and bevween the
two is a zone of transitional optical character. These relationships are
in no way different from those which have frequently been desecribed in
recent years in similar rocks. '

The tormal development of mgirine is extremely varied. Its most
common form is as a cement for minute nepheline crystals or feldspar
staves. In this form it is often so thin as to be very pale green in color,
and would be indeterminable except for the evident gradation into
larger particles. Fine needles of wgirine oceasionally wrap around
sharply defined nepheline crystals, or the structure becomes ophitic by
orientation of @egirine over small areas. In this way there develops a
transition to a common form of the agirine, as a grain elongated parallel
to the prism, full of included nepheline and feldspar erystals, and with
an outer zone which reaches out among the adjacent mineral grains as
an oriented cement. It is frequently the case that the growth beyond
the comparatively solid core is mainly on the ends. Sheaf-like bundles
of curving and forking @®girine needles occur in some rocks, usually in
the denser varieties, and the forms assumed are sometimes very delicate,

Crystals of @egirine large and distinct enough to be macroscopically
visible oecnr in many rocks, but the mieroscope shows them to be full
of inclusions, and while the planes of the prismatie zone may be sharply
defined, the terminations are wsually irregular. In the rock from Grouse
Mountain, however, the sharp pyramidal planes nsunally developed in
this mineral are very clearly present in the prisms lying all through the
mass.

A girine crystals of perfect form and free from inclusions are found
projecting into the minute drusy cavities of certain rocks or embedded
in analecite, which often fills these pores wholly or in part. In the
coarse-grained porphyritic rocks of Grouse Mountain pure mgirine
crystals are either attached to the large nephelines or penetrate them.
The egirine of these phonolites commonly possesses the characteristic
pleochroism and optical ovientation of the species, but occasionally
colors are observed which belong to the acmite variety. The augite
usually has a clear, grass-green color and a pleoehroism increasing in
intensity as the optical orientation approaches that of mgirine,

1 The statement of the writer that bornblende was a prominent constituent of the phionolite bowl-
der previously described by him (Proc. Cola. Sc1. Soc., Vol. I1, p. 167) was entirely erroneous. As 1n
many earlier statements, the identification rested solely on color and the small angle of extinction.
Reexawination shows that the supposed hornblende is segirine.
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Blue amphibole.—In three phonolites of the Cripple Creek region
there is a peculiar mineral whose specific character has not been defi-
nitely established, but which, from the properties to be described,
appears to belong in the interesting group of amphiboles rich in soda
and ferric oxide, now becoming known as widely distributed in very
alkaline igneous rocks. This mineral has its best development in the
ledge rock at the southern extremity of the Bull Cliff phonolite mass.
The rock containing it is very dense, dark-green in color, mottled with
lighter spots. Nepheline and feldspar are developed in such minute
particles that their distinction is difficult, but agirine appears abun-
dantly in crystals whose prism and orthopinacoid faces are sharply
defined, while the terminations are irregular. Though full of minute
inclusions, the agirines are isolated and scattered very regularly through
the mass.

Corresponding closely to girine in manner of distribution is a rather
dull-blue mineral in short, stout prisms, with never-failing low terminal
planes, apparently domes or pyramids. These little crystals, of very
uniforw development, measure 0.10 to 0.15 mi. in length, and average
0.06 mm. in thickness. Sections normal to the prism have an almost
hexagonal form, due to a pinacoid and a prism whose angle is more than
120°. Extinction here occurs parallel to the pinacoid. Prisms which
seein to lie parallel to this pinacoid show inclined terminal outlines,
_ inclined extinction, and a certain dichroism. Prisms seemingly normal
to this pinacoid have a different dichroism, extinction parallel to the
prismatic axis, and a rectangular, or at least symmetrical, termination.
The symmetry is similar to that of & monoclinic amphibole, with unit
clino- and orthodomes as the terminal planes. 'The outlines of the ter-
mination, as seen in apparent clinopinacoidal sections, make angles
with the vertical axis and with each other which agree very closely with
those of the basal plane and positive orthodome of amphibole,?

Assuming the monoclinic symmetry for the mineral, the optical orien-
tation is as follows, The axes i and ¢ lie in the clinopinacoid, g being
inclined at about 24° to ¢. Pleochroism: w=deep grayish-blue, b=
dull olive-brown, c=yellow. Absorption: & > I > ¢. The absorption
is strong, but much less so than in arfvedsonite or riebeckite. Both
single and double refraction are rather high. The optical character was
not determined.

The properties given ally this mineral with the dark-blue iron-soda
amphiboles, of which arfvedsonite and riebeckite are the best-known
forms, and to which group way be assigned without hesitation the blue
amphibole found by the writer as a secondary formation replacing or
added to brown hornblende or diopside, in certain rocks of the Rosita

1 References to the crystal form and optical orientation of amphibole assume the crystallographic
position of Tschermak, adopted by Dana, whereby the basal plane and positive orthodome of former
general usage are transposed.
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Hills, Colorado,’ and a form recently described by I’alache? from Berke-
ley, Cal., to which he gave the name crossite.

In all of these minerals it is the axis i of elasticity which lies near ¢.
The mineral from the Rosita Hills was originally described as near
riebeckite, because at that time the orientation of arfvedsonite was not
definitely known. But it has now been established by Rosenbusclh?
and Briogger? that the axis g lies in the acute angle 3, making an angle
of 15° with ¢. This orientation is also that of the Colorado mineral,
and it has been considered as arfvedsonite by Rosenbusch, Brigger,
and Dana. In the absence of chemical data this reference conld not
be questioned, but Palache has given an analysis (by Smith) of the
mineral named crossite, showing it to contain a large admixture of the
actinolite molecule (MgO=9.30 per cent), while ferrous and ferric
oxides are nearly equal. In the Berkeley amphibole a: ¢=139, or
nearly as in arfvedsonite, and if, as seems most probable, i lies in
both cases in acute 3, the two minerals present very nearly identical
optical orientation with decidedly different chemical composition.

From present kuowledge of the ehemical and molecular constitntion
of the amphiboles, we are not able to satisfactorily explain the varia-
tions in optical orientation of different varieties, and the Berkeley
amphibole shows that the optical characteristics of the group which
has becen briefly discussed occur in varieties having a wide range of
chemical composition.

Concerning the mineral found in the phonolites, it would seem prob-
able that it corresponds in chentical composition more closely to the
Berkeley amphibole than to arfvedsonite, on account of its eolor and
absorption, but the very low amount of magnesia in the phonolites
generally makes it likely that this base is here replaced by lime.

The blue amphibole developed in the magma at about the same time
as the ®girine. While its crystals are always terminated, they are as
mich filled by minute colorless inclusions as the segirine, Both these
minerals and the one next to be described (livenite ?) are more or less
arranged in streams expressing a fluidal structnre parallel to the dike
walls. ‘ :

Lidvenite?.—The same phonolite from Bull Cliff, in which the blue
amphibole is best developed, contains another miuneral whose identity
is not completely established. It occurs in minute needles, colorless or
pale-yellowish, isolated or grouped in loose bundles, and marking the
fluidal structure of the rock by their arrangement even more plainly
than the egirine. The needles reach a length of 0.1 mm., by an aver-
age diameter of but 0.015 mm. They seem round in prismatic cross-
‘section, but in a few cases appear to be octagonal.

1Note on some secondary minerals of the Amphibole and Pyroxene groups, Am. Jour. Sei. (3), Vol.
XXXIX, 1890, p- 359.

2(0n 2 rock from the vicinity of Berkeley containing a new soda-amphibole, University of California,
Balletin of the Department of Geology, Vol. 1, 1804, pp. 181-192,

3Die mikroskopische I’hysiographie der petrographisch wichtigen Mineralien, 3d cd., 1892, p. 565,

1Dje Gesteine der Grorudit.- Tingunit-Serie, 1894, p. 33.
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This mineral has rather high indexes of single and double refraction.
In certain needles extinction takes place parallel to the prismatie axis, .
and in such cases there is no definite dichroism. In other needles an
oblique extinction, reaching a maximum of about 189, is observable, and
here there is a strong, clear, yellow color for the axis nearly normal to
the prism, while that near ¢ is colorless, as before. The axis of least
elasticity (¢) is that inclined 72° to ¢, and it appears to be i which is
near ¢, Irom these data it wonld appear that the mineral is mono-
clinic, with optic axes in the plane of symmetry. A twinning parallel
to the vertical axis is often present in sections with inclined extinction.
The extinction is greatest when the twinning line is sharpest, and is
then equal on either side of the latter; hence the twinning plane is
apparently the orthopinacoid.

