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GEOLOGY AND ORE DEPOSITS OF CLEAR CREEK, GILPIN,
AND LARIMER COUNTIES, COLORADO

PETROGRAPHY OF RADIOACTIVE TERTIARY IGNEOUS
ROCKS, FRONT RANGE MINERAL BELT, COLORADO

By Jou~ D. WeLLs

ABSTRACT

The cential pait of the Fiont Range mineial belt, an area of Precambiian
metamorphic and igneous rocks, was intruded during early Tertiary time by
small nmregular plutons and dikes of 1adioactive porphyritic rocks Two of the
10ck types 1epresented, bostonite porphyry and quaitz bostonite porphyiy, are
highly 1adioactive

These Tertiary 1gneous rocks have several characteristics in common The
groundmass of the porphyiies 1s geneirally very fine grained feldspar and
quairtz The phenociysts range 1n grain fiom coaise to medium and range 1n
quantity fiom abundant to sparse The most common phenocrysts aie one or
more of the plaghoclase or potassic feldspars, phenoctysts of ferromagnesian
mineirals aie common though not always present; quaitz and garnet pheno-
ciysts occur  The rocks are geneirally altered

The porphy1iitic rocks, which consist of 13 mappable units, can be classified
according to petrographic similarities into 4 groups These groups are the light-
colored giranodiorite group which includes the light-colored granodioirite poi-
phyry, alhite granodiorite porphyry, and alkalic syenite porphyry, the quaitz
monzonite gioup which includes the quartz monzonite porphyry, granite por-
phyry, and alaskite poiphyry, the bostonite group which includes the bostonite
poiphyry, trachytic granite porphyry, and quartz bostomte porphyry, and the
hornblende granodiorite group which includes the hoinblende granodioiite poi-
phyry, biotite granodiorite porphyry, biotite-quartz monzonite porphyry, and
biotite-quaitz latite porphyry.

The bostonite group has a distinctive trachytic or bostonitic textuire, contains
abundant alkalic minerals, 1s characteristically reddish brown to ‘“llac”, and
may contain aegirine-augite The other groups have a granular texture and
are generally gray The light-colored granodiorite gioup contains abundant
albite and sparse aegirine-augite(?) The quaitz monzonite gioup contains
abundant quartz in the groundmass, abundant oligoclase and potassic feldspar,
and spaise to abundant aegirine-augite(?) The hornblende granodioiite gioup
1s charactetized by calcic oligoclase, and one or more of hornblende, pyioxene,
or biotite The hornblende giranodiorite group 1s hmited geographically to the
lower Fall River area, and the light-colored granodiorite group 1s found mostly
in the eastein part of the area. The members within each of the light-colored
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224 GEOLOGY AND ORE DEPOSITS, COLORADO

granodiorite, quaitz monzonite, and bostonite groups form an intrusive se-
quence of nearly the same age

The porphyries weie intiuded along preexisting planes of weakness in the
Precambrian 1ocks, particularly along joints, foliation surfaces, contacts, faults,
and axial planes of folds The form of individual bodies changed progiessively
with time fiom 1irregularly shaped steep-walled plutons to long, thin dikes
Intiusion of the rocks was laigely passive, the plugs formed dominantly by
stoping, and the dikes entered fractures opened by tectonic movements duiing
the Laramide orogeny Local explosive activity that resulted in the formation
of breccias appears to have mmtiated some of the periods of magmatic activity

The 10cks of the i1gneous sequence are tentatively considered to have been
derived from two separate magma chambers The hornblende granodiorite
group, which constitutes a minor magma series, appeais to have stemmed from
a relatively small magma chamber The light-colored granodiorite, quartz
monzonite, and bostonmite groups, which constitute a major magma series, on
the other hand appear to have been derived from a much larger magma cham-
ber  Successively younger members within each group are more felsic than
the pieviously intruded one

The members of each group and each series of the rock sequence show a
progressive enrichment in uranium and thorium from the more mafic to the
more felsic phases A late phase of the quartz bostonite porphyry, the young-
est member of the major magma series, was particularly enriched in the radio-
active elements, and 1t probably was the source for the solutions that pi1oduced
the wranium 1n the hydrotheimal vein deposits at Central City and adjacent
districts The biotite-quairtz latite porphyry may also have been a local minor

source of uranium
INTRODUCTION

The area covered by this report occupies 48 square miles 1n the
central part of the Front Range mineral belt (fig. 57), within Galpin
and Clear Creek Counties, Colo. It includes the mining districts of
Central City, Idaho Springs, Freeland-Lamartine, Chicago Creek,
and Lawson-Dumont-Fall River.

Abundant small bodies of radioactive porphyritic rocks of early
Tertiary age occur in Precambrian crystalline rocks, which constitute
the core of the Front Range. For the most part the intrusive rocks
are in well-foliated metasedimentary gneisses and schists, but to a
lesser extent they are in the more massive igneous rocks. The
porphyries range in composition from granodiorite to alkalic granite
and were intruded in a time sequence as small irregular plutons and
dikes.

The first intensive study of the Tertiary intrusive rocks in the area
was made by Spurr, Garrey, and Ball (1908) in the Georgetown
quadrangle, which includes the southwest part of the area of this
report. Later, Bastin and Hill (1917) studied the Central City quad-
rangle, part of which is included in the northern part of the area.
Data from these reports were used as the basis for further studies in
the mineral belt by Lovering and Goddard (1938) who presented
an excellent summary of some of the broader regional aspects of the
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intrusive rocks and related them to the Laramide deformation and
to the accumulation of sediment in basins adjoining the Front Range
highland. Later they summarized the data concerning these rocks
throughout the Front Range (Lovering and Goddard, 1950). Be-
ginning in 1949 and continuing for several years afterwards, George
Phair, of the U.S. Geological Survey, studied the petrology and
radioactivity of the Tertiary porphyries in the middle and northern
part of the Front Range mineral belt. A preliminary report con-
cerning the Central City district has been completed (Phair, 1952) ;
a more comprehensive report is in preparation.

This report is based on investigations by the U.S. Geological Sur-
vey on behalf of the Division of Raw Materials of the U.S. Atomic
Energy Commission. The investigations were started in 1952 and
continued through the next two field seasons. The mining districts
of Central City, Idaho Springs, Lawson-Dumont-Fall River, Free-
land-Lamartine, and Chicago Creek were mapped in detail (1:6,000)
as part of an 1nvestigation of the geology of the uranium deposits in
the central part of the Front Range. A special study of the Tertiary
igneous rocks was undertaken to classify the rocks and to determine
the genetic relationships, if any, between the intrusive rocks and
uranium mineralization. Although the geologic mapping was done
largely by the field members working in the respective districts, the
author assisted in identification of the Tertiary rocks and developed
the rock classification used in this report. Also, at places he studied
critical areas of outcrop.

The map of the Tertiary igneous sequence (pl. 19) presented with
this report was compiled by the author from the geologic maps of
the Central City (P. K. Sims and others, written communication,
1956), Idaho Springs (R. H. Moench and A. A. Drake, written
communication, 1955), Freeland-Lamartine (Harrison and Wells,
1956), Chicago Creek (Harrison and Wells, 1959), and Lawson-
Dumont-Fall River districts (C. C. Hawley, and F. B. Moore, written
communication, 1955). As the mapping was done in much greater
detail than previously, much new information was accumulated re-
garding the distribution of the rock types and the structural rela-
tions of the rocks. Because the author believes that the rock units
should be mappable units, the rocks are classified by features that
can be observed megascopically and microscopically.

The laboratory investigation of the Tertiary igneous rocks con-
sisted principally of petrographic studies. About 430 thin sections
were studied. In addition, many analyses for chemical and equiv-
alent uranium were made. George Phair, of the Geological Survey,
kindly made available to the author thin sections and uranium de-
terminations from rocks collected by him in the Central City dis-
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trict. Chemical studies of the rocks were beyond the scope of the
present work.

The investigation has shown that the Tertiary porphyritic igneous
rocks can be separated into mappable units that have consistent age
relations; that during emplacement of the sequence there was a
progressive change 1n mode of intrusion and form of the bodies from
irregular plutons to well-defined dikes; that most bodies were in-
truded along preexisting structural weaknesses in the Precambrian
crystalline rocks, principally along joints, faults, and foliation sur-
faces; that the rocks possibly were derived from two different mag-
matic sources; and that the members of each of the two differentia-
tion series show a progressive enrichment in thorium and uranium
from the more mafic to the more felsic members.

GEOLOGIC SETTING

The Tertiary igneous rocks of the area are part of a narrow belt
containing these rocks that extends from near Boulder to Brecken-
ridge, Colo. The rocks vary widely in composition and form
(Lovering and Goddard, 1938, p. 36). Other similar Tertiary por-
phyritic igneous rocks are present in the Mosquito and Sawatch
Ranges, the Cameron Pass area northwest of Estes Park, and the
Cripple Creek area west of Colorado Springs; basaltic flows, inter-
bedded with the Denver formation, occur on the eastern flank of the
Front Range of Colorado.

The Tertiary intrusive rocks in the Front Range mineral belt
occur in Precambrian crystalline rocks. In the area of this report,
as throughout the mineral belt (Lovering and Goddard, 1950, pl. 2),
the intrusive rocks are found mostly in terranes contamning well-
fohated, folded gneiss and schist. They are much less common in
the large bodies of relatively massive Precambrian igneous rocks,
and where present, they are confined to the margins of these bodies.
With the exception of biotite-quartz latite, the porphyries in the
mapped area (pl. 19) were emplaced before the mineralization that
yielded the ore deposits of the region. Generally the dikes and
metalliferous veins occupy different fractures.

Thirteen types of porphyrtic intrusive rocks, which can be com-
bined into four groups whose members have similarities in age,
petrography, and geographic distribution, are described in this re-
port. The four groups of porphyries and the types they include are
hornblende granodiorite group, which includes hornblende grano-
diorite, biotite granodiorite, biotite-quartz monzonite, and biotite-
quartz latite porphyries; light-colored granodiorite group, which in-
cludes light-colored granodiorite, albite granodiorite, and alkalic
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syenite porphyries; quartz monzonite group, which includes quartz
monzonite, granite, and alaskite porphyries; and bostonite group,
which includes bostonite, trachytic granite, and quartz bostonite
porphyries. Within each of the rock types, phases are recognized
that differ somewhat from the normal phases. Intrusion breccias
occur in or are spatially associated with light-colored granodiorite
porphyry and quartz monzonite porphyry bodies in the eastern and
northern parts of the area. They consist of variable quantities of
wallrock fragments embedded in an igneous matrix.

FORM OF INTRUSIVE ROCKS

The Tertiary intrusive rocks occur as plutons with short radiating
dikes, as plutons with long dikes extending in a preferred direction,
as long continuous dikes, and as short dikes which have a common
trend. The plutons are step-walled irregular oblong igneous bodies
that range from maximum horizontal dimensions of a few hundred
feet to a few thousand feet. The dikes range in length from a few
hundred feet to several miles, and in width from a few inches to a
few hundred feet; the average width is about 15 feet. Most of the
dikes dip more than 60°: generally they dip to the north, but some
dip south.

The form of the intrusive bodies is closely related to the rock
type. With few exceptions the older intrusive rocks occur as plutons,
whereas the younger intrusive rocks form dikes. The members of
the granodiorites groups tend to occur mostly as plutons, the mem-
bers of the quartz monzonmite group occur mostly as small plutons
and dikes, and the members of the bostonite group mostly form long
continuous dikes.

AGE AND SEQUENCE OF INTRUSION

The porphyritic igneous rocks in the eastern part of the Front
Range have been shown by Lovering and Goddard (1950, p. 47) to
be early Tertiary in age. They are slightly older than the metal-
Iiferous veins of the region (Sims, 1956) which have been shown by
lead-uranium ratios in pitchblende to be about 60 million years old
(Holmes, 1946 ; Faul, 1954, p. 263).

The sequence of intrusion of the porphyritic rocks is determined
mainly by crosscutting relations and faulting relations, but in part
by structural, textural, and compositional variations. The rocks in
order of their probable age are given in figure 58.

