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GEOLOGY AND ORE DEPOSITS OF THE PHILIPSBURG
QUADRANGLE, MONTANA.

By WiLLiam Harvey Emmoxns and FrRank CATHCART CALKINS.

CHAPTER L
INTRODUCTION.
GEOGRAPHY.

POSITION, AREA, AND OROGRAPHIC RELATIONS.

The Philipsburg quadrangle is bounded by parallels 46° and 46° 30" and meridians 113°
and 113° 30’. Its length from north to south is 34.5 miles, its average width east and west
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FIGURE 1.—Index map showing location of the Philipsburg quadrangle and of the principal areas in the same region previously studied. Num-
bers refer to titles in the bibliography (pp. 24-26). .

23.8 miles, and its area 827.42 square miles. As shown on the index map (fig. 1), it is not far

d southern

from the western border of Montana and nearly midway between the northern an
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20 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE, MONTANA.

boundaries of the State. The nearest large town is Anaconda, the site of the great smelter of
the Amalgamated Copper Co., which is on Warm Spring Creek, a mile or two beyond the eastern
boundary of the quadrangle.

Philipsburg lies about midway between the eastern and western limits of the Rocky
Mountain system, if the term be used in the broad sense prevailing in the United States. In
the general latitude of Montana the system as defined by Americanusage is bounded on the
west by the Columbia River basalt plain and on the east by the Great Plains. The western
limit is fairly definite, but on the east there is no very definite line between the plains and
mountains; the mountains are fairly continuous west and north of the Philipsburg quadrangle,
but to the east and southeast mountains alternate with broad stretches of semiarid lowland.
The quadrangle therefore overlaps the line between two physiographic provinces, one charac-
‘terized by isolated mountain groups, of which the Flint Creek Range is the most westerly, and
the other by more continuous elevations, of which the Sapphire Mountains are an example.

TOPOGRAPHY.
RELIEF.

The Philipsburg quadrangle is an area of strong relief, ranging in elevation from about 4,500
to about 10,500 feet. It comprises a number of large topographic features which must fre-
quently be mentioned in the discussion of the geology, and as unfortunately many of these are
without names that are in general use appropriate names have here been provided.

The position of these features may most conveniently be indicated by stating their relation
to the valley on whose eastern border the town of Philipsburg lies. This valley, which trends
north-south near Philipsburg and northeast-southwest in the southern part of the quadrangle,
is overlooked on both sides by rather gentle slopes. ~Its average width is between 2 and 3 miles,
and its length, from the East Fork of Rock Creek to the entrance of the gorge through which
it drains, about 16 miles. Although it is sometimes called the upper Flint Creek valley, the
name is inappropriate because the valley is occupied only in part by Flint Creek, and for about
half its length by Trout Creek. The name Philipsburg Valley is therefore proposed to desig-
nate the well-defined depression here described without including any other portions of the
drainage basin of Flint Creek.

From the northern end of the valley, at a point about 3% miles north of Philipsburg, Flint
Creek flows in a relatively narrow, steep-walled canyon almost to the northern boundary of
the quadrangle, near which it enters a second basin-like depression even broader than that in
which Philipsburg is situated. The southern limit of the valley in the ordinary geographical
sense must be considered as formed by the escarpment which leads abruptly down to the East
Fork of Rock Creek, but in a physiographic sense the valley is really continued by the broad
terrace southwest of that stream.

Philipsburg Valley and Flint Creek canyon together constitute a natural boundary between
large mountain groups, and the quadrangle is partly traversed by a similar boundary of equal
importance. This is the depression occupied by Georgetown and Silver lakes and by a part
of Warm Spring Creek, which opens into Clark Fork valley (Deer Lodge Valley) at Anaconda.
Its total length is more than 20 miles. East of the western extremity of the basin of Georgetown
Lake it is a well-defined valley, considerably broader than those thaf open into it. Its exten-
sion west of Georgetown basin may be considered as formed by the uppermost part of the
drainage basin of Trout Creek. A convenient name for this depression is Silver Lake Valley.

Within the quadrangle lie parts of three mountain masses, to which the new names Ana-
conda Range, Flint Creek Range, and Sapphire Mountains are given. Their boundaries lie for
the most part without the quadrangle, and some portions of them have never been visited by
the authors of this report. For this reason the following definitions may later require revision,
but it seems better to risk some errors of this kind than to postpone the assignment of names
that are so obviously needed.
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A. EXTREME WESTERN PART OF ANACONDA RANGE.

Shows glacial cirques opening into broad glaciated valley and bold sculpture in metamorphosed cal-
careous rocks of Newland formation forming Mount Warren (at the right). Looking south.

YT,

B. UPPER VALLEY OF TENMILE CREEK.

Shows characteristic weathering of sheared granodiorite (in center), dark tone of Prichard rocks (on
crest at left), and junction of remarkably broad, flat bottom with precipitous wall of glaciated valley.
Looking northeast.






GEOGRAPHY. 21

The Flint Creek Range, which occupies the northeastern part of the quadrangle, is named
after the stream that drains its greater part. Its limits are sharply defined. It is bounded on
the west by Philipsburg Valley and the canyon and valley occupied by Flint Creek north of that
depression, on the south by Silver Lake Valley, and on the north and east by Clark Fork valley.*
That part of Clark Fork valley which has been known as Deer Lodge Valley is one of the largest
and most typical of the intermontane valleys of Montana.

The Anaconda Range, named for the town which lies at its eastern base, is formed by the
Continental Divide and the slopes descending from it toward the north and south. Its eastern
end is at Deer Lodge Pass, and from that point it extends westward and southwestward to a point
a short distance west of Mount Warren. The northern base of the range coincides with Silver
Lake Valley along the entire length of that depression. The Anaconda Range is in general
higher than the Sapphire Mountains, to be defined presently, which adjoin it on the west, and
the boundary between these two orographic units is of the same character, though not so distinct,
as that between the rugged and lofty Bitterroot Range and the lower plateau-like Clearwater
Range, these terms being used in the sense given by Lindgren.? The southern base of the range
adjoins the broad hollow locally known as the Big Hole, which is drained by the Wisdom or
Bighole River.

The Sapphire Mountains, which form an extensive and sparsely settled tract of rough and
forested territory, are named from a small mining camp where sapphires are washed from placer
deposits, probably the most important settlement within their limits. Their southern boundary
is rather indefinite. The mountains abut against the western limit of the Anaconda Range
and narrow gradually. Their western and northern limits, which are well defined, are formed,
respectively, by the valleys of Bitterroot River and Clark Fork (Hellgate River). On the east
the most logical boundary seems to be that formed by Philipsburg Valley and the canyon and
lower valley of Flint Creek. Rock Creek flows in a somewhat diagonal course through the entire
length of the group and may be regarded as cutting it into two major subdivisions, but inasmuch
as most of its valley is a narrow and steep-walled canyon its importance as a boundary is hardly
equal to that of the broader depressions already mentioned as delimiting the principal mountain
masses.

Each of the three ranges defined in the preceding paragraphs has a distinct topographic
character. The Sapphire Mountains, viewed broadly, have the aspect of a somewhat maturely
dissected plateau, as is typically shown in the hills southwest of Philipsburg. The portion seen
by the writers of this report includes no prominent summits, and few points in the range rise
higher than 8,500 feet. The Anaconda Range, or at least that part of it extending from Mount
Haggin at the east to Mount Warren (about 3 miles southwest of Carp Lake and a little outside
the quadrangle) at the west, has a ruggedness and diversity of relief in marked contrast to the
relatively monotonous expanse of the Sapphire Mountains. Its lofty serrate crest closes the
vista southward from Philipsburg (Pl. ITI), and from most commanding points within the quad-
rangle it presents a strikingly rugged sky line. It has the picturesque scenery of a strongly
glaciated range; thestreams that drain it risein broad amphitheaters that have steep, rocky walls
and flat bottoms, in which lakes and meadows alternate with stretches of open park-like wood
(P1. IV, A). The range includes many peaks that are over 10,000 feet high, the most lofty
being Mount Evans (10,630 feet) and the next Mount Haggin. The Flint Creek Range is
intermediate in character and elevation between the Sapphire Mountains and the Anaconda
Range. Many of its peaks and ridge tops lie near a gently warped surface that stands between
8,000 and 9,000 feet in height, but it has no definite crest, and from no point does it present a
deeply indented sky line. The most rugged portion of the range lies northeast of the trench
occupied by Boulder and Racetrack creeks, and its highest summit, Mount Powell, 10,145 feet
high, is a little east of the quadrangle boundary. It resembles the Anaconda Range in that its

1 The United States Geographic Board has recommended the extension of the term Clark Fork of the Columbia to the streams long known te
the inhabitants of the region as Missoula River, Hellgate River, Deer Lodge River, and Silver Bow Creek.

2 Lindgren, Waldemar, A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana and Idaho: Prof.
Paper U. S. Geol. Survey No. 27, 1904,
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higher peaks are flanked by ice-carved amphitheaters, but these are of less ample dimensions
than those in the loftier range to the south.

DRAINAGE.

The Continental Divide, following the crest of the Anaconda Range, crosses the Philipsburg
quadrangle near its southern margin. A small area in the southeastern part of the quadrangle
ultimately drains into the Atlantic Ocean, for the waters that run from the southern slope of
the Anaconda Range reach Bighole River, which is tributary to the Jefferson Fork of the
Missouri. Most of the quadrangle is in the drainage basin of the Clark Fork of Columbia River.

The greater part of the quadrangle is abundantly watered by streams, although in the hilly
tract north and west of Philipsburg Valley only the two Willow creeks and Smart Creek main-
tain perennially a considerable flow. Most of the lakes of the quadrangle are the small tarns
that generally abound in mountain regions where intense alpine glaciation has occurred, and
lie in the high amphitheaters. Three larger bodies of water, Georgetown Lake, Silver Lake,
and Echo Lake, all near the center of the quadrangle, owe their origin primarily to the damming
of old valleys by deposits laid down by the larger glaciers. Silver Lake has been deepened by
constructing an artificial dam along its western shore.

Not many years ago the floor of the basin where Georgetown Lake now lies was a marsh
through which Flint Creek slowly meandered until it plunged at the north into a rocky gorge,
whose fall in about 14 miles is nearly 700 feet. The exceptional opportunity for power devel-
opment here offered seems first to have been recognized by the late Mr. Paul Fusz. He and
his associates in the exploitation of the Granite-Bimetallic mines constructed at the head of
the gorge a small dam behind which a lake, now about 6 square miles in area, gradually formed.
From this reservoir the water is conducted by a flume to a power plant at the lower end of
the gorge, from which the energy developed by its fall is transmitted in the form of electricity
to Anaconda.

The lake should be called artificial only with a qualification, for those who made it did
nothing more than to repair an ancient natural reservoir, in whose walls the overflowing water
had made a breach through which at last almost all of it escaped. The dam which first ponded
the water in this hollow and caused it to rise so high that it overflowed the lowest point in its
rim was of ice flowing from the summit of the Anaconda Range, but after the ice retreated the
moraines left by it probably formed the dam of a shallower lake that existed for a considerable
period before it was drained by the deepening of the outlet.

Among the other water resources of the quadrangle are a few exceptionally large limestone
springs. The greatest of these issued from a point near the eastern edge of Georgetown Flat,
but is now covered by the lake. Another spring of great volume rises at the margin of the
basin, about 1} miles west of Silver Lake, where the country rock is limestone. It is at the
mouth of a small gulch whose catchment is only a small fraction of the copious and perennial
flow from the spring. A probable source for this flow is strongly suggested by the fact that
Blodgett Creek, except in times of freshet, entirely sinks about 2 miles due south of the spring.
The north-south line connecting these two points is parallel to the prevailing strike of the
country rock, and it is a reasonable supposition that the sink and the spring are connected
by a subterranean channel dissolved out along the bedding of the limestones. Two other large
springs issue from limestones in the basin of Meadow Creek. The water of all these springs
is cold, which proves that it is not derived from a very deep source.

CLIMATE.

The temperature of this region is generally low and is marked by wide seasonal and daily
variations. In winter the mercury frequently falls as low as 30° below zero. In summer
many of the days are fairly hot, but owing to the dryness and lightness of the mountain air
the temperature is always relatively low in the shade and drops very suddenly at nightfall.
The precipitation is not abundant, and the greater part falls as snow during the winter. The
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distinction between the wet and the dry season, however, is not so marked here as it is in regions
farther west, and occasional showers may be expected in the summer. Near mid-September
or a little earlier a brief period of stormy weather usually brings the first snow, some part of
which remains on the higher mountains, but these “equinoctial storms’ are generally succeeded
by several weeks of fair weather, and October is usually the pleasantest month of the year.
Toward the close of October occasional snowstorms may descend even to the valleys, and in
November the country may be mantled in snow. In the winter there are usually some heavy
snows, which partly melt in the warm chinook winds that occasionally blow from the west.
The inhabitants generally believe that for many years the winters have been growing milder
and the summers less dry.!
VEGETATION.

The lower slopes and broad valleys are without trees or are but sparsely wooded, and the
same 1s true of the mountain slopes above the 9,000-foot contour. (See PlL. IV.) Between
these treeless zones there is a fairly continuous cover of rather open forest, in which the principal
species is the lodgepole pine but which comprises various kinds of fir, spruce, and tamarack.
The open spaces below the timber are thickly carpeted with grass which provides good pasturage
for domestic animals, and on the gentler slopes above the timber there is good grazing for the
few remaining bands of mountain goats.

INDUSTRIES, SETTLEMENTS, AND ROUTES OF TRAVEL.

