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PREFACE
By G. F. Loughlin

The author of this paper gives a thorough description
of a complex of very unusual igneous rocks and associ-
ated hydrothermal deposits. Their unusual character
involves difficulties in interpretation of genesis and
modes of intrusion and deposition, and even in definition.
Perhaps the most puzzling deposit of all is the central
mass of dolomite, which the author aptly terms
“marble,” a term that applies mainly to different meta-
morphosed and unmetamorphosed carbonate rocks.
The author, however, suggests a hydrothermal or even
intrusive origin, as this suggestion, based on negative
evidence, meets fewer objections than any other.

As may be expected, some of those who have read the
manuscript of this report critically are skeptical regard-
ing certain of the author’s interpretations, but the as-
semblage of rocks is so unusual and the interpretation
involves so much speculation that “doctors may be ex-
pected to disagree’ in the light of their different experi-
ences. Such differences of opinion reflect the healthy

growth of the science of petrology and help to guide
future investigations. The description of this unusual
complex and the author’s interpretation of its origin,
therefore, should be most interesting, especially to those
studying the origin of igneous rocks. Obviously, the
author, after such detailed field work, has the advantege
over all others in the drawing of conclusions, and it is
interesting to note that he is inclined to be more con-
servative than some of his critics and places more
emphasis on the field evidence of complex processes
than on the data supplied from relatively simple proc-
esses in the laboratory. Continued progress in the
physical chemistry of igneous intrusive rocks and of
hydrothermal processes will gradually shed new light
on the problems involved, and the text and geologic
map in this report will always afford a sound basis for
confirmation or modification of the author’s conclusicns
in the light of continuous progress.
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ALKALIC ROCKS OF IRON HILL,

GUNNISON COUNTY, COLORADO -

By EspeEr S. LARSEN

ABSTRACT

The Iron Hill stock is in southwestern Colorado, in Gunnison
County, about 20 miles south of the village of Iola. It intrudes
into pre-Cambrian granites and is overlain by late Jurassic sand-
stones. It underlies an area of about 12 square miles. The
oldest rock in the stock is a uniform dolomitic mass, conveniently
called ‘““marble,” which forms an isolated hill 1,000 feet high and
over a mile across, as well as several small inclusions in the
igneous rocks of the stock. Small bodies of similar marble are
found as hydrothermal deposits in the surrounding pre-Cambrian
rocks. The main mass of marble is also believed to be a large
hydrothermal deposit formed in the throat of a volcano, though it
may have been intruded as a carbonate magma or it may be an
inclusion of pre-Cambrian marble.

The oldest igneous rock of the stock is a coarse- to giant-
grained melilite rock that has been called ‘“uncompahgrite.”
The next intrusion was a pyroxenite, which underlies about 70
percent of the area of the stock. It varies greatly in texture
and in the proportions of the minerals present, ranging from a
nearly pure diopside rock to a biotitite, a perofskite-magnetite
rock, an apatite-perofskite rock, local feldspar, nepheline, and
titanite varieties, and rare dikes of an olivine rock. The varia-
tion is erratic, and a small outcrop may show many varieties.
The contacts of the varieties are commonly sharp, and the fine-
grained varieties commonly cut those of coarse grain, the mica-
rich varieties cut those poor in mica, and those rich in apatite
cut the others, except the perofskite-magnetite rock, which is
commonly last.

The pyroxenite was cut by a coarse nepheline-pyroxene-
garnet rock (ijolite), which varies erratically in the relative pro-
portions of pyroxene and melanite garnet. In places this rock
intimately injects the pyroxenite and the nepheline has soaked
into the pyroxenite.

The next intrusion was a soda syenite. This rock is commonly
banded and in-places has a gneissoid structure, developed during
intrusion. It tends to occur along or near the border of the
stock and some of its contacts with the pre-Cambrian rocks show
evidence of faulting, which probably took place mostly during
the last stages of crystallization of the syenite. A nepheline
syenite followed the syenite and also tends to occur along the
borders of the stock.

The last intrusions of the stock are represented by a series of
subparallel dikes of nepheline gabbro and quartz gabbro, a fe
of which contain both rocks. -

Hydrothermal solutions were active throughout the history
of the stock. In the uncompahgrite, melanite was deposited
in the late stage of the pyrogenic crystallization, and a garnet
poor in iron and titanium continued to form in the early hydro-
thermal stage (after the solutions had begun to move along frac-
tures). Later, idocrase and diopside were formed, first in asso-

ciation with garnet and then alone. At a still later time the
melilite was locally replaced by cebollite and then by juanite.

The most widespread hydrothermal products are aegirite and
a soda amphibole with or without phlogopite and other minerals.
These three are also the chief minerals introduced into the dolo-
mite during its hydrothermal metamorphism by the pyroxenite.
Aegirite and amphibole are also abundant in the hydrothermal
carbonate bodies that cut the pre-Cambrian rocks, and they are
present in numerous seams in all the rocks of the area, including
the pre-Cambrian. A magnesic hastingsite is a common replsce-
ment product of the pyroxenes and was found in one carbon-te
vein.

Numerous veins of granular dolomite, containing some quartz,
alkalic feldspar, sulfides, fluorite, and some silicates, cut the
rocks of the stock. Veins of dolomite and ecaleite, apatite,
quartz, alkalic feldspar, and martite cut the marble.

The Iron Hill stock is much like those of Fen, Norway; Magnet
Cove, Ark.; Jacupiranga, Brazil; and Libby, Mont. The
peculiar rocks of the stock are believed to have been formed by
reaction of a basaltic magma on marble, followed by crystal
differentiation.

Analyses of many rocks and minerals are given. The amghi-
boles between soda tremolite and glaucophane are discussad,
and curves for the variation of the optical properties with ccm-
position of this group and of the diopside-acmite pyroxenes
are given. The minerals of the area are described in some
detail.

A section on the rare constituents of the rocks and minerals

of the stock concludes the report.

INTRODUCTION
LOCATION AND TOPOGRAPHY

The small stock of alkalic rocks deseribed in this
report lies in southwestern Colorado, on the northern -
flank of the San Juan Mountains, south of the Gunni-
son River, about 20 miles south of the village of Iola
and 22 miles approximately S.15° W. from the town of
Gunnison. It is in the southern part of Gunnison
County, a few miles east of Powderhorn post offive.
It is near the middle of the eastern border of Uncom-
pahgre quadrangle, is just east of Powderhorn Valley
of Cebolla Creek. It includes the lower drainewe
basins of Beaver and Deldorado Creeks and of some
smaller gulches to the north of these creeks.

It is best reached from Iola, from which there ir a
good mountain automobile road. Poor roads, passable
by an automobile, go up both forks of Beaver Creek, up

1
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Deldorado Creek, and up some of the other gulches,
so that an automobile can be taken within a few miles
of any part of the area.

The chief igneous rocks of the stock weather readily
to a friable sand but the marble mass near the center
of the stock and the surrounding granitic rocks are
rather resistant. The marble therefore forms a steep,
rocky hill, Iron Hill, which rises about 1,000 feet above
the valley; the igneous rocks of the stock form a ring
of rather low rolling hills about Iron Hill; and the older
granitic rocks form steep, rocky hills about the stock.
Locally, mesa-forming flows of lava overlie the stock.
Plate 2 is a panorama of the area taken from the slopes
between the forks of Beaver Creek, between gullies H
and I and 100 feet below the knoll of ijolite shown in
plate 1. The rounded hill left of the center is Iron
Hill, made up of marble. The gentle slopes surround-
ing Iron Hill are underlain by the pyroxenite and other
rocks of the Iron Hill stock, and the steeper slopes
surrounding the Iron Hill basin consist of pre-Cambrian
rocks overlain by sandstone of the Morrison formation
on the right. The hill on the extreme left is Rudolph
Hill, those in the background to the left of Iron Hill
are pre-Cambrian hills west of Powderhorn Valley,
and those to the right of Iron Hill are made up of the
pre-Cambrian rocks capped by the Morrison formation,
at the heads of Huntsman Gulch and Deldorado Creek.

FIELD WORK AND ACKNOWLEDGMENTS

The field work on the area was done chiefly in the
summers of 1912 and 1913, as a part of the mapping of
the Uncompahgre quadrangle, under the direction of
Whitman Cross. Brief visits to the area were made in
later years, the last in 1930. J. Fred Hunter assisted
in some of the field work, and E. W. Goranson and
William F. Jenks assisted in some of the laboratory
work. J. W. Greig, of the Geophysical Laboratory,
visited the area with the author in the summer of 1930
and offered many helpful suggestions. .

Most of the field work and part of the office work was
done under the auspices of the United States Geo-
logical Survey, and a part of the field work and much
of the office work was done at Harvard University.
In the section on mineralogy William F. Jenks, of
Harvard University, is joint author, and in that on
minor constituents George Steiger, of the Geological
Survey, is joint author.