The hornblende granodiorite and biotite granodiorite porphyries
are inferred to be the oldest Tertiary intrusive rocks in the region
because they occur as small plutons with few associated dikes. This
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FIGURE 58 —Diagram showing the probable sequence of intrusion of the Tertiary igneous
Tocks

inference 1s based on the tendency of the earlier intrusive rocks to
occur as plutons. The hornblende granodiorite porphyry 1s thought
to be older than the biotite granodiorite porphyry because 1t has a
more basic mineral suite. A body of light-colored granodiorite
porphyry in the western part of the Gilson Gulch area 1s cut by an
albite granodiorite porphyry dike, and a pluton of albite grano-
diorite porphyry on the east side of the Elkhorn pluton 1s cut by a
dike of alkalic syenite porphyry. Quartz monzonite porphyry cuts
albite granodiorite porphyry in the western part of the Gilson Gulch
area and cuts alkalic syenite porphyry on Banta Hill. The age rela-
tion between granite porphyry and alaskite porphyry is not defimtely
known; but they are thought to be essentially contemporaneous be-
cause of similarities in form, mineralogy, texture, and radioactivity.
The alaskite porphyry is indicated by Lovering and Goddard (1950,
p. 4447) to be younger than the quartz monzonite porphyry and
older than the members of the bostonite group. The granite por-
phyry is cut by biotite-quartz latite near Cottonwood Gulch on
Chicago Creek. Quartz monzonite porphyry 1s cut by biotite-quartz
monzonite porphyry on the ridge west of Dumont, and both mon-
zonites are cut and offset by bostonite porphyry east of Dumont.
The trachytic granite porphyry 1s inferred on field relations and
petrographic character to be intermediate in age between the older
bostonite porphyry and younger quartz bostonite porphyry. South
of Dumont and in the lower Spring Gulch area of Chicago Creek,
trachytic granite porphyry both cuts and is cut by quartz bostonite
porphyry. This suggests that it is in part younger and in part older
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than the quartz bostonite porphyry. The quartz bostonite porphyry,
where 1t was observed on Quartz Hill, cuts bostonite porphyry. A
relatively nonporphyritic phase of quartz bostonite porphyry cuts
and offsets a porphyritic phase of the rock west of Central City, but
the reverse age relation is shown on the ridge between Chicago Creek
and Spring Gulch.

The metalliferous veins throughout the area cut all the porphyritic
rocks except biotite-quartz latite porphyry, which cuts major veins
in the Stanley, Lincoln, and Donaldson mines west of Idaho Springs.
Biotite-quartz latite porphyry cuts quartz bostonite porphyry be-
tween Cottonwood Gulch and Spring Gulch along Chicago Creek.
Local minor sulfide veins cut biotite-quartz latite porphyry in the
Stanley mine and Dorit mine on Chicago Creek. This indicates that
some mineralization, probably unimportant economically, occurred
after the emplacement of the igneous sequence. The intrusive brec-
cias are essentially contemporaneous with the rocks with which they
are associated; therefore, periods of intrusive brecciation occurred
during light-colored granodiorite porphyry and quartz monzonite
porphyry intrusion.

TEXTURE AND INTERNAL STRUCTURES

The Tertiary igneous rocks are characteristically porphyritic; but
a few dikes of bostonite porphyry, biotite-quartz latite porphyry,
and alaskite porphyry are nearly equigranular and very fine grained.
The phenocrysts in the Tertiary rocks are generally less than a
quarter of an inch long, and they are embedded in a fine-grained
groundmass. An exception is the hornblende granodiorite porphyry,
which has phenocrysts as much as an inch long set in a medium-
grained groundmass The size and number of phenocrysts and the
groundmass texture vary from dike to dike, but individual dikes are
similar throughout. Within each group, the younger rocks are finer
grained and contain fewer phenocrysts than the older rocks of the
group.

Various internal structures, flow structures, joints, and chilled
margins occur in the rocks. Flow structures, shown by the alinement
of feldspar crystals, can be seen both megascopically and micro-
scopically in the younger intrusive rocks and are particularly evident
in the bostonite group and the biotite-quartz latite porphyry. Close-
spaced joints are present near the margins of some of the plutons.
The dikes of the younger intrusive rocks, particularly the biotite-
quartz latite porphyry and the bostonite group, commonly have
chilled borders that are as much as an inch thick; but chilled borders
were not observed in the older rocks. The presence of chilled border
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phases along the younger dikes indicates that these dikes probably
were intiuded into relatively cool country rocks.

PETROGRAPHY

The porphyritic igneous rocks of the region can be separated into
mappable rock units on the basis of color, texture of the groundmass,
size, shape, and abundance of the phenocrysts, qualitative mineralogy,
approximate quantitative mineralogy, and character of fractured
surfaces.

Although most of the 13 kinds of porphyries are distinct in their
petrographic characteristics, each has variations from the normal
or typical rock. These variations tend to cause gradations from one
distinctive kind to another, as might be expected from a series of
closely related intrusive bodies. The alteration partly or completely
destroys the mafic minerals and feldspars, which are critical for the
identafication of members of the sequence As a consequence of the
slight gradation between kinds of rock and the intense alteration of
many of the rocks, identification of the atypical varieties may not
always be correct. The age relations and estimated modes given 1n
this report are those of the least altered typical rock and its varieties
that can be distinguished with a reasonable degree of certainty.

Because of the fine-grained groundmass and the widespread altera-
tion of the rocks, staining procedures were used to supplement thin-
section analysis. Only in the coarsest of the rocks 1s an accurate
modal analysis possible; in the others it is necessary to estimate the
percentages of the mineral constituents. Stamning procedures were
used to assist in the identification of the extremely fine grained
minerals and to distinguish the alkalic feldspars, especially when
they were altered. With some modification the sodium cobaltinitrite
stain for potassium (Gabriel and Cox, 1929) and the malachite green
stain for feldspar (Russell, 1935) were used. Most of the staining
was by the sodium cobaltinitrite method on rock slabs and thin sec-
tions, but commonly both methods were used together. The color of
hand specimens was determined by comparison with the Rock color
Chart of the National Research Council distributed by the Geological
Society of America. In the section that follows, the very fine
grained, low-birefringence minerals are referred to as clay minerals;
fine-grained highly birefringent micaceous material is called sericite.

CLASSIFICATION

The classification of the Tertiary intrusive rocks used in this report
is essentially the same as that used by Spurr, Garrey, and Ball
(1908) in the Georgetown quadrangle and later adopted by Bastin
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and Hill (1917) in the Central City quadrangle and by Lovering
and Goddard (1950) throughout the Front Range. Some of the
modifications 1n terminology proposed by Phair (1952) are used by
the author; in addition, new names are introduced by the author for
previously unrecognized rock types. Although the classification 1s
based on the kind and quantity of minerals found 1n the rocks, 1t 1s
often necessary to distinguish rocks by qualitative mineralogy and
texture rather than by quantitative mineralogy.

The rock types of the region can be combined into four groups,
the light-colored granodiorite group, the quartz monzonite group,
the bostonite group, and the hornblende granodiorite group and
according to similarities into groundmass texture, mineral suite, and
color. Some of these groups have simlar ages and geographic dis-
tributions. The bostonite group has a distinctive trachytic or bos-
tomitic texture, contains abundant alkalic minerals, and has a char-
acteristic reddish-brown to lilac color; the other groups have a
granular texture and are various shades of gray. The hornblende
granodiorite group characteristically contains a greater abundance
of more calcic plagioclase than the other groups and a suite of
ferromagnesian minerals, hornblende, and pyroxene or biotite. Mem-
bers of this group are concentrated in the lower Fall River area.
The members of the light-colored granodiorite group contain abun-
dant sodic minerals and sparse ferromagnesian minerals, they are
nearly contemporaneous in age (fiz 58), and are restricted mostly
to the eastern part of the area. The members of the quartz mon-
zonite group are nearly of equivalent age and contain an abundance
of potassic minerals and quartz in the groundmass.

DESCRIPTION OF ROCKS
LIGHT-COLORED GRANODIORITE GROUP

The light-colored granodiorite porphyry, albite granodiorite por-
phyry, and alkalic syemte porphyry are placed in the light-colored
granodiorite group because of similarity in texture of the granular
groundmass, the gray color, sparsity of ferromagnesian minerals,
and abundance of sodic minerals. The rocks also show, from the
oldest to the youngest, a gradual increase in their content of sodic
minerals.

The rock types in the group are not closely similar in megascopic
appearance. The distinguishing feature of the light-colored grano-
diorite porphyry that is seen in hand specimen is a general
“dotted” appearance, produced by small, rounded, uniform-sized
phenocrysts that are embedded n aphanitic gray groundmass. The
rock is rather similar in appearance to the quartz monzonite por-
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phyry, but the small phenocrysts in the latter are variable in size
and form euhedral laths. Albite granodiorite porphyry 1is distin-
guished by inconspicuous pinkish-gray phenocrysts, about one-fourth
of an inch long, 1n a pmkish-gray groundmass flecked with small
grains of ferromagnesian minerals. Large gray conspicuous com-
monly diamond-shaped phenocrysts that are bent and show wavy
reflections are characteristic of the alkalic syenite porphyry.

The microscopic features that distinguish the light-colored grano-
diorite porphyry from the hornblende granodiorite, biotite grano-
diorite, and quartz monzonite porphyries are an abundance of oligo-
clase and a general absence of ferromagnesian minerals. An abun-
dance of antiperthitic albite 1s a characteristic feature of the albite
granodiorite porphyry. Abundant albite and very minor quartz
distinguish the alkalic syenite from other stmilarly appearing rocks.
The petrographic characteristics of this group are summarized in
table 1.

LIGHT-COLORED GRANODIORITE PORPHYRY

The light-colored granodiorite porphyry occurs as plutons as much
as 3,000 feet across with associated dikes in the east-central part of
the area and as dikes in the southeast and south-central part (pl. 19).
The Gregory Hill pluton, about half a mile southeast of Central
City, has several radiating dikes; the southern part of the pluton
contains some brecciated wallrock. An irregular crescent-shaped
body crops out southwest of the Gregory Hill pluton near the inter-
section of Russell and Leavenworth Gulches; a dike extends east-
ward from the pluton. Several small bodies and dikes of the rock
are present on the south side of Russell Gulch., Farther south on
Banta Hall, another pluton, which has several radiating dikes, is cut
by branching bostonite dikes. The northeast projection of the pluton
is free from wallrock contamination, but the remainder contains two
large mappable blocks and many breccia fragments of the country
rock. Short dikes trending east and northwest occur west of the
Banta Hill pluton. Thin branching dikes of light-colored grano-
diorite porphyry are present about three-fourths of a mile south of
the Banta Hill pluton mn the headwaters area of Gilson Gulch. A
nearly eastward trending dike that is cut by a quartz monzonite
porphyry dike is on the east slope of the headwaters of Gilson Gulch.
Short, nearly eastward trending dikes occur about 1.5 miles north-
west of Idaho Springs near the junction of Trail Creek and Clear
Creek and about 2 miles southwest of Idaho Springs near the head
of Cottonwood Gulch.