The wealth of the Philipsburg district lies chiefly in its deposits of silver and gold ore,
and mining is by far its most important industry. Agriculture is the only industry that is
independent of mining, to which the lumbering and wood-cutting done is essentially tributary.

The agricultural activity consists mainly in the raising of live stock. Small herds of horses
and cattle are grazed on the hills and considerable hay is grown in the valleys. Until recently
no grain but rye was grown, but during the last few years it has been found possible to raise
hardy varieties of oats and wheat. The climate is too cold for fruit growing, but a small farm
on Boulder Creek produces the hardier vegetables with good success.

Except for the valley lands and sparsely timbered hills southwest, west, and north of
Philipsburg, most of the quadrangle is included in the Hellgate National Forest. The timber
and grazing resources are therefore, in a measure, protected by the Forest Service from loss
by fire or wasteful exploitation. Most of the timber cut is bought from the Government.
Some is used for domestic purposes, but the greater part is used for mine timbers and fuel by
the mines.

Philipsburg, whose site was determined by its convenience as a receiving and distributing
point for the mines of the Flint Creek district, is the most important town of the quadrangle,
and is accredited by the census of 1910 with a population of 1,109. Itis pleasantly situated and
well laid out, and has several churches, a substantial public-school building, waterworks, an
electric-light plant, telephone exchanges, and other urban conveniences. As it is the terminus
of the railway and a convenient trading place for most of the farming population, Philipsburg
has suffered much less from the decline of mining activity than Granite, Princeton, Rumsey,
Georgetown, and Combination, which were dependent for their existence on the prosperity of
certain mines and are now almost deserted.

Nearly all the commerce of the district passes through either Philipsburg or Anaconda,
The area drained by Flint Creek and its tributaries south of Stone, as wellas a considerable
but sparsely settled tract to the west, is tributary to Philipsburg; the inhabitants of Cable and
of the area south and east of it, however, trade chiefly in Anaconda. The only post offices in
the quadrangle are Philipsburg, Flint, Princeton, and Cable.

Philipsburg is connected with the transcontinental route of the Northern Pacific Railway
by a spur 26 miles long, which joins the main line at Drummond. Anaconda lies only a short
distance from the Northern Pacific Railway and is connected with Butte by the Butte, Ana-

1 Pardee, J. T., oral communication.



24 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE, MONTANA.

conda & Pacific Railway. The extension of this line, which enters the quadrangle from the south-
east, is used mainly for hauling limestone from the quarry at its terminus. This road has
recently been extended to the mines near Georgetown.

The quadrangle is well provided with wagon roads. Most of those shown on the map as
of the first class are of easy grade, but not all of them are well surfaced. Secondary roads and
a number of trails render most portions of the quadrangle fairly accessible, considering its strong
relief.

BIBLIOGRAPHY.
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2 G0 )GY AND ORE DEPOSITS OF PHILIPS3URG QUADRANGI |, MONTANA.

3% sMOND, i 1 | Statistics of mines and mining of the State and Territories west of the Rocky Mountains, 1869
1876.
Gives accounts of the production of the Hope, Cable, i other mines with brief notes on their geology.
36 RT3 OF THE DIrzcTors oF THE MINT, 1880 to 1610.

Gives production of gold and silver in Montana, for the most part by counties. In some of the reports the
production of individual mines is segregated.
37. SceNABEL, CarL, Handbdok of metallurgy, translation by Henry Louis, p. 810.
Describes methods of pan amalgamation of silver ores and discusses briefly the processes used at the Granite
Mountain and Combination mills near Philipsburg.
38. StonE, R. W., aAND CaLverT, W. R., Stratigraphic relations of the Livingston formation of Montana: Econ. Geology,
vol. 5, 1910, pp. 552-557, 652-669, and 741-764.
39. TenTH CENsUS of the United States, 1880, vol. 13, Precious metals.
Brief notes by S. F. Emmons on the Algonquin, Salmon, Speckled Trout, Hope, and Scratch Awl mines.
40. Warcort, C. D., Pre-Cambrian fossiliferous formations: Bull. Geol. Soc. America, vol. 10, 1899, pp. 199-244.
Discusses the stratigraphy of little-altered fossiliferous pre-Cambrian rocks in various parts of the Cordillera,
and contains the first general account of the Belt series of western Montana.
41. ——— Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, pp. 1-28.
Describes in detail the fine pre-Cambrian section of the Mission Range and several others. Contains a correla-
tion table of the various sections of the region.
42. Weep, W. H., Butte folio (No. 38), Geol. Atlas U. 8., U. S. Geol. Survey, 1897.
Describes intrusive and volcanic rocks resembling some which occur in the Philipsburg district.
43, —— Fort Benton folio (No. 55), and Little Belt Mountains folio (No. 56), Geol. Atlas U. 8., U. S. Geol.
Survey, 1899.
Contain descriptions of pre-Cambrian, Paleozoic, and Mesozoic sedimentary rocks; the section bears a general
resemblance to that of the Philipsburg district.
44. ———— Granitic rocks of Butte, Mont., and vicinity: Jour. Geology, vol. 7, 1899, pp. 737-750.
Gives petrographic descriptions and chemical analyses of intrusive rocks which somewhat resemble those of
the Philipsburg batholith.
45. ————— See also Iddings and Weed.
46. Weep, W. H., AND Pirsson, L. V., Geology of the Castle Mountain mining district, Mont.: Bull. U. S. Geol.
Survey No. 139, 1896.
Describes the Algonkian, Paleozoic, Mesozoic, and Tertiary sedimentary and igneous rocks.

47. Geology of the Little Belt Mountains, Mont.: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900,
pp. 271-461.
Describes a section of pre-Cambrian and Paleozoic sediments somewhat similar to that of the Philipsburg
district.
48. WiLLis, BAILEY, Stratigraphy and structure, Lewis and Livingston ranges: Bull. Geol. Soc. America, vol. 13, 1902,
Pp. 305-352.
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BASIS OF THE PRESENT REPORT.

FIELD WORK.

The contour map which has served as a base for the plotting of the geology was made in
1905. The triangulation was done by H. L. Baldwin, jr., who also was in charge of and par-
ticipated in the topographic mapping, which, however, was done chiefly by J. E. Blackburn,
with the assistance of J. Gussenhoven, .. Morrison, and J. E. Tichenor.

The field study of the general geology was done in 1906, 1907, and 1908 under the direction
of F. C. Calkins, to whom, during the first two field seasons and the intervening period, D. F.
MacDonald rendered invaluable assistance. In both these seasons Mr. MacDonald began the
field work and collected in large part the materials for the chapters on general geology. During
the field season of 1907 W. E. Wrather rendered efficient aid. ?

The ore deposits were investigated by W. H. Emmons, this investigation occupying the
time from the end of July, 1906, to the middle of January, 1907, and the month of September,
1907. :
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In 1908 J. T. Pardee assisted for about two weeks in the areal mapping. His contribution,
however, has been far more considerable than this statement implies. The report has greatly
profited by many observations made by him as an amateur student of the geology of the region.
His observations relate chiefly to the Tertiary and Quaternary deposits and physiographic
features, although he made, in 1892, a topographic and geologic map (not published) of the
area about Philipsburg. Aid in the correlation of the Cretaceous and Tertiary formations was
also derived from the results of work done by him in 1910 in land classification.

AUTHORSHIP.

Both authors have contributed in about equal measure to the introduction. Chapters I1
to IX, which deal principally with the geology, were written by Mr. Calkins. Chapter X, on
the mineralogy of the district, was written jointly, the notes on the valuable minerals being
wholly by Mr. Emmons, and those on the nonvaluable minerals chiefly by Mr. Calkins, although
those relating to occurrences connected with ore deposits are by Mr. Emmons. The remaining
chapters, which deal with ore deposits and mining development, and in which are given descrip-
tions of the mines, are by Mr. Emmons.
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CHAPTER 1L

PRELIMINARY SKETCH OF THE GEOLOGY.
GEOLOGIC RELATIONS OF THE QUADRANGLE TO NEIGHBORING REGIONS.

The Philipsburg quadrangle lies on a frontier with respect not only to its topographic but to
its geologic relations, for the physiographic differences of the mountains on the north and west
from those on the southeast depend in large measure upon differences in geologic structure.
The relatively continuous mountains on the north and west are carved from thick and com-
paratively homogeneous accumulations of Algonkian sediments and large masses of intrusive
rock. The isolated groups on the south and east are geologically far more complex, but are
similar in the broader features of stratigraphy. Typically they have cores of Archean foliates,
Algonkian or Paleozoic sediments or intrusive rocks, and marginal slopes of younger sedimen-
tary or volcanic rocks. The Philipsburg quadrangle is the most western district to display
with approximate completeness the remarkably comprehensive stratigraphic sequence typical
of west-central Montana.

The most obvious reason for the difference in the geology of the two provinces overlapped
by the Philipsburg quadrangle is that the deformation of one has differed in character from the
deformation of the other. In the region of isolated ranges the average depth and height of syn-
clines has been greater than in the region to the west and north; in other words, what might be
called the ‘“‘structural relief,” which would be expressed by structure contours, is greater in the
one region than in the other. .

Another reason for the differences in the areal geology of the two regions is that the alge-
braic sum of depression and elevation is greater in the territory occupied mainly by Algonkian
rocks than in that occupied largely by post-Algonkian rocks. The most effective single cause
of this greater relief is probably a dislocation that is among the most important known on this
continent—the Lewis overthrust, first recognized and named by Willis.! Near the international
boundary the east base of the main Rocky Mountains is sharply defined by the Lewis overthrust,
which has brought Algonkian rocks upon those of Cretaceous age. No attempt has yet been
made to follow this fault continuously southward to its disappearance. The fragmentary evi-
dence at hand, however, indicates that its southerly continuation is to be found in a fault or
fault-zone that extends from the center of the north boundary to the southwest corner of the
Philipsburg quadrangle, and passes just west of the town of Philipsburg. West of this fault,
in the Philipsburg quadrangle, the pre-Tertiary sedimentary rocks are all Algonkian; east of it
they range from early Algonkian to late Cretaceous. If the course of the Lewis overthrust is
as here supposed, it must be at least roughly true that the Lewis thrust delimits the two great
geologic and physiographic provinces of western Montana.

Deformation, then, accounts for much of the difference between the two provinces. To
suppose, however, that it accounts for all the difference is to suppose that both provinces were
covered with a similar series of post-Algonkian sedimentary rocks, and that this series was
removed almost completely from the region that was on the whole more elevated, but much less
completely removed from the region that was on the whole less elevated. This hypothesis is
open to several objections.

In the first place, it implies an enormous amount of Tertiary and post-Tertiary erosion.
Undoubtedly many thousands of feet of rock ranging from Algonkian to Tertiary have been
removed from certain uplifted areas in western Montana; probably 20,000 feet have been removed
from parts of the Anaconda Range. Nevertheless, it is obvious that in a given time erosion

1 Willis, Bailey, Stratigraphy and structure, Lewis and Livingston ranges: Bull. Geol. Soc. America, vol. 13, 1902, pp. 305-352.
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could remove a far thicker layer from the steep slopes of a small isolated uplift or the margin of a
large one than from an uplift as vast as the area now occupied almost continuously by the
Algonkian rocks.

The presumption thus raised against the hypothesis is confirmed by certain observed facts.
First, the radical difference between the pre-Tertiary stratigraphy of the eastern Rockies and
that of the Blue Mountains in Oregon and the northern part of the Cascade Range in Washington
indicates the existence of a barrier between the two regions during a great part of geologic time.
Second, as observed by Willis,' the Carboniferous, near the international boundary, broadly
overlaps the pre-Cambrian.

It is probable, therefore, that in Paleozoic and Mesozoic time the Philipsburg district was
not so definitely on a geologic frontier as the present areal geology of western Montana might
suggest. It was probably at times in the marginal part of areas of Paleozoic and later deposi-
tion, but its sedimentary rocks of these series are not marked, in general, by shore features,
and show great similarity to their equivalents in west-central Montana as described in previously
published reports. The geology of the Philipsburg quadrangle, now to be briefly outlined, is
therefore typical in large measure of much of western Montana. Those phases of the geology
of western Montana which are recorded obscurely or not at all in the area dealt with in this
report will be but lightly touched in this outline.

OUTLINE OF THE GEOLOGY.

PRE-CAMBRIAN RECORD.

The most ancient rocks of Montana—the Archean gneisses and schists—are not exposed
in the Philipsburg quadrangle. The oldest rocks of this area are of Algonkian age and belong
to the Belt series, known from observations elsewhere to be separated by a profound uncon-
formity from the Archean, from which it differs in being free from conspicuous alteration,
except where it is locally affected by contact metamorphism.