GEOLOGY OF THE SURROUNDING AREA

In this part of the San Juan Mountains the pre-
Cambrian rocks are chiefly gneisses, schists, and amphi-
bolites intruded by various granitic rocks. They have
been mapped and described by Hunter !. Adjoining
the Iron Hill stock the pre-Cambrian rocks are chiefly

! Hunter, J. F'., Pre-Cambrian rocks of Gunnison River, Colo.: U. 8, Geol. Survey
Byll. 777, 1925,

gray biotite granite, porphyritic granite, and granite
porphyry. These old rocks were eroded to a poneplain,
and a thick series of Paleozoic sediments,including con-
siderable limestone, was laid down on the peneplaned
surface and was in turn covered by Triassic sediments.

Peneplanation again took place, and the Paleozoic
rocks were removed from the area near Iron Hill. They
are exposed today within 40 miles to the west, north,
and east of Iron Hill and probably once covered the
Iron Hill area. Late Jurassic sandstones and shales of
terrestrial origin, represented by the Morrison forma-
tion, were laid down on the peneplain and were covered
by a thick series of Cretaceous beds. After renewed
erosion, volcanic flows and tuffs of the Potcsi series
were laid down in Miocene time on an irregular surface.
In the immediate vicinity of Iron Hill (pl. 1) the rocks
are chiefly pre-Cambrian, but nearly horizental Mor-
rison beds cap Huntsman’'s Mesa, which borders the
Iron Hill basin on the northeast, and remnants of the
Potosi voleanic rocks, mostly rhyolites and quartz
latites, immediately overlie the Iron Hill rocks and form
small mesas within the Iron Hill basin.

AGE OF THE IRON HILL STOCK

The Iron Hill stock clearly intrudes into the latest of
the pre-Cambrian rocks of the area, and it is clearly
overlain by the Miocene volcanic rocks. Sandstone
belonging to the Morrison formation, of Jurassic age,
near the Iron Hill stock contains the minerals peculiar
to the stock. A sample collected from the lower part
of this sandstone from the hill three-quarters of a mile
southwest of Cebolla Hot Springs and less than a mile
from the nearest outcrops of the Iron Hill stock con-
tained about 0.5 percent of minerals with a specific
gravity greater than 2.89, whose composition ssparation
is as follows:

Biotite moooee oo 7 | Amphibole. _.________ 22
Gold . Trace | Opaque- - _____ 22
Tourmaline___.__.____._ 10 | Brown garnet__.____. 1
Leucoxene__.__ ... 17 | Pink garnet_..__.._.._ 1
Diopside. - caceocooao 16 | Zircon. . ____.____ 2

The leucoxene is in part derived from perofskite.
The diopside is rather fresh, pale green and lil-e that of
the Iron Hill rocks. The amphibole is mo~tly blue
green and was probably derived from the gneisses and
amphibolites of the pre-Cambrian, but a few grains are
of the bluish amphibole like that of the Iron Hill area.
The brown garnet is like the melanite so characteristic
of the Iron Hill rocks. Specimens of sandstcne of the
Morrison formation north of the Iron Hill mass also
contain a little of the pyroxene, melanite, amphibole,
and perofskite peculiar to the Iron Hill mass. The
Iron Hill stock is therefore older than the Morrison
(Jurassic) and is later than the latest of the known pre-
Cambrian rocks of the area. No further evidence of the
age of the Iron Hill stock was found.
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Small bodies of carbonate rock, similar to that of
the Iron Hill mass, are present in the pre-Cambrian
rock within a few miles of the Iron Hill stock. Most
of them are north and west of the area shown on plate 1.
Some of those observed are listed below.

1. Several small masses on the ridge south of Milk-
ranch Guleh about half a mile east of bench mark 8025,
which is at the road junctions near the mouth of Milk-
ranch Gulch.

2. Two small bodies on the west side of Cebolla
Creek about 300 and 400 yards below the bridge at the
mouth of Milkranch' Gulch.

3. About a mile south of the last named.

4. Just south of Powderhorn.

5. On the ridge between Deldorado and Beaver
Creeks about an eighth of a mile east of the Iron Hill
stock. |

6. About a mile southwest of the mouth of Beaver
Creek.

CHARACTER

“ Marble.”—The greater part of the marble is nearly
white millimeter-grained carbonate mineral, with a
few percent of apatite grains asthe only other important
constituent. Of 27 specimens of the marble collected
at random, 21 were made up of dolomite, 5 of calcite,
and 1 of dolomite and calcite together. In general
the calcite marbles are much coarser in texture than
the dolomites. In part the outcrops are nearly white,
but over large areas the weathered surface is more or
less iron-stained, and locally it is a dark yellow brown
and contains much limonite. Streaks and irregular
patches are so rich in limonite that they have encour-
aged prospecting for iron ore; yet the average dolo-
mite contains little iron. Exceptionally the carbonate
is ankerite. Pyrite, which has been largely altered to
iron oxide, is widely distributed in the marble, and
locally it is abundant. No bedding and very little
variation could be found in the great mass of marble at
Iron Hill, except that due to weathering or hydrother-
mal action.

Martite-apatite veins.—On the southwest slope of
Iron Hill the marble is cut by several northeast-south-
west veins, as much as several feet across and nearly
a mile long, which are made up at the surface of mar-
tite, apatite, limonite, and carbonate in varying pro-
portions. They are more or less porous or cavernous,
owing to surface leaching. The martite commonly
forms streaks or nodules a foot or less across but is
partly disseminated in the apatite. The larger bodies
of martite are massive in the center but are bordered
by well-formed octahedrons of martite an inch or more
across. They are clearly hematite pseudomorphs after
magnetite, and they are strongly magnetic.?

2 Sosmau, R. B., and Hostetter, J. C., The ferrous iron content and magnetic

susceptibility of some artificial and natural oxides of iron: Am. Inst. Min. Met.
Eng. Trans., vol. 58, pp. 425427, 1917.

Siliceous iron-oxide veins.—In addition to the martite-
apatite veins, and grading into them, there are irregular
veinlike to irregular bodies, rarely over a few feet
across, which are porous, rich in limonite and hematite
and contain more or less apatite and quartz. Such
bodies are well shown and have been prospected for
iron near the crest of Iron Hill. Some streaks gud
bunches of black manganese oxide are present snd
piedmontite is rare. Local bodies are highly silicifad
and iron-stained. The silica is partly fine-grained snd
cherty and partly in well-formed, doubly terminated
quartz crystals as much as 1 millimeter across. In
places orthoclase and rarely albite are associated with
the quartz. 7 :

Origin of the iron ore.—The iron ore prospects in the
limestone are partly in the martite-apatite veins end
partly in bodies of cellular, siliceous iron oxide. The
martite veins are small and contain no bodies of martite-
rich rock much over a foot across. Some of the bodies

‘is Feet
]
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FIGURE 1.—Marble-pyroxenite contact. Prospect pit on south slope of Samnions
Guleh near erest, just west of the lava eap. m, Marble; p, pyroxenite.

of cellular iron oxide are associated with martite, bt
others lack martite. The largest ones, which lie near
the crest of Iron Hill, are only a few feet across and are
made up of siliceous cellular limonite with some
martite and hemadtite.

A part of the iron of the iron prospects was deposited
as iron oxide (magnetite and hematite) by high-
temperature hydrothermal solutions. The magnetite
was later oxidized to hematite. Such iron minerals are
associated with apatite and some quartz and feldspar.
A part of the iron oxide was formed by the oxidation of
pyrite and is associated with less apatite and more
silica ; another part may have resulted from the leaching
and oxidation of iron-bearing carbonate.

Silicate rock.—Near the contact with the intrus‘ve
rocks the marble carries locally more or less aegirite,
phlogopite, apatite, and a soda amphibole vary'ng
from soda tremolite to glaucophane. These silicates

are present in the marble in all proportions from a few

scattered tiny crystals to nearly 100 percent. Thoy
occur chiefly very near the igmeous contacts, but
phlogopite has been found in small amounts in streaks
in all parts of the marble and is commonly associated
with the veins of iron ore. _The silicate rocks do not
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form a continuous zone between the marble and the
intrusive rock, but, as is commonly true in hydro-
thermal contact-metamorphic bodies, marble with few
or no silicates is in direct contact with the pyroxenite
along much of the contact. In part the silicates are
in dikelike streaks as much as several feet across, in
part in less regular bodies or in bunches scattered
through the marble. In places the silicate streaks
have sharp contacts with the marble; elsewhere they
grade into it. Where exposures are good, as along the
road cut up Cebolla Creek north of Beaver Creek, a
complicated succession of streaks of marble and silicate
zones is present. Some are of nearly pure-white
marble, others of iron-stained marble or of carbonate
with varying proportions of calcite and mica and other
silicates; some streaks lack mica but are rich in amphi-
bole or aegirite, some are harder and have quartz and
feldspar, some are coarsely crystalline, others are
finely crystalline. Some of the streaks are several feet
across; others are only an inch or less.