TaeLe 1.—Petrographic characteristics of the Tertiary 1gneous rocks

[X indicates mineral is present but variety not determined]

Phenocrysts
Groundmass
Rock name minerals Remarks
Potassic feldspar Plagioclase Quartz Ferromagnesian
mineral
Light-colored granodiorite group (granular groundmass, sparse ferromagnesian minerals, generally brownish gray, antiperthitic albite common)

Light-colored granodiorite | Minor anorthoclase.| Oligoclase.. ..} Sparse bladed mineral.] Same as phenocrysts plus | Smallrounded phenocrysts
porphyry quartz give ‘‘dotted” appear-
ance
Albite granodiorite Antiperthite.._._... All;;tse and olgo- |ooocoooceicoooooos Aegirie-augite ... Same as phenocrysts plus | One body is garnetiferous
porphyry clase uartz
Alkalic syenite porphyry....| Antiperthite........ Albite and OlgO~ | cecomacococaaas Sparsebladed muneral.| Same as phenocrysts plus | Less than § percent quartz
clase very minor quartz Large albite phenocrysts
are diamond shaped
Quartz te group ( lar ground) generally sparse but locally minor ferromagnesian content, gray, high quartz content in groundmass)
Quartz monzonite porphyry.| Sparse sanidine..._. Oligoclase, SPArse oo accmcccmcmceeuoe Sparse to abundant | Quartz, potassic feldspar, | Size and quantity of pheno-
albite bladed‘mineral and plagioclase crysts variable
QGranite porpYyry.oooocea.. X Albite-0Hgoelase. ..o f-ocoom e ececaeans Sparse bladed mineral .| Same as phenocrysts plus | Usually conchoidal por-~
qusrtz, :e]aneous or flinty frac-
ure
Alaskite porphyry. . ... b N A In one variety..... Essentially absent_.... Same as phenocrysts plus | Conchoidal porcelaneous or

quartz

flinty fracture,

pitted
weathered surface
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Bostonite group (bostonitic ground: sparse ferromagnesian minerals, general reddish brown to lilac)
Bostonite porphyry........ X Albite-oligoclase Bladed mineral......_. Same as ph:#ocrysts plus | Lessthan 10 percent quartz
minor quartz
Garnetiferous bostonite por- X Albite-ohgoclase. .| oo .. Aegirine-augite_...__.. Same as phenocrysts plus | Contains andraditic gar-
phyry minor quartz net Less than 10 per-
cent quartz
Trachytic granite porphyry. X Albite-ohigocl I PN Bladed muneral._...._ Same as phenocrysts plus
anhedral grains between
feldspar laths
Quartz bostonite porphyry..| Anorthoclase... ... S I SO Same as ph ysts plus
anhedral quartz grains
between feldspar laths
Hornblende granodiorite (granular ground ferromag. minerals common, generally gray to black)
Hornblende granodiorite MInOr. .o eeeeee Oligoclase and some X Hornblende and mi- | Same minerals as pheno-
porphyry albite nor augite crysts
Biotite granodiorite Mmor ... Oligoclase and some X Biotite 1n flakes__.____ Same as phenoerysts. ...
porphyry albite
Biotite-quartz monzonite X Oligoclase... ... Many bipyra- Biotite books and | Mostly quartz and potas-
mids flakes sic feldspar

porphyry
Biotite-quartz latite
porphyry

Oligoclase-andesine

Biotite books and
flakes

Same as phenocrysts with
potassicfeldspar

Very fine gramned phase has
conchoidal fracture
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The light-colored granodiorite porphyry contains very light-gray
feldspar phenocrysts in a light-gray aphanitic groundmass. In the
observed hand specimen, the phenocrysts are of two different sizes—
the larger euhedral crystals are about half an inch long and the
smaller ones range from one-sixteenth to one-eighth of an inch in
length. The smaller phenocrysts are generally equidimensional,
appear rounded, and are umiformly scattered through the rock giving
it a characteristic “dotted” appearance. In the dikes large pheno-
crysts are rare, and the smaller sized phenocrysts, being about one-
sixteenth of an inch in diameter are barely visible. Brown pseudo-
morphs of an unknown mineral replace sparse ferromagnesian miner-
als. Weathered surfaces are essentially the same color as the freshly
broken rock. The wallrock fragments, which are locally abundant in
parts of the plutons, vary widely in size and angularity; some
inclusions are mappable, whereas others can be seen only with the
aid of the microscope. Some of the fragments are sharply angular
while others are well rounded. The fragments are only shghtly
altered. In the highly contaminated parts of the plutons, the color
of the rock remains light gray, but the contaminated branching dike
near the head of Galson Gulch is browmsh gray. The most highly
contaminated parts of the light-gray, light-colored granodiorite
porphyry resembles typical albite granodiorite porphyry.

The texture of the groundmass of the light-colored granodiorite
porphyry 1s hypidiomorphic granular to poikilitic granular. Poiki-
litic granular texture 1s used in this report to describe a texture in
which irregular to circular mutually sutured quartz grains contain
minute laths and irregular grains of feldspar. Quartz occurs as
wregularly shaped clear anhedral grains and as equidimensional
graimns with minute, generally less than 002 mm in diameter, inclu-
sions of anhedral grains and euhedral laths of potassic feldspar and
plagioclase. Potassic feldspar and plagioclase also occur as larger
grains, as much as 0.2 mm in diameter, between the quartz grans.
The large phenocrysts observable in hand specimens are euhedral to
subhedral anorthoclase crystals that are generally unaltered in con-
trast to the highly altered small phenocrysts and groundmass. The
name “anorthoclase” is applied to the feldspar that is biaxial (—)
with a moderate 2V and an index less than balsam; fine twinning
lamellae are observed in some specimens and staining shows the
presence of potassium. The oligoclase, which is highly altered to
clay, occurs as euhedral to subhedral, mostly equidimensional crystals
ranging from 0.1 to 4 mm across. The crystals are zoned ond show
pericline-albite twinning. In some rocks and twinned oligoclase
crystals have borders of untwinned albite. Small phenocrysts of
untwinned albite also occur in some samples. A bladed ferromag-
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nesian mineral is completely replaced by sericite and magnetite. Ac-
cessory minerals of the rock are magnetite-1lmenite, sphene, apatite,
and zircon.

Thin sections of the rock from contaminated parts of the plutons
show that the phenocrysts have been broken and that the textural
features characteristic of the uncontaminated rock are partly ob-
scured by the addition of foreign material. In the contaminated,
branching dikes at the head of Gilson Gulch the overall texture of
the rock is sumilar to the normal texture, but certain features of the
rock are notably different. The groundmass has an allotriomorphic-
granular instead of a hypidiomorphic-granular texture and consists
of anhedral grains of quartz, orthoclase, and plagioclase that range
1 size from 0.05 to 0.2 mm. The untwinned albite grains and albite
margins of oligoclase grains differ from the mineral in the normal
rock in containing antiperthite.

The light-colored granodiorite porphyry is variable in composition
mostly because the groundmass of the finer grained dike rocks con-
tains unusually large quantities of potassic feldspar. The approxi-
mate quantities of minerals present are quartz, 20 to 35 percent;
anorthoclase, 0 to 5 percent; potassic feldspar, 15 to 25 percent;
oligoclase, 40 to 60 percent; albite, 0 to 10 percent; and a ferro-
magnesian mineral, 1 to 5 percent; accessory minerals occur 1n trace
quantaties.

ALBITE GRANODIORITE PORPHYRY

Albite granodiorite porphyry is exposed only in the east-central
part of the mapped area (pl. 19) between the headwaters area of
Gilson Gulch and Pleasant Valley. Three major plutons are exposed
in this area; they are the Elkhorn pluton to the northeast, the Sun
and Moon pluton immediately west of the southern part of the Elk-
horn pluton, and the Gilson pluton to the southeast. A small body
crops out southwest of the Sun and Moon pluton. One major north-
eastward-trending dike, as well as several small dikes, is exposed;
some dikes extend outward from the plutons, whereas others are
isolated. The Elkhorn pluton 1s a compound 1gneous intrusive body
for 1t contams intrusive rocks other than albite granodiorite
porphyry.

The albite granodiorite porphyry is a pinkish-gray seriate porphy-
ritic rock with generally inconspicuous phenocrysts. The feldspar
phenocrysts, constituting about 40 percent of the rock, are 1n a
groundmass that is flecked with dark, mafic minerals In most speci-
mens they are about one-fourth of an inch long, but in some they are
as much as half an inch long. The granodiorite that constitutes the
Sun and Moon pluton is unusual because it is brownish gray rather
than pinkish gray and contains crystals of garnet that appear black
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in hand specimen. In typical weathered specimens the phenocrysts
are conspicuous in the brown groundmass that is colored by limonitic
alteration of the ferromagnesian minerals.

The rock has a hypidiomorphic granular texture. Three feldspars
are present; they are oligoclase, albite, and potassic feldspar. The
oligoclase occurs as euhedral to subhedral laths, ranging in length
from 0.1 to 6.5 mm, that are zoned and show albite twinning. The
composition of these crystals range from intermediate oligoclase in
the center to albite at the margins. The larger crystals contain
mnclusions of small plagioclase crystals. The albite is untwinned,
some occurs as margins of varymg width on oligoclase crystals, and
the remainder occurs as individual zoned crystals ranging in size
from 0.1 to 3 mm. Although most of the albite forms subhedral to
anhedral grains, some of it forms euhedral equidimensional crystals.
The albite contains most of the potassic feldspar in the rock in
antiperthitic intergrowths. The potassic feldspar forms stringers
and patches intergrown with albite and rarely with oligoclase;
locally it occurs as small subhedral to anhedral grains in the ground-
mass. Anhedral quartz grains, ranging in length from 0.02 to 0.2
mm, occur 1n the groundmass and in crosscutting veinlets. Aegirine-
augite occurs as subhedral to anhedral laths and grains that range in
length from 0.1 to 1 mm. Some of the crystals of aegirine-augite
show color zoning with green on the margins and light green in the
center. Some specimens of the rock have scattered biotite flakes.
The garnet in the Sun and Moon pluton, which is brown and similar
to the andradite garnet identified in the garnetiferous bostonite,
forms rounded, subhedral to anhedral grains that range from 038
to 1.5 mm in diameter. Accessory minerals in the albite granodorite
porphyry are sphene, magnetite-ilmenite, apatite, allanite, and zircon.

The typical albite granodiorite porphyry is remarkably uniform
in composition. The approximate range in mineral composition is
quartz, 5 to 20 percent; albite, 35 to 40 percent; potassic feldspar,
10 to 20 percent; oligoclase, 30 to 35 percent; and aegirine-augite,
3 to 5 percent; the accessory minerals constitute less than 1 percent
of the rock. A sample from the Sun and Moon pluton is unusual
because it contains approximately 48 percent albite, 18 percent
potassic feldspar, 9 percent oligoclase, 20 percent aegirine-augite,
and 2 percent garnet.

ALKALIC SYENITE PORPHYRY

Alkalic syenite porphyry is exposed in the east-central part of the
area. It forms a small pluton on Banta Hill, adjacent to the north
end of the Elkhorn albite granodiorite porphyry plutons, a smalk
body about 1,500 feet east of the junction of Russell and Leaven-
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worth Gulches, and small dikes about 1,000 feet southeast of the plug
on Banta Hull (pl. 19).

The alkalic syenite porphyry is a hght-brownish-gray rock with
conspicuous dark-gray phenocrysts. The phenocrysts are entirely
feldspar, and they constitute from 25 to 50 percent of the rock. They
range 1n length from one-eighth to one-half inch, are commonly
diamond shaped, are usually bent and give a wavy reflection from
cleavage surfaces, and locally have rims or centers that are altered
white. Weathered surfaces are light gray, and exposed areas of the
rock appear polished.

The groundmass of the alkalic syenite porphyry is hypidiomorphic
granular and variable 1n grain size and mineralogy. In the Banta
Hill body the groundmass grains range from 0.1 to 0.5 mm in
ciameter, whereas in the Russell Gulch body they range from 0.02
to 0.1 mm. The feldspars in the two bodies vary in composition
and size. The porphyry of Banta Hill contains albite and oligoclase,
whereas the rock near Russell Gulch contains sodic oligoclase. The
albite occurs in euhedral to subhedral crystals that range in length
from 0.2 to 10 mm and show zoning but no twinning. Oligoclase
from the Banta Hill rocks occurs as euhedral to subhedral laths, 0.2
to 1 mm 1n length, that show pericline-albite twinning. The oligo-
clase 1 the Russell Gulch body occurs in euhedral to subhedral
crystals that range 1n size from 0.2 to 1.3 mm. Generally the crystals
are zoned and untwinned, but in a few crystals carlsbad twinning 1s
present, and some of the smaller grains show fine albite twinning.
All the plagioclase feldspars contain antiperthitic intergrowths of
potassic feldspar, principally as patches and stringers. A euhedral
to subhedral ferromagnesian mineral, which forms laths 0.2 to 10
mm long, 1s replaced by clay, limonite, magnetite, and quartz. Ac-
cessory minerals of the rock are apatite, magnetite, ilmenite, and
sphene.

Although the mineralogy of the various bodies of alkalic syenite
porphyry differ in detail, it 1s grossly similar, as can be seen by
comparison of modal analyses from the Banta Hill and Russell
Gulch bodies. The Banta Hill body contains approximately 8 per-
cent quartz, 44 percent albite, 15 percent oligoclase, 32 percent potas-
sic feldspar, 4 percent a ferromagnesian mineral, and trace amounts
of the accessory minerals. The Russell Gulch body contains about
2 percent quartz, 68 percent ohgoclase, 26 percent potassic feldspar,
4 percent a ferromagnesian mineral, and trace amounts of the ac-
cessory minerals. The total plagioclase and the ratios of sodium to
calcium of the plagioclase in the two samples are about the same,
for the mixture of the oligoclase and albite of the Banta Hull sample
is essentially equivalent to the sodic oligoclase of the Russell Gulch
sample.
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QUARTZ MONZONITE GROUP

The members of the quartz monzonite group—quartz monzonite
porphyry, granite porphyry, and alaskite porphyry—are grouped
together because the feldspars are mostly oligoclase and orthoclase,
the quartz content 1s generally high, the ferromagnesian mineral
content is low in most of the specimens, and the appearance of the
groundmass is sumilar. (See table 1 for a summary of the petro-
graphic characteristics of the group) The groundmass of the
granite, alaskite, and part of the quartz monzonite porphyries has a
characteristic conchoidal, flinty to porcelaneous fracture.