This remarkable series, estimated by Walcott to have a maximum thickness of 37,000
feet,? consists for the most part of sandy shales; these grade, however, on the one hand into
quartzites, and on the other into shaly, siliceous, and ferruginous limestones. There is a note-
worthy scarcity of pure limestones on the one hand and of conglomerates on the other. The
series is divisible on lithologic grounds into several thick formations, which are fairly distinet
from one another on the whole, but have gradational limits. The succession shows that condi-
tions of accumulation were fairly constant for long periods, but that at times they changed
more or less rapidly. The older formations are such as might have been deposited in waters of
slight or moderate depth, but some of the later ones are abundantly marked by such features
as ripple marks and sun cracks, which show them to have been frequently exposed to the air.
Barrell * concludes that these sun-cracked formations were probably accumulated on broad
river flood plains where subsidence must have kept nearly even with sedimentation, while the
others were deposited in sea water which was usually shallow. The present areal distribution
of the Belt series, if it represents approximately the area of deposition, indicates that this was
a geosyncline or trough, somewhat elongated in a north-south direction, with its axis near
longitude 114° W. Its limits are not very definitely known, for it is not easy to tell whether the
absence of the series in particular areas is due to its not having been deposited or to its removal
after deposition. Proximity to contemporaneous land masses on either side is indicated by
the presence of conglomerates west of Kootenai Valley and on the east near Neihart, Mont.?
The apparent absence of the Belt series from the Bighorn Mountains,* in the Black Hills,* and

1 Willis, Bailey, op. cit., p. 325.

2 Walcott, C. D., Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, p. 27.

3 Barrell, Joseph, Relative geological importance of continental, littoral, and marine sedimentation: Jour. Geology, vol. 14, 1906, p. 566.

4 Darton, N. H., Geology of the Bighorn Mountains: Prof. Paper U. S. Geol. Survey No. 51, 1906.

5 Darton, N. H., Geology and water resources of the northern portion of the Black Hills and adjoining regions in South Dakota and Wyoming:
Prof. Paper U. S. Geol. Survey No. 65, 1909.
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in parts of the Yellowstone National Park! makes it probable that no great thickness of Belt
rocks was ever deposited in those regions.

PALEOZOIC RECORD.

The Belt series, at the localities in western Montana where its upper limit is visible, is
unconformably overlain by quartzites or sandstones containing a marine littoral fauna of
early Cambrian age. It is thus proved that in late Algonkian or early Cambrian time the
Belt rocks were uplifted and subjected to widespread erosion, then submerged under a moderate
depth of salt water and covered with sea sands. The basal Cambrian fossils are in general older
in the more easterly areas, indicating that the invasion of the sea proceeded from that direction.

The chief evidence of the unconformity at the base of the early Cambrian Flathead quartz-
ite is the fact that it lies at different places on Algonkian beds that differ widely in stratigraphic
position.? {

In the Philipsburg quadrangle this is the case vo a remarkable degree, but here there is other
evidence of unconformity, more vivid and less liable to other interpretation. Cliff exposures
display Cambrian quartzite lying on the beveled edges of the Algonkian with an angular dis-
cordance as great as 30° (PL. VII, 4, p. 50), and in one place the base of the Cambrian is a con-
glomerate with pebbles of the Algonkian quartzite immediately beneath.

The Paleozoic rocks of the Philipsburg quadrangle consist of a basal Cambrian quartzite,
an overlying succession of alternating shales and limestones ranging in age through Cambrian,
Silurian (?), Devonian, and lower Carboniferous (Mississippian), and a final layer of upper
Carboniferous (Pennsylvanian) quartzite. The region was covered during most of Paleozoic
time, therefore, by seas of considerable depth. Marine deposition was not absolutely continu-
ous, however, throughout the region. It was interrupted for a considerable period between the -
middle of the Cambrian and the Devonian, so that Ordovician and Silurian strata are generally
wanting in western Montana. The Devonian Threeforks shale overlies the Jefferson limestone
in some sections but is absent in others, and there are indications of slight unconformity at the
junction of the lower and upper Carboniferous, which are very different in lithologic character.
At no place, however, has any marked angular unconformity been discovered in the Paleozoic
rocks of western Montana. No violent disturbances took place during their deposition, but the
alternations of shale and limestone indicate changes in conditions dependent on upheaval, subsid-
ence, or gentle tilting of the earth’s crust. The more vigorous of these movements resulted in
exposure of the sea bottom to erosion. A final shallowing of the sea by upheaval or sedimenta-
 tion, or otherwise, is indicated by the Carboniferous quartzite at the top of the Paleozoic section.

MESOZOIC RECORD.

An upheaval of the sea bottom put an end to sedimentation in the shallow sea of late Car-
boniferous time. The earliest Mesozoic rocks are marine, but they are Jurassic; Triassic beds are
absent, so that during this period the region was probably dry land. The Jurassic sediments,
chiefly shales and impure limestones, locally comprise conglomerates containing pebbles of
Carboniferous rocks, proving that these were partly exposed to erosion during Jurassic time.
Moreover, they are rich in iron, as sediments might be that were washed from a continent
whose rocks had long been exposed to decay but not to vigorous erosion. In the Great Falls
region, Fisher® has observed marked angular unconformity between the Jurassic and the
Carboniferous. ,

From early Cambrian time the sedimentation that had occurred was virtually all marine, but
from the end of the period represented by the Ellis formation (Jurassic) the salt sea only inter-
mittently covered the region. In the Philipsburg district, the marine Jurassic is succeeded by
sandstones, shales, and limestones, of Lower Cretaceous (Kootenai) age. The character of these
beds indicates that they were in part deposited in fresh water, but they may be in part terrestrial.

1 Hague, Arnold, Weed, W. H., and Iddings, J. P., Yellowstone National Park folio (No. 30), Geol. Atlas U. 8., U. 8. Geol. Survey, 1896.
2 Walcott, C. D., Pre-Cambrian fossiliferous formations: Bull. Geol. Soc. America, vol. 10, 1899, p. 210.
3 Fisher, C. A., Geology of the Great Falls coal field, Mont.: Bull. U. S, Geol. Survey No. 356, 1909, p. 27.



PRELIMINARY SKETCH OF THE GEOLOGY. 31

The Upper Cretaceous beds occurring in the Philipsburg district are correlated with the marine
Colorado formation. The lower part of these beds consists of black shale whose character sug-
gests marine deposition, although it has yielded no fossils, but this shale locally contains thin
beds of coal, which indicate deposition on or near a marshy shore.

The time represented by the pre-Tertiary rocks of the quadrangle was notably free from
igneous activity, although vulcanism has been shown by Stone and Calvert ! to have begun in
Cretaceous time near the Crazy Mountains. The only igneous rocks in the Philipsburg quad-
rangle for which a pre-Tertiary age appears more than barely possible are some basic intrusives
forming sills in Algonkian, Cambrian, and Cretaceous sediments.

CENOZOIC RECORD.

The pre-Tertiary rocks record the history of sedimentation occasionally interrupted by
uplift, slight deformation, erosion, and resubmergence. The Tertiary and post-Tertiary record
is by comparison far more complex and records a far more eventful history, involving deforma-
tion much more vigorous than any that had occurred since the beginning of the deposition of the
Belt series, igneous intrusion on a large scale, volcanic activity, erosion, and deposition. These
various activities went on side by side, and in any satisfactory account of the Cenozoic they must
be correlated. The task of correlation offers some of the most alluring problems of Montana
geology and also some of its greatest difficulties. Owing to the complexity of the problem, the
imperfection of the record in the Philipsburg quadrangle, and the fact that certain aspects of the
Tertiary and Quaternary geology are not essential to the main purposes of this report, the
Cenozoic record, apart from deformation and intrusion, has been less thoroughly studied than
that of earlier times. Nothing more can be offered here, therefore, than a very imperfect sketch,
which, in regard to some aspects of the later geology, can do little more than suggest problems
for future attack.

The effects of deformation are chiefly to be seen in the pre-Tertiary rocks, which have been
very complexly faulted and folded, the folds involving the Cretaceous and older rocks being
locally overturned or even recumbent, and some faults having throws of several thousand feet.
The great unconformity between the Tertiary and pre-Tertiary rocks is partly proved by the
relatively slight deformation of the Tertiary beds, which, however, have been tilted and faulted
to some extent.

The principal effect of igneous activity has been the intrusion of irregular or domelike
masses of magma, which have crystallized as granular rocks belonging to the diorite, granite, and
intermediate families. The intrusions, so far as known, seem to have been contemporaneous
with or immediately consequent upon the principal deformation. The volcanic rocks within
the quadrangle include lavas, tuffs, and volcanic ash. No certain correlation has been made
between the extrusive and intrusive phases, but the volcanics are apparently later than the
intrusives. One of the volcanic formations consists of fine-grained, light-colored, silty beds,
which occur in some of the broader basin-like depressions. Material of this kind is commonly
assumed to have been deposited in lakes, but there is no definite proof that it has been so depos-
ited in this locality. However, in a region where wide-spreading showers of volcanic ash were
falling, it is almost certain that the drainage would be locally blocked and that lakes would be
formed, and it is therefore inherently probable that some of this material is lacustrine.

Among the more interesting features of the land sculpture are certain remnants of old
topography that stand high above the present base-level of the streams—remnants of land
that have been reduced to low relief by Tertiary erosion. Among the more conspicuous of
these are the tops of the hills lying west and north of Philipsburg, above which Henderson
Mountain rises like a monadnock. Another is the pair of plateaus that lie north and south of
Lost Creek, the surfaces of which truncate the edges of hard and much-deformed rocks which
are largely concealed by a mantle of rock waste. The area about Georgetown Lake affords

1 Stone, R. W., and Calvert, W. R., Stratigraphic relations of the Livingston formation of Montana: Econ. Geology, vol. 5, 1910, pp. 552-553,
652-669, 741-764.
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another example of senile topography at high level, and still another plateau-like surface about
500 feet higher appears just south of the lake. Later physiographic features, in part possibly
structural, include the broader valleys like that in which Philipsburg lies.

The high mountains show vividly the erosional effects of alpine glaciers, and the contours on
the topographic map (Pl. II, in pocket) indicate in a very striking manner the broad, flat-
bottomed amphitheaters of the Anaconda Range. Postglacial erosion has been relatively unim-
portant, although in the bottoms of some of the glaciated canyons it has excavated trenches
which are in places over 100 feet deep.

Those Tertiary deposits that are clearly of detrital rather than volcanic origin are chiefly
stream gravels. They are strongly unconformable on the pre-Tertiary rocks and belong to
several stages whose exact age is not known. Some of the earliest, which are considerably
deformed, are probably Eocene. The latest Tertiary deposits are probably the gravels on
terraces in the broad valleys, but it is not possible to discriminate between late Tertiary and
early Quaternary gravels. »

Glacial deposits of great extent and volume occur in the Flint Creek and Anaconda ranges.
Later and older moraines can be very easily distinguished in places. The post-glacial deposits
comprise rather extensive areas of bottom land. In part they are lacustrine, and are due to the
filling in of hollows dammed by moraines.

Some attempt has been made to construct from the foregoing records of deformation, igneous
activity, erosion, and deposition, a chronological account of the Tertiary and Quaternary history
which forms a part of the appended tabular summary.

SUMMARY.

The table below gives, in a form convenient for reference, an outline of the geology of the
Philipsburg quadrangle.

Tabular résumé of geologic history and stratigraphy of the Philipsburg quadrangle.

Period. Epoch. Chief geologic activities. Geologic record.
Postglacial disintegration by frost, Sl§§ht modification of glacial sculpture and morainal deposits.
Recent talus formation, stream erosion, arrow_trenches on bottoms of some glaciated canyons.
> chiefly in uplands, with deposition U;{lper Flint Creek gorge. Alluvial deposits on bottoms of
in lower valleys. valleys. Enrichment of ores. Placers formed.
Quaternary. Alpine glaciation; at least two stages,
separated by an interval in which the | Sculptural record: Amphitheaters and U-shaped cross sections
ice withdrew. Formation on nearly of high canyons. Deposits: Moraines, mainly of ill-rounded
Pleistocene. all peaks 8,200 feet or more in height ranite bowlders. Secondary effects: Formation of small
of alpine glaciers that flowed down akes, of which many have been filled to form meadows, and
the canyons to levels between 6,500 diversions of drainage.
and 4,500 feet.
Slight tilting and probably general up-
lift, initiating more vigorous erosion; | Deep mountain canyons and preglacial terrace gravels. Ene
partial removal and redistribution richment of ores. Some placers probably formed.
) of earlier gravels.
Pliocene and
Pleistocene.
: Sl Deposits: Gravels of sloping terraces in valleys overlying ash-
E;‘}sllgv%e‘;‘ t;rr%zdw‘i’al}ez:’ gild filling in | 645" Sculptural record: Elevated remnants of broad valleys
P gravel; with gently sloping sides. Probably enrichment of ores.
Explosive eruptions whose coarser . . : . :
M- products foll mear the vents, and | VoGRS JeROSUS 0 PR HCtel AR e e L rate foclls in
. S soréad by thg w’mdss. “Icakeswproti lower Flint Creek valley. Thickness, 500 feet. Probably
Tertiary. ably formed in places. enrichment of ores.
Gravels and andesites of Anaconda region. Old stream chan-
nels in western part of quadrangle; corresponding to %ra hic
Volcanic eruptions; vigorous erosion of facets on uplands, possibly represented by some of the highest
uplands; stream deposition in valleys. plateau surfaces. Rocks considerably deformed, but not
metamorphosed by intrusions. Thickness, 1,000 feet. Pos-
Eocene to Mio- sibly enrichment of ores.
cene (?).
- Great unconformity; large masses of intrusive igneous rock cut
Final emergence from the sea; great the Cretaceous and earlier sediments, which are strongly
deformation and extensive intrusion. folded, locally overturned and much faulted. Deposition of
ores.
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Tabular résumé of geologic history and stratigraphy of the Philipsbury quadrangle—Continued.

Period. Epoch. Chief geologic activities. Geologic record.
. Colorado formaiion. Sandstones, 1,000 + feet, with topremoved
Marine deposition, probably in part by erosion; underlain by 500 feet of fissile black shale. A few
along a low, marshy shore. Possibly fossil mollusks in lower part of sandstone and some fossil
succeeded by fresh-water deposition. leaves and bone fragments higher in the section. As here
Upper Cretaceous. . mapped may include some Montana.
Cretaceous. Probably upheaval, followed by sub- | giatys Dakota sandstone absent.

mergence beneath the sea.