The common variety of this silicate rock is brown
and contains numerous conspicuous flakes of yellow
phlogopite a few millimeters across. Where first seen
in a streak in the marble it was mistaken for a dike of
altered mica lamprophyre. It is readily weathered
and in most places is very friable. Where aegirite is
the chief silicate the rock shows the greenish grains of
aegirite. The carbonate of these silicate rocks is cal-
cite, except in a few specimens that are made up largely
of dolomite or very rarely ankerite.

Phlogopite is the most abundant of the silicates, and
in places it is the only one present. Some bodies are
made up almost entirely of phlogopite. Phlogopite
forms crystals that vary in size, the largest several
centimeters across, and tend to give the rock a por-
phyritic appearance. The phlogopite is commonly
strongly zoned. Aegirite that contains about 25 per-
cent of the diopside-hedenbergite molecule is the chief
silicate in some parts. It is present largely in scattered
or matted needles, which vary in size from those visible
only with the highest power of the microscope to crystals
several decimeters long. It tends to collect into nests
or into aggregates of subparallel crystals. Small layers
of coarsely crystalline aegirite are rare. Amphibole is
nearly as abundant as aegirite and is closely associated
with it, although locally only one of them is present.
The amphibole occurs in needles piercing the calcite,
some of which are very tiny and others a centimeter or
more long. Portions of it are poor in iron (soda
tremolite) and others rather rich in iron (glaucophane).
Many of the crystals are strongly zoned, with the
borders poorer in iron. )

Fluorapatite forms grains a millimeter or more across
and makes up from a few percent to 10 percent or more
of the rock. Locally microcline in fairly well formed
crystals or as interstitial aggregates forms more or less
of the rocks. Albite is less abundant than microcline,

and most specimens show no feldspar. Quartz is
commonly present only in the rocks with feldspar.
Anatase in streaks or aggregates of crystals ir wide-
spread, and fluorite is present in some of the quartz
veinlets. The minerals are described in the section on
mineralogy (pp. 43-56).

Carbonate bodies in the granitic rocks.—The carbonate
bodies in the granite surrounding the Iron Hill stock
are numerous but small. Most of them are outside the
area included on the map (pl. 1). The body west of
Cebolla Creek and about 200 yards below the mouth
of Milkranch Gulch is a network of branching seams
cementing brecciated granite. Few of the seems are
over a foot across, but they are so numerous as to make
a considerable part of the outcrops for a lengtk of 100
feet and a width somewhat less. The main mass of
the veins is white, granular “marble’”’ (?) identical with
that of Iron Hjll. Next to the granite' the ‘“marble”
contains much fibrous soda tremolite and aegirite and
is identical with much of the silicate-bearing contact
variety of the marble at Iron Hill. Suites of specimens
from this area could not be distinguished from the
specimens from the Iron Hill mass. For 100 feet or
more about the carbonate veins the closely spaced
fractures in the granite are filled with thin layers of
soda tremolite and aegirite, identical with those ninerals
in the limestone. There seems no escape from the
conclusion that these carbonate veins are of hydro-
thermal origin.

The body of carbonate rock on the ridge south of
Milkranch Gulch is poorly exposed but is several feet
across. This rock, like that previously described, is
made up largely of white ‘“‘marble’” but has streeks that
are especially abundant near the contacts witl a pre-
Cambrian quartz porphyry and contain carbonate,
amphibole, aegirite, and phlogopite. So far as can be
determined from the poor outcrops, this mass may be
either an inclusion of marble in the quartz porphyry or
a hydrothermal filling. The body of carbonate rock
between Deldorado and Beaver Creeks is much like
that south of Milkranch Gulch.

ORIGIN OF THE MARBLE
AVAILABLE FACTS

As the evidence for the origin of these marble bodies
is not clear or demonstrable, and as the availakle facts
may be subject to different, interpretations by geolo-
gists with different experience, these facts are reviewed
below, before the possible sources of the marble are
considered. '

Age relations.—Part of the marble is older and part is
younger than the intrusive rocks. Some of the smaller
bodies are inclusions in the pyroxenite, and some bodies
in the surrounding pre-Cambrian granite are hydro-
thermal fillings in fractures and brecciated zone- in the
granite. The great mass of Iron Hill is not commonly
seen in direct contact with the igneous rocks, but where
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such contacts are seen they indicate that the marble is
older than the igneous rocks of the Iron Hill stock.
The small body of marble south of Sammons Gulch is
an inclusion in the pyroxenite. On the other hand, the
carbonate veins are younger than the igneous rocks and
cut them cleanly.

Character of the marble at Iron Hill.—The main body
of the marble is well exposed in a mass more than a
mile wide and for a vertical thickness of about 1,000
feet, yet it lacks any evidence of bedding, shale layers,
or other irregularities. Except where it has been
hydrothermally altered, it is a fairly pure carbonate,
chiefly dolomite, with a little apatite and pyrite as the
chief impurities. Near the borders it is irregular in
character and contains streaks and bunches of phlogo-
pite, aegirite, and a soda amphibole. The silicate
minerals are distributed irregularly in the contact zone
and occur partly in thin streaks or seams. The
aegirite and hornblende tend to be fibrous in habit and
to be aggregated in bunches and streaks, after the
manner of these minerals in hydrothermally meta-
morphosed rocks. Microcline or albite and quartz are
locally abundant. The aegirite and hornblende are
identical with the minerals that are abundant as seams
and along the sheeting fractures and other openings in
the syenites and pre-Cambrian granites. Seams of
pyrite and other sulphides and of apatite and martite
cut the main mass of limestone.

Carbonate in the pre-Cambrian rocks.—The small
bodies of carbonate in the pre-Cambrian rocks are

made up of rock that is identical with the marble at

Iron Hill, both in texture and in mineral composition.
Some of the bodies are hydrothermal fillings of fractures
in the granitic rocks, and the others would seem to be
best attributed to the same origin.

Character of the carbonate veins.—The carbonate veins
are very numerous. Some are a mile long, but few are
more than 20 feet across. Many of the veins have cen-
ters of dolomite or ankerite with some apatite and small
quantities of galena, sphalerite, pyrite, and other sul-
fides. The borders of some of the veins are calcite with
mica, aegirite, and hornblende. Specimens from the
borders of the veins are almost identical with those from
the contact zone of the Iron Hill mass.

The pyroxenite shows little alteration next to the
veins, although a narrow border of aegirite may grow
about the pyroxene grains, and a little hornblende like
that of the veins may be formed at the immediate con-
tact. These reaction zones are measured in fractions of
a millimeter.

Primary calcite in the pyroxenite—The pyroxenite
near the marble has some primary calcite. This calcite
is neither abundant in amount nor widespread and ap-
pears to be developed chiefly near bodies of included
limestone, but this relation is not beyond question.

Metamorphism of the marble—The marble has been
80 greatly metamorphosed that it is not likely that any

structure, texture, or other relict character of the orig-
inal rock now remains except its chemical compos‘tion
and variations in composition, such as would result
from the recrystallization of interbedded shale or
impure limestone.

Origin of the silicates in the marble.—The irregular
distribution of the silicates in the marble, their concen-
tration near the contacts, and their habit and texture
are those characteristic of hydrothermal contact-m eta-
morphic bodies such as the tactite bodies about grano-
diorites. The character of the silicates—aegirite, soda
tremolite, and phlogopite—and their fibrous habit and
distribution in the marble are evidence of a hydro-
thermal origin. They are certainly not igneous. More-
over, the peculiar minerals and textures of the rocks are
those characteristic of the hydrothérmal deposits of the
area. They are present in the hydrothermal carbonate
deposits, in the granitic rocks surrounding the stocl-, in
the carbonate veins that cut the rocks of the stock, and
in very numerous seams and veins in both the stock and
the granites surrounding the stock. They also replace
the primary dark minerals in parts of the syenite and
other rocks of the stock. The same peculiar amphi-
bole is the chief hydrothermal mineral in the stock,
which is much like the stock at Libby, Mont.,* and
aegirite is present in the veins at Libby. The same
amphiboles and aegirite are abundant as hydrothermnal
minerals in the rock of the Fen district, Norway, as I
have observed in specimens in the Harvard collections.
1t seems certain that the silicates in the marble ars of
hydrothermal origin.

Carbonate rock is common in stocks of similar cl ar-
acter. Bodies of carbonate rock much like that at
Iron Hill are found associated with alkalic rocks of this
type in the Fen district, Norway, and elsewhere, but
not in all such provinces. The carbonate rock i~ a
common if not a characteristic feature of such petro-
graphic provinces and is highly significant. -

MODES OF ORIGIN

The following modes of origin for the marble apyear
to merit consideration: They may be (1) inclusions
of pre-Cambrian limestone; (2) inclusions of Paleoroic
limestones, settled into the stock ; (3) bodies of Paleozoic
or older limestones that have been forced into tleir
present position by plastic flow; (4) true igneous in-
jections of molten dolomite and calcite; (5) a replece-
ment of an older rock by hydrothermal soluticms;
(6) a filling deposited by hydrothermal solutions.
These various modes of origin are discussed below.