In the phonolite with macroscopic nephelines, from the hills southwest
of Cripple Creek, there are somewhat larger particles of Iivenite than in
the rock .of" Bull Cliff; but save for pleochroism they are generally less
suitable for study than the smaller needles, on aceount of their irregu-
lar form. One prism, however, shows polysynthetic twinning parallel
to the orthopinacoid and a pale greenish-yellow color parallel to «.

In the properties that have been given, this mineral agrees very well '
with lvenite, as developed in the plionolites of the Haute Loire-in
France, according to A. Lacroix,' although the needles are somewhat
larger in the latter case, and hence much more strongly colored. It is
observable in the phonolite of Bull Cliff that the intensity of color
increases very rapidly with increasing thickness, and in the largest
crystals an orange shade becomes perceptible. The only ldvenite which
has been available for comparison in this study is that in nepheline-
syenite of the Kola region in Russian Lapland, described by Hackmann,?
of which thin sections were kindly loaned the writer by Prof, L. V.
Pirsson. The mineral is beautifully developed in some of the Kola
rocks; but in .so much thicker crystals that the intense pleochroism,
varying from brilliant yellow to bright orange, can scarcely be com-
pared with the feeble color of the needles in these phonolites.

There is a general resemblance between the delicate prisms of the
‘Cripple Creek phonolites and several other mineral species which have
been described from similar rocks, especially rinkite and the hainite®
of Blumrich, both of which have been described from phonolites. The
latter is triclinie in crystallization, however, and the optical orientation
seems to sufficiently distinguish livenite from rinkite. Its double
refraction is also mueh higher than is that of rinkite.

In the rock from Bull Cliff the livenite is present in all gradations
down to needles which show only a faint yellow tinge parallel to ¢, and

'Bull. Soc. fran. de min,, 1891, Vol. XIV, p. 15,

2Tras Nephlelinsyenitgebiet auf der Halbinsel Kola, von Wilhelm Ramsey und Vietor Hackmann,
Feunnia, Vol. XTI, No. 2, pp. iii + 225, Helsingfors, 1894, .

3 e . Phonolithe des Friedlinder Bezirkes in Nordbahmen, vou Jus. Blumrich, Tschermak’s Min,
und pet. Mitth., 1893, Vol. XITI, p. 472,
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it is clear that still smaller ones would be sensibly colorless. From
this fact it appears most probable that a colorless mineral, found in.
many other phonolites in the region, either in needles, in irregular
jagged flakes, or in particles exactly analogous to the wgirine in its
role of a matrix or cement for nepheline and sanidine, may also be
referable to livenite. The substance in question oceurs side by side
with ®girine, in the same development, but is clearly distinguishable
in most cases, as the ®girine must sink to even greater thinness to lose
its grass-green color completely.

The identification of this mineral as livenite receives strong support
from the chemical analyses of these phonolites, given on page 39. Dr,
Hillebrand found determinable amounts of zirconia in every case, but
the mineral zircon i3 very rarely present iu thin sections. Brigger
regards livenite as allied to the pyroxenes, and shows it to contain
about 30 per cent of zirconia.

Analcite.—A large number of the Cripple Creek phonolites contain
an isotropic¢ substance which is probably in all cases analeite. 1ts
identification is most positive in the drusy rocks to be described, where
the icositetrahedral crystals, colorless or of light-yellowish shade, are
sharply defined. Fromn these crystals there may be traced in various
rocks all transitional stages of development to the irregular patches in
solid rocks. In all cases the mineral of 'thin sections is colorless, tra-
versed by irregular cracks, of high refractive power, and wholly iso-
tropic. The crystals of ®girine and nepheline adjoining the analcite
patches are automorphic, and the former is always better developed
and purer in substance when penetrating the analcite than in any other
relation.

The minute yellowish crystals of the drusy phonolite from Nipple
Mountain were tested by the Boricky method and yielded abnndant
crystals of sodie silicofluoride.!

In describing the rock structures the question -of the formation of
analcite is especially discussed, and the conclusion is reached that it
must be regarded as a primary constituent of these rocks, in the sense
that it is not derived from the decomposition of any other constitueut
and was formed in the last period of crystallization of the magma,

Other minerals.—Magnetite is often entircly lacking, but itis sparsely
distribnted through half of the rocks examined. Whenever it becomes
markedly abundant sgirine is correspondingly less prominent, a rela-
tionship agreeing with observations in other phonolites.

Biotite appears in very small flakes in two rocks only. A brown,
slightly pleochroic mineral, apparently an amphibole, occurs in one.
rock. A colorless mineral resembling zircon, but having a high extine-
tion angle, occurs included in the larger nephelines of a few sections.

Titanite, apatite, and zircon are occasionally present, but by no
means so abundantly as in many other acid or intermediate rocks.

I Micro-chemical 1ests of this analcite were kindly made for me by Dr. E. C. E. Lord, of Washington.
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Olivine appears in the phonolite of a dike in Rhyolite Mountain
- in large grains surrounded by reactiou rims of magnetite and biotite.
1t is described in the discussion of the inclusions in the phonolites

(p. 37). '

MINERAL COMIOSITION AND STRUCTURE.

Character of the group as a whole.—The phonolites of the Cripple
Creek district possess in general the characteristics most commonly
considered as essential to the group in the schemes of classification now
current. They are chiefly composed of alkali feldspar and nepheline,
with sodalite and nosean, and a pyroxene rich in alkali and iron. The
variations in chemical and consequent mineralogical composition are
slight compared with the structural and textural modifications which
arise from the differences in conditions of occurrence. The develop-
ment of the minerals under the conditions which prevailed in this
distriet has produced some structural types not often found.

A strong preponderance of the alkali feldspars canses a dominant
trachytic or microlitie strueture, and the general character of the mass
is not changed, whether the pyroxene be @girine or angite, while the
nepheline, sodalite, etc,, do not vary enough in quantity to cause dis-
tinct varieties. The description of the phases assumed by the rock
will be adequately brought ount by considering the structural forrus
assumed.

Schistosity.—All the dense phonolites possess a pronounced schistose
structure, due to the fluidal arrangement of the more or less tabular
feldspars, large and small, parallel to the walls of dikes. In large
masses the strueture is marked ounly near the walls, but in no case does
the structure become entirely irregular. Where the minute feldspars
are prismatic microlites their arrangement in planes still produced a
decided parallel structure in the rock. Many of the phonolites are
very fissile on account of this structure, and may be easily split into
thin flakes with the hammer, while talas slopes are made up of more or
less tabular fragments, from the same cause.

The much decomposed phonolite dikes of the volcanic center can be
distingnished from those ¢f andesite by the schistosity. In these
decomposed rocks and oun the weathered faces of fresher musses the
parallel arrangement of the minute feldspar scales produces a delicate
satiny luster or sheen. _

The dense rocks.—While tew of the masses of phonolite are entirely
free from occasional large erystals of feldspar, of nosean, or of pyrox-
ene, there are, on the other hand, few that are characteristically por-
phyritic in structure from the abundance of these crystals. Many of
the rocks are of a uniform dull-green color, caused by the exclusive .
development of the @egirine in minute grains or as a cementing sub-
stance for the feldspar microlites. These rocks, espeecially, often have
a dull, oily luster and a snbconchoidal fracture.

16 GEoL, PT 2—3
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The variations from the even dull-green color of the denser phono-
lites are mainly due to the development of the pyroxene. 1f it forms -
distinet grains or prisms of macroscopic size the rock appears speckled,
but seldom comes to resemble a finely granular rock, because of the
ragged interlocking borders of the pyroxenes and the existence of
minute grains in the feldspar mass. When the pyroxene forms the
larger aggregates, and especially when in sheaf-like bundles, inclosing
nepheline and feldspar, the mass appears light-green, mottled by dark-
green spots. The mottling and secondary coloring due to bleaching
and decomposition are not considered here, but only the appearance of
the fresh rock.