Lower Cretaceous.

Deposition in a fresh-water lake.

Kootenai formation. Chiefly red and green shale and sand-
stone. Base generally a conglomeratic sandstone with peb-
bles of quartzite. Siliceous buff-weathering limestone near
base, and gray limestone with abundant gastropods at the
top. Total thickness, 1,500 feet.

Jurassic (?).

Upheaval from sea and formation of a
great lake basin.

Erosion interval. Morrison formation (late fresh-water de-
posits of Jurassic (?) age) apparently absent.

Marine deposition.

Ellis formation. Calcareous shale and sandstone; thin beds of
impure limestone, and, near the top, conglomerate with
pebbles of chert and Jurassic fossils. Thickness, 400 feet.

Jurassic.

Uplift and erosion.

Unconformity indicated by absence of Triassic and by pebbles
of Carboniferous rocks in conglomerate of Ellis formation.
No angular discordance noted.

Pennsylvanian.

Marine deposition.

Quadrant formation. Quartzife member: Chiefly vitreous
quartzite, generally forming two beds separated by a cal-
careous layer in which Pennsylvanian fossils occur. Thick-
ness, 400 4 feet. Shalemember: Red shales and thin-bedded
magnesian limestones with Pennsylvanian fossils. Average
thickness about 300 feet.

Carboniferous.

Upper Mississip-
pian (?).

Uplift, and erosion (?).

Slight unconformity (?), indicated by abrupt change of litho-
logic character and by marked local variation in thickness
of upper Madison.

Lower Mississip-
pian.

Marine deposition in deep water.

Madison limestone. Nonmagnesian limestone, upper part
thick bedded, light gray and white; lower part dark-gray
shaly limestone. Much chert in all but lowest part. Abun-
dantly fossiliferous. Average thickness, about 1,200 feet.

Devonian.

Marine deposition.

Jefferson limestone. Magnesian limestones, thick bedded,
white, gray, or black. Has yielded numerous fossils. Thick-
ness, 1,000 feet.

Marine deposition (?) (Shallow water).

Maywood formation. Flaggy magnesian limestones and shale,
largely red, with beds of calcareous sandstone near the base.
Thickness, 2C0 or 300 feet. No fossils found.

Silurian (?).

Uplift and erosion.

Unconformity? Abrupt change in lithologic character indi-
cates change of conditions, presence of sandstones pointing to
uplift of adjacent land masses. Absence of demonstrably
Ordovician or Silurian strata is negative evidence of an
erosion interval.

Cambrian.

Marine deposition.

!

Ea;ly Cambrian

Warping and erosion.

Red Lion formation. Limestone member: Limestone with
closely spaced siliceous laminge; contains Cambrian fossils.
250feet. Shalemember: Shale, mostly coal black, intercalated
with thin layers of limestone. Average thickness, 20 feet.

Hasmark formation. Upper magnesian limestone member:
Mostly cream-white, 350 feet, magnesian limestone. Shale
member: Shale, banded, mostiy in shades of chocolate-brown,
partly with calcareous nodules and flaggy limestone; contains
a few imperfect specimens of Obolus (?). Thickness, 10to 150
feet. Lower magnesian limestone member: Magnesian lime-
stone, mostly pale blue-gray. Thickness, 550 feet.

Silver Hill jormation. Dark, slightly calcareous shales, 120
feet; overlain by 120 feet of limestone with thin brown siliceous
laminz; at top 90 feet of shales and laminated limestones.
Average thickness, 400 feet.

Flathead quartzite. Vitreous quartzite, with local basal con-
glomerate. Thickness, 5 to 250 feet.

Unconformity, involving angular discordance up to 30°.

22068°—No. 78—13——3
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Tabular résumé of geologic history and stratigraphy of the Philipsburg quadrangle—Continued.

Period. Epoch. Chief geologic activities. Geologic record.

Spokane formation. Sandstones and shales, mostly deep red,
Flood-plain deposition. the shales dominant in the lower, sandstones in the upper
portion. Thickness, 5,000 feet.

Greyson shale may be represented by several hundred feet of
grefgpish gray shale, mapped as upper part of Newland for-
mation.

Newland formation. Calcareous rocks, containing carbonates
of magnesia and iron in considerable quantity; chiefly shale,

" which gradesinto calcareous sandstone and impure limestone.

Algonkian. Belt. Thickness, 4,000 feet.

Deposition in sea or estuary. This is
intended to apply to all formations
from Neihart to Greyson (?). Ravalli formation. Sericitic banded quartzite and dark shales,

the latter dominant in the upper part. Thickness, 2,000 feet.

Prichard formation. Bluish argillites with some interbedded
quartzite. -Thickness, 5,000+ feet.

Neihart quartzite. Pure, generally coarse-grained quartzite.
Thickness, 1,000+ feet. Base not exposed.




CHAPTER IIL

ALGONKIAN SEDIMENTARY ROCKS.
BELT SERIES.

DISTRIBUTION.

The Algonkian rocks occupy the greater part of the western half of the quadrangle in an
area bounded on the east by the central fault zone. Here only the upper formations, Spokane,
Greyson(?), and Newland, occur, and, as the area contains only small outcrops of intrusive rock,
they are for the most part only slightly altered.

In the Anaconda Range all the Algonkian formations are exposed. Here they have been
invaded by a very great volume of igneous intrusives and show much contact metamorphism.
Their deformation has also been more complex in this range than in the western part of the

quadrangle.
CORRELATION.

The correlation of these rocks collectively with the Belt series depends on their general
character and their unconformable relation to the Cambrian. The correlation of the several
formations depends on a similarity of the succession and lithology in the Philipsburg district
with that in sections previously studied. This is exhibited in the following table, in which the
order of the sections is that of relative position, the first being the most southeasterly.

Correlation of principal sections of Algonkian sedimentary rocks (Belt series) in Montana and Idaho.

Belt Mountains (Walcott).a Philipsburg district (Calkins). Mission Range (Walcott).b Coeur d’Alene district (Calkins).c

Cambrian. Cambrian. Cambrian.
Unconformity - Unconformity —
Camp Creek. Sandstones, gray, rather

Marsh. Shale, red, 800 feet. thin bedded, 1,762 feet.
Helena. Limestone, with some Shales, sandstones, and limestones,

shale, 2,400 feet. g t.
Empire. Shales, greenish-gray, Sandstones, mostly reddish, 4,491 feet.

600 feet.

Unconformity

Spokane. Shales, with thin Spokane. Shale and sand- | Sandstones, largely shaly, colors red | Striped Peck. Shales and sandstone,

beds of sandstone; deep red,
1,500 feet.

stone, the latter prevailing
in upper portion. Color
chiefly red, 5,000 feet.

Greyson. Shales mostly dark
gray, 3,000 feet.

Greyson may be included in
Newland.

and gray, with 198 feet of limestone
700 feet below top, 3,887 feet.

red and green, 1,000 feet.

Newland. Limestone impure,
weathering buff, with inter-
bedded shale, 2,200 feet.

Newland. Limestone thin
bedded, more or less sili-
ceous and ferruginous, pass-
ing into shale; generally
buff on weathered surface,
4,000 feet.

Blackfoot. Limestone, thin bedded,
more or less siliceous; siliceous lay-
ers, weathering buff, interbedded
with calcareo-arenaceous shales,
4,805 feet.

Wallace. Shales more or less calca-
reous, interbedded with thin layers
of siliceous and ferruginouslimestones
and calcareous sandstone. Lime-
stones and calcareous shales weather
bufi, 4,000 feet.

a Walcott, C. D., Pre-Cambrian fossiliferous formations: Bull. Geol. Soc. America, vol. 10, 1899, pp. 199-244.
b Walcott, C. D., Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, pp. 1-28.
¢ Ransome, F. L., and Calkins, F. C., Geology and ore deposits of the Coeur d’Alene district, Idaho: Prof. Paper U. S. Geol. Survey No. 62, 1908.

1 More complete sections are made by Walcott and Calkins in The geology and ore deposits of the Coeur d’Alene district, Idaho, by F. L. Ran-
some and F. C. Calkins: Prof. Paper U. S. Geol. Survey No. 62, 1908, pp. 27 and 40.
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Correlation of principal sections of Algonkian sedimentary rocks (Belt series) in Montana and Idaho—Continued.

4 - | _— s . | . |
Belt Mountain (Walcott). ’ Philipsburg district (Calkins). ‘ Mission Range (Walcott). Coeur d’Alene district (Calkins).

Ravalli. St. Regis. Shales and sandstones, pur-
Sandstones, quartzitic, fine grained, ple and green, 1,000 feet.
purplish gray and gray, 2,550 feet.

Chamberlain. ~ Shale, mostly | Ravalli. Quartzite, gray with Sandstones, compact, gray, 1,060 | Revett. White quartzite, partly seri-
black, with some sandstone, some dark bluish and green- | feet. citic, 1,200 feet.
1,500 feet. ish shale, 2,000 feet.

Sandstones, greenish gray, fine | Burke. Induratedsiliceousshaleswith
grained, in layers 4 inches to 2 feet sandstones and quartzites, prevail-

thick, 4,645 feet. Base not seen. ingly gray-green, 2,000 feet.
Total thickness of Ravalli, 8,255
feet.
. Prichard.  Argillite, blue-gray to
Prichard. ~ Shales, dark- black, with distinct and regular
bluish, interbedded with banding, interbedded with a subordi-
sandstone; rusty brown on nate amount of gray sandstone. Up-
weathered surface, 5,000 + permost part arenaceous and marked
feet. with shallow-water features. Base

not exposed. 8,000 feet.

Neihart. Quartzite, light-col-
ored. Base not exposed.
1,000+ feet.

Neihart. Quartzite with some
shale in npper part, 700 feet.

Total Belt series, 12,700 feet. 15,000 feet.

Archean.

The correlations involve the assumption that the formations do not rapidly thin out or
change character horizontally. The evidence that they do not do so must of course be partly
negative, for very little of the region has been mapped in detail. On the other hand much of the
Algonkian section in western Montana and the adjacent parts of Canada and Idaho has been the
subject of geologic reconnaissance, and the resulting stratigraphic observations are hardly con-
sistent with rapid horizontal variations. Evidence of great positive value is afforded by the
occurrence of the fossil Beltina danai Walcott near the top of the calcareous beds correlated with
the Newland limestone in the Belt Mountains and in the Lewis and Clark ranges near the
international boundary.

Certain differences in the sections are explainable as the result of gradual variation. This
is notably the case with the siliceous beds of the Ravalli formation and its equivalents, which
may be represented by the upper part of the Chamberlain shale of the Belt Mountains.

The weakest point in the correlation proposed is the absence from the Philipsburg quad-
rangle of any distinct lithologic unit corresponding to the Greyson shale. It is possible that this
formation thins out westward or grades horizontally into beds of different character. If the
latter supposition be correct, the Greyson shale is more likely to be represented by the upper part
of the Newland formation, to which it shows some lithologic resemblance, than by any part of the
Spokane formation with its prevailingly deep-red rocks, which it does not in the least resemble.

NEIHART QUARTZITE.

GENERAL CHARACTER AND DISTRIBUTION.

The exposures of Neihart quartzite in the Philipsburg quadrangle are all in the southeastern
part of the Anaconda Range.

The largest area affords a good section along the east side of Sullivan Creek. The quartzite
beds, which form a cliff and talus conspicuously light in color by contrast with the dark rusty
rocks of the Prichard to the north, can be seen to form a flat-topped arch, with the north side
steep and the south side very gently sloping where it disappears beneath the moraine. There
is no indication of appreciable faulting, so that a section constructed from observed dips may
be relied on to give the exposed thickness with fairly close approximation. This is found to
be in round numbers 1,000 feet—a minimum, of course, for the base is concealed.
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The lowest beds exposed are of very pure white or pale-drab quartzite. The bedding is
fairly well shown by banding, but there are no distinct partings. Farther up in the section
the prevailing rock is grayish quartzite, with faint but distinet bands about half an inch thick
and very thin micaceous partings from 6 inches to 3 feet apart. Within a few rods of the top
there are numerous interbedded layers of dark mica schist a few inches or feet in thickness.
The horizon where schist predominates over quartzites is taken as the top of the Neihart, and
although the transition to the Prichard is gradual it can be located within a few yards.

LITHOLOGY.

The rock most abundant in the main body of the formation is very pure or moderately
pure quartzite, which, through pressure and cementation, has become vitreous and perfectly
compact. A very little mica, chiefly muscovite, can be detected even in the purest. It forms
tiny flakes having parallel arrangement. The most striking feature of the purer quartzites
is a peculiar faint striping, most evident on the finely fluted weathered surfaces, suggesting .
that of fossil wood. The constituent grains of this rock are greatly elongated and larger in
average diameter than those of most quartzites. The microscope shows that they are overlap-
ping, rudely lenticular pieces of quartz, showing remarkable development of the ‘“strain shad-
ows”’ that indicate strain due to pressure. The average size of the grains has probably been
much increased by recrystallization, so that it does not truly indicate the coarseness of the
sands from which the rocks were formed.