1. The marble at Iron Hill may be an inclusion of pre-
Cambrian limestone in the Iron Hill stock. In the
early stages of the work in the area this was believed
to be the most probable origin, chiefly because the
small bodies of similar carbonate rock in the pre-

3 Larsen, E. 8., and Pardee, J. T, The stock of alkaline rocks near Libby, Mont.:
Jour. Geology, vol. 37, pp. 103-111, 1929.
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Cambrian granite were thought to be inclusions.
Later more careful study of these small bodies of car-
bonate has shown that some are without doubt vein-
like bodies cutting the pre-Cambrian and that all of
them are probably hydrothermal deposits in the
granitic rocks.

The great size of the dolomite of Iron Hill and the
lack of bedding or shaly layers is difficult to explain
as an inclusion of limestone. Such large, structureless
bodies of marble are known in the Grenville of the
Adirondack region and elsewhere, but marble is ex-
tremely rare in the pre-Cambrian of Colorado,* and the
few bodies that are known are small and impure. No
marble is known in the pre-Cambrian near Iron Hill,
and none would be expected in the great mass of gneisses,
amphibolites, and granitic rocks. The marble resem-
bles a huge block of unusually pure dolomite, included
in the pyroxenite and irregularly metamorphosed near
the contacts, with the introduction of silicates and
other minerals, and at the same time the development
of calcite by dedolomitization. It seems improbable,
however, that the marble at Iron Hill is an inclusion of
pre-Cambrian limestone, as there is no likely source
for such a mass of limestone.

2. The marble may be a body of Paleozoic limestone
dropped into the Iron Hill stock. This would make the
Iron Hill stock of Paleozoic or early Mesozoic age,
and there is no evidence opposed to such an age.
This interpretation is open to most of the objections
made in the preceding paragraph, except that large
bodies of limestone are known to be present in the
Paleozoic of this area. However, no beds of pure
limestone or dolomite without shaly layers much over
100 feet thick are present in this part of Colorado and
none that could have furnished a block of pure lime-
stone like the Iron Hill mass. That the marble at
Iron Hill is an inclusion of Paleozoic limestone also
seems improbable.

3. The marble may have been forced into its present
position by plastic flow of an older dolomitic limestone
body. This would seem to require that the source of
the limestone should be pre-Cambrian, as the limestone
is enclosed in pre-Cambrian rocks, and it seems very
improbable that the Paleozoic dolomitic limestones,
which are nowhere known to be greatly metamorphosed,
could have been forced down into the pre-Cambrian.
The source limestone in the pre-Cambrian need not
bhave been so pure as that required for a dolomitic
limestone inclusion (method 1). 'The limestone must
have been forced into the pre-Cambrian before the
eruption of the rocks of the Iron Hill stock, and both the
main limestone mass and some of the smaller bodies in
the pre-Cambrian might be explained in this way.
The later carbonate veins might be later injections.
One serious objection to this method is the fact that the

4 Cross, C. W., Marble in Tin Cnp Pass: Colorado Sci. Soc. Proc., 1893, pp. 1~10.

borders of the post-stock veins and of the bodies of lime-
stone in the pre-Cambrian granites have the same sili-
cates and other minerals as the main mass of limestone
near the Iron Hill stock. The lack of known limestone
bodies in the pre-Cambrian is another objection.
This source for the marble would therefore seem to be
very improbable.

4. The marble may be an igneous rock. Brogger®
and Brauns® have advocated such an origin for the
similar marble of the Fen district and other areas.
Brogger believes that in the Fen district a carbonate
magma and a silicate magma, related to ijolite, existed
at the same time, that the pure carbonate rock was
derived from the carbonate magma, and that the mixed
carbonate-silicate rocks were formed either by mixing
of the two magmas or by reaction of one magma, chiefly
the carbonate magma, on solidified rock. These mixed
rocks may be made up of any proportion of carbonate
(calcite or dolomite) and the minerals of the silicate
rocks. They occur chiefly as dikes, and some of the
dikes are relatively uniform from wall to wall, whereas
others are made up of a central part rich in calcite and
border zones that grade into the adjoining silicate
rock. Ifoundno such mixed rocks in the Iron Hill area.

Brogger’s chief arguments for an igneous origin for
the main mass of nearly pure carbonate are its similarity
to the carbonate-silicate dike rocks of the area, the lack
of a body of limestone that could yield the great mass of
carbonate, and the lack of any evidence of replacement.

Bowen 7 has concluded that for the Fen trea the
mixed carbonate-silicate rocks are not igneous t 1t were
formed by partial replacement of silicate rocks by
carbonate and that the pure carbonate rocks represent
the complete replacement. Brauns ® later maintained
an igneous origin.

The difficulty of melting a carbonate rock might also
be raised as an objection, as CaCO; melts at about
1,340° at 1,000 atmospheres pressure of CO,.® This is
not an insuperable difficulty, as syenite, granite, pyrox-
enite, and many other rocks can be made fluid only
at very high temperatures, yet we believe they are
igneous rocks rendered fluid through the presence of
mineralizers.

In the Iron Hill area there is nothing about the mar-
ble to suggest an igneous rock, except possibly the rather
large amount of apatite present in large grains in most
of the dolomite. The silicates are confined to streaks
and to the contact zone and are of hydrcthermal
contact-metamorphic origin. However, the marble
might have been injected as a relatively pure dolomite,

s Brogger, W. C., Das Fengebiet in Telemark, Norway; Vidensk. selsk Oslo Forh.,
1920, No. 9, pD. 262-275.

¢ Brauns, R., Primirer Calecit in Tiefengesteinen oder Verdringung der Silikate
durch Calcit?; Centralbl. Mineralogie, 1936, Abt. A, pp. 1-8.

7 Bowen, N. L., The Fen area in Telemark, Norway; Am. Jour. Sci., 5th ser., vol.
8, pp. 1-11, 1924.

8 Brauns, R., op. cit.

9 Adams, L. H., and Smythe, F. H., The system calcium oxide-carhbon dioxide:
Am. Chem. Soc. Jour. vol. 45, p. 1184, 1923,
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carrying a little apatite, as the first magma of the Iron
Hill stock and have been later metamorphosed by the
pyroxenite. I know of no way to tell such a dolomite
from any other dolomite especially after metamor-
phism. However, until the possibility or probability of
a carbonate magma is better established, it would seem
to be wiser to avoid such an interpretation unless there
is some favorable evidence. The only evidence favor-
ing such an origin is that it would easily explain the
large mass of uniform marble. To me an igneous
origin seems improbable, but to the advocates of
igneous marbles it will seem the most probable mode of
origin.

5. The marble may have replaced an older rock by
hydrothermal solutions. This is the origin advocated
by Bowen!® for the similar rock of the Fen area.
Bowen’s argument is based on a brief study in the field
and a microscopic study of his collections. He found
microscopic evidence that the carbonate had replaced to
a greater or less extent the feldspar, nepheline, and
other minerals of the syenite, ijolite and other rocks of
the area and that the silicates in the mixed carbonate-
silicate rocks were relicts found in all stages of replace-
ment. The purer carbonate rocks were formed by
complete replacement of the igneous rocks.

In the Iron Hill area the marble is older than the
igneous rocks of the stock, with the possible exception
of the uncompahgrite, with which it has nowhere been
seen in contact. Silicates, except in very minor
amounts, are found in the marble, only near the con-
tact with the pyroxenite, and these silicates are not like
the primary minerals of the pyroxenite or of any of the
other rocks of the stock. They are, in respect to min-
eral species and habit, identical with the minerals that
are widespread as hydrothermal minerals, both in the
rocks of the stock and especially in the surrounding
granites and schists. They were no doubt formed by
hydrothermal contact metamorphism of the marble.
The main mass of the marble is a relatively pure dolo-
mite with no remnants of partly replaced rock or other
observable indications that it has replaced an older
rock. No rock is known in the area that might reason-
ably be expected to undergo such large scale and com-
plete replacement.