Porphyritic modifications.—As has been stated above, the phonolites
are seldom pronounced porphyritic rocks, through the presence of feld-
spar phenocrysts, although slabs split parallel to the schistosity usually
show a few glistening cleavage faces of tabular crystals, 1 em. or less
across. Feldspar phenocrysts characterize the phonolite of Nipple
Mountain, 5 miles south of Victor, and scveral dikes in and about Bull
Hill are unusuallyrich in them. The coarse-grained phonolite of Grouse
Mountain, described below, contains feldspar phenocrysts in Varymg
abundance.

Were it not for the inclusions which render the nosean crystals dull
and not easily distinguished from the dark mass of the denser phono-
lites, there would be many rocks of quite noticeable porphyritic strue-
ture through the development of that constituent. Asitis, the nosean
ordinarily appears distinctly only when it has become white through
decomposition. Dark, dull crystals of nosean, several millimeters in
diameter, are noteworthy in the large phonolite masses of Big Bull
Mountain, Little Pisgah Peak, and Mitre Peak, at the mouth of Wii-
son Creek. A rock very rich in dodecahedral crystals, probably refer-
able to nosean, was found as a small remnant southeast of Nipple
Mountain, but so extremely decomposed that its character could not be
further determmed

The most noteworthy structural Varlety of the phonolites of this
region is that due to the development of nepheline in numerous macro-
scopic crystals. The rocks thus characterized form a distinct type,
observed in several localities, particularly in Grouse and Rhyolite
mountains, the hill adjoining the town of Cripple Creek on the south-
west, and in parts of the Straub Mountain mass, south of Lawreuce.

In all of these cascs nepheline is very abundant inuniform, short, pris-
matic crystals from 0.5 mm. to 2 mm. in diameter, which, by reason
of their reddish color, stand out from the white, microlitic feldspathic
ground-mass in which they lie. The color and luster are as in elweolite,
and from the same cause. Aigirine is commonly developed in espe-
cially pure and well-formed prisms adjoining these nepheline crystals,
sometimes penetrating them, but more commonly as prisms Iying par-
allel to the outlines of the nepheline or in irregular grains pcnetrated
by angles of that mineral. Tufts of ®girine sometimes radiate from the
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surface of the nephelines or from the larger segirine individnals. In all
cases the nepheline is largely automorphic and of one period of forma-
tion, while segirine, though chiefly later than nepheline, was in part
contemporaneous with it, or earlier.

The ground-mass of these porphyritic phonolites is still microlitic,
and exhibits fluidal strueture in relation to the large nephelines. A
portion of the nepheline is occasionally found in the customary micro-
scopic crystals in the ground-mass. In all of the masses the rock with
large nephelines grades into the customary flne-grained fissile form
near the contaets, and there is no reason to assume that the pheno-
crysts of nepheline represent erystals of the so-called ‘‘intratelluric
period.” All the evidence seems to indicate that they were formed at
or near the present site of the masses containing the.

One featnre of these phonolites, which are porphyritic through the
development of nepheline, seems of special interest and importance,
naiely, the evident local richness in soda of the spots in which these
crystals develop. This is shown by the fact that the egirines adjoin-
ing these nephelines never have cores of augite and are exceptionally
strong yellow in color. They are also much purer and freer from inclu-
sions, and sometimes have perfect terminations. The perfection of
crystal form and purity is found, however, only when the prisms are
embedded in an isotropic colorless mineral, supposed to be analcite,
which often occurs in irregular patches adjoining the nephelines, like
the filling of miarolitic pores. There is nothing in the occurrence to
imply that the analcite is here a product of the decomposition of earlier-
formed minerals, as Is usnal with zeolitic species. Prefectly fresh
nephelines project into or seem sometimes surrounded by analeite.
This occurrence of analcite is so plainly related to that in the drusy
rocks, next to be considered, that a special discussion of the question
as to the significance of analcite is left until the other rocks containing
it have been described.

The development of other constituents in the phonolites containing
. large nephelines does not vary greatly from that in the average of
these rocks. Feldspar phenocrysts are not more abundant, except in
certain parts of the Grouse Mountain mass, nor are the noseans, while
sodalite remains a constitnent of the feldspathiec ground-mass.

Lavenite appears in the hill southwest of Cripple Creek in grains
somewhat larger than in any other rock, and iu consequence shows the
strong yellowish color and a perceptible pleochroism inore distinetly
than elsewhere. A mineral mach resembling zircon in form and strength
of both single and double refraction, but extinguishing at nearly 45°
from the prism axis, was obscrved in numerous inclusions in nepheline
crystals. By weathering out of the nephelines on exposed faces of
this coarse-grained phonolite a pitted suvrface is produced.

The occurrence of nepheline in macroscopic erystals is stated by both’
Zirkel and Rosenbusch to be comparatively rare in the phonolites, and
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from the descriptions they give of instances where it has been found it
would appear that the above-described rocks of the Cripple Creek
region are unique in the abundance of large nepheline crystals.

Drusy phonolites.—Several of the larger masses of phonolite, espe-
cially those of Mount Pisgah and Nipple Mountain, are, in part, some-
what porous in texture. The pores or druses are always small and
irregular, flattened out and contorted in the general planes of imper-
fect schistosity. They are seldom continuous for more than one or two
centimeters, and are very narrow, but the drusy texture thus produced
is quite characteristic of the masses mentioned.

The drusy cavities are usually lined by analcite and wegirine crystals,
visible to the naked eye. The icositetrahedral planes of the former
are distinet under a lens, althongh the colorless erystals seldom exceed
2 or 3 mm. in diameter. In the phonolite of Nipple Mountain analcite
reaches its greatest observed development, in yellowish crystals, some
of which are nearly half a centimeter in size.

. In the phonolite of Cow Mountain, southeast of Trachyte Peak, there

are in some places extremely narrow fissures, noticeable only on fresh
fractured faces through the brilliant regirine prisms lining them, while
those in the rock mass are dull through the minute inclusions.

The occurrence of analeite.—1t is probable that analecite occurs in all
but the denser phonolites of the region, either in drusy ecavities
described or in irregular patches adjacent to the large nepheline crys-
tals of the porphyritic phonolites. In a few eases there are narrow
veins of analcite in fresh dense rock, with wgirine of pure substance
and good crystal form embedded in it. :

The facts that zeolitization with recognizable produets is not pro-
nounced in the phonolites, and that the analcite described is always
associated with fresh, pure wmgirine, and often with nepheline, lead to
the conclusion that the analcite of these rocks belongs to the final
period of consolidation, when the excluded water contents of the
magma had been concentrated by a kind of differentiation, in spots or
along certain planes, perhaps associated with other mineralizing agents.

The oceurrence of analcite in these rocks is closely analogous with
that described by Jos. Blumrich in certain Bohemian phonolites,!
where the analcite of narrow drusy cavities and veinlets serves as a
matrix for albite tablets, hainite, @egirine, nepheline, and nosean.
Chabazite also appears in this case, and is slightly older than the
analcite. Blumrich also regards the analcite and chabazite as pri-
mary, and compares the narrow druses and veinlets of the phonolite
with the syenite-pegmatite veins of the elrolite-syenite masses of
southern Norway, so exhaustively investigated and described by
Brogger. He argues for a similarity in conditions of origin, and
there are certainly many striking similarities between the almost

1 Die Phonolithe des Friedlinder Bezirkes in Nordbohmen, Tschermak's Min. und pet. Mitth.,
1893, Vol. XIII, pp. 465-495.
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microscopic veins of these and other rocks and the large veins of
coarsely crystalized minerals known not only in nepheline-bearing
rocks.

The peculiar rock of Bull Cliff—Therock forming the summlt of Bull
Cliff, and represented npon the map as a broad dike extending to the
soutlh, exhibits certain peculiarities not seen in any other mass of' the
region, but owing to insufficient observations these peculiarities are at
present not understood.

In the cliff proper the rock is a dark-gray spotted mass, without the
usual fissile structurc of the phonolites, and is characterized instead by
a very uneven fracture. The spots are slightly darker in color than the
rest of the rock, and represent rounded areas of hazelnut size, without
sharp boundaries, and the fractures tend to pass around rather than
through these darker parts. There is a rude columnar structure in the
face of the cliff, the columns being a foot or more in diameter, and stand-
ing nearly vertical. IField observations seemed to show that this mate-
rial graded insensibly into normal phonolite on the eastern contact and
southward, and it was not suspected that any great difference in min-
eral or chemical composition could be present between the different
parts. But both microscopical and chemical examinations show that
the cliff rock is widely different from any other of the region. It is
rich in lime and magnesia, and contains much aungite and plagioclase,
with a high amount of alkali feldspar. On the whole, the composition
approaches that of the rock from Brazil described by Rosenbusch and
Hunter, to which they gave the name monchiqnite.’