The quartz monzonite porphyry 1s characterized by medium to
large feldspar phenocrysts, from one-eighth to one-half inch in
diameter, which are generally euhedral laths that vary widely within
individual spectmens. Some of the rock has a reddish-brown ground-
mass and is difficult to distinguish from bostonite porphyry, except
under a microscope, where the granular groundmass can be seen.
The granite and alaskite porphyries are nearly identical mn mega-
scopic appearance, but they can be separated microscopically, for the
feldspar of the granite 1s partly plagioclase. Both rocks fracture
similarly and contain sparse phenocrysts.

QUARTZ MONZONITE PORPHYRY

The quartz monzonite porphyry 1s the most abundant, widespread,
and variable rock in the area. It occurs throughout the area as dikes
of diverse trends and rarely as small plutons and 1s particularly
abundant in the eastern part of the region (pl. 19). Although the
rock on the average has the composition of quartz monzonite, 1t
ranges in composition from granodiorite to granite. Two dominant
phases are recognized: a phase that contains small phenocrysts and
sparse quantities of ferromagnesian minerals and a phase that con-
tains relatively large phenocrysts and several percent of ferromag-
nesian minerals. Other mmor phases that differ slightly in compo-
sition, texture, or both are present locally but are not quantitatively
important.

Dikes of quartz monzonite porphyry, which trend in several direc-
tions, are present throughout the area (pl. 19). The dikes in the
Lawson-Dumont area vary in length and generally trend eastward;
those in the northwest part of the area trend northeastward. A
remarkably long zone of dikes, which follow a northwestward-trend-
ing fault zone, extends from Fall River southeastward to the south
slope of Bellevue Mountain, at which point the dikes curve north-
east. A large proportion of the dikes occur in a belt about a mile
wide that extends from the vicinity of Alps Mountain, west of Idaho
Springs, to Black Hawk, a distance of about 8 miles; individual
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dikes trend northeast, essentially parallel to the trend of the belt;
but in detail they vary in trend from north to east, commonly strik-
ing either north-northeast or east-northeast.

Two small plutons of quartz monzonite porphyry occur in the area
—a crescent-shaped body on the south slope of Bellevue Mountain
and a body in upper Chase Gulch. The latter consists of two sepa-
rate plugs that stand out as topographic knobs above a flat surface
eroded on a breccia that is interpreted by Sims, Drake, and Tooker
(written communication, 1957) to be intrusive breccia. The breccia
consists of subrounded fragments of wallrock, generally ony a few
inches in maximum diameter, embedded 1 a matrix of 1gneous
material.

Although the rocks included in quartz monzonite porphyry differ
widely in composition, texture, or both, most can be grouped 1n two
distinctive phases, each characteristic of a specific geographic area.
The quartz monzonite porphyry in the long belt extending along the
eastern part of the area is characterized by small phenocrysts (less
than one-fourth of an inch long) and sparse ferromagnesian miner-
als. The rock in the area north of Clear Creek and west of Fall
River and 1n part of the southeast corner of the area 1s characterized
by large phenocrysts (one-fourth to one-half inch long) and several
percent of ferromagnesian minerals.

The quartz monzonite porphyry typically contains very hght gray
feldspar phenocrysts in a light-gray aphamtic groundmass. The
northeastward-trending quartz monzonite porphyry dike that crosses
the north slope of Maryland Mountain has an unusual pale-red
groundmass and because of the color resembles the bostonites, which
are so abundant in this area. Certain dikes, like those near the
mouth of Chicago Creek and in the Gilson Gulch area, contain
inconspicuous phenocrysts. Some of the more mafic dikes are altered
to chlorite, epidote, and calcite, as well as the more common clay
minerals and sericite; and these rocks have a dark gray groundmass
and green phenocrysts.

The phase of quartz monzonite porphyry that contains large
phenocrysts is characterized by thin, tabular crystals one-fourth to
one-half inch long that constitute from about 25 to 50 percent of the
rock. These rocks generally contain from 5 to 20 percent ferro-
magnesian mineral which occurs as thin blades generally less than
one-eighth of an inch long but at places as much as three-eighths
of an inch long. The phase that is characterized by small pheno-
crysts is seriate porphyritic with equidimensional crystals, generally
Jess than one-fourth of an inch long, that constitute as much as 50
percent of the rock and a ferromagnesian mineral that constitutes
generally less than 5 percent. Nonporphyritic dikes of the rock occur
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near the mouth of Trail Creek and on the east slope of Bellevue
Mountain.

The groundmass of the quartz monzonite porphyry as seen under
the microscope is allotriomorphic granular and consists essentially
of quartz, potassic feldspar, and plagioclase. The texture varies
from an intimate mixture of these minerals in anhedral grains less
than 0.1 mm 1n size to poikilitic granular in which the quartz grains
are from 0.1 to 0.4 mm in length and the feldspar inclusions gen-
erally less than 0.05 mm. In a group of dikes along the upper part
of Mall Creek, the feldspar laths in the groundmass are usually large,
and they are intergrown in a subparallel arrangement to produce a
trachytic texture.

The feldspar phenocrysts in the coarse phenocrystic phase are
oligoclase, which ranges in composition from sodic oligoclase in the
smaller grains to calcic oligoclase 1n the larger grans; albite 1s also
present in a few specimens. The oligoclase crystals are euhedral to
subhedral plates that range from 0.5 to 10 millimeters in length, are
zoned, and have carlsbad-pericline-albite twinning. The larger crys-
tals generally show better twinning than the smaller. The albite
crystals are zoned, untwinned, and about the same size as the oligo-
clase grains. Pseudomorphs of chlorite, epidote, and magnetite
replace laths of a ferromagnesian mineral that ranges in length from
02 to 2 mm. Epidote and clay have replaced much of the feldspar
in some of the specimens, and calcite is present as a secondary min-
eral in the groundmass of some of the samples.

The phenocrysts in the phase characterized by small crystals con-
sist of four kinds of feldspar: oligoclase, orthoclase, albite, and
sanidine. The name “sanidine” is applied to the feldspar that is
biaxial with a small 2V and an index much lower than balsam;
crystals are generally clear in contrast to the clouded orthoclase.

Euhedral to subhedral laths and aggregates of laths of plagioclase
05 to 5 mm long and ranging in composition from sodic oligoclase
to calcic albite are always present in this group of rocks. Twinning
according to the albite and combined albite-carlsbad laws is com-
monly present, but perichine twinning is rare. Some of the crystals
have centers of untwinned oligoclase. The orthoclase forms equi-
dimensional, euhedral to subhedral crystals that range in length from
05 to 2 mm and are smaller than the oligoclase. Untwinned albite
in crystals similar in size and shape to the orthoclase 1s present in
some of the samples. Sanidine is rarely present in this rock. A
ferromagnesian mineral 1s generally present in small quantities.
Primary accessory minerals are sphene, apatite, topaz, magnetite-
ilmenite, and zircon.
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Some specimens of both phases of the rock contain quartz grains
and aggregates of grains in veinlets. Most of this quartz is prob-
ably the result of wallrock contamination or secondary filling of
openings. Other samples show obvious inclusions of wallrock.

The quartz monzonite porphyry ranges in composition from
granite to granodiorite. The phase characterized by small pheno-
crysts contains approximately 40 to 50 percent quartz, 25 to 30 per-
cent orthoclase, 20 to 30 percent plagioclase, and less than 5 percent
a ferromagnesian mineral. The dike with the pale-red groundmass
contains approximately 18 percent quartz, 52 percent orthoclase, 27
percent plagioclase, and 2 percent ferromagnesian mineral. The
large-phenocryst phase contains approximately 25 percent quartz,
20 to 30 percent orthoclase, 0 to 10 percent albite, 20 to 40 percent
plagioclase, and 5 to 20 percent ferromagnesian mineral.

GRANITE PORPHYRY

The granite porphyry 1s exposed as short, narrow, generally north-
eastward-trending dikes at road level along Chicago Creek, on the
slope north of Chicago Creek in the vicimity of Cottonwood Gulch,
west of Virginia Canyon and half a mile north of Idaho Springs,
and 1n the vicimty of Banta Hill (pl. 19).

Two types of granite porphyry are present in the area. The more
abundant type has a gray to pinkish-gray aphanitic groundmass and
sparse pinkish-gray feldspar phenocrysts. The groundmass usually
has a characteristic conchoidal porcelaneous or flinty fracture, but
an irregular granular-appearing fracture also occurs. The pheno-
crysts are generally less than one-fourth of an inch long and con-
stitute less than 5 percent of the rock. Some specimens have small
reddish-brown pseudomorphs, which probably formed after ferro-
magnesian mineral phenocrysts. Weathered surfaces are tan and
characteristically pitted by the removal of the phenocrysts. Al-
though granite porphyry closely resembles alaskite porphyry in hand
specimen, the granite porphyry contains fewer feldspar phenocrysts,
is devoid of quartz phenocrysts, and contains ferromagnesian
minerals.

The less abundant type of granite porphyry is a fine-grained light-
brownish-gray rock that has the appearance of aplite. Phenocrysts
are few and inconspicuous. This type of granite porphyry is exposed
as a dike on the south side of the group of granite porphyry dikes
north of Idaho Springs.

The groundmass texture of the more abundant type is hypidio-
morphic granular, and the rock consists essentially of irregular
grains of quartz and subhedral to anhedral grains of alkalic feldspar.
The phenocrysts are albite-oligoclase, orthoclase, and in some speci-
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mens, a ferromagnesian mineral. The albite-oligoclase is euhedral
albite-pericline-twinned laths that range from 0.4 to 5 mm in length.
Orthoclase phenocrysts are subhedral to anhedral laths and plates
that range from 0.5 to 3 mm 1n length. The orthoclase and plagio-
clase commonly have sutured mutual boundaries. Aggregates of
clay, magnetite, and limonite fill euhedral forms 0.1 to 1 mm long
that were probably ferromagnesian minerals. Accessory minerals are
sphene and magnetite-1lmenite.

The less abundant fine-gramned granite porphyry has a hypidio-
morphic-granular texture and consists of albite-oligoclase, orthoclase,
quartz, and biotite. The albite-oligoclase occurs in subhedral to an-
hedral, partly twinned to untwinned, antiperthitic crystals that range
i length from 02 to 15 mm. The twinning present in the plagio-
clase 1s albite or carlsbad. The orthoclase is in subhedral to anhedral
grains that range from 01 to 1 mm in length. Quartz occurs as
scattered, bent anhedral grains and aggregates that range from 0.04
to 02 mm in length; most of the crystals in the rock show pro-
nounced cleavage or parting. Accessory minerals are zircon and
magnetite-1lmenite.

Aside from quartz, which is present in greater quantity in the
aplitic type, the minerals in the two types of granite porphyry occur
i about the same proportions. The approximate average composi-
tion of the granite porphyry is 20 percent quartz, 45 percent potassic
feldspar, 34 percent plagioclase, and 1 percent a ferromagnesian
mineral. A modal analysis of a sample from the aplitic dike shows
quartz, 43 percent; orthoclase, 34 percent; plagioclase, 22 percent;
and biotite, 1 percent. Trace amounts of the accessory minerals are
present,

ALASKITE PORPHYRY

Alaskite porphyry is exposed only in the vicinity of Alps Moun-
tain west of Idaho Springs (pl. 19). A small pluton with radiating
dikes crops out about half a mile north of Alps Mountain; and a
short, nearly east-striking dike is present about 1 mile to the north-
west. A long, east-northeast-striking dike that has several branches
is exposed about half a mile south of Alps Mountain.