6. The marble may have been deposited as a filling by
hydrothermal solutions. The fact that the small bodies
of carbonate in the granite are of hydrothermal origin
would favor a similar origin for the large body of Iron
Hill, but it has already been shown that the large body
of marble at Iron Hill is older than the Iron Hill stock.
Such a large body, rounded in outcrop, is not easily
explained as an open-space filling. It might be inter-
preted as a filling in the throat of an old volcano in
which the lava column had sunk to great depths or the
throat had been cleared out by a great explosion.,

18 Bowen, N. L., op. cit.

The post-pyroxenite carbonate veins are clearly vein-
like in form. They carry some galena and other sul-
fides, and some, at least, carry fragments of the pyrove-
nite. Locally they grade into fluorite veins, They

_have border zones that contain the silicates (phlogopite,

aegirite, and an amphibole) though the main parts of
the veins are nearly pure dolomite or ankerite. T™e
pyroxenite wall rock next to the veins is very little al-
tered—Iless so than would have been suspected along
hydrothermal veins. '

The close similarity of the large marble mass of Iron
Hill to the much smaller masses in the pre-Cambrian
that are shown on page 6 to be hydrothermal open-
space fillings and the close similarity to the later cer-
bonate veins strongly favor a hydrothermal origin for
the marble at Iron Hill. The great size of the mass is
the chief objection to an origin of this kind. In view
of all the evidence, the inference that the marble in
its original form was deposited by a hydrothermal so-
lution in the open throat of an old volcano, later modi-
fied by the successive intrusions of the members of the
stock, seems more probable than any other, althouzh
it cannot be proved.

UNCOMPAHGRITE
OCCURRENCE

The uncompahgrite, a coarse-grained rock made up
predominantly of melilite, was found only in the Beaver
Creek drainage basin, chiefly south of the main cre<k
and between the forks. The largest body lies near the
southern boundary of the Iron Hill intrusive stock and
on both sides of South Beaver Creek. The mass ex-
tends about a mile east and west and nearly half a mile
north and south. Itis cut by the ijolite and pyroxenite.
Small remnants lie just south of North Beaver Creek.
Another dikelike strip, two-thirds of a mile long and
nearly 0.1 mile wide, lies a short distance to the north-
west and just southwest of the main forks of Beaver
Creek. A very irregular body connects with this dil-e-
like strip at its southwest end and occupies a consider-
able area in the drainage basins of gulches B and C
south of Beaver Creek. A small outcrop lies on the
north side of Beaver Creek just above the alluvium.
An extremely irregular mass lies just east of the Cebolla
Valley, south of Beaver Creek, and northeast of gulch
A. Inaddition to these bodies, many smaller inclusions
lie in the pyroxenite near the larger bodies. The re-
lations are very complex and the exposures are poor,
so that the distribution shown on the geologic map is
much generalized. The total area underlain by the
uncompahgrite is about 0.6 square mile.

FRESH UNCOMPAHGRITE

The fresh uncompahgrite is a light-gray rock with a
vitreous to greasy luster on the fresh fracture, but on
the weathered surface it is nearly white and has a dull
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luster. The rock is in general coarse-grained but
varies in texture, the grains ranging from 1 millimeter to
50 centimeters. Cleavage surfaces of melilite 0.5 meter
across are common. The uncompahgrite is made up
chiefly of the mineral melilite, which has a greasy luster
and imperfect cleavage. In the coarse-grained rocks
the melilite encloses the other minerals poikilitically,
but in the fine-grained varieties it forms anhedral
interlocking grains between the other constituents.
In the average rock melilite makes up about 68 percent,
diopside-hedenbergite about 15 percent, pale-green
phlogopite 2 percent, magnetite 10 percent, perofskite
3 percent, apatite 1 percent, and primary (?) calcite a
small amount. Nepheline and primary garnet are
present in rare specimens. The proportion of the con-
stituents varies considerably, though much less than
in the pyroxenites. In some places the rock is nearly
pure melilite, but in others amost half or even over half
of it is composed of dark minerals.

The pyroxene is in prisms enclosed in the melilite or
embedded in the fine-grained melilite. It is pale green
in thin section and much of it is surrounded by a thin
border of garnet. The phlogopite is very pale green
or brown and is present in plates or irregular grains.
It tends to border the perofskite, apatite, and magnetite,
Next to the perofskite it shows yellow pleochroic halos
but not against the other minerals.

The apatite has optical properties almost identical
with those of melilite, but it can nearly always be
distinguished by its prismatic habit and the common
occurrence of included gas bubbles. In the hand
specimen it can be recognized as white prisms in the
darker granular melilite. In some parts a chemical
test is necessary to distinguish the two. The perof-
skite is in well-formed purplish-brown grains or inter-
grown with magnetite and it shows faint birefringence
and the usual twins. The primary (?) calcite fills in
between the other constituents and commonly is
surrounded by garnet reaction rims.

The uncompahgrite is a unique rock, and the rock
closest to it appears to be the turjaite from Kola Penin-
sula, Russia. According to Kranck ' turjaite is a
medium- to coarse-grained rock made up chiefly of
melilite, nepheline, biotite, ore, perofskite, and some
melanite. It therefore differs from uncompahgrite in
having nepheline and biotite and in lacking pyroxene.

ALTERED UNCOMPAHGRITE

As the alterations of the uncompahgrite have been
described in detail elsewhere,'? only a brief description
will be given here. The uncompahgrite offers an
unusually good opportunity to trace a series of reactions
and replacements of melilite and other minerals,

it Kranck, E. H., On turjaite and the ijoilte stem of Turja, Kola: Fennia 51, pp.
12-37, 1928.

12 Larsen, E. 8., and Goranson, E. A., The deuteric and later alterations of the
uncompahgrite of Iron Hill, Colo.: Am. Mineralogist, vol. 17, pp. 343-356, 1032.

ranging from those caused by the residual liqucr of the
crystallizing magma before it separated from the
crystal mesh to those caused by hydrothermal solutions
that gathered into fractures and were probally rela-
tively dilute. .

The first replacement formed a very small amount of
light-colored perofskite in narrow rims, associated with
some phlogopite, about the darker-colored magmatic
perofskite and to a less extent about magnetite. This
was followed by a larger-scale replacement of melilite
by dark titaniferous garnet that formed either irregular
grains or, more commonly rims about perofskite, mag-
netite, and pyroxene, and to a less extent about melilite
grains. In a few specimens a thin ragged layer of garnet
completely borders and separates the melilite grains as
well as the other minerals, forming a network of garnet.
A little phlogopite is associated with the garnet; it is in
part later than the garnet, as it forms narrow ragged
fringes about the garnet crystals and in places appears
to have replaced it.

A vein about 10 centimeters wide cutting the uncom-
pahgrite exposed south of Beaver Creek, in the bed of
gully C about 250 yards below its forks, was formed by
moving solutions. The berders of this vein are made
up chiefly of brown garnet with some pale-green phlogo-
pite, pleochroic green chlorite, calcite, and fibrcms zeol-
ites. Next to this zone and grading into it is a zone made
up mostly of coarse idocrase in which are embedded
crystals of monticellite. The center is made up of large
grains of cancrinite containing embedded grains of
monticellite '* and some of the brown garnet.

At the time of the deposition of the garnet and
phlogopite the magma must have been almost com-
pletely crystalline, and the amount of interstitial liquid
could not have exceeded a few percent. The formation
of the garnet may have been partly caused by the
residual interstitial liquid before that liquid had moved
from the interstices between the crystals, but the uneven
distribution of the replacement and particulerly the
presence of the veinlike bodies of garnet rock show
that the liquid had moved somewhat and had collected
in fractures and other channelways. It seems probable
that this replacement was transitional between a truly
magmatic reaction and a hydrothermal reaction (due
to moving solutions enriched in water).!*

13 Larsen, E. 8., and Foshag, W. F., Canecrinite as a high-temperature hydrothermal
mineral from Colorado: Am. Mineralogist, vol. 11, pp. 300-303, 1926.

14 Brown, I. A. (Geology of the south coast of New South Wales, pt. 3, The mon-
zonite complex of Mount Dromedary: Linnean Soc. New South Wales P e., vol. 55,
p. 680, 1930), speaking of the relation between the melanite-bearing series and the
nepheline monzonite, says: “In other places there scems to be a graduel transition
frorn the one series to the other, as though the garnet were partly of pniumatolytic
origin, or at least had been formed during the final phases of consolidation of the
rock.”

Holmes, A., and Harwood, H. F., Petrology of the volcanic fields east and south-
east of Ruwenzori, Uganda: Geol. Soc. London Quart. Jour., vol. 88, p. £97, 1932,

Shands, S. J., The nepheline rocks of Sekukuniland: Geol. Soe. South Africa Trans.,
vol. 24, p. 127, 1921,

Kranck, E. H., On turjaite and the ijolite stem of Turja, Kola; Fennia 51, no. 5,
p. 22, 1928.
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After the deposition of the garnet but in part con-
temporaneous with it, idocrase and colorless diopside
began to replace melilite. In some large bodies of
uncompahgrite the melilite has been completely re-
placed; in other large bodies the melilite is unaltered
except for scattered thin veinlets of the secondary
minerals. In places the veinlets are so abundant that
only remnants of fresh melilite remain. The alteration
started chiefly from fractures in the rock and worked
out from them. In part it began at the borders of the
melilite grains, or about grains of magnetite or other
minor constituents as centers, and spread out, forming
spherulitic bodies of the secondary minerals. In one
specimen a thin network of diopside separates the
melilite grains, and areas of diopside enclosing several
melilite grains give simultaneous extinction.