As it is hoped that opportunity may soon be found to reexamine the
locality and determine the true connection between this rock and the
adjacent phonolite, no further description of the Bull Cliff rock will be
given lhere. It is not distinguished from phonolite on the map.

INCLUSIONS 1IN PHONOLITE.

Nepheline-syenite.—In loose fragments of phonolite from Nipple
Mountain, Big Bnll Mountain, and various other places, small angular
pieces of a grayish granular rock were observed as inclusions. Ounly
single ones were found in any one locality. 'The fragments were small,
from 1 to 3 inches in diameter, with sharp contacts against the phono-
lite. All of these inclusions prove to be nepheline-syenite, similar to
the large body at the southern base of Bull Hill, but somewhat finer
grained.

IFrom the wide distribution of these fragments they are to be regarded
as detached pieces from some deep-seated nepheline-syenite body in the
voleanic conduit, which has been traversed by later phonolitic magmas
of the same general period.

Olivine.—The phonolite of the dike in tuff on the southwestern ridge
of Rhyolite Mountain contains numerous dark, dull-appearing particles,

! Tscbermak’s Min. und pet. Mitth., Vol. XT, 1890, p. 445.
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up to 3 or 4 mm. in size, which prove to be olivine grains of quite fresh
substance within but surrounded by a thin reaction border consisting of
three zones. The inner zone is black, and to a great degree opaque,
made up apparently of magnetite dust with minute prisms lying at
right angles to the olivine surface, and so obscured by the magnetite
dust that their character can not be determined, aside from the fact
that they all scem to extinguish parallel to the prismatic axis.

The middle zone consists of a colorless mineral in an irregular aggre-
gate of very minmte flakes, with strong polarization, and that this
substance is muscovite seems indicated by the gradation into the outer
zone, which is a coarser aggregate of light-brown biotite flakes, of
strong absorption. Algirine needles of the adjoining phonolite are
especially collected next to this biotite zone.

CHEMICAL COMPOSITION.

Types analyzed.—Four somewhat different varieties of the phonolites
of this district have been analyzed by Dr. W. F. Hillebrand in the chem-
ical laboratory of the Survey, with the results given under I, II, III,
and 1V of the accompanying table. With these are compared: V, the
analysis by Mr. L. G. Eakins, of the erratie phonolite bowlder described
by the writer some years ago;! VI, the analysis of phonolite from the
DeviPs Tower, near the Black Hills, published by Mr. 1.. V. Pirsson;?
V1L, an analysis by vom Rath of a typical phonolite from the Lausche,
near Zittau, Saxony.

The essential characteristics of the rocks analyzed may be summed
up as follows: :

L. A grayish rock, porphyritic from the abundance of red nepheline
crystals, & 1 mm. in diameter, scattered uniformly through the mass.
These nepheline crystals lie in a feldspathic microlitic ground-mass
peppered with ®girine needles. A few apparent nosean crystals are
present. Analecite in irregular particles is associated with large nephe-
line crystals and pure @girine needles. A few of the wgirines have a
core of mgirine-angite. '

IT. From hill 1 mile south of Straub Mountain. Collection No. 2252,
The rock is very dense, mottled light and dark grecnish-gray, the lighter
parts being frequently about small, irregular druses, in which are mi-
nute egirine needles and glassy analcite crystals. A few small tabular
phenocrysts of anorthoclase are present. The ground-mass consists
chiefly of sanidine microlites and abundant clear nepheline crystals.
Aigirine is developed in ragged prismatic grains which sometimes have
a core of megirine-atugite. There are a few small phenocrysts of nosean.
Sodalite, which the analysis would indicate to be very abundant, is not
easy distinguishable, as its tiny crystals contain but fev: of the cus-
tomary inclusions.

I Note on phonolite from Colorado, Proe. Colo. Sci. Soc., Vol. IT, 1887, p. 167.
2 Phonolitic rocks from the Black Hills, Am. Jour. Sci. (3), Vol. XLVII, 1894, p. 341.
2 Quoted by Zirkel, Lehrbuch der Petrographie, 2nd ed., p. 446.
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111. IFrom Mitre Peak, a phonolitic cone south-southwest of Grouse
Mountain. Collection No.2234. Thisrock is dense greenish-gray, with
a few nosean crystals (1 to 3 mm.) and none of feldspar. Microscop-
ically the rock has marked trachytic structure from the abundance of
sanidine microlites, and is rich in nepheline crystals of maximum size of
0.08 mm., which are very distinet and pure, often embedded in skeleton
crystals of egirine. Sodalite is present in minute crystals averaging
025 mm. in diameter. Magnetite is wanting. Colorless particles (liv-
enite ?) of irregular shape occur between the other constituents.

IV. From a narrow dike in granite northeast of Big Bull Mountain.
Collection No. 2260, A reddish-gray fissile rock of pronounced tra-
chytic habit. It has numerous glassy tabular phenocrysts of anor-
thoclase, a few macroscopic fiakes of biotite, and minute prisms of
wgirine-augite. Magnetite grains can be detected with a hand lens,
but nosean is not distinguishable. Under the microscope the reddish
color is seen to be due to particles of limonite, which give the mass the
familiar dusty appearance, and obscure nepheline and sodalite, which
the analysis indicates must be present in nearly the usual amount. The
development of feldspar in scales, rather than in prismatic microlites,
also favors the concealment of nepheline and sodalite. The larger
pyroxene prisms are @egirine-augite, while segirine appears in small
irregular particles between the feldspar scales. Execept for the charac-
ter of the pyroxenes, there is little in the appearance of this rock to
suggest that it is not a trachyte, and it was selected for analysis as a
representative of the extreme in this direction.

Analyses of phonolite from Cripple Creek district and elsewhere.

I II. II1. IV. V. V1. VII.
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.20 .20 \Undet. |......_|ooo.o.,
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None. | Trace. | Uudet 05 {.veeecnne-
11 .10 | Trace 08 15

19 .24 6.70 ) b2.21 b1.18

97 2,03 ... ol
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28 .24 [ 'Irace 12 5. ..
........ I 178 A

a H,0 below 1100 C. b Includes all H,0. ¢ H,0 above 110° C.
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Discussion of analyses.—ln respect to silica, alumina, iron oxides,
lime, magnesia, and the alkalies, these analyses are typical of phono-
lites of trachytic habit, rich in nepheline. The contents in SO; and Cl
prove sodalite to be more abundant than nosean, which would hardly
be suspected without cheinical analysis, on account of the minute size
of the sodalite crystals and the difficulty of detecting them when not
rich in inclusions. The low percentage of lime makes the identification
of larger isometric crystals as nosean reasonable.

The development of ®girine-augite with a very small increase in the -
amount of lime, in I and 1V, is noteworthy. As already pointed out,
the amount of zirconia found, taken in connection witk the absence or
great rarity of zircon crystals, seems to confirm the identification of
lavenite, or at least to show that some rare mineral of similar compo-
sition is present. The small percentage of phosphoric acid becomes
interesting by contrast with the large amount in the andesites and in
the nepheline-basalt. The titanic acid may belong in part to some rare
silico-titanate not identified, or to pyroxene.

In the phonolite of Analysis V, Mr. Eakins found 25.39 per cent solu-
ble in hydrochloric acid, and this soluble portion, calculated to 100, had
the composition: Si0O; 44.66, Al;O; 31.59, Fe,0; 0.95, Ca0 2.25, Na,O
18,42, K;0 2.13=100. This corresponds so nearly to the composition
of nepheline that it is necessary to assume that the greater part of this
soluble portion belonged to that mineral. In the rock of Analysis I
Dr. Hillebrand fouud 35.46 per cent soluble in cold dilute hydrochloric
acid, 4.55 per cent being Na,O, and 0.49 per cent K;O. Of the phono-
lite from Mount Pisgah, which i3 exceptionally rich in very distinet
nepheline crystals, Mr. H. N. Stokes found 40.15 per cent soluble in
cold dilute hydrochloric acid. The phonolite of Analysis VII contains,
according to vom Rath, 36.22 per cent of substance soluble in hydro-
chloric acid.