Two varieties of alaskite porphyry are recognized. One contains
numerous feldspar phenocrysts, and the other contains quartz pheno-
crysts and sparse feldspar phenocrysts. The variety with the abun-
dant phenocrysts is restricted to the area north of Alps Mountain.
It has a light-gray, yellowish-gray to pinkish-gray groundmass
and very hight-gray equidimensional phenocrysts, generally less than
one-fourth of an inch long, which constitute from 15 to 20 percent
of the rock. The rock has a characteristic porcelaneous to flinty
conchoidal fracture. Weathered surfaces are very light gray and
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are generally pitted by the removal of the feldspar phenocrysts.
The alaskite porphyry south of Alps Mountain is sumilar in general
appearance to that to the north. The groundmass 1s similar in
composition and texture, and the feldspar phenocrysts have similar
sizes and shapes, but they are generally pink and fewer in number,
constituting from 5 to 10 percent of the rock. Clear quartz pheno-
crysts generally less than one-eighth of an inch long constitute a
few percent of this rock.

The groundmass 1s generally allotriomorphic granular, but most
of the specimens from the bodies on the north side of Alps Mountain
are poikilitic granular. The groundmass consists of quartz and
potassic feldspar in anhedral grains, 0.02 to 0.3 mm 1n diameter 1n
about equal proportions. The feldspar is orthoclase, which occurs
in euhedral equidimensional crystals 05 to 3 mm long, some of
which show carlsbad twinming. The quartz phenocrysts are an-
hedral and 05 to 2 mm in diameter. Deep embayments in the
quartz caused by corrosion are filled by the groundmass constituents.
Small quantities of euhedral to subhedral ferromagnesian mineral
laths, 0.2 to 1 mm long, which have been replaced by quartz and
magnetite, are present in some of the specimens. Accessory minerals
are sphene, apatite, topaz, magnetite-1lmenite, and zircon.

The composition of both varieties of the rock appears to be
similar. The alaskite porphyry contains approximately 40 to 45
percent quartz, 50 to 60 percent potassic feldspar, as much as 2
percent ferromagnesian mineral in a few specimens, and trace
amounts of accessory minerals.

BOSTONITE GROUP

The bostonite group, consisting of bostonite porphyry with a
garnetiferous variety, trachytic granite porphyry, and quartz boston-
ite porphyry, can be distinguished from all other Tertiary intrusive
rocks 1mn the area by its trachytic or bostonitic groundmass texture,
which 1s observable under the microscope.

The members of this group cannot easily be recognized in hand
specimen, but certain diagnostic megascopic features are readily appar-
ent The dommant variety of trachytic granite porphyry is char-
acterized by distinctive large white subrounded phenocrysts; the
garnetiferous bostonite porphyry can be distinguished by wisible
garnets; and the nearly nonporphyritic phase of quartz bostonite
porphyry is characterized by its uniformly dark red color. The
quartz bostonite porphyry 1s distinguished microscopically from
the other two members of the group by its lack of ferromagnesian
mnerals and plagioclase. Bostonite 1s distinguished from trachytic
granite by containing generally less than 5 percent quartz. (See
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table 1 for a summary of the petrographic characteristics of the
group.)
BOSTONITE AND GARNETIFEROUS BOSTONITE PORPHYRY

Bostonite and garnetiferous bostonite porphyry are distributed
over most of the eastern part of the mapped area (pl. 19). Bos-
tonite porphyry is evenly distributed in the area between Central
City and Idaho Springs, and dikes of the rock extend southwest-
ward to the south slope of Alps Mountain. Other dikes occur
west and south of Dumont. Garnetiferous bostonite porphyry 1s
present from west of Alps Mountain northeastward and northward
to Spring Gulch, east of Dumont. Both varieties of bostonites
generally occur as long, narrow branching dikes, although small
plutons and short lenticular dikes are common. South of Central
City the dominant trend of the dikes 1s east and northeast; from
north of Idaho Springs to Alps Mountain, the trend 1s dominantly
northeast. Northwest of Alps Mountain and near Dumont, the dikes
trend east, northeast, and north. Northwestward-trending dikes are
rare 1 the area Most of the dikes dip steeply, but those south
and west of Alps Mountain dip at angles as low as 33°.

The two varieties of bostonite porphyry, although similar in
essential characteristics, differ significantly in mineralogy, color,
and grain size.

BOSTONITE PORPHYRY

The bostonite porphyry is a seriate porphyritic rock that has a
pink aphanitic groundmass, white feldspar phenocrysts, and gen-
erally small phenocrysts of a bladed ferromagnesian mineral. In
typical specimens the feldspar phenocrysts constitute 15 to 30 per-
cent of the rock, but in some dikes in the vicimity of Alps Moun-
tain they make up less than 5 percent of the rock. The phenocrysts
are generally individual laths or aggregates less than one-fourth
of an inch long, which are commonly alined and give flow structure
to the rock. The feldspar phenocrysts in some of the dikes along
Chicago Creek occur as X-shaped aggregates, as much as half an
inch long, that have been altered to a gray-green clay bordered by
white clay. The gray-green clay has been 1dentified (Harrison and
Wells, 1959) as illite and the white clay as sericite. Most of the
ferromagnesian mineral blades have been altered to brown pseudo-
morphs of an unknown mineral; these are generally less than one-
fourth of an inch long and make up less than 5 percent of the rock.
Parallel alinement of the ferromagnesian mineral 1s common. Weath-
ered surfaces of the rock are tan and pitted by the selective re-
moval of the ferromagnesian mineral.

The texture of the groundmass, as seen under the microscope, is
bostonitic—the feldspar laths are interlocking and have an imper-
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fect parallel orientation. The groundmass consists of subhedral
to anhedral albite laths, anhedral grains of potassic feldspar, and
anhedral grains of quartz. The grains of the groundmass generally
range 1 size from 0.02 to 0.01 mm but in some specimens they may
be as much as 0.3 mm long. The quartz and most of the potash
feldspar in the rock are restricted to the groundmass. The pheno-
crysts are plagioclase, orthoclase, and a ferromagnesian mineral.
The plaglioclase phenocrysts occur as euhedral to subhedral laths
and aggregates of laths that range from 0.5 to 3 mm in length and
which are compositionally zoned. They contain oligoclase in the
center and calcic albite on the margins; typically the plagioclase
shows combined pericline-albite twinning. The orthoclase pheno-
crysts are similar in size but more nearly equidimensional than the
plagioclase, and generally they are untwinned. The ferromagne-
sian phenocrysts, which form single blades and aggregates, ranging
from 04 to 2 mm in length, are entirely altered and replaced by
quartz, magnetite, and serpentine in most specimens. The ferro-
magnesian mineral is probably aegirime-augite, for this mineral
has been identified from a nearly unaltered specimen of garnet-
iferous bostonite porphyry. The accessory minerals are sphene, apa-
tite, and zircon

The mineralogic composition of the bostonite is variable; the
approximate estimated range in mineral composition is 1 to 10
percent quartz, 50 to 70 percent potassic feldspar, 20 to 45 percent
plagioclase, 1 to 10 percent aegirine-augite, and a trace of accessory
minerals. Although bostonite porphyry, as defined by Phair (1952,
p- 10), should not contain more than 5 percent quartz by volume, a few
specimens contamn excess quartz in veinlets in small vugs. Other
specimens, some of which contain wallrock inclusions, also contain
excess quartz in the groundmass. Although 1t 1s not definitely known,
1t 1s probable that the excess quartz 1s of secondary origin or 1s related
to contamination from quartz-bearing inclusions of wallrock.

GARNETIFEROUS BOSTONITE PORPHYRY

The garnetiferous bostonite porphyry is a seriate porphyritic
rock that has a reddish-brown aphanitic groundmass and contains
whate to pink zoned feldspar phenocrysts, black garnet, and aegirine-
augite. The feldspar phenocrysts may be larger than in the non-
garnetiferous variety, generally about one-eighth of an inch but as
much as half an inch long, and are more abundant and constitute
about 50 percent of the rock. The aegirine-augite commonly occurs
as small blades that are altered to hydrous iron oxides, and the
garnet occurs as round grains, approximately one-sixteenth of an
inch 1n diameter, that also are altered to the same oxides. Some
specimens are altered to shades of dark gray; others are altered to
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pale pinkish gray. Weathered specimens of the rock are a darker
reddish brown than the fresh rock.

The groundmass of the garnetiferous bostonite porphyry is similar
to that of the bostonite porphyries. Euhedral to subhedral pheno-
crysts of compositionally zoned oligoclase-albite in the form of
laths and plates constitute most of the feldspar phenocrysts. Char-
acteristically, the feldspar 1s twinned according to the pericline-
albite twin laws. The smaller olhigoclase-albite phenocrysts—those
less than 3 mm long—have sharp, straight crystal faces, whereas
those that are about 2 cm long and which show euhedral growth
zones have sutured boundaries because each of these larger crystals
has an overgrowth of potassic feldspar that 1s intergrown with the
feldspar laths of the groundmass. The plagioclase near the margins
of the larger crystals 1s more albitic than the smaller crystals. Un-
twinned albite crystals are small equidimension subhedral to an-
hedral phenocrysts. Potassic feldspar usually does not occur as
individual grains but instead is an overgrowth of the plagioclase,
as described above. The garnet forms euhedral crystals that range
from 05 to 1.5 mm in diameter. X-ray and index of refraction
determinations show the garnet to be andraditic (Harrison and
Wells, 1956). Sphene and aegirine-augite crystals commonly are
inclusions 1n the garnet. The aegirine-augite also occurs as small
anhedral gramns in the groundmass and as euhedral bladed pheno-
crysts as much as 1.5 mm long. The accessory minerals are sphene,
apatite, and zircon. Specimens from half a mile east of Dumont
contain carbonate, epidote, and chlorite as alteration products.

The mineral composition of the garnetiferous bostonite porphyry
1s sumilar to that of the bostonite porphyry, but plagioclase is more
abundant and generally constitutes nearly 45 percent of the rock,
and quartz 1s less abundant. Garnet characteristically makes up
about 5 percent of the rock by volume.

TRACHYTIC GRANITE PORPHYRY

Trachytic granite porphyry 1s exposed as a series of dikes in the
vicinity of Lawson (pl. 19) and along Chicago Creek and lower
Spring Gulch; a single northwestward-striking dike is exposed on
the north side of Pewabic Mountain. The dike series near Lawson
consists of a wide northward-trending dike and narrow eastward-
and northward-trending dikes. Along Chicago Creek and lower
Trail Creek, the dikes are of varying length, but they are generally
long, narrow, northeastward-trending dikes.

The trachytic granite porphyry is seriate porphyritic and has an
aphanitic pale-red to reddish-brown groundmass. It contains pink
to white feldspar phenocrysts and at places small phenocrysts of a
ferromagnesian mineral. Two phases of this rock can be distin-
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guished on the basis of the feldspar phenocrysts which vary in size,
quantity, and crystal habit. A coarse-grained phase contains rounded
phenocrysts which are as much as three-fourths of an inch long
and which constitute about 25 percent of the rock. A relatively
fine-grained phase contains both lathlike and subrounded phenocrysts
that are as much as one-fourth of an inch long and constitute about
10 percent of the rock. The rock has an irregular granular-appear-
ing fractuie. Upon weathering, the rock becomes either a darker
or highter red.

The trachytic granite porphyry closely resembles the bostonite
porphyry because of the color of the groundmass and its general
appearance, especially the finer gramned phase; and the two can
be distinguished only with the aid of a microscope. The phenocrysts
of the trachytic granite porphyry resemble those in bostonite, and
the groundmass 1s characteristic of that in quartz bostonite.

Microscopically, the groundmass 1s hypidiomorphic granular, and
1t consists of stubby, euhedral to subhedral plagioclase laths, sub-
hedral potassic feldspar grains, and anhedral quartz grains that
fill the interstices between the feldspar grains. Most specimens tend
to have subhedral plagioclase laths, but specimens from dikes along
Chicago Creek show conspicuous euhedral laths.

The size of the groundmass grains range from 002 to 0.1 mm in
length; the samples with euhedral plagioclase contamn grains as
large as 03 mm Most of the plagioclase phenocrysts are euhedral
plates and crystal aggregates, as much as 1.5 mm 1n length, which
are compositionally zoned from middle oligoclase in the center to
albite on the margins. Pericline and albite twinning are generally
present but poorly formed. Some of the specimens of the fine-
grained phase have phenocrysts of zoned, untwinned albite. Pheno-
crysts of orthoclase occur as plates and crystal aggregates as large
as 3 mm, KEuhedral pseudomorphs, 08 to 15 mm long, of quartz,
magnetite, and clay minerals replace a ferromagnesian mineral.
Euhedral gramns of sphene are altered to magnetite-1lmenite and
leucoxene. Accessory minerals are sphene, magnetite-ilmenite, apa-
tite, and zircon.