The minerals produced by this replacement are
colorless diopside, colorless garnet, and idocrase with
some calcite. Chlorite, muscovite, titanite, and amphi-
bole are in places associated with these minerals and
are probably of late origin. The minerals occur in fine
intergrowths in many of the rocks, in part resembling
micropegmatitic intergrowths. In part the diopside
is in plumose or arborescent aggregates penetrating the
garnet or idocrase, and in part it formed in widely
radiating aggregates from the grains of magnetite,
perofskite, apatite, diopside, and other minerals or
from the planes of the fracture along which the altering
solutions moved. In general the idocrase and diopside
appear to have been formed together, but in some
specimens the diopside followed the idocrase.

In some of the rock where the replacement was most
nearly complete the replaced rock is a coarse-grained
aggregate of garnet, idocrase, diopside, and some cal-
cite, together with the original minerals of the uncom-
pahgrite, except the melilite, which has disappeared by
replacement. In these aggregates the minerals tend
to be intergrown, much as they are in the lime-silicate
hydrothermal contact-metamorphic replacement de-
posits of limestone.

Liater alterations of the melilite formed these products
in the following order: (1) Sheaves of finely fibrous
juanite, (2) undertermined fibrous mineral A, (3)
cebollite, (4) undetermined mineral B.

Brugnatellite was found locally. Hastingsite re-
placed the pyroxene in small amount, and soda tremolite
and aegirite were formed in seams; they were probably
a result of the intrusion of the uncompahgrite by
pyroxenite.

The sequence in the crystallization and later re-
placements in the uncompabgrite are summarized in
table 1.

286730—42——2

TaBLE 1.—Sequence in the crystellization and paulopost replace-
ments of the uncompahgrite

[Decreasing temperature=»]

Magmatic § I\f:;cpgggie Moving solutiins

Diopside-heden- ;

bergite. _________ —_——
Magnetite. . _______ —_—
Apatite. ..o R —— :
Perofskite........-. —_—
Melilite . o cev e —
Green phlogopite. _ _ —
Carbonate (coarse-

grained) ... _____ —
Perofskite  (light- !

colored) . ______ b —
Garnet (titanifer- | i

OUS) e e ——
Garnet  (light-col- H

ored).__-_ PN —_—
Green phlogopite.-- - —
Idocrase._.________ —_—

Diopside (colorless) .
Carbonate (medi-
um-grained)_____.
Juanite._ .. _.____.
Mineral A ___....
Cebollite.. ..o
Mineral B_.____.__. !
Carbonate
grained) _._______

1
1
1

CHEMISTRY OF THE ALTERATION PRODUCTS

The analyses of the melilite and of some of the al-
teration and replacement products, arranged in the
order in which they were formed, are given in takle 2,
The first replacement product, perofskite, involved
chiefly a substitution of silica by titania and took place
on a very small scale. The second product, titanif-
erous garnet, formed partly in the very late magr-atic
stage but continued into the very early hydrothermal
stage, when the solutions were collecting and mcving
along fractures and other channelways. An anelysis
of a similar titaniferous garnet from the ijolite of the
Iron Hill area is shown in column 3. This replacement
of melilite by garnet involved a loss of silica, alumina,
magnesia, lime, and alkalies, a large gain in ferric iron,
and considerable gain in titania. Some of the alumina
and magnesia may have gone into the biotite, which
commonly accompanies the garnet in small amount. .
The late light-colored garnet has much less titania and
iron oxide.

The third replacement appears to have followed the
first closely and was clearly caused by moving solutions.
In it, the melilite was replaced by a mixture compased
chiefly of idocrase and diopside, with some carbonate,
garnet, and other minerals. An analysis of uncompah-
grite in which the melilite was completely altered to a
coarse aggregate made up chiefly of idocrase and diop-
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side is shown in table 2, column 4. It should be
compared with analysis (2) which represents fresh
uncompahgrite. The approximate composition of this
alteration product indicates, as does an examination
under the microscope, & mixture made up about half of
idocrase and a quarter of diopside. In this replacement
there was little change in bulk composition—an oxida-
tion of iron, a loss of nearly all the alkalies and a gain of
about 2 percent of water. \

In the next large-scale replacement to juanite, shown
in column 5, there was a loss of alumina and alkalies
and a gain in magnesia and water, although the changes
were not great.

In the alteration to cebollite (column 6) there was a
considerable gain in alumina and water, a large loss
in silica and an oxidation of the iron.

TaBLE 2.—Analyses of melilite, uncompahgrite, and replacement

products
1 2 3 4 5 6
38.04 | 34.30 | 40.01 | 42. 05 | 33. 02
g. ig 4. 46 ? 4111 5.19 | 14. 22
5 .12 3. 43
5.90 [f2409 ) 3 og |y 326 "o
7.81 . 52 8. 89 9. 52 4, 69
27.19 | 31.06 | 30.99 | 34. 68 | 35.72
2.16 |_______ . 60 1. 06 2. 57
. %g ______________ .14 NTr.
.7 . 52 one
T 200 | 4| %626
1. 98 5. 08 1.00 | None |._._..
.30 | A1 ||
24 .. .88 ... S
28 |oeo .- .11 09 [._____
02 | P 1 T O I,
7 N .3 N I IO
99. 74 | 99. 51 |100. 39 |100. 44 | 99. 92
Specifie
gravity..._| 2. 98 3. 29 3. 67 3.24 | 3.015 2. 96

1. Melilite from Iron Hill computed free of impurities, W. T. Schaller, analyst;
BaO and SrO by F. A. Gonyer. ’ o1, analy

2. Typical fresh, fine-grained uncompahgrite, George Steiger, analyst.

3. Titaniferous garnet fromijolite of Iron Hill. Much like the garnet of the uncom-
pahgrite. Approximate analysis by W. T. Schaller.

4, Uncompahgrite in which the melilite has heen altered to a coarse aggregate of
idocrase, diopside, ete. U 197, F. A. Gonyer, analyst.

5, Juanite, F. A. Gonyer, analyst.

6. Cebollite. W, T. Schaller, analyst.

The approximate percentages of losses and gains in
the major oxides and the changes in specific gravity
that took place during the successive alterations are
shown in table 3.
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TABLE 3.—Approrimaie chemical changes in the replazement of

melilite
mita | gy
. Perofskite niferous asalnde Juanite Cﬁ_)zg]-
garnet | vesuvi:
anite
5110 Large loss.__-| —10 |._____ —2 —10
TiOg. . Large gain___.| 45 |- |icomomo ooz
ALO; .| Loss_.__._.___ —6 |-eea- —5
1
| SRR +22| o | o |9
MgO._ . Loss. ..o —4 |ooooC +4 |
CaO._ | o__ > I U ISR N
Na,O. . _____ Loss_ .. ..__ —3 —2 —3 —1
20 e e e e e
PO J S RS [ +2 4 +6
Change in spe- ) ® ®) +0.0% |—0. 02
cific gravity.
1 Oxidation.
2 4 Large.

3 Little.
CHEMICAL ANALYSES, NORMS, AND MODES

Two analyses of the fresh uncompahgrite heve been
made and are given in table 4, together with analyses
of similar rocks from other localities. Analysis 1
represents the uncompahgrite with giant melilite, and
analysis 2 a finer-textured rock. The uncompahgrite
is a rather uniform rock, and therefore the two analyses
are much alike. As would be expected from the mineral
composition, the rocks are very high in lime—higher
than any other known igneous rocks except tke doubt-
ful carbonate rocks and two specimens of rodingite
(diallage-garnet rock) in which the lime lies betvween that
of the two uncompahgrites. The uncompahgrites are
very low in silica for rocks made up almost ertirely of
silicates and also are low in alumina and potash.

The cromaltite (analysis 3, table 4) is vearer in
chemical composition to the uncompahgrite than any
other analyzed rock.® It contains less silica, Jime, and
magnesia and more alumina, total iron, alkalies, titania,
and phosphoric acid than the uneompahgrite. Some of
the unusual varieties of the uncompahgrite with more
apatite, perofskite, or titaniferous garnet and magnetite
and a little nepheline would be nearer the cromaltite,
although the lime would still be high.

The olivine gabbro from Madagascar (analysis 4) as
compared with the uncompahgrite is higher in silica

15 Shand, 8. J., On borolanite and its associates in Assynt: Edinbu~gh Geol. Soc.
Trans., vol. 9, p. 395, 1910.
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and alumina and lower in lime, magnesia, alkalies, and
titanium.

The rodingite (analysis 5) is much higher than the
uncompahgrite in alumina and water, lacking in alka-
lies, and somewhat lower in magnesia and silica. It is
a diallage-garnet rock.

The turjaite (analysis 6) is mineralogically much
like the uncompahgrite, but it has nepheline and biotite.
Chemically it has more alumina and alkalies and less
lime than the uncompahgrite.