The pure quartzites grade into the grayish banded quartzites, which contain more mica,
and relatively more biotite as compared with muscovite; these again grade into the siliceous
mica schists that occur in the upper part of the formation. Sillimanite, which forms very
sparsely disseminated microscopic needles in the purest quartzites, increases in amount con-
comitantly with the micas, but can not be identified without the aid of the microscope. In
the mica schists, which are of medium grain and dark-gray to dull dark-green in color, and which
are not marked by any unusual megascopic features, the microscope shows muscovite, biotite,
and sillimanite to be nearly of the same order of abundance as quartz. The quartz grains
in these rocks are much smaller than in the quartzites and show far less evidence of strain.
The green color in certain beds is due to chlorite, which has partially replaced biotite.

PRICHARD FORMATION.
DISTRIBUTION AND PRINCIPAL FEATURES.

The exposures of the Prichard formation are confined to a few square miles in the Ana-
conda Range. The largest area comprises the lofty summits of Mount Evans and Mount Howe,
and others lie to the east and south.

The most striking characteristic of the Prichard formation as seen in the field is the deep
reddish-brown color of the weathered outerops. Abundant ocher formed in the decomposition
of the Prichard rocks is taken up by the intermittent rivulets on the steep slopes of Mount
Evans and deposited in little deltas at the borders of the amphitheaters and on the banks of
the brooks that meander across their floors.

Although the formation contains some quartzite, mostly near the top and bottom, it con-
sists mainly of aluminous rocks which are generally bluish on fresh fracture. If they had
suffered no igneous metamorphism, the rocks of the formation would be chiefly shales with
occasional beds of sandstone, but they have been penetrated and greatly altered by repeated
intrusions, to whose effects they are more susceptible than the underlying quartzites, and
metamorphism has rendered them so tough and resistant to erosion that they form the culmi-
nating peaks of the Anaconda Range. The least-altered phase of the dominant argillaceous
beds is fine-grained gray mica schist, in which the bedding is but little obscured. Commonly,
however, the Prichard rocks exhibit coarse crystalline textures and contain large flakes of mica,
crystals of wine-red garnet, and ‘“‘knots’’ of andalusite or sillimanite. In part they are cordierite
gneisses with contorted lamination.
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There is no continuous section of the formation from which an accurate measure of its
thickness may be obtained. From exposures in the area including Mounts Howe and Evans
and in the area south of Mount Evans, the thickness is estimated at 5,000 feet, but owing to
the discontinuity of the section and the complexity of the structure the estimate may be a
thousand feet in error either way.

LITHOLOGIC DETAILS.
MINERALS.

The minerals identified in rocks of the Prichard formation are quartz, biotite (nearly always
red-brown in color), muscovite, sillimanite, andalusite, orthoclase, plagioclase, cordierite,
pyroxene, amphibole, titanite, magnetite, pyrrhotite, pyrite (?), apatite, zircon, rutile, chlorite,
garnet, spinel, and tourmaline. No one specimen contains them all, though many contain all

but three or four.
PRINCIPAL ROCK TYPES.

Fine-grained biotite schist.—A specimen of rock whose alteration has been relatively incon-
spicuous and which resembles typical Prichard slate of the Ceeur d’Alene district, Idaho, is
dark blue-gray, homogeneous, and fine grained. It has a rather obscure cleavage, to which
most of the minute sparkling grains of mica in which the rock abounds lie parallel. An unusual
feature revealed by close inspection, is the presence of abundant small yellow grains of iron
sulphide, probably the chief source of the ocher that covers the weathered surface of the rock.
Chemical tests indicate that most, if not all, of this sulphide is pyrrhotite.

Microscopic examination shows that quartz and reddish biotite are the chief constituents,
that iron sulphide, magnetite, and titantite are rather abundant, and that lime-rich feldspar
and apatite are present in small amount. The rock evidently contains a good deal of calcium
and magnesium.

Andalusite-mica schist.—A specimen rich in andalusite, from the western slope of Mount
Howe, is coarser grained than the biotite schist, is gray in color, with a tinge of pink, and con-
tains conspicuous grains of muscovite about 1 millimeter in diameter. The rock splits on
irregular lumpy cleavage faces.

The thin section reveals quartz, muscovite, reddish biotite, and andalusite as the chief
minerals. Cordierite occurs in subordinate amount, and small individuals of sillimanite, zircon,
tourmaline, and rutile are abundant. The muscovite occurs partly in relatively large poikilitic
equant individuals, but also in small flakes similar in form and size to those of the deep red-
brown biotite. The andalusite in rudely prismoidal individuals is crowded with inclusions of
all the other minerals except sillimanite. Cordierite forms a few inconspicuous individuals,
extremely poikilitic, and larger than those of quartz, from which mineral it is most readily
distinguished by the vivid golden-yellow halos around the inclusions of zircon.

Knotted sillimanite-mica schist.—Another rock in which sillimanite and andalusite are
both present, but in which the former predominates, is a dark-gray mica schist containing
abundant white lenticular masses 2 or 3 millimeters in average diameter.

The constituents identified microscopically are the same as in the rock just described,
with the exception of cordierite, but red-brown biotite predominates over muscovite, and silli-
manite is extremely abundant, amounting to probably 25 per cent of the rock. Much of the
sillimanite forms fagot-like bundles that in some irregular or lenticular masses are packed together
in haphazard orientation, with only a subordinate admixture of other constituents. KElsewhere

© it is more thinly strewn, but hardly a grain of quartz or flake of mica is not transfixed by its

delicate needles, whose average diameter is about 0.002 millimeter.

Garnetiferous mica schist.—At the head of Tenmile Creek a very prevalent facies is a dark,
rather coarse grained blue-gray mica schist, somewhat similar to the preceding types in general
appearance, but characterized by the presence of many pink garnets about 2 millimeters in
diameter.
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4. CORDIERITE GNEISS.

The chief constituents are quartz in irregular grains with few inclusions, mica, and cordierite (oblong
crystal in center, with numerous inclusions).

B. METAMORPHOSED MUD-SAND ROCK CONTAINING SCAPOLITE.

Shows texture of argillaceous sandstone inclosing a mud fragment penetrated by asun crack. Scapolite
with abundant inclusions forms the light spots in the dark mudstone.
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The constituents identified in thin section are quartz, muscovite, biotite, sillimanite, cor-
dierite, feldspar, garnet, magnetite, zircon, chlorite, and apatite. The biotite, unlike that of
most specimens from this formation, is chestnut brown, untinged with red. The cordierite
locally seems to be in pegmatitic intergrowth with quartz. The garnet has irregular boundaries.

Cordierite gneiss—The most metamorphosed rocks of the Prichard formation, which occur
at the head of Twin Lakes Creek, have been affected by several successive intrusions. These
are tough massive gneisses, which, on glaciated outcrops, show highly contorted banding.
Their general hue is rather dark brownish gray, and they are obscurely mottled, owing to the
uneven distribution of biotite. The micas, of which biotite generally predominates, quartz, and
occasional pale purplish-red garnets, are the only constituents that can readily be identified by
the naked eye. The cordierite might well be overlooked, and was, indeed, first identified under
the microscope, but when carefully searched for it may be distinguished from quartz by its
inferior transparency, its duller and somewhat greasy luster, and its pale gray-green color.
The individuals are not well defined because of their irreguiar outlines and abundant inclusions.

A thin section is depicted in Plate V, A. The constituents identified under the microscope
are quartz, reddish-brown biotite, muscovite, cordierite, sillimanite, garnet, green spinel, and
feldspar, with smail quantities of rutile, apatite, zircon, magnetite, iron sulphide, secondary
chlorite, and micaceous decomposition products of cordierite. The most interesting mineral is
cordierite, which is more abundant than in the other rocks. Tt is crowded with inclusions of all
the other minerals, among which needles of sillimanite arranged in wavy lines parallel to the
lamination of the rock are conspicuous. The feldspars, which occur in moderate abundance, are
microcline and sodic plagioclase. .

Rocks containing amphibole and pyroxene.—A rock from the immediate contact with the
granite on the west slope of Mount Howe is built up of rather irregular laming, of which the
thicker appear to consist mostly of minute crystals of dark-green hornblende, and the thinner
of dull-white material, proved microscopically to be chiefly quartz. The microscope also
reveals the presence of considerable biotite, diopsidic pyroxene, and feldspar, with subordinate
amounts of titanite and zircon.

A specimen of quartzite from the head of the East Fork of Twin Lakes Creek is light gray,
of moderately fine texture, and shows numerous minute splinters of dark greenish-gray amphi-
bole and paler pyroxene. The microscope shows the most abundant constituent to be quartz
in irregular interlocking grains. A lime-rich plagioclase occurs in similar habit. The amphi-
bole and pyroxene develop imperfect prisms with abundant inclusions of quartz. Biotite, pale
garnet, iron ore, zircon, titanite, and chlorite are present in small amounts.

RAVALLI FORMATION.

PRINCIPAL FEATURES AND DISTRIBUTION.

The Ravalli formation, which is about 2,000 feet thick in the Philipsburg district, is com-
posed mainly of light-gray quartzite less pure than the Neihart quartzite. This rock constitutes
almost exclusively the lower two-thirds of the formation; the upper third comprises a good
deal of dark-bluish and greenish shale, interbedded with dark quartzitic sandstone and with
quartzite like that in the lower part. Near the base, too, considerable shale occurs, so that
there is a gradation, though a rapid one, between the Ravalli and the Prichard. At the top
there is a similar gradation to the Newland formation, which is regarded as beginning with the
lowest markedly calcareous beds. '

The formation occurs in a northeast-southwest zone crossing the crest of the Anaconda
Range near the central meridian of the quadrangle, and as its rocks are resistant it is well
exposed. The only complete and continuous section is displayed in the cliffs north of the Con-
tinental Divide, west of .Mount Howe, where the approximate thickness has been measured.
The area crossed by the divide between Twin Lakes and Barker Creek, however, displays almost -
the entire thickness of the formation and is interesting because it shows intense contact meta-
morphism, probably due in the main to batholithic intrusions not far beneath the surface.
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LITHOLOGIC DETAILS.

LITTLE-ALTERED ROCKS.

The rocks of the Ravalli formation range from a fairly pure light-gray quartzite to a dark-
bluish or greenish fissile shale. The intermediate types comprise sandy shales and dark quartz-
itic sandstones.

In the quartzites the bedding is marked more or less distinctly by narrow stripes of lighter
and darker gray, parallel in part to the general attitude of the beds, but in part so inclined as
to form a cross-bedded structure. The quartzites are invariably rather fine grained, and, owing
to the presence of finely divided mica, are duller, less vitreous, and softer than the typical
Neihart rock.

The shales are dark, dull greenish blue or bluish green, with bedding marked by obscure

blands in slightly differing tones and, usually inclined to these, a slightly developed secondary
cleavage.

Study of microscopic sections proves that the quartzites, quartzitic sandstones, and shales
in their little-altered condition consist mainly of quartz and light and dark micas, variation
in texture and in amount of mica constituting the principal differences between the several
types. A constant and characteristic feature is the greenish hue of the biotite, in contrast to
the almost invariably reddish hue of the biotite in the Prichard rocks. The purest quartzite
shows angular to subangular grains of quartz and feldspar about 0.1 millimeter in diameter,
somewhat modified by secondary growth. A few flakes of presumably clastic muscovite, sim-
ilar in size to the quartz grains, also appear. The interstices between these grains are filled
with a rather abundant cement composed mainly of very minute irregularly oriented flakes of
sericite and biotite. .

A section of a dark greenish-gray argillite with slaty cleavage shows it to consist, like the
quartzites, chiefly of quartz, sericite, and greenish-brown biotite. The micas are, however, rela-
tively abundant, and have in great part a nearly common orientation oblique to the bands
that mark the bedding and doubtless parallel to the cleavage. Tourmaline is notably abundant
in this rock; it forms prisms about as thick as the quartz grains and about five times as long.
The relatively large size and sharp development of the crystals indicate clearly that they are
secondary and not clastic. Most of them lie nearly parallel to the schistosity. Epidote is
developed in much the same fashion as tourmaline.

MUCH-ALTERED ROCKS.

Strong contact metamorphism of the more siliceous Ravalli rocks commonly results in
recrystallization unaccompanied by much change in the mineral composition. A clastic texture,
in which the larger particles of sand can be distinguished microscopically from a turbid
cement, gives way to a mosaic texture, in which the principal constituents form interlocking
grains of roughly equal size. Mineralogical changes are more marked in the argillaceous rocks.
Some of these contain andalusite, but this mineral is not characteristic of the formation. Cor-
dierite seems to have been developed locally, but if so it has been replaced by micaceous altera-
tion products in all the specimens examined. A relatively pure metamorphosed quartzite from
a bed not far from the top of the formation is exceptional in containing amphibole and pyroxene. .

The more usual types of highly altered quartzitic rocks, abundantly represented in the
Barker Creek area, are chiefly gneissoid, and are composed in the main of light-gray sugary
quartzitic material, coarser than the little-altered quartzites and evidently recrystallized, with
distinct banding, due to the coloration of certain layers or lenses with biotite.

The constituents identifiable under the microscope are quartz, muscovite, brown biotite,
green biotite, chlorite, feldspars, and, in subordinate amounts, zircon, epidote, tourmaline,
sillimanite, magnetite, pyrite, apatife, and rutile. ‘

A knotted structure is commonly developed in the slightly argillaceous phases of the
formation. Eye-shaped dark brownish-gray lenses about 1 centimeter in breadth, some of
them elongated with an approach to prismatic form, are embedded in a light-gray, moderately
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fine grained schistose matrix consisting of quartz with less mica. Microscopic examination
shows the knots to consist of a very fine grained aggregate of white and brown micas mingled
with small amounts of quartz and the other constituents, and it seems probable that they are
pinite pseudomorphs after cordierite.