The approximate estimated range of mineral composition of the
trachytic granite porphyry i1s 5 to 15 percent quartz, 20 to 40 per-
cent plagioclase, 45 to 65 percent potassic feldspar, as much as 5
percent ferromagnesian mineral, and trace amounts of the accessory
minerals. The samples that contain the large phenocrysts also con-
tain the most plagioclase.

QUARTZ BOSTONITE PORPHYRY

The quartz bostonite porphyry occurs as long, thin steeply dip-
ping, branching dikes that locally extend from small plutons or
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plutonlike centers. Some of the dikes are several miles in length.
Near Central City (pl. 19) the dikes strike northwest and northeast
to form a prominent grid pattern; shorter dikes, which have
essentially the same strike but do not form a grid pattern, occur
in the lower Spring Gulch area along Chicago Creek. From lower
Trail Creek west to the map boundary, the dike direction is pre-
dominantly eastward; but some dikes trend north, northeast, and
northwest.

The quartz bostonite porphyry has a aphanitic groundmass of
various shades of lilac, and it contains variable quantities of pheno-
crysts, ranging from 0 to about 25 percent. The less porphyritic
phases have a groundmass that is pale red purple to grayish purple,
whereas the more porphyritic phases are pale red; with bleaching or
alteration, which are common in these rocks, the color grades to
very light gray and locally to chalky white. The phenocrysts are
mostly pink to gray feldspar crystals, generally less than one-fourth
of an inch long, which occur as individuals and irregular aggregates.
The phenocrysts are commonly altered to gray green or white clay
minerals Some specimens show small rounded areas of hydrous
iron oxides, probably formed by the alteration of magnetite. In
some specimens the grains in the groundmass are large enough that
the trachytic texture can be seen with the aid of a hand lens.

Microscopically, the groundmass has a bostonitic texture and con-
sists of quartz and long, slender feldspar laths, probably anortho-
clase. The laths are subhedral to anhedral, commonly show carls-
bad twinning, and range in length from 0.1 to 0.3 mm; chilled
margins have smaller gramns. The quartz forms anhedral grains
between and around feldspar laths. In some specimens, which con-
tam abundant quartz, the characteristic texture formed by the in-
terlocking feldspar laths is partly destroyed because of the separa-
tion by quartz grains. In some specimens minute grains of a black
opague mineral are scattered through the groundmass. The feldspar
phenocrysts are euhedral to subhedral crystals and aggregates of
carlshad-twinned anorthoclase(?). The crystals range from 1 to 3
mm 1n-length. Magnetite grains as much as 1 mm in diameter are
present in some specimens, particularly from the lower Spring
Gulch area of Chicago Creek. These grains are commonly replaced
by hydrous iron oxides and quartz. Accessory minerals are apatite,
zircon, and rarely fluorite and carbonate.

The quartz bostonite porphyry has an estimated mineralogic com-
position ranging from 10 to 25 percent quartz, 70 to 80 percent
anorthoclase(?), and 0 to 10 percent magnetite. Trace amounts
of the accessory minerals are present.
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HORNBLENDE GRANODIORITE GROUP

The members of the hornblende granodiorite group—hornblende
granodiorite porphyry, biotite granodiorite porphyry, biotite-quartz
monzonite porphyry, and biotite-quartz latite porphyry—are classed
together because they contain biotite or other ferromagnesian min-
erals, generally contain more calcic plagioclase than any of the other
intrusive rocks, and are closely associated geographically.

The hornblende granodiorite and the biotite granodiorite porphy-
ries can be distingmished 1n hand specimen by the presence of their
respective ferromagnesian minerals. The biotite-quartz latite and
biotite-quartz monzonite porphyries are distinguished from the
granodiorites microscopically by their lower ratio of plagioclase to
potassic feldspar and megascopically by the presence of quartz
phenocrysts 1mn the form of bipyramids in the monzonite and the
presence of small sparse quartz phenocrysts in a very fine-grained
groundmass in the latite porphyry. (See table 1 for a summary of
the petrographic characteristics of the group.)

HORNBLENDE GRANODIORITE PORPHYRY

Hornblende granodiorite porphyry is exposed as an irregular
pluton about 3,500 feet long and 2,500 feet wide along Fall River
m the central part of the area (pl. 19). Large bodies of country
rock are included in the pluton, but small fragments are not known
to be present in the body. Most of the pluton is a seriate porphy-
ritic rock that 1s gray with black flecks; the rock consists essen-
tially of plagioclase, orthoclase, quartz, and ferromagnesian minerals.
Crystals of sphene can be recognized megascopically in some speci-
mens. A few large feldspar phenocrysts about three-fourths of an
inch long are conspicuous, but the smaller plagioclase phenocrysts
are inconspicuous; thus those parts free from the large phenocrysts
appear to be medium gramned. The ferromagnesian minerals are
scattered through the groundmass with feldspar and quartz. Some
of the pluton consists of a seriate porphyritic rock that has a
medium-gray aphantic groundmass and conspicuous light-gray
rounded feldspar phenocrysts as much as three-eighths of an inch
long, which constitute about 40 percent of the rock. The weathered
surface is light gray.

Microscopically, the texture of the hornblende granodiorite por-
phyry is hypidiomorphic granular; the phase that contains smaller,
more abundant phenocrysts has a fine-grained allotriomorphic gran-
ular groundmass. The large, 5 to 15 mm, phenocrysts are untwinned
unzoned albite. Oligoclase occurs as euhedral to subhedral crystals
that have sutured boundaries with the fine-grained groundmass and
range from 0.01 mm to 5 mm in length. Compositional zoning in the
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plagioclase ranges from calcic oligoclase in the center to sodic oligo-
clase at the margins. The crystals generally consists of several
parts that have a shghtly different orientation. Pericline and albite
twinning either alone or in combination is common, whereas com-
binations with carlsbad twinning are uncommon. Orthoclase occurs
as subhedral to anhedral grains ranging from 001 mm to 25 mm
in length situated between the larger plagioclase grains. The ortho-
clase 1s perthitic, and some grains show carlsbad twinning. Irregu-
lar patches of orthoclase are enclosed by the large albite graimns.
Two ferromagnesian minerals—hornblende and a pyroxene that 1s
probably augite—are present in this rock. The hornblende occurs
in euhedral to subhedral laths that range from 0.1 to 2 mm n
length. Some grains have been replaced by fine-grained aggregates
of biotite and magnetite, possibly during the hydrothermal stage,
for veinlets of quartz and grains of pyrite and calcite are associated
with the biotite. The augite occurs as euhedral to subhedral crystals,
ranging from 0.5 to 2.0 mm in length, associated with the horn-
blende. Quartz 1s in anhedral grains as much as 1 mm across that
fill the spaces between other grains. Some of the quartz probably
was introduced during the hydrothermal stage.

Accessory minerals are sphene, apatite, topaz, magnetite-ilmenite,
allanite, calcite, pyrite, zircon, epidote, and serpentine. The sphene
occurs 1n unusually large euhedral twinned crystals as much as 15
mm 1n length. Calcite and pyrite are not present in all samples
but occur together with quartz vemlets. Epidote and serpentine are
uncommon alteration products of the ferromagnesian minerals.

Approximate modal analyses show that the hornblende grano-
diorite contains approximately 5 to 30 percent quartz, 40 to 75
percent plagioclase, 15 to 20 percent orthoclase, 0 to 5 percent
albite, 3 to 8 percent hornblende, 0 to 8 percent augite, and trace
amounts of the accessory minerals.

BIOTITE GRANODIORITE PORPHYRY

Biotite granodiorite porphyry 1s exposed as a pluton about 1,500
feet long and 600 feet wide and as short dikes between Spring
Gulch and Fall River in the central part of the area, and as a small
body near the western boundary of the area (pl 19).

The biotite granodiorite porphyry 1s a light-greenish-gray seriate
porphyritic rock with conspicuous black flakes of biotite. The
quartz 1s in rounded grains as large as one-fourth of an inch in
diameter. The feldspar occurs as pinkish laths as much as an inch
long and as smaller, inconspicuous gray grains. Biotite is present
as books and flakes among the other minerals. The weathered
surface-1s light gray.
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Microscopically, the texture of the biotite granodiorite porphyry
is hypidiomorphic granular. The three feldspars present in the
rock are albite, oligoclase, and orthoclase. The large pinkish pheno-
crysts seen in hand specimen are untwinned subhedral albite crystals
that have inclusions of small quartz grains around the margins.
Anhedral grains of albite, 0.02 mm or less in diameter, occur in
the groundmass. Oligoclase to sodic oligoclase occurs as anhedral to
subhedral crystals and aggregates that show zoning and combined
carlsbad-albite-pericline twinning. Single crystals range in diameter
from 0.1 to 5 mm and aggregates range up to 1 cm in diameter.
Orthoclase forms anhedral grains 0.1 to 1 mm across which show
carlsbad twinning and generally are more altered to clay than the
other feldspars. Quartz occurs as anhedral rounded grains with
sutured boundaries and ranges from 0.01 to 3 mm in diameter.
The_biotite occurs as subhedral to anhedral crystals with irregular
boundaries caused by embayment by quartz grains. The biotite
crystals range in length from 0.5 to 1.5 mm.

Accessory minerals are sphene, apatite, magnetite-ilmenite, and
zircon. Much of the sphene has been altered to leucoxene.

Two modal analyses of samples of biotite granodiorite porphyry
show the composition to be quartz, 31 and 34 percent; orthoclase,
8 and 17 percent; albite, 11 and 12 percent; oligoclase, 48 and 34
percent; biotite, 3 and 3 percent.

BIOTITE-QUARTZ MONZONITE PORPHYRY

Biotite-quartz monzonite porphyry occurs as a single eastward-
trending dike, about 2 miles long, north of Dumont (pl. 19). The
porphyry has a light-gray aphanitic groundmass; the phenocrysts
are yellowish-gray feldspar, clear quartz, some of which is bipyram-
idal, and biotite in books and flakes. The feldspar and quartz pheno-
crysts are generally less than one-fourth of an inch long and the biotite
less than one-sixteenth of an inch long. The phenocrysts constitute
about 30 percent of the rock. The weathered surfaces are very
light gray, and the quartz phenocrysts stand out prominently.

Microscopically, the groundmass is allotriomorphic granular, and
it consists essentially of quartz and potassic feldspar. Both min-
erals are anhedral and range in diameter from 0.01 to 0.1 mm.
Carbonate is present between the larger grains as small irregular
areas in the groundmass The feldspar phenocrysts are euhedral
laths and aggregates that range from 02 to 3 mm in length. Most
of the crystals have pericline-albite twinning. A considerable
amount of clay has replaced the oligoclase. The quartz crystals are
euhedral with some showing embayment of groundmass into the
quartz; the length ranges from 0.2 to 2 mm. The biotite crystals



254 GEOLOGY AND ORE DEPOSITS, COLORADO

are euhedral and range from 0.1 to 1 mm in length; chlorite and
magnetite have completely replaced most of the grains. Accessory
minerals are apatite, sphene, magnetite-ilmenite, zircon, and allanite.

The composition of the biotite-quartz monzonite porphyry is
approximately 25 percent quartz, 45 percent potassic feldspar, 25
percent oligoclase, and 5 percent biotite. Trace amounts of the
accessory minerals are present.

BIOTITE-QUARTZ LATITE PORPHYRY

Exposures of biotite-quartz latite porphyry are limited to the
area 1mmediately west of Idaho Springs along Chicago Creek and
to the slope a mile southwest of Lawson (pl. 19). All the dikes
strike northeast, except near Lawson where some trend northwest.
A series of short dikes occur south of the junction of Trail and
Clear Creeks, and two longer dikes extend westward nearly parallel
to Chicago Creek. Biotite-quartz-latite dikes are exposed 1n under-
ground workings of the Dorit, King Solomon, Stanley, Lincoln and
Donaldson mines, west of Idaho Springs; some of these dikes have
no known surface exposure.