TaBLE 4.—Analyses, norms, and modes of uncompahgrite and
related rocks

Analyses
1 2 A 3 4 5 6

38. 04| 38. 3| 33. 52| 43. 90|35. 34| 34. 72
6.34| 6.1, 7.60| 11.26/13. 36| 12. 19
8.45| 6.9| 10. 69| 2.36| 6.24] 6.44
590, 4.6/ 6.98 8.78 5. 18 4.82
7.81 8.1 6.94/ 6.26| 6.61| 5. 84
27. 19| 29. 0| 22. 82( 24. 90[27. 34| 19. 08
2.16] 2.2| 3.52 98 5.11
12 .3 1.37 .24|/None| 3.05
.22 PR ] PR 10 .17
.48 ) (R .66 4. 03] 2.13
1.98] 1.8 451 .59 1.54] 3.31
L300 L8| |eeoo-- None| .81
.24 .5 2.31 N O S, 1. 88
.23 P~ PRSI PRSI 28
_____ Tr e
02 Tr| o _|eee |l .17
_____ [ | N (SR R U
26 L8| e fece e
______________________ None|. ...
NiOo oo 02|
CuOo oo e e e 05|
100. 64199. 74i_____ 100. 26i100. 17/99. 71{100. 00

Norms

1 2 A 3 4 5 6

an._. 4, 03 7.23__ 0. 83 25. 30| 36. 42 1. 39
le... 1. 80| L 44| 6. 54 1.3 ... 13. 95
ne.. 10. 79 9.94)__ 15. 90 4. 54| _______ 23. 28
di._. 21. 55 39.07|__ 25. 49 47. 27| 12. 90 13.61
ol_._ 7. 63 1L57_. 3. 92 4. 14 8. 69 5. 74
cs. - 37. 61 238. 39}__ 20. 12 12. 37 25. 63 17. 53
mt.._ 6. 03 12, 30]__ 9. 51 3. 48 9. 05 7.19
hm _ .28 . __ - 4, 16). oo 1. 44
il___ 3. 26 3. 80 8. 51 1. 06 2. 89 6. 23
ap.-- 1. 64 .67 5. 38| V34 3.70
ce. - 2,90 ____ S PR RPN, P, 1. 80
IvV7.2.47,| 1IV.2.(2) Iv.2.3.3| ~IV.1”.| III(IV).| "IIL.”9.
4.2 3.3.2 (4).2(3) 2.3.3 5.5.0. 17.4,

Modes

1 2 Al 3 4 | 5| 6
Plagioclase 9.
Nepheline_ .. _____.____ S1E| 16
Melilite_ .. ___....___ 2 E| 5| 42
Caleite primary (?)__..__ 2 1 Ij____ w | B 2
Pyroxene_ . _______.____ 9 15 13 154 B | » [
Magnetite and ilmenite__ 7 13 10} 28 & | & 7
Perofskite. ... _______ 4 3. 3 | w 4
Apatite..__.___________ 1 I 1 4 2 4
Melanite_ . ... _________ -] P— 2 19 2 2
Biotite. . oo oo _ 1 2 2 15 = 18
Specific gravity: =1

owder.._______.| ... 3. 257|.__.]3. 165|.___ g*' 3.09
Hand specimen___{3.200| 3. 29| .__|-- ... ——- R

1 Aegirite-augite.
3 Magnetite and pyrite.
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1. Coarse fresh uncompahgrite from south Beaver Creek, near
granite contact (U-718). George Steiger, analyst. The melilite
is in cleavage pieces as much as 40 millimeters across and encloses
poikilitically prisms of pyroxene and apatite and grains of the
magnetite and perofskite as much as 3 millimeters across. The
biotite grows about the magnetite. The calcite appears to be
primary. The mode was determined by heavy liquid separatione
on a part of the analyzed powder.

2. Uncompahgrite, millimeter-grained (U-2015) from point
east of Beaver Creek and 25 yards southeast of the mouth ¢f gully
H. A few melilite grains are as large as 5 millimeters acro, and
some pyroxene prisms are 10 millimeters long. The rock is fresh
except for a very few veinlets of altered melilite. George Steiger,
analyst.

A. Average composition of uncompahgrite of Iron Hill.

3. Cromaltite, Assynt, Scotland. A. Gemmell, analyst.
Geol. Soc. Edinburg Trans., vol. 9, p. 417, 1910.

4, Olivine gabbro, Sohasahe, Madagascar. A. Lacroix, quoted
from Washington, H. 8., U. 8. Geol. Survey Prof. Paper 99, p. 711,
1917,

5. Rodingite, Roding River, New Zealand. J. 8. Maclaurin,
analyst. Bell, J. M., New Zealand Geol. Survey Bull. 12. p. 32,
1911.

6. Turjaite, Turja, average of three analyses by Eskcla and
Kranck. Fennia 51, p. 33, 1928.

PYROXENITE
DISTRIBUTION AND AGE

The pyroxenite underlies an area estimated as a
little over 8 square miles, which is about two-thirds
of the total area occupied by the Iron Hill complex
including the marble, and 80 percent of the area oc-
cupied by the intrusive rocks of the Iron Hill coraplex.
It makes up nearly all the exposures in the northern
part, somewhat less in the Deldorado Creek dreinage
area, and still less near the southern border of the com-
plex. It borders the marble on the north, east. and
south; but on the west alluvium borders the marble,
and if the pyroxenite is present under the alluvium of
Cebolla. Creek, it must be narrower than elsewhere.

The pyroxenite intrudes the pre-Cambrian rocks in
the drainage basin of Sammons Gulch, in the northern
part of the area, for here several small dikelets of a
fine-textured pyroxenité carrying some orthoclare cut
the pre-Cambrian. It is-believed to be younger than
the marble of Iron Hill, as the contacts there seam to
be intrusive, and the numerous bodies of marble south
of Beaver Creek are inclusions of & marble similar to
that of Iron Hill. A small body of similar marble, on
the crest of the ridge just south of Sammons Gulch
and west of the lava cap, is an inclusion in the pyroxenite
which sends many tiny dikelets across the marbla. A
section across the marble-pyroxenite contact that is
exposed in an open cut is shown in figure 1. The
pyroxenite has everywhere metamorphosed the marble
near the contact, and the inclusions south of Beaver
Creek are to a considerable extent replaced by biotite,
aegirite, phlogopite, and other minerals. The pyrox-
enite cuts the uncompahgrite. It is intruded by all
the other rocks of the area.
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CHARACTER

General features.—One of the most prominent charaé-
teristics of the pyroxenite is its variability: Almost
any exposure a few feet long will show in different
parts conspicuous differences in texture and to a less
extent in the proportion of minerals. Less common
bodies carry variable amounts of minerals not found
in the normal rock. The different types are present
in streaks, many of them less than a foot across, and
in bunches mostly less than a few tens of feet across.
Many of the variations show sharp contacts, and the
different kinds of rock appear to intrude one another
in a most complex way. Some of the streaks and many
of the less regular bunches show a gradational zone,
usually narrow, to the normal pyroxenite. Some idea
of the character of the variation can be had from
figures 2, 3, 4, and 5, which are rough sketches of the
exposures in prospect pits, and plate 3, A and B,
which are reproduced from photographs.

There is little evidence that the average rock varies
over large areas, or that the pyroxenite varies on
approaching either the siliceous granitic rocks or the
marble, except in a very narrow zone. The northern
part of the mass appears to be essentially like the
southwestern or the southeastern part except that there
may be a somewhat greater amount of nepheline rock
in the southeastern part. In the southwestern area,
where numerous bodies of limestone are included in
the pyroxenite, primary(?) calcite appears to be com-
mon, and a titaniferous garnet takes the place of the
perofskite.

In the finer-textured varieties of this rock the grains
average less than a millimeter across, and in the coarser
varieties they average 50 millimeters in length. Some
of the rocks are even-grained, but most of the coarser
varieties are not, and crystals of pyroxene 40 milli-
meters long and 10 millimeters across are common. The
pyroxene crystals are commonly arranged nearly par-
allel and across the banding of the rock. In some places
the streaks of coarse and fine grains are sharply sepa-
rated; in others they are gradational.

Common pyroxenite.—By far the greater part of the
pyroxenite is made up of the minerals pyroxene, biotite,
apatite, magnetite, and perofskite; and the most abun-
dant and also the averagerock contains about 60 percent
of pyroxene, 15 percent of biotite, 10 percent each of
magnetite and perofskite, and less apatite and ilmenite.
The proportions of these minerals vary greatly—from a
rock made up almost entirely of pyroxene to one made
up almost entirely of biotite or any of the other min-
erals. In general, the magnetite and perofskite tend
to remain in nearly equal proportions, and the apatite,
magnetite, perofskite, and biotite tend to be associated.
In rare exposures the pyroxene has been partly altered
to the green amphibole, magnesic hastingsite. This
alteration began along the borders of the pyroxene
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grains, and in local streaks all of the pyroxene has been
altered to a coarse amphibole. Rarely the perofskite
has been altered to a white amorphous-looking material
resembling leucoxene. In places the closely spaced
fractures of the pyroxenite contain thin seams, a milli-
meter or so thick, made up of black magnesic hasting-
site, calcite, and yellow sphene, which are hydrothermal.