Comparison with other phonolites.—The phonolites of the Cripple
Creek volcano evidently possess a marked similavity in composition
with the phonolite deseribed by Pirsson from the Devil’s Tower, though
undoubtedly containing more nepheline, as the percentages of silica,
alumina, and soda show, The presence of sodalite in both rocks espe-
cially marks them as intimately related and contrasting with otherwise
similar occurrences. ‘

In general the Colorado rocks are very nearly allied to nummerous
occurrences of Saxony and Bohemia in which nosean is abundant.
But the prominence of sodalite is a feature which thus far particularly
distinguishes these phonolites. It appears not impossible, however,
that sodalite in very minute ground-mass particles has been over-
looked or confounded with nosean in phonolites of various localities.
Zirkel cites several instances of Furopean phonolites in which soda-
lite has been identified or suspected from the presence of chlorine.



CROSS. ) TRACHYTIC PHONOLITE. 41

Where associated with large nosean crystals, as in the rocks here de-
seribed, chemical tests must be relied upon.

A comparison of these and similar phonolites with the members of
the phonolitic group which have been called tinguaite by Rosenbusch,
Brogger, and others, brings up the broad question of what is desirable
and feasible in defining and naming the several varieties of igneous
rocks within a given group. General discussion of these relationships
. will, however, be deferred until other phonolitic rocks in the writer’s
possession have been examined. These were found in New Mexico by
Mr. 8. P. Baldwin, and will be described in a bulletin of the United
States Geological Survey. The recent publication by Brogger! on a
very interesting series of rocks from the Christiania region in Norway,
which are rich in silica and alkalis, advocates the naming of very
minuate subdivisions of rock groups upon criteria which seem to the
‘writer applicable only to the rocks of certain petrographical provinces.

In general the Colorado phonolites differ from the tinguaites of Brog-
ger in the prominence of the trachytic structure, the smaller amount of
iron-bearing minerals, and the presence of nosean and sodalite.

TRACHYTIC PHONOLITE.

Structure and mineralogical composition.—The rocks included in this
group are massive, dark-green or almost black in color, and possess a
distinet porphyritic structure. They are holocrystalline, but vary in
grain and in the ratio of ground-mass to phenocrysts. In the coarse-
grained phases there are many glassy feldspar crystals of rather thick,
tabular form, varying from 2 or 3 mm. to more than 1 ¢m. in size, with
smaller and less numerous pyroxenes, and a few hornblende prisms.
Occasionally - the rock seems almost macrocrystalline, but there is, even
in these cases, a ground-mass of feldspar microlites, with augite and
magnetite in very subordinate amount, winding about or between the
phenocrysts, producing a fluidal structure. TUsually phenocrysts and
ground-mass are almost evenly balanced, and the latter has a dull-
green color, from the uniformly distributed aungite grains.

The minerals of the rock under discussion are the same as those found
in the normal phonolites, with some differences of development to be
pointed out. The feldspar phenocrysts are chiefly of sanidine or soda-
orthoclase, with no distinet polysynthetic twinning, but there is always
a considerable number of crystals possessing an extremely delicate
lamellar albite twinning, and these seem to be albite. About the cen-
ter of substance of this character there is commonly an irregular zone of
sanidine or anorthoclase. The microlitic feldspars of the ground-mass
seem to be sanidine or soda-orthoclase.

Next to the feldspars in importance is augite, occurring in small
prisms as phenocrysts and in minute microlites in the ground-mass.

1Dije Gesteine der Grorudit-Tinguait Serie. 8°, pp. 206. Christiania, 1894.
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It is very pale green in color, and oanly occasionally shows a decided
admixture of the mgirine molecule by marked pleochroism, yet tle
outer zone is almost always perceptibly darker green, and in a few
cases is strongly so. Algirine is developed very scantily as an irreg-
ular outer zone about a few augite prisms in certain rocks.

A dark-brown hornblende is present in most of the specimens, It
has always suffered very strong magmatic resorption, with the common
product of magnetite and aungite, but this secondary rim is here
unusnally coarse grained, and the augite is often in large part oriented
as one individual with the crystal axes b and ¢ parallel to those of the
hornblende. The hornblende is very dark brown, with the extinction
angle c: ¢ at least 300, and the absorption forweula b > ¢ > @. This
seems to bring it within the definition of Brigger’s katoforite, which
oceurs in very similar rocks of the Christiania region.!

Nosean and sodalite appear to be almost as abundant in this rock as
in the other phonolites, but they can not be so well distingnished in
their development here. The phenocrysts corresponding to nosean of
the phonolite are usnally numerous, and are sometimes very character-
istically marked by the dark lines of inclusions or by a dark outer zone.
When included in feldspar or augite the crystals are sometimes pale-
blue in color and without a trace of dark border or inclusions. Those
only partially embcdded in feldspar show the secondary darkening
in the portion exposed.

Sodalite can seldom be distinguished from nosean, either because of a
gradation in size between large and small grains of similar appearance
or from a total absence of identifiable microscopic particles referable
to this group, yet chemical tests show chlorine in quantities correspond-
ing to. several per cent of sodalite in some rocks where it can not be
identificd. '

The importance of nepheline in these rocks is very difficult to esti-
mate. It has been distinguished in a few thin sections in its usual
stout prismatic crystals, but never in any abundance. In the rock of
which a quantitative analysis is presented below no nepheline is de-
terminable, although the analysis agrees closely with the analyses of
the typical phonolites. 1t is probable that the nephelinc is present in
xenomorphic grains as a cemeut to feldspar microlites, and is not
distinguishable from feldspar,

Magnetite occurs in scattered phenocrystic grains, often included in
augite, and in very minute particles in the ground-mass, corresponding
thronghout to the development of augite.

Of the accessory minerals, titanite and apatite are present in small
crystals to be included among the phenoerysts. The few apatite crys-
tals are short, thick prisms, usually carrying many axial inclusions.
Lévenite is distinctly present in one rock, and may oceur in several
others.

t Die Gestoine der Grorudit-Tinguait Serie, p. 37.
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Chemical composition.—The dark, fresh rock from the dike on the
west slope of Bull Cliff was analyzed by Dr. Hillebrand, with the
following result:

Analysis of rock from dike on west slope of Bull Cliff, Colorado.

Per cent.
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The close agreement of this analysis with the analyses of the more
typical phonolites is striking, the most marked difference being in the
Increased percentage of lime here shown. This, apparently, has the
effect of producing augite in place of @egirine-augite, even with an
increase in iron. This latter increase is, however, in the protoxide,
and is connected with the development of magnetite to a degrec not
seen in any of the rocks classed as normal phonolite. Corresponding
to the prominenee of nosean, there is a Iarger amount of sulphuric acid
than in the phonolites proper.

It would seem probable from a comparison of the analyses that there
must be nearly as much nepheline in this rock as in the other phono-
lites, but it could not be detected microscopically in any great abun-
dance, and the solubility test made by Mr. H. N. Stokes on the rock of
the analysis indicates a considerably decreascd percentage of that
mineral in the rock variety under discussion. Mr. Stokes found 20.32
per cent solable in cold dilute hydrochlorie acid, and in another rock
of this type he found 18.96 per cent soluble. This latter rock contained
0.24 per cent SO; and 0.12 per cent Cl.

The above results indicate a considerably less amount of nepheline
than in the phonolites proper, and a larger amount of nosean. The
rock is intermediate between trachyte and phonolite, and for purposes
of local distinction has been designated trachytic phonolite.

NEPHELINE-SYENITE.

Structure and mineralogical composition.—A. granular rock corre-
sponding nearly to phonolite in composition occurs at the southern
base of Bull Hill. When in fresh condition it is a medium fine-grained
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rock having a predominant pearl-gray mass of feldspar, nepheline, and
a regular mineral (sodalite or nosean), with abundant dark Dblades
and irregular grains of pyroxene and hornblende. Yellow sphene is
abundantly sprinkled through the mass in macroscopic crystals.