An extremely metamorphosed aluminous rock from near the top of the Ravalli was collected
near the granite contact on the east slope of the peak marked “9814” on the topographic map
at the head of East Fork of Rock Creek. It is tough, compact, and of a grayish color in mass,
with very distinct bands a few centimeters broad, parallel to the bedding planes. The lighter
bands resemble fine-grained granite. The most remarkable feature of - the rock is a cross
lamination in some of the layers; the cross laming, about 1 or 2 millimeters thick, and inclined
at 30° to the bedding, appear in a cross section as parallel light and dark stripes. This struc-
ture, which is developed at the same locality in Newland rocks, is evidently secondary, and
seems to be in the nature of a thoroughly healed cross fissility or fracture cleavage. Similar
bands, much more persistent but less numerous, which traverse the specimen in several direc-
tions, are evidently joint fissures similarly healed.

The microscope reveals as the constituents quartz, muscovite, brown and green mica,
orthoclase, plagioclase, chlorite, epidote, magnetite, tourmaline, apatite, andalusite, sillimanite,
zircon, rutile, and a secondary sericitic substance formed at the expense of andalusite. Aggre-
gates of sericite and green biotite which may have been derived from cordierite are present.
The clastic texture of the rock has been thoroughly obliterated, and the minerals interlock
irregularly.

NEWLAND FORMATION AND GREYSON (?) SHALE.

PRINCIPAL FEATURES AND DISTRIBUTION.

The great bulk of the Newland formation as represented in the Philipsburg district consists
of thin-bedded calcareous rocks which may with almost equal propriety be called siliceous
impure limestones or calcareous argillites. The name Newland limestone, applied to the for-
mation in the type area, is not wholly appropriate in the Philipsburg region or the areas
farther west, where the most abundant rocks in the formation are about half carbonate fairly
rich in magnesia and iron, the remainder being chiefly quartz. Judging from the original
description of the Newland limestone, the formation as here represented is more calcareous on
the whole than in the Ceeur d’Alene district of Idaho, where it was formerly called the ‘“ Wallace
formation,” and it appears that the proportion of carbonate continues to increase toward the
east. Shallow-water markings found throughout the formation in the Ceeur d’Alene district
were here noted only in its upper part. This upper part, consisting of drab to greenish-gray
calcareous shale, may be the equivalent of the Greyson shale.

The general appearance and the degree of resistance to erosion of the Newland rocks
depends in a remarkable degree on the extent to which they have been metamorphosed. Where
it is little metamorphosed, as in the softly contoured hills west of Philipsburg Valley, the
formation offers relatively slight resistance to eresion (Pl. III, p. 20). The rocks in their
little-altered state are mostly gray on fresh fracture, but their weathered surfaces are deeply
stained with yellow ocher derived from iron-bearing carbonates, a coloration which differentiates
the unaltered Newland from all other formations of the region and makes it easily recognizable
from a distance.

Contact metamorphism transforms these soft and easily decomposed rocks to tough
diopsidic hornstones, prevailingly light greenish gray, whose weathered surfaces are almost
free from limoriite, and which resist erosion almost as effectively as quartzite. These altered
rocks form steep cliffs and lofty peaks in the Anaconda Range. The increase of hardness
effected by metamorphism is perhaps most clearly demonstrated, however, by Henderson
Mountain, north of Philipsburg. This eminence, carved from hornstones produced by the
metamorphic action of a porphyry intrusion, rises abruptly above the flat surrounding hills,
whose country rock is little-altered shale of the Newland and Spokane formations.
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The most nearly continuous and complete sections are to be found in the strip southwest
of Storm Lake, in the Anaconda Range, from which the thickness, approximately 4,000 feet,
has been deduced.

LITHOLOGIC DETAILS.

LITTLE-ALTERED ROCKS.

Megascopic features.—The basal part of the Newland formation, as exposed near the head of
Seymour Creek, is transitional to the Ravalli. It consists of dark argillaceous rocks in rather
thick beds, intercalated with beds of yellow-weathering gray impure limestone a few inches
thick. The argillites are not essentially different from the dark shales in the upper part of the
Ravalli, described on page 40.

The fine-grained calcareous rocks that constitute most of the main body of the formation
generally break down into thin flags or slabs not more than a foot thick. The bedding is
marked in addition by ill-defined bands of different colors, one-eighth to one-half inch thick.

These dominant rocks vary in color on fresh fracture from very dark bluish gray to light
blue-gray, pale gray-green, drab, or cream-white. They invariably have a fine, somewhat
horny or waxy texture. :

Many weathered blocks show deep grooving parallel to the bedding, caused by the etching
out of less resistant calcareous laming, and therefore have a superficial resemblance to dead
wood long exposed to the weather. All these rocks effervesce when cold dilute hydrochloric
acid is applied to fresh surfaces, but not, as a rule, very briskly. The outer crust of weathered
material does not generally effervesce with acid, because the carbonates have been decomposed
or dissolved. At certain horizons in the middle and upper parts of the formation, however, the
purer limestone forms discontinuous layers, thin lenses, and nodules flattened parallel to the
bedding planes. These are especially conspicuous on weathered surfaces, where they show a
bluish-gray color, and are deeply sunken because of their relatively easy solubility. A little fine
calcareous quartzite or sandstone in layers a few inches thick is interbedded with the other rocks.
Drab to greenish-gray calcareous shales, more fissile than those in the middle part of the New-
land formation and consequently more deeply weathered, are exposed for a few hundred feet
below the overlying red shale (Spokane) in the gorge below the dam of Georgetown Lake.
These beds are possibly equivalent to the Greyson shale of the Belt Mountains. They are
marked by sun cracks and other features indicating deposition in very shallow water with
frequent exposure to the atmosphere.

Microscopic features.—The unaltered Newland rocks, when examined in thin section, prove
to consist in the main of quartz and carbonate; the latter, which is largely in the form of
rhombohedra, being somewhat the more abundant. The diameters of the grains are measur-
able in hundredths or thousandths of a millimeter. Feldspar can always be detected where the
grain of the rock is not too fine, and sericite is invariably present. Biotite partly altered to
chlorite occurs in some specimens, but is on the whole very rare. Chlorite, that does not seem
to be secondary, probably forms the coloring matter of the distinctly greenish beds, and in
some specimens can be readily identified, but in the extremely fine textured rocks its low double
refraction renders it likely to be overlooked. Minor constituents generally present are zircon,
carbonaceous dust (in the dark layers), and white, cloudy particles probably rich in titanium,
for their transparent portions exhibit a high double refraction that'may be due to rutile, although
good crystals of that mineral have not been observed. Tourmaline occurs sporadically and
in very small amount. Pyrite is rare and is not the source of the prevailing ocherous stain on
the weathered surfaces.

The effect of weathering first appears in the impregnation of isolated rhombohedra of
carbonate with iron oxide. In thoroughly weathered specimens nearly all the grains except
those of the soft gray nodules are similarly impregnated, a condition which indicates that all
the carbonate in the body of the rock is somewhat ferruginous. Some specimens of shale more
than ordinarily siliceous contain scattered rhombohedra of rusty carbonate about 0.5 milli-
meter in diameter, about 10 times the size of the associated quartz grains, some of which they
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inclose. These must have grown by a metasomatic replacement of the rock substance, like
the siderite grains that are locally so abundant in the siliceous sediments of the Cceur d’Alene
district.!

MUCH-ALTERED ROCKS.

Hornstones characterized by magnesian silicates.—The common alteration of the Newland
rocks is to dense hornstones containing abundant diopside or amphibole, or both, accompanied
by quartz and feldspars, with titanite as a constant accessory. Biotite is commonly present,
but subordinate to the other magnesian silicates. Residuary calcite may occur in considerable
or insignificant amount, the maximum proportion, which is rarely approached, being approxi-
mately 50 per cent.

These rocks are more or less distinctly banded, in white, grayish-green, chocolate-brown,
and intermediate hues, by layers that are generally from 1 millimeter to 1 centimeter thick.
The texture is in some specimens perceptibly crystalline (P1. VI, 4), but is more commonly
very fine and dense, like that of porcelain, so that the constituent minerals can rarely be identi-
fied megascopically. Nevertheless, with the aid of information derived from microscopic study
of thin sections, the mineral composition of the layers can be judged to some extent by their
color. A brown hue indicates the presence of biotite, and dark gray-green that of amphibole;
very pale green layers are likely to be rich in diopside, and pure-white layers to consist mainly
of quartz and feldspar, with more or less carbonate. Weathered surfaces are generally some-
what ridged, layers or nodules rich in carbonate being deeply etched. They are commonly
lighter than the fresh rock, and are discolored a little in places with orange or yellow iron oxide.

Thin sections examined under the microscope usually reveal a fine granular fabric, some-
times modified by a poikilitic development of amphibole or pyroxene. The grain is more
uneven and in general coarser than that of the unaltered rocks, the diameter of the individuals
being generally between 0.02 and 0.5 millimeter, although the poikilitic crystals attain
diameters of 1 or 2 millimeters. Diopside and amphibole, occurring as they do side by
side in crystals of different habit, are evidently contemporaneous or nearly so, and alteration
of one to the other is rarely observed.

As a rule the magnesian constituents roughly equal or exceed in quantity the limpid quartz
and feldspar which are intimately mingled with them or form multitudinous inclusions in the
spongiform individuals of pyroxene and amphibole. The feldspar is commonly more abundant
than the quartz and, indeed, some slides contain much orthoclase and no quartz whatever.
Most of the feldspar is alkalic and as a rule either potash feldspar or albite occurs almost exclu-
sively in a single specimen. Occasionally potash feldspar and a lime-rich plagioclase occur
in the same specimen, the lime feldspar being mainly in the biotitic portions. Where alkalic
feldspar is abundant, it probably has been introduced in part by hot solutions from the intrusive
magmas, a probability which is strengthened by the predominance of one or the other. ILime
feldspar may well have been formed from the original calcium of the rock, its presence in certain
layers being determined, like that of the associated biotite, by relatively abundant aluminous
material in the original sediment.

Titanite occurs as a rather abundant accessory in all sections. Other constituents more or
less commonly present in small quantity are zircon, pyrite, and green or brown tourmaline,
the mineral last named being in general much scarcer than in noncalcareous rocks altered to
the same extent.

Scapolite rocks.—The scapolite-bearing rocks northwest of Cable Mountain are not very
different in general appearance from the rocks just described, but they are less distinctly banded
and comprise very little brown biotitic material. Generally the scapolite is so intimately
mingled with the green silicates that give color to the rock that it can not be seen with the
naked eye, but in some of the more coarsely crystalline specimens, especially on weathered sur-
faces, it is clearly visible in the form of grayish-white semitransparent prisms as much as 1
centimeter long.

1 Ransome, F. L., and Calkins, F. C., Geology and ore deposits of the Coeur d’Alere distr.ct, Idaho: Prof. Paper U. S. Geol. Survey No. 62,
1908, p. 95, Pls. XI and XII.
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Microscopic examination shows that the minerals most common in these rocks are scapolite
and pale-green diopside, the proportion in which either mineral is present ranging roughly from
25 to 50 per cent. Quartz and calcite are generally important, but their amount varies greatly.
Amphibole is absent or scarce in most specimens, although deep-green hornblende is the only
magnesian mineral in some beds at the top of the formation. The most common amphibole
in the body of the formation is pale actinolite. A soda-rich feldspar (albite or sodic anortho-
clase) is locally abundant, but orthoclase and microcline are of merely sporadic occurrence.
Zircon, pyrite, and epidote occur in very small quantities, as in the hornstones free from scapo-
lite, and tourmaline is very scarce. A few minute crystals of birefringent garnet were seen
in one specimen and a few grains of allanite and much phlogopite in another. Mica is generally
absent, the alumina having gone to the formation of scapolite.

The scapolite in most specimens has a double refraction of approximately 0.022 to 0.025,
which indicates a composition near Me,Ma,. In the specimen where the mineral is most abund-
ant, however, its double refraction is about 0.013, a fact which proves that it is very poor in
lime and that much soda has been added to the rock by magmatic solutions.

The grain of the scapolite rocks is highly variable but in general is coarser than that of the
scapolite-free hornstones. The fabric—that is, the form and relations of the constituent crys-
tals—is also diverse, the variation depending chiefly on the way in which the scapolite is devel-
oped. Ordinarily it forms larger crystals than the other constituents and incloses them. The
poikilitic habit is generally most pronounced where the crystal form is least developed. An
exceptional ‘‘panallotriomorphic” structure is exemplified in a fine-grained rock composed
essentially of diopside and scapolite in rudely prismoid grains of about equal size.

Rocks rich in epidote.—Epidote in small quantities has been found in limestone specimens
from the Newland taken at many places, but is not abundant except about the granite porphyry
intrusion in Henderson Gulch and near the mouth of Sluice Gulch, at the western border of
the quadrangle, where it is commonly accompanied by garnet—a mineral also scarce in this
formation elsewhere in the quadrangle. The garnet and epidote are irregularly distributed
in the contact zones and seem to be generally in or near fissures which contain fairly well-
developed crystals of both. They are accompanied by other minerals characteristic of the
metamorphosed Newland, such as calcite, quartz, diopside, titanite, actinolite, and albite.
The reddish-brown color of the garnet and the characteristic yellowish green of the epidote
make these minerals easy to recognize.