An analysis, norm, gnd mode of a fine-grained pyrox-
enite are given in column 1, table 7 (p. 20-21).

The pyroxenite varies in texture as well as in compo-
sition. An analysis of a specimen selected as typical
coarse pyroxenite is shown in column 2, table 7. This
rock is made up of subparalle]l prisms of dark-green
pyroxene as much as 50 millimeters long and 1C milli-
meters thick, with a little biotite in plates 5 millimeters
or less across. The pale-brown biotite tends to grow
about the magnetite and perofskite. The calcite is
interstitial and appears to be primary. A large hand
specimen was ground for the analysis, and part of the
powder was used for an estimation of the proportions
of the minerals present by separating with an electro-
magnet and heavy solutions and examining the prod-
ucts under the microscope.

Apatite-rich rock.—The proportion of apatite in the
otherwise normal pyroxenite is locally 30 percent or
more, and local bunches associated with the iron ore are
nearly pure apatite. Narrow veinlets, mostly less than
2 centimeters wide, of granular apatite with about 10
percent each of magnetite and perofskite, in places cut
the pyroxenite across the layering.

Biotite rock.—The proportion of biotite reaches 98
percent in some bodies of the rock, and apatite tends to
concentrate with the biotite rock. Sphene was found
in small amounts in some of the biotite-rich rock. Part
of the biotite rock is fine-grained and friable; part is
coarse-grained. An analysis of a specimen of rather
coarse-grained biotite rock is shown in column 3, table
7, p- 20.

Magnetite-perofskite rock.**—Local dikelike or lenslike
bodies of ““iron ore,” many of them 20 feet across, made
up of nearly pure magnetite and perofskite, are rather
common, scattered through the pyroxenite. These
bodies in general have sharp contacts with. the surround-
ing pyroxenite, but in part they grade into it through a
narrow zone. They are commonly associated with
much apatite and with coarsely crystalline biotite, and
the border zones of these bodies may be rich in biotite.
The purest of this “ore” is a coarse-grained irtimate
mixture of magnetite and perofskite, with a little
ilmenite, apatite, and biotite. The perofskite is present
in the usual twinned, zoned crystals. The magnetite
molds about the perofskite and in places cuts it. The
ilmenite is in plates or stringers in the magnetite. A
similar magnetite-perofskite rock from Brazil hes been

18 Hussak, E., Ueber ein neues Perowskitvorkommen in Verbundung mit Mag-

neteisenstein von Cataldo, Staat Goyaz, Brasilien: Neues Jahrb., 1894, no.2, pp.
297-300.



ALKALIC ROCKS OF IRON HILL, GUNNISON COUNTY, COLO.

described by Troger.” Some of the ore has much
apatite, and part of it has abundant biotite. In the
latter variety biotite makes up as much as half the rock
and is in large crystals as much as 10 centimeters across,
oriented in various directions and poikilitically en-
closing the other constituents. The apatite molds
about the magnetite and perofskite.

An analysis and mode of the black iron ore (U-2108)
is shown in column 9, table 7.

An analysis and mode of the ore with large poikilitic
biotites is shown in column 8, table 7.

Olivine rock.—Rocks carrying olivine were found at
only a few places, chiefly in the area with included
fragments of metamorphosed limestone, south of Iron
Hill, but also in other areas. They occur in very small
bodies, and some at least are in dikes a few inches to
a foot or so across, cutting the other types of pyroxenite
and the uncompahgrite.* These rocks carry conspicu-
ous biotite, and where olivine is abundant they have a
little less granular appearance than the ordinary
pyroxenite. They carry as much as 50 percent or more
of olivine, partly clear and fresh and partly altered to
serpentine. Its optical properties indicate a variety
with about 10 to 20 percent molecularly of 2FeQ.SiOs..
It is commonly associated with primary interstitial
calcite. Biotite is invariably present, and it commonly
includes the olivine poikilitically. Magnetite and perof-
skite are abundant, and apatite occurs in about the
usual amount. Pyroxene, which is like that of the
pyroxenites, may be absent or present in considerable
amounts; where present, it tends to grow about the
olivine. Irregularly molded between the olivine grains
are small bodies of fine-textured intergrowths of diopside
and garnet or vesuvianite or of fibrous cebollite with
some calcite and colorless mica, exactly like the common
type of metamorphosed uncompahgrite of this area. It
seems probable that this rock had a little interstitiad
melilite. It may be a hybrid rock. An analysis of a
typical olivine pyroxenite is shown in column 4, table 7.

A single specimen collected between the forks of
Beaver Creek, just south of North Beaver Creek and
100 yards northeast of gully I, is much like the ordinary
mica pyroxenite but contains 5 percent of olivine.
The rock is composed of grains about 2 millimeters in
diameter and is made up of about 50 percent of pyroxene,
25 percent of pale biotite, 5 percent of olivine, and the
usual magnetite, perofskite, and apatite. The olivine
is commonly included in and closely associated with the
biotite.

A specimen from the south slope of Beaver Creek
west of gully B, at an altitude of about 8,700 feet, is a
dark millimeter-grained iron ore made up of about
half magnetite and perofskite, with the remainder
pyroxene, olivine, apatite, and interstitial fine-grained
pyroxene and colorless garnet.

1 Troger, E., Alkaligesteine aus der Serra do Salitre im westlichen Minas Qeraes,
Brasilien: Centralbl. Mineralogie, 1928, Abt. A, p. 202.
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Garnet pyroxenite.—A variety of the pyroxenite con-
taining considerable titaniferous garnet and some
primary(?) calcite was found in small amounts, clcsely
associated with marble inclusions, in the area south of
Beaver Creek and Iron Hill and rarely in other pleces.
It is believed to be a hybrid rock due to the assimilation
of marble by the pyroxenite, and so far as observed the
calcite has not traveled more than a few feet from the
inclusions. A single hand specimen may show the
normal pyroxenite, the hybrid rock, and merble
fragments.

This rock differs from the normal pyroxenite chiefly
in that it contains titaniferous garnet in place of perof-
skite, and it contains a few percent of interstitial
calcite. One of the rocks contains a little cancrnite
in aggregates. Hornblende is present, though rare in
the normal pyroxenite.

The garnet is in irregular grains, closely associated
with oalcite and in places forming a rim like a reaction
rim between the calcite and the pyroxene. Local’~ it
cuts across the pyroxene grains in tiny veinlets. In
places, it borders and shows remnants of incompletely
replaced perofskite. It is black in the hand specimen
and dark red brown in sections. It has an index of
refraction ranging from 1.94 to 1.98, indicating frcm 8
to 17 percent of TiO,. The calcite is mosfly in large
interstitial grains, molding between crystals of apatite,
garnet, and pyroxene. In small part, chiefly on the
borders of large grains, it is intergrown with pyroxene
in wormlike forms. In one specimen it is associated
with cancrinite. The minerals are all fresh, and there
is no fine-textured or secondary calcite. The calcite
has almost the identical position in the rock that the
feldspar has in the feldspar types. I can account for
the calcite only in the following ways: (1) As the last.
mineral to crystallize from the magma; () completely
replacing the last mineral to crystallize from the magma;
(3) filling open spaces in the crystallized rock.

The only mineral that suggests itself as having been
replaced by the calcite is nepheline, and so complete a
replacement of nepheline by coarsely crystalline calcite
without zeolites or sericite, and without alteration of
the other minerals, is very different from anything ob-
served elsewherein the area and seems highly improbable.
However, the garnet associated with the calcite is much
like that associated with the nepheline-bearing pyroxen-
ite, and the cancrinite in one specimen might have been
derived from nepheline. The idea that the pyroxenite
has abundant cavities, such as those occupied by the
calcite after consolidation, is contrary to experience and
seems highly improbable. There seems to be no re~son
to suspect that the calcite and garnet replace an older
mineral. Indeed, had I not started with a decided
prejudice against igneous calcite, it would have been
accepted as obvious that the calcite and garnet were
the last minerals to crystallize from the magma. Isee
no reason to doubt the igneous origin of the calcite in
these rocks.
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The close association of the calcite with marble inclu-
sions indicates that the calcite was dissolved from the
marble and that it travelled only a short distance—
measured by inches or at most by feet. This calcite-
garnet variety of the pyroxenite is much like the nephe-
line variety described in the next section, and the two
grade into each other in petrographic character.

Nepheline pyroxenite (melteigite).—A variety of the
pyroxenite carrying more or less nepheline was found over
a considerable area, near the syenite, on both sides of
North Beaver Creek, and in less amount in other
places in the Beaver Creek drainage basin, as well as
along Deldorado Creek and near the contact with the
pre-Cambrian rocks in the extreme<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>