The rock resembles a hornblende-diorite at first sight, but close
examination shows augite to predominate over hornblende, and the
feldspathoid portion, though evidently granular, is not so easily resolv-
able into clearly defined graius as is usual in granitic or dioritic rocks.
The microscope shows this indistinctness to be due to a very intimate
interlocking of the irregular graius of alkali feldspar and nepheline.
But few feldspar grains exhibit any polysynthetic twinning, and then
the indication is of anorthoclase or microperthite rather than of the
albite-anorthite series. The greater part of the feldspar is not easily
distinguished from nepheline, as the latter occurs also in xenomorphic
grains and both are clouded by secondary fluid inclusions and dusty
particles. On further decomposition, however, the nepheline passes
into a probable zeolitic mass, showing strong aggregate polarization,
as does the isometric constituent, and in such cases the relative abun-
dance of the different minerals can be estimated.

The isometric niineral is of a pale-green color when included in feld-
spar, which has preserved it. In other grainsits character is obscured
by fluid inclusions and the secondary substances developing. Noune of
the grains have regular crystal form, and the regular or zonal arrange-
ment, of interpositions characterizing the nosean phenocrysts of the
phonolites is entirely wanting, The reseinblance with sodalite is
stronger than with nosean, and the chemical analysis confirms this
impression as correct. ]

Augite is much more abundant than hornblende. Biotite is variably
developed, but is always subordinate to hornblende. The augite is of
very pale-green color, and is developed either in tabular prisms parallel
to the orthopinacoid or in irregular grains. A grass-green color indi-
cating admixture of the :egirine molecule is occasionally strong. The
hornblende has a dark olive-green color, and occurs chiefly as an irreg-
ular oriented zone about the augite. It thus possesses the usnal fea-
tures of the mineral as elsewhere observed in nepheline-syenites, and
contrasts markedly with the hornblende of the phonolitic trachyte,
which was dark-brown in color and older than angite, ds shown by the
resorption phenomena. This green hornblende has also a Ligh extine-
tion angle, 30° being the maximum observed. Biotite is often inter-
grown with hornblende or augite, and also appears in small isolated
leaves, It has a dark reddish-brown color and very strong absorption.

Titanite and apatite are unusually abundant accessory constituents
and more prominent than magnetite. No other minerals of primary
character were observed. ’

Chemical composition.—The freshest rock collected, from near the
Longfellow mine, gave Dr. Hillebranud the following result:
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Analysis of rock from near Longfellow mine, Cripple Creek district, Colorado.

Per cent.
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A comparison of this analysis with the analyses of the rocks previously
described is interesting as showing that a rock may contain much
larger amounts of lime, magnesia, and iron oxides thau did the phono-
lites and still remain an alkali-feldspar rock with abundant nepheline.
This is possible through the decrease in silica with continued high per-
centages of alumina and alkalies and the entrarce of iron, litne, and
magnesia almost exclusively into the dark silicates, augite, hornblende,
and biotite. The close relationship with the phonolitic mmagmas is
further emphasized by the contents in chlorine and sulphuric acid.
The latter indicates the presence of nosean, although it was not distin-
" guished in the thin scctions.

In several minor features this nepheline-syenite is similar to the more
basic rocks of the voleano, viz, in the increased amounts of titanic
acid, phosphoric acid, and the earths strontia and baryta.

AUGITE-SYENITE-PORPHYRY.

Structure and mineralogical composition.—In the upper part of Ana-
conda Ridge, south of Gold Hill, is a mass of a rock not found else-
where. It is a somewhat mottled ashen-gray rock, of subordinate por-
phyritic structure owing to the small size of the feldspar and augite
phenocrysts. The principal part of the rock is its coarse-grained
granular feldspathic ground-mass, through which are sparsely scattered
minute grains of green augite. In the freshest specimen found the
feldspar is much obscured by secondary dusty interpositions, but it is
in very large degree orthoclase, with a fine lamellar albitic twiuning in
only a few of the small phenocrysts, and then often surrounded by a
zone of simple structure. No indications of' nepheline or sodalite could
be detected, although the feldspathic constituent is almost entirely
alkali feldspar, as in the nepheline-syenite of Bull Hill.
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The augite of this rock is pale-green, and does not show signs of the
w®girine molecule. It occurs in small, ill-developed prismatic pheuo-
crysts, in ground-mass particles as mentioned, and with magnetite us
a product of the resorption of yellowish-brown horublende, in a few
individuals. Biotite is very light brown in color, and its absorption,
like that of the hornblende remnants, is less than in other rocks of the
alkaline series.

Titaunite, apatite, and magnetite are well-developed accessory constit-
uents, much more abundant than in any of the rocks thus far deseribed.

The chemical relationship of this rock is clearly with the dominant
strongly alkaline series of the volcauo, but another relationship is also
strong, as is proved by a fine granular rock shown on the dump of a
prospect shaft on the western border of the mass. This rock has
much pale-green augite and brown biotite, with plagioclase and ortho-
clase in nearly equal amouunts. The former feldspar occurs in small,
ru“dely automorphic erystals, with orthoclase inirregular grains between
or in orientcd enlargement of the plagioclase individuals, The strue-
ture is that of many aungite-mica-diorites known to the writer, and
the rock is intermediate between syenite and diorite. The plagioclase
appears to be oligoclase with a few very finely lamellar twinned crystals
of albite. It is supposed that this diorite is a facies of the larger
mass, as it was not observed elsewhere, but the relation of the two
rocks was not shown in the shaft, and there were no outcrops near this
place.

ANDESITE,

The first massive rock of the Cripple Creek volcano, and that which
predominates in the brececias and tufl's, is an andesite of éertain well-
marked characteristics., In the later period of the volecano somewhat
different andesites were erupted as small fiows or injected as dikes
into the mountain mass. Many of the dikes are so much decomposed
that the rocks can scarcely be identified, and few are so well pre-
served that their constitution and structure can be satisfactorily deter-
mined. The most important and best preserved varieties will be
briefly described.

TIIE FFIRST MASSIVE ANDESITE.

The rock of the freshest remnants of this typeis dark, holoerystalline,
porphyritic in structure, containing many small tabular phenocrysts of
feldspar 1 to 3 mm. in size, and a few larger ones, augite in a develop-
ment similar to that of the feldspars, and in some cases biotite in
small, brown, glistening crystals, usually much fresher than the augite,

The microscope further shows aggregates of augite needles and mag-
netite grains, with outlines demonstrating that hornblende was once
present in the magma, but no trace of hornblende substance has been
seen, and the outlines are often wholly irregular. The comparative
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freshness of biotite, when present, does not allow the assumption that
much of this apparent secondary development of augite and magnpetite
can have been derived from a mica.

The phenocrysts of feldspar are mainly plagioclase, and belong, as
far as can be determined, in the oligoclase or andesine groups. Prob-
ably all are plagioclase, except, perhaps, those in the rocks with snbordi-
nate gronnd-masses, where it seems possible that there may be some
crystals of orthoclase. These rocks are, as it happens, so much decom-
posed that many crystals can not be determined. In form the plagio-
clases have the usual habit of phenocrysts in andesites, with zonal
structure and numerous glass inclusions: If the ground-mass is prom-
inent the crystals are most sharp and regular in form. If the ground-
mass is scanty and coarsely crystalline the phenocrysts often have a
more or less irregular zone of oriented orthoclase abont them.

The most remarkable constituent of the rock is apatite, which is
developed in macroscopic erystals showing prism, pyramid, and basal
plane, and nearly as large as the augite. Prisms 2 to 4 mm. in length
are not uncommon, and a thickness of 3 mm. has been observed.
These apatite crystals are usually smoky-brown in color, and where the
conchoidal fracture is seen they greatly resemble sinoky quartz. Where
the rock is somewhat dull through alteration the fresh apatite crystals
are the most prominent constituent and become of diagnostic value.
The microscope shows the color to be due to an unusual abundance of
the well-known dark axial inclusions. The crystals are seldom cor-
roded. A dozen or more can sometimes be identified with a hand lens
in a thin hand specimen 3 by 4 inches in size. Dr. Hillebrand found
0.73 per cent phosphoric acid in one of these andesites.

The ground-mass varies much in abnndance and development, being
microlitic in some cases and coarsely granunlar in others. Wherever-
the ground-mass is fresh and coarse-grained, orthoclase seems to pre-
dominate over plagioclase, but calcite, chlorite, and the usual dusty
interpositions often obscure the mass. Augite and magnetite are con-
stant constituents of the ground-mass in the usual forms, No evidence
of a former glassy base has been seen in any of the sections examined.