Two textural phases of biotite-quartz latite porphyry, both of
which locally show well-developed flow layering espeically along the
margins, are recognized. One phase 1s very fine gramed and con-
tains sparse phenocrysts, and the other is coarser grained and con-
tains relatively abundant phenocrysts. The very fine grained phase
has a greenish-gray to dark-gray aphanitic groundmass; phenocrysts
consist of biotite flakes and books and irregular feldspar crystals
as much as one-sixteenth of an inch across. The phenocrysts consti-
tute about 5 percent of the rock. An irregular to smooth con-
choidal flinty fracture is characteristic of the fine-grained phase.
This phase weathers to a reddish tan. The fresh coarser grained
phase has a brown-gray aphanitic groundmass and contains white
feldspar phenocrysts that constitute from about 20 to 50 percent
of the rock. The feldspar laths are generally less than one-sixteenth
of an inch long but may be as much as half an inch long. Biotite
books and flakes are scattered through the rock. The coarser phase
weathers to a light gray. Two of the coarser grained dikes, one
of which shows conspicuous flow layering, have been profoundly
altered ; the color has been changed to yellowish gray; and the bio--
tite has been replaced by limonitic material. The dike having a
conspicuous flow layering crops out near Trail Creek; the other is
the longest dike along Chicago Creek.

Microscopically, the groundmass ranges in texture from allotrio-
morphic granular in the very fine grained or cryptocrystalline phase
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to hypidiomorphic granular in the coarser grained or microcrystal-
line phase. The groundmass consists essentially of oligoclase-ande-
sine, potassic feldspar, and quartz. The cryptocrystalline phase has
a felty appearance caused by conspicuous crudely alined oligoclase-
andesme laths. The grain size ranges from cryptocrystalline to
0.1 mm. In the groundmass the plagioclase is in euhedral to sub-
hedral laths; the potassic feldspar in subhedral to anhedral grains;
and the quartz in anhedral grains. The groundmass of the micro-
crystalline phase ranges in size from 0.02 to 0.1 mm. The plagio-
clase grains are equidimensional and not conspicuous; otherwise
the groundmass of the two phases 1s essentially the same. The
oligoclase-andesine phenocrysts, ranging in size from 0.3 to 2 mm,
are euhedral to subhedral laths and plates which have albite twin-
ning occurring alone or in combination with pericline or carlsbad
twining. The plagioclase in the coarser or microcrystalline phase
tends to be more sodic than in the finer grain phase. Subhedral
biotite laths and books range in size from 08 to 1 mm. In the
altered specimens the biotite is replaced by hydrous iron oxides,
magnetite, quartz, and chlorite. In some specimens a few rounded
quartz phenocrysts, about 05 mm in diameter, are present.

The approximate estimated mineral composition of the biotite-
quartz latite porphyry 1s 35 percent quartz, 40 percent plagioclase,
20 percent potassic feldspar, and 5 percent biotite. Accessory min-
erals are apatite, magnetite-1lmenite, sphene, and zircon.

ALTERATION

The Tertiary intrusive rocks are altered to varying degrees. Gen-
erally the ferromagnesian minerals are completely changed, and the
feldspars partly changed to secondary minerals, but at places these
minerals are only partly altered.

The alteration 1s pervasive; and, although the rocks that consti-
tute the walls of vein-fissures generally are more intensely altered
than those more distant from veins, all rocks are altered to some
degree. Generally the feldspars and ferromagnesian minerals are
changed to clay minerals and sericite, but at places they are
changed to epidote, calcite, and chlorite. The development of clay
minerals changes the color of the rocks to gray, whereas the
saussuritic alteration changes it to a dark greenish gray.

As the Tertiary igneous rocks in all environments are always
more altered than the adjacent crystalline rocks, the writer believes
that the alteration largely resulted from late magmatic or deuteric
solutions. At places, later hydrothermal solutions intensified the
alteration in the vein environment.
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RADIOACTIVITY AND URANIUM IN THE IGNEOUS
SEQUENCE

The Tertiary 1gneous sequence of the region is one of the most
radioactive groups of intrusive rocks 1n the world, according to the
present literature. All the rocks are more radioactive than the
average granitic rock of Keevil (Phair, 1952, fig. 2); and quartz
bostonite porphyry, the most radioactive rock of the sequence, is
15 to 25 times as radioactive as the average granitic rock (Phair,
1952, p. 25).

The work of Phair (1952) has shown that the radioactivity of
the rock results from both thortum and uranium, which are essen-
tially in equibibrium with their daughter products, and that these
metals are primary constituents of the rock, occurring in part in the
mineral zircon. He further has shown (p. 26) that the ratios of
thorium to uranium 1in the least altered quartz bostonite porphyry
averages about 6.4 and seems to be fairly constant from dike to dike.

The radioactivity and the uranium content of all Tertiary in-
trusive rocks of the region are shown in the histograms on figure
59. The histograms show the frequency of occurrence and distribu-
tion of values of radioactivity and uranium content as well as the
arithmetic average of these values for all the Tertiary intrusive
rocks, each of the groups, and the individual rock types that con-
stitute the groups. Although a large proportion of the samples were
reported to contain no uranium because the sensitivity limit for
standard chemical uranium determinations 1s 10 parts per million,
many of this group probably contain a few parts per milhion
uranium.

The rocks constituting the igneous sequence contain an average
of 0.0061 percent equivalent uranium and 0.0018 percent uranium,
but vary widely from these figures (fig. 59). The values of both
equivalent uranium and uranium with respect to the averages are
low m all except the youngest rocks. The average equivalent
uranium and uranium content of the hornblende granodiorite (fig.
60), light-colored granodiorite (fig. 61), and quartz monzonite
(fig. 62) groups is below the average of all the rocks of the se-
quence, whereas the averages of the bostonite group (fig. 63) are
above the average for all rocks. The variations in average values
for the equivalent uranmium and uramum content of each rock type
1s graphically shown in figure 64. These, arranged according to
age within each group, show an increase 1n uranium and equiva-
lent uranium content from the oldest to the youngest members of
each group. The values for uranium and equivalent uranium are
generally lower for the hornblende granodiorite group than for the
others.
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The quartz bostonite dikes of Prosser Gulch and Nigger Hill, the
youngest quartz bostonites in the Central City district, contain un-
usually large amounts of equivalent uranium and uranium ; samples
from these dikes are shown by blackened parts of the histograms
in figure 63. Some samples from the youngest members of the
quartz monzonite and hornblende granodiorite groups have unusu-
ally high radioactivity for their respective rock types. Two such
samples of alaskite porphyry (blackened part of histograms fig. 62),
one from the small pluton north of and one from the dike south
of Alps Mountain, present respectively one of several taken from
each of the two bodies. A highly radioactive sample of biotite-
quartz latite porphyry was taken from the Donaldson mine in the
lower Trail Creek area (blackened part of histogram fig. 60).
Although the alaskite porphyry samples may have been contaminated
by hydrothermal solutions which deposited uranium nearby, the
biotite-quartz latite sample was taken several thousand feet from
known uranium deposits.

Postconsolidation alteration did not appreciably change the amount
of equivalent uranium (measured radioactivity) or uranium in the
rocks nor did it materially affect the ratio of equivalent uranium
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to uranium. Except locally in the Central City district (Phair,
1952, p. 44), there is no apparent correlation between the degree of
alteration and the equivalent uranium and uranium content of a
rock. If alteration had materially affected the quantities of the
radioactive elements in the rocks, the relatively leachable uranium
should have been preferentially leached ; this would change the ratio
of uranium to equivalent uranium. Such is not the case, for al-
though both the altered and the relatively unaltered phases of the
rocks have a wide range of radioactivity and of uranium content,
most of the samples of each rock type have within the limits of
analytical error approximately the same ratio of equivalent uranium
to uranium. Those ratios that are erratic show no relation to the
degree of alteration.
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FIGURE 64.—Diagram showing variations of equivalent uranium (radioactivity) and
uranium with rock type arranged in order of decreasing age within groups.

DISTRIBUTION

Although some rock units are present throughout the mapped
region (pl. 19), others are limited to relatively small, local areas.

The quartz monzonite, granite, bostonite, and quartz bostonite
porphyries occur throughout the region but are characteristically
grouped around centers of radiating dikes, intersecting dikes, or
plutons. Quartz bostonite porphyry and bostonite porphyry form
conspicuous centers on Nigger Hill, Kings Flat, and Quartz Hill
that result from two or more intersecting dikes. The quartz bos-
tonite porphyry dikes on Pewabic Mountain extend outward from a
small pluton on the north slope of the mountain; another prominent,
branching dike of the same rock type extends from a small plutonic
center south of Dumont. Quartz monzonite dikes are locally abun-
dant, as in the area north of Idaho Springs, and generally are
particularly common near a large pluton of the rock, as on the
south slope of Bellevue Mountain. Irregularly branching dikes of
garnetiferous bostonite porphyry, a distinctive phase of the bos-
tonite porphyry, are abundant in the upper Trail Creek area.

The light-colored granodiorite group, hornblende granodiorite
group, trachytic granite porphyry, and alaskite porphyry have a
limited geographic occurrence. The light-colored granodiorite group
is found only in the eastern part of the area; and the hornblende
granodiorite porphyry occurs only in the northwestern part, mainly
in the lower Fall River area. The trachytic granite porphyry and
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alaskite porphyry are limited to the southwestern part of the region.
The grouping of the various rock types around centers of intru-
sion probably reflect apices of magma chambers at depth.

MODE OF INTRUSION

The Tertiary igneous rocks were intruded largely into preexist-
ing fractures in the Precambrian country rock. Joints, folhation
surfaces, contacts, faults, and axial planes of folds were particu-
larly favorable sites for emplacement of the bodies. The fractures
not only controlled the locahzation of the intrusive rocks, but also
to a marked degree controlled the shape and trend of the bodies.
The older intrusive rocks formed plutons, which only locally ap-
pear to be related to the structural fabric of the Precambrian rocks,
whereas the younger intrusive rocks formed dikes, which are domi-
nantly controlled by hnear fractures in the Precambrian rocks. In-
trusion of all types of bodies was probably dominantly passive,
with the magma stoping its way in or rarely being forced into the
fractures that offered the least resistance to its movement. Intru-
sion breccias are associated with some of the plutons and probably
resulted from local explosive force.

At many places throughout the region, it can be demonstrated
that the igneous bodies are localized by joints, foliation surfaces,
axial planes of tight folds, faults, and contacts Many dikes trend
parallel to well-defined joint sets and in detail are seen to occur in
particular joints A close correlation between dikes and joint sets
is particularly striking in the Central City district. The intersect-
ing northwestward-trending and northeastward-trending quartz bos-
tonite porphyry dikes, which form a prominent grid pattern in the
Central City district (pl. 19), respectively occupy northwestward-
striking and northeastward-striking joints. In detail, however, the
dikes within each of the dike groups, occur in two or more specific
joint sets (Sims, Osterwald, and Tooker, 1955, p 11; Sims, Drake,
and Tooker, written communication, 1957). Foliation, surfaces and
axial planes of tight folds are the dominant structural features
controlling the localization of dikes in the Chicago Creek area
(Harrison and Wells, 1959), and probably also the southern part
of the Idaho Springs district (Moench and Drake, written com-
munication, 1957). In these areas the dikes trend mainly north-
eastward, parallel to the prevailing structural fabric of the Pre-
cambrian country rock On Bellevue Mountain a large body of
quartz monzonite porphyry occurs at the contact between two Pre-
cambrian rock units and possibly is a laccolith (pl. 19). Along the
Chicago Creek dikes follow contacts for short distances. Dikes of
quartz monzonite porphyry and bostonite porphyry locally occur



PETROGRAPHY OF TERTIARY ROCKS, FRONT RANGE, COLO. 263

along the Idaho Spring fault, west of Idaho Springs. Dikes of
biotite-quartz latite porphyry follow vein fissures along part of
their length.

The localization of the igneous plutons by earlier structural fea-
tures 1s not conspicuous, but most of these bodies are elongate paral-
lel to a conspicuous jomnt directron. Most plutons in the eastern part
of the region (pl. 19) are elongated in a northeast direction, sub-
parallel to a prominent joint set. Commonly, dikes associated with
these bodies extend outward from the margins of these bodies in
the same direction.