Rocks containing tremolite and vesuvianite—Some exceptionally iron-poor rocks of the New-
land formation contain tremolite and phlogopite instead of green amphibole and biotite. A
rock from Sunrise Mountain consists essentially of tremolite, diopside, calcite, quartz, iron-
poor epidote, and abundant vesuvianite. Vesuvanite has not been found in the formation at
any other place in the quadrangle.

CHEMICAL FEATURES OF ALTERED AND UNALTERED ROCKS.

A chemical analysis was made of an unmetamorphosed rock from the Newland formation,
and the alkali and silica contents of two metamorphosed specimens were determined in the hope
of obtaining evidence as to whether or not these substances are added in the process of meta-
morphism. The unmetamorphosed rock, a dark impure limestone from the gorge below
Georgetown Lake, is fine grained, not appreciably metamorphosed, and is stained with yellowish-
brown ocher on the weathered surface. The microscope shows that it consists mainly of car-
bonate (partly rhombohedral), and quartz, with subordinate sericite, possibly a little feldspar,
yellowish-white flocks of leucoxene, and some opaque carbonaceous dust. Of the metamor-
phosed rocks that were partially analyzed, one (2) consists chiefly of diopside, actinolite, and
orthoclase, another (3) chiefly of diopside, quartz, and feldspar which is in small part stri-
ated and shows the extinction angles of albite, though most of it is unstriated. The results
of the analyses follow:
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Analyses of rbcks Jrom the Newland formation.

[W. T. Schaller, analyst.]

1 2 - 8

!

AT, st eisnsmah s 44.80
RI5OS - o o omcssmasiors — 8.96
Total iron as FeO. .. 2.85
TiO: - .37
MgO i 5.90
Ca0 o 16. 42
KO s S 2.14
NBO oo aBinminrs T .43
HoOa ... .. .. ... ... 3.33
CO2b ... 15. 42

100. 62

a Determined by loss on ignition, corrected for CO; and oxidation of ferrous iron.
b The presence of a small amount of carbonaceous matter was determined qualitatively.

1. Impure limestone from gorge below Georgetown Lake.
5. Tt oo Ermmeied Monatak,

These analyses, so far as they go, indicate enrichment in silica and alkalies. With respect
to silica, the evidence has little value, for that substance is present in widely varying amounts
in the Newland rocks. But the great excess of potash in the metamorphosed rocks, where it
is from 50 to 100 per cent more abundant than in the unmetamorphosed one, strongly suggests
enrichment by metamorphic agencies.

The apparent increase of soda by metamorphism is less significant because the amount
of that oxide is small in any of the specimens. There can be no doubt, however, that soda
was added to the Newland rocks when scapolite was developed in them. The scapolite that
they contain is, on the average, fairly rich in soda, and is most sodic in the rocks where it is
most abundant.

SPOKANE FORMATION.

PRINCIPAL FEATURES AND DISTRIBUTION.

The Spokane formation is represented in the Philipsburg quadrangle by a great thickness
of shale and sandstone, prevailingly red where unaltered and characterized as a whole by sun
cracks and ripple marks. The lowest red shale overlying the calcareous buff-weathering rocks
of the Newland is regarded as the base of the Spokane, whose lowest part comprises some rock
like that constituting the upper part of the Newland. The lower red shales locally contain’
a little carbonate, but carbonate is virtually absent from the main body of the formation.
In most sections the transitional basal phase is succeeded by 2,000 or 3,000 feet of shale with
subordinate sandstone. The amount of sandstone varies locally, and in some sections the lower
part of the formation is chiefly arenaceous. The upper part everywhere consists chiefly of
sandstone with subordinate shale, and in many places it could be delimited on the map from the
lower dominantly shaly part by a fairly definite line. Owing, however, to the horizontal varia-
tion in the character of the lower part, to the more or less gradational character of the con-
tact, and to the fact that both parts consist of the same kinds of rock, it would be impracticable
to map two subdivisions of the formation in all parts of the quadrangle. In places a thin
conglomeratic bed appears a few hundred feet from the top of the formation.

The most nearly complete cross section of the Spokane formation is displayed in the canyon
of Flint Creek between Georgetown Lake and Philipsburg Valley. If the structure is simply
monoclinal, as it appears to be, the thickness here developed is nearly 10,000 feet. This enor-
mous apparent thickness may be due in part to repetition by strike faults, but of these there is
no clear evidence.

The most prominent feature of the unaltered Spokane rocks is their deep-red color, but
this color is radically changed by contact metamorphism. Slight metamorphism changes the
warm reds to duller purplish hues; thorough metamorphism changes the purples to grays,
greens, and browns. The metamorphic representatives of the Spokane formation are chiefly
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quartz-muscovite-biotite rocks and cordierite-bearing hornstones. Where this formation has
lost its red color through metamorphism it is difficult to fix aceurately the boundaries between
it and the Newland. Deep-green flaggy rocks, rich in hornblende and more rusty on weathered
surfaces than the metamorphosed Newland, are taken to represent the transitional partly
calcareous beds.

The shaly parts of the Spokane are easily eroded, and their characteristic topography is
that of the rather gentle slopes along the northwest side of Philipsburg Valley. The upper,
sandy part, however, is much more resistant. The prominence of Cable Mountain, Twin
Peaks, and the ridge between the two Willow creeks, as well as the ridge northeast of the Carp
mine, is due to the hardness of the upper, sandy part as compared with the associated lime-
stones and shales. Slopes carved from it are generally mantled by heavy sandstone talus.
Metamorphism increases somewhat the resistance of the sandstones and in greater degree
that of the shales.

The distribution of the Spokane is much the same as that of the Newland. Most of the
area in which the formation occurs unmetamorphosed lies west, and most of that in which it
is much altered lies east of a line joining the northeast and southwest corners of the quadrangle.
The Cable Mountain area and the vicinity of Rumsey Mountain near the center of the.quad-
rangle afford opportunity to observe progressive metamorphism. In these areas scapolite is
locally developed to some extent in the argillaceous beds, as it is in the Newland.

LITHOLOGIC DETAILS.

LITTLE-ALTERED ROCKS.

The most interesting feature of the Spokane formation is the abundance of well-preserved
shallow-water markings that it contains. Everywhere it displays fine examples of sun cracks,
ripple marks, and mud breccias, and at one point in the Flint Creek gorge raindrop impres-
sions were noted.

The shales, which are in general more or less sandy, are built up of alternating thin laminse
of comparatively dark fine-grained material and of light coarse-grained material. Some of
the finer-grained material is very fissile. Parting takes place along the finer layers, and the
surfaces of the flags into which the rock splits are as glossy as if they were newly painted. The
prevailing color, a deep rich red, is sometimes relieved by a contrasting pale olive-green. Sun
cracks are naturally most developed in the finer argillite, and ripple marks in the layers of flaggy
sandstone.

The sandstone of the formation, into which the shale grades in many places, has generally
a tinge of red, locally almost as deep as that of the shale. There is commonly more or less color
lamination in red and white, locally inclined to the stratification. The texture varies from
fine to moderately coarse, the diameter of the grains rarely exceeding a millimeter. Like many
other red sediments, the red sandstones, and less commonly the shales, contain pale-green or
nearly white spots, generally between 1 and 5 millimeters in diameter, probably due to redue-
tion of the iron about organic particles of which no other trace remains.

A prominent characteristic of the sandstone of the Spokane formation is the presence in
many layers of abundant flat masses of dark argillite from a small fraction of an inch to 2 inches
in diameter, similar to the finest-grained portion of the shales. (See Pl. VI.) Commonly
these masses, whose larger dimensions are in the bedding planes, are smooth and well-rounded,
like pebbles. The rock containing them differs in two respects from typical conglomerate,
however; first, the volume of the matrix of sandstone greatly exceeds that of the pebbles, and,
second, the pebbles are virtually homogeneous in composition and consist of a kind of material
abundantly interbedded with the sandstone. These beds grade into others in which the argil-
laceous particles are sharply angular. It is believed, in view of. the common association of
these rocks with mud cracks, that the argillaceous fragments were derived from mud flakes
curled up and loosened in the process of drying and buried by the next deposit of sand. The
rounding of the fragments in certain beds is evidently the result of attrition, but as fragments
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A. INCLUSIONS OF CALCAREOUS HORNFELS, WITH DARK REACTION RIMS OF
HORNBLENDE, IN DIORITE AT HEAD OF FOURMILE BASIN.

B. SANDSTONE WITH MUD FLAKES (SPOKANE FORMATION).

Frequently observed in the Belt series in sandstones of formations whose shales are sun cracked.
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of mud could hardly survive transportation by water for any considerable distance it is prob-
able that some of them were rolled by wind after drying.

Wholly distincet from these beds in character and origin are certain thin beds of conglom-
erate or pebbly sandstone which occur well up in the succession, and which are found,.for
example, on Cable Mountain and the spurs southwest of Twin Peaks. These beds ¢ontain well-
rounded pebbles, chiefly of quartz, but with some of feldspar and quartzite, an inch or less in
diameter, evidently formed by the long-continued attrition of fragments of rocks much older
than the Spokane formation.

The microscope shows that the sand grains of both shales and sandstones, although mostly
quartz, comprise a good deal of feldspar, chiefly potassic. The grains are angular in the shales
but fairly well rounded in the sandstones.

MUCH-ALTERED ROCKS.

Rocks containing amphibole, with or without scapolite—The flaggy, distinctly banded, green
hornstones found near the base of the Spokane formation in most areas where it is affected by
strong contact metamorphism are like the most common phase of the altered Newland, except
that they contain more amphibole.

Southwest of Twin Peaks and near the junction with the scapolite-bearing Newland rocks
east of Rumsey Mountain, the lower argillaceous part of the formation has been altered to horn-
stones banded in gray-green and dull purple. All of these hornstones contain poikilitic amphi-
bole and are free from diopside. Most of them contain scapolite. The coloring matter of the
purplish layers is hematite dust, not biotite, which is the pigment of the chocolate-colored or
purplish-brown hornstones derived from many argillites. The biotite present in these rocks is
green. The abundance of hematite is one of the chief reasons for assigning these rocks to the
Spokane rather than to the Newland. Epidote is plentiful; the other constituents are those
of the scapolite rocks derived from the Newland. Scapolite has not been found elsewhere in
the formation, and its development here obviously depends on the same local conditions that
determined its development in the Newland formation near by.

A thin section of a specimen of these rocks is illustrated in Plate V, B (p. 38).

Rocks characterized by primary chlorite—In a rudely circular area about a mile in diameter,
whose center lies near a point 14 miles west of Flint Creek and about the same distance south
of the north boundary of the quadrangle, the color of the upper Spokane beds changes along
the strike from red to green through an alteration not elsewhere observed.

A thin section from a fine-grained specimen shows: the usual textural features of the unal-
tered Spokane shale, although the rock is somewhat rich in carbonate. It is peculiar also in
containing very abundant chlorite, evidently not derived from the fresh green biotite, which is
associated with it in subordinate amount. Considerable tourmaline is present.

The development of chlorite is ascribed to contact metamorphism by some concealed
intrusive mass, possibly similar to that exposed in the ravine that separates Henderson and
Sunrise mountains. o

Rocks composed essentially of quartz and mica.—The usual alteration of shaly rocks in the
Spokane formation is to micaceous schists or hornstones similar to the common moderately
altered phase of the argillaceous part of the Ravalli, though generally finer grained and colored
in somewhat lighter tones of dull olive-green or gray.

The microscope shows the chief constituents to be quartz, colorless mica, and brown or
greenish biotite. Feldspar, mostly orthoclase or microcline, occurs in about the same amount
as in the unaltered rocks, and magnetite, apatite, zircon, leucoxene, rutile, and tourmaline are
universally present. In some specimens nearly all the mica is colorless, but usually about half
of it is greenish biotite. Among the minor constituents tourmaline and rutile are especially
characteristic.

Locally the quartz-sericite rocks contain a ferruginous carbonate, which is abundantly
developed in evenly disseminated imperfect rhombohedra several times larger than the quartz
grains. They readily decompose, and their presence is indicated on weathered surfaces by
little holes or flecks of limonite.
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In the same way that the sandy shales grade into quartzose sandstones, the quartz-mica
schists derived from the one grade into the slightly micaceous quartzites derived from the other.
The moderately metamorphosed sandstone ranges in color from pale gray to dull greenish brown.
A prevalent and characteristic feature of these rocks, especially common in the more micaceous
types, is a more or less obscure dappling with dark-greenish spots about 2 millimeters in diameter.

Microscopic study shows that the metamorphosed sandstones contain the same minerals as
the less siliceous rocks just described. The dappling is due to complete or partial segregation
of brown or green biotite in the cement of certain portions.

Cordierite-bearing rocks.—Among the most characteristic rocks of the altered Spokane are
those that contain cordierite. This mineral is developed in rather argillaceous beds, and is
usually accompanied by andalusite; indeed, andalusite-bearing rocks without cordierite or
some secondary material that has replaced it have not been found in this formation.

The cordierite rocks are gray and are thickly dappled with roundish darker spots a few
millimeters in diameter—cross sections of cordierite and andalusite grains—which form warty
protuberances on weathered surfaces. Some specimens are distinctly crystalline and contain
large crystals of mica. Others are not distinctly crystalline, for cordierite may develop, like
scapolite, in rocks whose original texture has not been obscured.

The microscope shows the cordierite, the andalusite, and the large crystals of mica, when
they are present, to be crowded with inclusions of the associated mineérals. These poikilitic
crystals are embedded in a mosaic of quartz and feldspar grains in which little flakes of mica,
crystals of magnetite and tourmaline, and needles of sillimanite are disseminated. Andalusite
is commonly replaced in part by an aggregate of colorless mica, and cordierite, which is even
more susceptible to alteration, by a mixture of white and brown micas.