This early andesite is plainly very near in composition to that which
was the first massive rock of the Rosita voleano in Custer County,! 40
miles south of Cripple Creek. In the latter rock small phenoerysts of
pink orthoclase are usually developed in subordinate amount, while
angite, hornblende, and biotite are often present together.

No specimens of this andesite were obtained which were sufficiently
fresh to warrant chemical analysis. It is plain that the magma pro-
ducing this rock was richer in alkalies, and especially in potash, than
is usual for andesites of generally similar constitution. '

1Geology of the Rosita Hills, Custer County, Colo., by Whitman Cross, Proc. Colo. Sei. Soc., Vol.
111, 1890, pp. 271-279.
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DIKE ANDESITES.

- Within the area of volecanic breccia are a considerable number of dikes
of rocks which do not possess the schistose structure of the phonolites,
but are in most cases so decomposed that their original character can
no longer be clearly made ont. The majority of these dikes appear to
be andesites, in cases where the dark silicates and the feldspar pheno-
crysts can be determined, but as augite and hornblende are usually
completely decomposed, and even the prism outlines destroyed, and the
feldspars are often muscovitized, it is doubttul whether some of these
rocks are not phonolites of the trachytic type. The ground-masses are
almost always mierolitic, but so clouded, or of so fine grain, that the
character of the microlites can not be ascertained. As all but the most
basic rocks of this center are rich in alkalies, it is to be inferred that
alkali feldspars predominate in the ground-masses of these dike rocks.
As a rule the structure is similar to that of the trachytic phonolite.

Two varieties of these dike andesites are sufficiently well preserved
to permit recognition of their characteristics. One of these scems
to be restricted to Battle Mountain, where it occurs in several small
bodies in the breccia. It is an augite-mica-andesite in which the angite is
now almost wholly replaced by an aggregate of decomposition products,
- and the dull straw-yellow or brown matter filling the prism areas con-
trasts markedly with the fresh flakes of brown biotite. The plagioclase
phenocrysts are oligoclase or andesine, and are commonly surrounded
by a rim of monoclinic feldspar. The ground-mass is microlitic, con-
taining augite prisms and magnetite dust in the fresher specimens.

The rock in question is similar to the earlier massive andesite. but is
richer in biotite, and probably has a higher percentage of alkali. It
has phenocrysts of titanite, magnetite, and apatite, the latter reaching
a rcmarkable development in some cases. In one hand specimen fifty
crystals of apatite can be distinguished with the aid of a common hand
lens, one crystal reaching « length of 7 mm. and a thickness of 3 mm,
The prisms are terminated by pyramid and basal plane, and are of '
pearl-gray color, the inclusions being much smaller than in the apatite
of the massive andesite, where they usually produce a smoky color.
1mn this rock Dr. ITillebrand found 0.67 per cent of phosphoric acid.

In the Anaconda tunnel two dikes are met of a dark, fresh andesite
containing augite, biotite, brown hornblende, and numerous plagioclase
phenocrysts, and a feldspathic microlitic ground-mass with augite and
magnetite. The plagioclase crystals are oligoclase or andesine, and do
not show the zonal structure so common in surface andesites. The rock
isapparently an andesite richer in alkali than usual. Several other dikes
of Anaconda Ridge secem to belong to this type, though very much
decomposed. '
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BASIC DIKE ROCKS.

The latest eruptions of the volecano are represented by a number of
narrow dikes of basic rocks of several types. They are as a rule incon-
spicuous on the surface, and most of them are extremely decomposed,
so that exact identification is impossible, but in a number of places
comparatively fresh material has been exposed by mine or prospect
workings, and the characteristics of two widely different types have
thereby been well established.

PLAGIOCLASE-BASALT.

One of the more common dike rocks is a dark-gray or black basalt
having many small erystals of augite and olivine, with a few of plagio-
clase-feldspar, and a erystalline ground-mass of plagioclase, orthoclase,
biotite, magnetite, and the usual accessory apatite needles. While
augite and olivine are almost wholly developed in distinet crystals, the
gradation in sizc of the plagioclase tablets from those 1 to 2 mm. in
length down to the microlites of the ground-mass somewhat obscures
the distinetness of the porphyritic structure. Biotite occurs in many
minute, deep reddish-brown flakes which are rarely automorphie.

The most noteworthy characteristic of these basalts is the presence
of orthoclase, or at least a monoclinic feldspar, both in subordinate
oriented zones about the plagioclase crystals, and alsc as the prineipal
interstitial or residual substance between the other constituents. The
oriented zones surrounding plagioclase are variable in breadth and
always interlock irregularly with the ground-mass grains, It is pos-
sible that some nepheline is present in the ground-mass of this rock, for
much of the assumed orthoclase substance is elouded by secondary
interpositions. But the rock is very similar to the orthoclase-bearing
basalt of Table Mountain, at Golden, Colo., and no direct evidence of
nepheline was obtained. It seems not unnatural that orthoclase should
be developed here, for the rock is evidently one of the basic extremes
of differentiation in a center specially characterized by the high alkali
contents of its various magmas.

Feldspar-basalt of this type was found in nearly fresh condition in a
shallow prospect hole about 100 feet southwest of the Dolly Varden
shaft house, and in a shaft on the Wilson claim north of Altman. The
latter represents a dike running about northeast, and is probably the
same as that exposed in the southern drifts of the Buena Vista mine.
Other dikes of this type no doubt occur.

NEPHELINE-BASALT.

The dark dike of the Elkton and Raven mines, on Raven Hill, and
that of the Black Diamond, on Battle Mountain, represent another
type of basaltic rock, very rich in olivine, angite, and magnetite, and
with a very subordinate colorless residual base which polarizes very

16 ¢eEoL, PT 2—4
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faintly. A few minute feldspar microlites are present, but the greater
part of the colorless residual matter would seem to be nepheline.

In these rocks olivine is commonly developed in more distinct crys-
tals than aungite. It is especially so in the rock of the Black Diamond,
where it is very fresh in the specimen studied microscopically. Biotite
is usnally present in small, irregular flakes through the ground-mass.

The rock from the Appie IEllen shaft, south of the Elkton, repre-
senting the freshest material obtainable from this dike, was analyzed
by Dr. Hillebrand, with the following result:

Analysis of rock from the Appie Ellen shaft, Cripple Creek district, Colorado.

Per cent.
L G P 35.03
7 o R feeceemeacacanarerane None.
TiOgeneercaeienennn. e e et e e esittecacmemcectasaeiteneraeanan 2. 20
AIQOQ ------------------------------- e cecseemmpacerasoaanrmammacennna 9, 80
T A A 5. 55
FoSg. i e iteasatceeecgaaaracreaanne .38
T () S 4.98
1% 6 1Y U .06
L 1 A 15. 00
1 2 OO .17
) 7Y 1 O U .14
1 {0 9,78
I I A P . 2. 16
P 5 2. 04
7 O Trace.
) T 3 € T .41
D 0 I 1 e 2. 05
PoOg e iiicie e e e ccceieeeaeacaevanneaen 1. 99
0 7.83
] Trace.
99. 66
Sp.gr.at23°0C.. ..., e et aannn 2. QQV—I

@ Perhaps slightly inoorrect from presence of FeS,.
b Below 110° C. ¢ Abave 110° C.

From the contents in carbonic acid and water, as well as from micro-
scopical study, it is clear that the rock is much decomposed, but the
analysis serves to confirm the general determination as a probable
nepheline-bearing rock. This is further indicated by the fact that 43.35
per cent of the rock is soluble in cold dilute hydrochloric acid, and that
the soluble portion carries nearly all of the soda (1.71 per cent Na,O,
0.22 per cent K,0). As far as can be determined from the much decom-
posed material collected from the dikes of the Sheriff, Moose, Ken-
tucky Belle, Ben Iarrison, Trail, Agnes, and Anna Lee mines, they
are probably of this basaltic type.

TUFF AND BRECCIA.