Although all the intrusive bodies were largely localized by pre-
existing planar structural features 1n the Precambrian bedrock, the
influence of these features on the shape of the bodies was more
pronounced in the younger members of the sequence. The earlier
intrusive rocks, as the hornblende granodiorite group, formed mod-
erate-sized irregular-shaped bodies with only rare associated short
dikes; the slightly younger intrusive rocks of the quartz monzonite
group and the biotite-quartz monzonite porphyry formed small 1r-
regular bodies with associated long branching dikes; and the young-
est intrusive rocks, the bostonite group and the biotite-quartz latite
porphyry, almost exclusively formed long, thin continuous dikes.
Rarely, small bulbous bodies developed along the younger dikes.

Intrusion breccias consisting of wallrock fragments in a matrix
of igneous rock are associated with plutons of light-colored grano-
diorite porphyry and quartz monzonite porphyry in the Central
City district. The wallrock fragments differ in size, angularity,
and abundance. Generally, they range from mappable blocks to
microscopic fragments; they are rounded to angular; and they are
sparse to abundant in the plutons of partly brecciated light-colored
granodiorite porphyry and are abundant in the pluton of largely
brecciated quartz monzonite porphyry in Chase Gulch. Most of
the larger blocks probably were the result of stoping, but the frag-
mentation necessary to produce the smaller fragments was most
likely the result of explosion.

The Patch, on Quartz Hill, is an oval-shaped breccia pipe con-
sisting of intricately fractured, altered, and mineralized wallrock
without an igneous matrix. Possibly this breccia formed by explo-
sive activity above a “plug” of magma (Sims, Drake, and Tooker,
written communication, 1957).

It is inferred from the nature of the breccias, the relation of the
fragments to the matrix, and the form of the intrusive igneous
bodies that the breccias were formed at different levels in the
earth’s crust; and by analogy with classical explosion pipes
(Walker, 1928), the present erosional surfaces of the plutons rep-
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resent different levels in an explosion pipe. If it 1s assumed that
all the plutons were formed in a similar manner, the plutons of
light-colored granodiorite porphyry with sparse breccia fragments
represent a level low in the pipe, where most of the space was occu-
pled by magma; the quartz monzonite porphyry pluton would be
mtermediate, at a position where brecciated wallrock would be
abundant with only a small quantity of magma; and the Patch
would represent a level high in the pipe where brecciation was in-
tense above the magma level. As the granodiorite porphyry plu-
tons, quartz monzonite porphyry plutons, and the Patch have been
eroded to progressively lesser depths, the Patch is presumed to be
the youngest of the breccias.

It is probable that local explosive activity imitiated the intrusion
of the magmas that consolidated to form hight-colored granodiorite,
quartz monzonite, and bostonite groups. The known intrusion brec-
cias are restricted to bodies of light-colored granodorite porphyry
and quartz monzonite porphyry; these porphyries were the first
igneous rocks of their respective groups to be emplaced. By extra-
polation the next intrusion breccia would occur with the bostonite
porphyry, the first intrusive of the bostonite group The Patch may
be inferred to be associated with bostonite porphyry, because the
Patch is probably the youngest breccia. If this is true, then the
breccias are associated only with rock types that constituted the
earliest intrusive body of their respective groups; and the infer-
ence may be made that local explosion, resulting in intrusion brec-
cias, “triggered” the intrusion of each group.

As the walls of the igneous bodies are neither displaced nor brec-
ciated, except locally, it appears that the igneous rocks were largely
intruded passively into relatively open fractures in the country rock.
Presumably the walls of the fractures were forced apart by ten-
sional forces of unknown origin that preceded or accompanied the
magma emplacement. The local explosions that are inferred to
have caused the volcanic breccias were probably the result of sud-
den release of gas pressure concentrated in the apex of a magmatic
chamber; this is a process similar to that suggested by Walker
(1928, p. 895). The pressure may have been released when the
magmatic chamber approached so near the surface that the rock
load was no longer sufficient to confine the pressure or when an in-
tersection occurred between the magmatic chamber and some of the
early Laramide faults described by Sims (1956, p 743).

The earher formed bodies were more equidimensional and con-
tained considerable quantities of inclusions, whereas the later in-
trusive bodies were long dikes essentially free from inclusions This
is interpreted by the author to indicate that the early intrusions
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were accomplished mainly by stoping with local explosive activity
along the fractures which controlled the position and shape of the
pluton. Later, tensional forces opened fractures or tended to open
incipient fractures. This tensional stress would have allowed the
magma, under slight pressure, to open and occupy or create and
occupy fractures. Similar mechanics of dike intrusion have been
described by Anderson (1942, p. 22-28).

ORIGIN OF THE IGNEOUS ROCKS

Although the principal purpose of this report is the description
of the field occurrence and petrography of the intrusive rocks, the
data acquired during field and laboratory studies suggest an hy-
pothesis of differentiation of these rocks that parallels in some
aspects and differs in other aspects from that proposed by Lovering
and Goddard (1938). Lovering and Goddard concluded that three
rock series occur in this area. These are the diorite-quartz mon-
zonite-alaskite series, an alkalic series of diorite-syenite-bostonite,
and a biotite-monzonite-latite series. The first “* * * may be ex-
plained as the normal differentiation from mafic to silicic facies
* * #9. the second was explained by subtractive differentiation in
the parent magma chamber to form the syemtic alkalic series; and
the third was regarded as the “* * * last material to consolidate
from a deep gabbroic magma in which equilibrium conditions ex-
isted essentially throughout consolidation.”

The author infers that the rocks constituting the Tertiary igneous
sequence in this area were derived from two magmatic sources that
existed simultaneously. One yielded a “major series” including the
light-colored granodiorite, quartz monzonite, and bostonite groups
of rocks, the other yielded a “minor series” including the hornblende
granodiorite group of rocks. The rocks of the major series can
reasonably be inferred to have been derived from a relatively large,
broad magmatic chamber, whereas the rocks of the minor series are
inferred to have been derived from a smaller, more restricted mag-
matic chamber. '

These inferences are based on field and petrographic evidence.
The rocks of the minor series are limited geographically to the
lower Fall River area, contain relatively large quantities of calcic
oligoclase, and contain the ferromagnesian minerals hornblende,
pyroxene, and biotite. The rocks of the major series contain gen-
erally abundant albite and potassic feldspars; the only character-
istic ferromagnesian mineral identified was aegirine-augite. Not-
withstanding the fact that the major magmatic chamber possibly
had three subchambers or two periods of rejuvenation to yield the
three groups, the evolution of the grain size of the rocks, shapes of’
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the bodies, and radioactivity of the two series is parallel. The old-
est members of each series occur in medium- to coarse-grained equi-
dimensional plutons while the youngest members occur i very fine-
grained, long, continuous thin dikes. The radioactivity of the
minor series is generally lower than that of the major series; both
show systematic variations with age. (See following section for
details.)

Aside from the physical features that prompted the classifica-
tion of the rocks mto a major and a minor series, the general scheme
of magmatic differentiation from two separate sources simplifies the
overall differentiation sequence. If only one source had been pres-
ent, it would be necessary to account for the culmination of a long
sequence of intrusion with biotite-quartz latite porphyry (of quartz
monzonite composition) immediately following the potassium-rich
quartz bostonite. Simultaneous differentiation from two separate
sources of somewhat different composition accounts for the intru-
sion of magmas of different composition at nearly the same time,
as is exhibited in this area.

The rocks of the Tertiary igneous sequence were intruded during
the Laramide uplift; and, as erosion stripped off some of the rock
load during uplift, confining pressures were reduced and fractures
were allowed to open more easily. This change in lithostatic pres-
sure is indicated by the gradual change in form of the intrusive
bodies from the nearly equidimensional granodiorite porphyry plu-
tons to the long narrow dikes of the bostonite group and biotite-
quartz latite porphyry. The coarse crystalline texture of the ear-
liest intrusive rock, the hornblende granodiorite, as contrasted to
that of the later intrusive rocks, particularly the cryptocrystalline
phase of the biotite-quartz latite, indicates a slow rate of cooling of
the early magma at a position of considerable depth. These changes
in texture and shape of the bodies show that the magmas were
probably intruded into progressively shallower depths of the earth’s

crust.
DIFFERENTIATION OF URANIUM AND THORIUM

In consideration of the radioactive properties of the Tertiary
igneous rocks and the geologic distribution of the uranium depo-
sition relative to the location of centers of quartz bostonite intru-
sive bodies, the author believes that uranium and thorium were
concentrated by magmatic differentiation into the late phases of the
igneous activity and that uranium was transported to the sites of
deposition by hydrothermal solutions mostly derived from the quartz
bostonite porphyry.
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To 1llustrate the reasons for this belief the data shown in figure
64 is shown in figure 65 with the rock types arranged in their in-
trusive order shown in figure 58. The quartz bostonite dikes of the
Prosser Gulch and Nigger Hill (designated PN in figure 65) are
shown separately because of their unusually high radioactivity and
uranium content. Individual samples from the Prosser Gulch and
Nigger Hill dikes are shown as blackened areas in the histograms
1n figures 62 and 63.

In the 3 groups—light-colored granodiorite, quartz monzonite,
and bostonite—that comprise the major magmatic series (fig. 65),
the radioactivity and uranium content 1s progressively greater in
each succeeding group; similarly the maximum values are progres-
sively greater in each succeeding group. The hornblende granodi-
orite group, which comprises the minor magmatic series, shows a
similar but smaller rate of increase in equivalent uranium and ura-
nwum. The quartz bostonite dikes of Prosser Gulch and Nigger Hall,
designated (PN) in figure 65, are the youngest quartz bostonites 1n
the Central City district and contain unusually large amounts of
equivalent urammum and uranium. The high average radioactivity
and uranum content of these dikes indicate further enrichment in
uranium in the latest rocks of the major magmatic series.

The consistent progression in radioactivity and uranium content
are readily apparent according to the rock classification presented
here. If these were plotted as one magmatic series, the variations
would be random ; therefore, the plausibility of the existence of the
two magmatic sources is enhanced.

The progressive increase in the radioactive elements in successively
younger members of each rock group plus the concentration of most
of these elements i the last members of each group (fig. 65) in-
dicate that uramum and thorium were concentrated during differ-
entiation of the magmatic series within the magmatic chambers. If
differentiation occurred in the magmatic chambers and the enrich-
ment continued with the uranium entering a residual aqueous phase,
the magmas forming any of the four groups could have provided a
source for the uranium-bearing solutions that contributed to the
uranium deposits of the region. However, suitable sites for depo-
sition of uranium were not available until the vein fissures were
formed after the consolidation of the quartz bostonites (figs. 58
and 65). Therefore, only the magmas of the quartz bostonite por-
phyry and biotite-quartz latite porphyry may be considered as pos-
sible sources of uranium mineralization.

The biotite-quartz latite magma could have been a minor con-
tributor of uranium-bearing fluids to the vein fissures that were open
prior to its intrusion or to those minor fissures that formed after

552084—61——4
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EXPLANATION

Average equivalent uranium of the major series including the Light-
colored granodiorite, quartz monzonite, and bostonite groups

Average uranium of the major series

Average equivalent uranium of the minor series including the horn-
blende granodiorite group

Average uranium of the minor series
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FI1GURE 65.—Diagram showing varlation of equivalent uranium (radioactivity) and
uranium with rock type and time. Rock types are arranged in order of their intrusion,
and the average value of each type is plotted on the vertical axis. Different members
of each group are connected by straight lines; members of the major magmatic series
are connected by dotted lines; members of the minor magmatic series are connected by
solid lines.
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consolidation. If this magma is a source of uramum, then the ura-
nium deposits in the south-central part of the area may have origi-
nated f1om the biotite-quartz latite porphyry that crops out there.
The close geographic association of quartz bostonite with uranium-
bearing veins 1n the Nigger Hill, Quartz Hill, and Lawson areas
(Phair, 1952; Sims, 1956, p. 750; Sims and Tooker, 1956, p. 109;
and Sims, Osterwald and Tooker, 1955, p. 18 and pl. 1) suggest
that the magma that formed the quartz bostonite porphyry was by
far the most important source of uranmum mineralization. In the
Central City district (Sims, 1956, p. 745 to 749), uranium deposits
are closely related to the distribution of the quartz bostonite por-
phyry and are not related to the mineral zoning of the sulfide de-
posits That uranium is highly concentrated in the quartz bostonite
porphyry of the Central City district is shown in figure 65 and by
Phair (1952). A process by which the uranmum 1s taken into solu-
tion by the aqueous phase is suggested by Phair (1952). These
uranium-bearing solutions would move along fractures and contacts
to the vein fissures and then to the sites of the uranium deposits.
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