The fragmental roeks which occupy the greater part of the volcanic
area may all be embraced under the terms tuff and breccia. By the
former is understood a rock made up of small particles eorresponding
in size to the grains of sand or gravel and angular in shape. This
tuff is the product of explosive voleanie eruptions, and consists chiefly
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of finely comminuted igneous rocks, with a variable amount of the
granite through which the voleano has burst. By an admixture of
larger angular fragments there is a transition to breccia, which is
chiefly composed of pieces of some considerable size, with a very
subordinate gravelly matrix,

Texture.—The greater part of the fragmental material accumulated
in and about the Cripple Creek volcano is tuff of rather coarse texture,
or tuff with some few larger fragments embedded in it, a phase which
may be called tuff-breceia. Occasionally small masses are found which
are like fine, even-grained sandstones, and these may be either massive
or rudely bedded. A considerable part of the material is breccia, but
this never becomes very coarse, the fragments rarely exceeding 3
or 4 inches in diameter. The irregular mixtare of large and small
fragments, usually catled agglomerate, and found in or about the vents
of large volcanoes, is lacking at Cripple Creek. Apparently the explo-
sions were so violent or so often repeated that the ejected materials
were reduced to very small dimensions. The tuff-breccia may be con-
sidered as an equivalent of such an agglomerate on a very small scale.

The materials of different textures are mingled in very complex
manner throughout the area, and their distribution will be discussed
in the next chapter.

Rock constituents.—The extreme decomposition to which the tufts
and brececias have been subject has often rendered identification of the
materials composing them impossible, but in many localities the rock
fragments are sufficiently fresh to allow conclusions in regard to
the whole. Andesite is the principal element, together with phonolite
in varying abundance locally, and débris of the granites and schists
pierced by the voleanic vent.

The main andesitic type represented in the breccia is the augite-
andesite with large apatite erystals, which has already been described. -
This forms the principal part of the tuffs and brececias surrounding the
patches of massive andesite shown upon the map. Where compara-
tively little altered, the tuff made up of such andesitic débris is pur-
plish or reddish-brown in color. Dark-colored tuff or breccia, in which
the andesitic character of the fragments is distinct, may be seen on the
southeastern slopes of Battle Mountain; in Bull Cliff, below the Victor
mine; on the ridge of Raven Hill, leading down to Anaconda; at many
points near the eastern and northern borders of the area ontlined
upon the map; and in Rhyolite Mountain.

Microscopical study of the breccias and tuffs shows that the struc-
tures of the constituent igneous fragments vary considerably, but that,
excepting only the phonolites, all these structures are such as may be
found in andesites. No doubt many different types are present,
belonging to masses not now represented by massive bodies, and it
may be that trachyte and other distinct rocks are elements of some
of the finer-grained and mnch-decomposed tuffs and tuff-breccias, but
no ground for agsuming any such admixture has been found.
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Phonolite fragments appear prominently in the tuff-breccias of por-
tions of Raven Hill, Anaconda Ridge, and between Battle Mountain
and Bull Cliff. While generally blcached, the schistose structure dis-
tinguishes many of those fragments, and here and there moderately .
fresh pieces are found. The distribution of this constitnent of the
breccia and its significance are discussed in the following chapter.

Granite and schist fragments of macroscopic size are met with at
intervals all through the tuffs and brececias, but are most abundant in
the portions near the borders of the volcanic district. The microscope,
however, commonly reveals microcline or quartz in the finer-grained
tuffs and in the matrix of the breccias. In certain places, as around
Guyot Hill, the lowest or oldest tuffs found resting on granite are in
large degree made up of granitic gravel.

Decomposition and induration.—The tuffs and breccias of the Cripple
Creek voleano owe much of their present aspect to the processes of
decomposition and induration to which they have been subject. Decom-
position has primarily resulted in a total destruction of the dark
silicates, angite, hornblende, or biotite, which may have been preseng
in the rock fragments, and in the leaching out of the iron-bearing
compound resulting from this decomposition, together with the original
magnetite. Very often no trace of the dark silicates remains, and
even their former outlines may have been so obliterated that no infer-
ences as to their original character can be drawn. In other cases the
outlines may indicate one or more of the Species mentioned. The
feldspars of these bleached rock fragments are as a rule altercd to either
kaolin or muscovite, and the phenocrysts much more completely than
the microlites of the ground-masses. The large apatite crystals are
often perfectly fresh long after other minerals have been much altered.

It may be assumed that the tuifs and breccias of this voleanic pile
were for the most part loose and crumbling materials in the periods
when this decomposition by gaseous or agueous agents was accoln-
plished, and that they were therefore easily permeable by circulating
waters. Through the secondary products they have been indurated,
and now often appear as nearly massive rocks. The induration was a
silicification in some places, but more comnmonly comes from kaolin
or muscovite, and hydrous iron oxide.

Thorough impregnation with pyrite in minute particles seems to
have been a feature of much of the tuff and breccia, whether from
early solfataric action or during the ore-deposition period is not clear.
This pyrite has now been leached out over a large part of the distriet,
leaving the rock porous and stained either yellow or reddish through-
out, or with ocher lining the pores.

Where a tuff or fine-grained brececia is made up chictly of small
particles of a single rock type, such thorough alteration as has been
described makes the rock nearly homogeneous and massive in appear-
ance. In some cases only the microscope can show, by the varying
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structures of difféerent fragments, the clastic nature of the rock. The
difficulty in distinguishing some of these purely fragmental aggre-
gates is increased by the presence of breccias which are merely rock
shattered in place.

The decomposition and disintegration of certain tuffs which have
been heavily impregnated with iron and other oxides, and with fluor-
spar, has produced loose, crumbling material that should not be con-
founded with the purplish tuffs which have never been bleached and
indurated. Such secondarily colored and disintegrated material has
been exposed by the mines of Globe Hill especiaily.

RHYOLITE.

The rhyolite of Grouse Mountain is like that found in small rem-
nants ot surface ows over a large part of the region north and west
of Cripple Creek for many miles. It seems to have no immediate
connection with the Cripple Creek volcano.

The rock is light-gray or pinkish, with a few small quartz crystals
and more numerous glassy sanidines and brown biotite flakes. These
lie in a largely predominant, earthy-appearing ground-mass, which
usually shows a flow structure more or less clearly.

Microscopical examination shows these rhyolites to be of very
common structures., The ground-mass is micro- or cryptocrystalline,
sometimes almost granular, but more commonly with axiolitic or micro-
spherulitic' structures indistinctly developed. In some cases trichites
were once present, but are now largely decomposed. In many in-
stances limonite fldkes obscure the mass.

THE HIGH PARK LAKE-BEDS.

General character.—The only sedimentafy formation of the district
occurs about Straub and Grouse mountains. It is in itself an unim-
portant deposit, but by its relations to other rocks furnishes informa-
tion of much interest as to the age of certain dynamic movements,
and perhaps of the Cripple Creek volcano.

The formation is best seen on the slopes of Straub Mountain and of
the ridge to the south. It is essentially an arkose grit, generally of
rather loose texture, not well indurated. The angular grains compos-
mg it are chiefly quartz and feldspar, representing the granite of the
region, with occasional larger fragments of granite. It is roughly
bedded, and 1s of reddish color as a rule. By reason of its imper-
fectly indurated condition it seldom forms outecrops, and it is clearly
seen only where exposed by prospect shafts, which are, however, quite
numerous. - The resemblance to the Upper Carboniferous arkose grits -
of the Fountain formation, the well-known ¢Red beds” of the neigh-
boring foot-hill section, is very marked as seen in Straub Mountain,

The grits found in Grouse Mountain and the ridge leading south-
ward to Little Pisgah Peak contain granite pebbles and some of hard,
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blue, Algonkian quartzite, well worn, which were not observed in
Straub Mountain. The beds rest upon rhyolite at certain points, as
at the south base of Grouse Mountain,apd there contain rhyolite frag-
ments in abundance.

Little Pisgah Peak is a sharp cone of phonolite, less than 1 mile
south of the southern boundary of the map. The flat ridge with grit
and rhyolite extends from Grouse Mountain to Little Pisgah, and cou-
nects with a bench running around the peak on the north and west, on
which grits may be found at several places, even out to the rampart
points which project so boldly to the westward, and where rhyolite still
underlics them.

Assignment to the High Park beds—The correlation of these grits with
the probable Miocene lake deposits of High Parkrests on the following
grounds, which are given in detail on account of the deductions based

"upon this reference. High Park is a depression of 10 or 12 squar