CHAPTER 1V.
PALEOZOIC ROCKS.
CAMBRIAN SYSTEM.
GENERAL STRATIGRAPHY AND DISTRIBUTION.

The main lithologic features of the Cambrian rocks and their relative resistance to weather-
ing and erosion are shown in the generalized section in figure 2. The distribution of the series
and the location of the better exposures are briefly stated below.
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FIGURE 2.—Columnar section of Cambrian rocks.

The northernmost tract in which these rocks occur—that comprising Princeton and Flint—
affords good sections of the Hasmark and Red Lion formations on the slopes north and south of
Boulder Creek, just above its south fork.

In the anticlinal area east of Philipsburg there are excellent exposures of all the Cambrian
formations. The area is of special interest because of the intense metamorphism there devel-
oped in the Paleozoic rocks, particularly in the Silver Hill formation. Metamorphosed Cam-

' 22068°—No. 78—13—4 49



50 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE, MONTANA.

brian rocks are well exposed in the long strip flanking the Cable Mountain anticline, although
some of the Hasmark is possibly cut out by faulting near the Red Lion mine. The exposures
are good in the hills about Gold Coin, but the sections are not extensive. Toward the southeast
the best exposures are in the bend of Warm Spring Creek. The southward-facing cliff west of
the mouth of Foster Creek displays a fine section of the Flathead quartzite and the Silver Hill
formation, with part of the rocks immediately above and below, and a mile or two farther north
a steep westward-facing slope displays all but thé lowest part of the Hasmark formation over-
lain by the Red Lion. In the area of complex faulting traversed by Lost Creek the Red Lion
is wanting, and the Hasmark is so much deformed that its several members can not generally
be distinguished. The lower part of the series, however, is well exposed in many places. In
particular, the fine exposure of the Flathead northeast of the peak marked ‘‘8861” on the topo-
graphic map (PL II, in pocket) is worthy of note. Contact metamorphism is general in this
tract, and on the borders of the porphyritic granite north of Lost Creek the Silver Hill and
Hasmark are intensely metamorphosed.

The Cambrian occupies a considerable area in the western part of the Anaconda Range.
The eastern slope of Silver Hill gives perhaps the best section in the quadrangle of the Hasmark
and underlying formations. Other good sections occur in the drainage basin of the East Fork
of Rock Creek and along the ridge about 2 miles northeast of the Carp mine. In a somewhat
isolated tract about Mount Haggin the lower Hasmark occurs, underlain by the Silver Hill and
the Flathead, both of which vary much in thickness in this vicinity, possibly owing in part to
the intense shearing forces that have given rise to a great thrust fault on the south side of Mount
Haggin. ’

UNCONFORMITY AT THE BASE OF THE CAMBRIAN.

An important unconformity between the Belt series and the Cambrian was long ago recog-
nized by Walcott.! In the parts of Montana previously explored the chief evidence of this
relation is the fact that at points not widely separated sandstone or quartzite lies upon beds of
widely different position in the pre-Cambrian stratigraphic column. In the Philipsburg quad-
rangle this evidence of unconformity is also found, and in addition clear proof is given by visible
angular discordance between Cambrian and Algonkian beds (Pl. VII) and by local development
of a Cambrian basal conglomerate with pebbles derived from the Belt series.

The base of the Flathead quartzite lies on the Spokane formation everywhere in the Philips-
burg quadrangle, but the thickness of red beds between the Newland formation and the Flat-
head varies from less than a hundred to several thousand feet.

The great thicknesses are developed mainly in the western part of the quadrangle. In the
Anaconda Range and the southern part of the Flint Creek Range there is, broadly speaking, a
rapid diminution in thickness toward the east and a less marked diminution to the south, but
the same rule does not hold good for the northern part of the quadrangle. The Spokane appears
to be at least 5,000 feet thick between the two Willow creeks but has been reduced to some
200 or 300 feet just west of Flint. From this point eastward it again rapidly thickens, and
attains several thousand feet in the drainage basin of Boulder Creek.

In two cliff exposures first observed by MacDonald the Flathead lies upon the beveled edges
of the Spokane. One is in the western part of the Anaconda Range, 1} miles due east of the
Carp mine; the other is half a mile northeast of the quartzite peak, 8,861 feet high, on the south-
ern rim of Lost Creek drainage basin.

A photograph of the exposure east of the Carp mine is reproduced in Plate VII, A.
The Spokane here strikes north-northeast and dips 50° or 60° W.; the Flathead strikes nearly
north-south and dips 25° W. The contact is nearly plane.

1 Walcott, C. D., Pre-Cambrian fossiliferous formations: Bull. Geol. Soc. America, vol. 10, 1899, pp. 199-244,
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A. UNCONFORMABLE CONTACT OF CAMBRIAN FLATHEAD QUARTZITE ON ALGONKIAN
SPOKANE FORMATION.

B. GRANITE-BIMETALLIC MINE, SHOWING WEATHERING OF GRANITE.
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The relations in the exposure south of Lost Creek are shown in figure 3 from a sketch made
on the ground. The discordance hereis much less than at the locality shown in Plate VII, A. The
Flathead quartzite strikes N. 60° E. and dips 21° W.; the sandstone of the Spokane formation
immediately below strikes N. 58° E. and dips 25° W. The sandstone tapers to an edge near
the crest of the divide between Lost Creek and Warm Spring Creek.

The main body of the Flathead on this cliff is a remarkably pure and massive quartzite,
but at the base there is a lens of conglomerate whose relations at the northern end are shown
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F1GURE 3.—Unconformable contact of Cambrian and Algonkian rocks south of Lost Creek.

diagrammatically in figure 3, @. It has been traced southward for a few rods, where it disappears
under talus. No conglomerate has been found elsewhere in the quadrangle in beds known to
be Flathead. The pebbles of this conglomerate, which has a rather sparse dark sandy matrix,
are subangular to fairly well rounded; the largest are about 6 inches in diameter. They are all
of light-gray quartzitic sandstone identical with that of the Spokane formation immediately

underneath.
FLATHEAD QUARTZITE.

GENERAL CHARACTER AND THICKNESS.

The most characteristic rock of the Flathead in the Philipshurg quadrangle is vitreous
white, gray, and drab quartzite. Its lower part, however, locally contains quartzitic sand-
stone not unlike some beds in the Spokane formation. For example, in the exposure that forms
the subject of Plate VII, A, the two are in juxtaposition and are sharply delimited by the plane
of unconformity, but lithologically they are not in striking contrast; the basal sandstones of
the Flathead are only a little thicker bedded than those of the Spokane formation, but not
much more quartzitic, and both have shallow-water markings. At the exposure south of Lost
Creek, however (fig. 3), the white vitreous quartzite which constitutes most of the Flathead
is in sharp contrast with the gray quartzitic sandstone of the Spokane just beneath it.

It is evident from these exposures that despite the great unconformity between them
difficulty will often arise in exactly defining the limit between the Flathead and the Spokane.
A sharp boundary can be drawn only where the unconformity is visible, or where the Flathead
rests on shaly Spokane strata and the contact is marked by an abrupt lithologic change.

Accurate measures of thickness naturally can not be made except where one or the other
of these conditions exists. The most reliable determination was made south of Lost Creek,
where two independent observations gave 165 and 170 feet. The Silver Hill section and that
west of Foster Creek give 140 to 150 feet, but these measurements are of less value, because
the base is not so well defined. Rougher estimates of the thickness in the southwest quarter
of the quadrangle range from 100 to 200 feet. The base of the formation just east of Philips-
burg is not accurately located. About 250 feet of more or less quartzitic rock underlies the
Silver Hill formation in this vicinity, but some of this rock is dappled and is probably Spokane.
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In the vicinity of Flint and Princeton the apparent thickness of the Flathead is less than
elsewhere in the quadrangle, and varies considerably—approximately between 20 and 100
feet—but strike faults are so prevalent as to make the observations of doubtful value. In
the vicinity of Mount Haggin the thickness of the Flathead is extremely variable. It is about
50 feet in the pass at the head of Mill Creek, but on the ridge west of Mount Haggin it tapers out
rather abruptly between the Spokane and Silver Hill formations. The exposure at this locality
is good, and field examination indicated that the disappearance was due to overlap. On suc-
cessive spurs to the southeast the quartzite is 5 to 75 feet thick, but near the east end of the
exposure it expands to a thickness near 200 feet.

The following section illustrates the general sequence of beds in the Flathead quartzite:

Section of Flathead quartzite, east slope of Silver Hill.

Shaly quartzitic sandstone, light gray, with dark micaceous partings (base of Silver Hill for-

mation). )
Flathead quartzite.
Feet
Quartzitic sandstone, pale green. ... ... ..o oot ciieectae e 13
Quartzite, drab, rusty weathering, comparatively thin bedded.............. 20 °
Quartzite, pure and vitreous, drab to gray and white, thick bedded passmo near base 1nto
darker, TOPULE . GUIHZITO: - <. csmimein s = 55 # stimmsusme s 5 oo e e s misn & & d B g ER ~5le B AGE A 110
Quartmte, somewhat vitreous, rather thin bedded, banded and cross laminated with local
unconformities, rusty on weathered surface........... ... ..ol 15
Thickness of Flathead gquartzite. . cssossssvsmondangns st sanovasios s ol smsmmks 146%

Spokane formation (Algonkian).

Sandy shale and indurated flaggy sandstone, ripple marked, gray-green, weathering slightly

LITHOLOGIC DETAILS.

The less purely siliceous parts of the Flathead quartzite are very like the more siliceous
beds of the Spokane formation. As they have not been seen in wholly unaltered condition
it is not known whether they are reddish when metamorphosed. They do not often show the
dappling that is characteristic of metamorphosed Spokane sandstone.

More noteworthy, because more characteristic, is the purer quartzite. Some of this, on
fresh fracture, is nearly white, and is evidently composed almost wholly of glassy quartz grains,
considerably less than 1 millimeter in average diameter.

Microscopic examination shows that the boundaries of the clastic grains are more readily
obliterated in the pure quartzites than in the quartizitic sandstones characteristic of the
Spokane formation, where the sericitic cement remains distinguishable as such even when
much recrystalized; for example, a thin section from a specimen taken west of Barker Creek,
where all the rocks are moderately metamorphosed, shows that the prevailing constituent is
quartz in irregular interlocking grains averaging 2 millimeters in diameter and attaining a
maximum of 4 millimeters. A specimen containing a good deal of orthoclase, obtained north-
east of Rumsey Mountain, gives clearer evidence that certain quartz individuals may annex
much of the substance of neighboring grains. The original diameter of the sand grains is
about that of the isolated feldspar grains, or between 0.25 and 1 millimeter. Many individuals
of quartz, however, are as much as 5 millimeters in diameter and have boundaries intricately
embayed; a cross section like a clumsy S or L is. not uncommon. These larger individuals,
which enwrap or inclose feldspars and smaller grains of quartz and tourmaline, have evidently
been enlarged in a way that involves a far more thorough rearrangement of material than that
involved in the type of secondary enlargement usually figured in textbooks.

The coarser and purer of the two specimens described resembles greatly the typical Neihart
quartzite except that the grains are not flattened and are little strained.
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SILVER HILL FORMATION.
PRINCIPAL FEATURES.

The name Silver Hill formation is new and is taken from the eminence south of Silver
Lake, on whose steep east face the best section is displayed.

The formation as exposed in this type section may be considered as formed of three mem-
bers, which are, in descending order, as follows:

Generalized section of Silver Hill formation.

Shales, calcareous, strongly banded in brown, white, and green, interbédded with laminated Feet.

RINGSIONG . : scmmmmcs o5 s nsmemenass s s 55 8 srmatiames 08 5 35 HPEEsmEs ok o 2 S mamsmpass e 15 « v 90
Limestone with thin brown siliceous laminge - ... ... .. ... .. ... .. .. .....i..... 120+
Shale, dark green, not notably calcareous, with a 3-foot sheet of dark intrusive igneous rock

near the base. ... .o 120

330+

The highest and middle members are not distinct, for they are composed of similar mate-
rials, but they show rather sharp lithological contrast with the lowest member, and it would
be more strictly logical to map the dark-green shales as one formation and the overlying rocks
as another, or even to make a threefold subdivision.- The mapping of all these strata as a unit
was determined by two considerations: First, the representation of smaller units on the map
would be mechanically difficult and would obscure rather than elucidate the structure; second,
all the rocks of the formation as mapped are alike in the characteristic most obvious in the
field—they are much more susceptible to erosion than the Flathead quartzite below and the
dolomitic Hasmark formation above—and they therefore usually occupy topographic depressions
and are poorly exposed; about Princeton, indeed, exposures are entirely wanting. For this
reason the discrimination of the three members is impracticable in many places.

Despite their comparative weakness, the rocks of the Silver Hill formation in a virtually
unaltered state are well exposed in the drainage basin of the East Fork of Rock Creek. In
most good exposures, however, including that on Silver Hill, these rocks are noticeably affected
by igneous metamorphism, by which, like the somewhat similar rocks of the Newland formation,
they are greatly indurated.

The thickness of the Silver Hill formation appears to be fairly uniform in the northern and
middle parts of the quadrangle, but varies considerably in the Anaconda Range. At the Carp
mine it is inconspicuous and apparently thinner than in most places, but 3 miles northeast, in
a section which does not appear to be faulted, both the calcareous and noncalcareous parts are
of about twice their normal thickness. On the bank of the East Fork of Rock Creek the Hasmark
rests on the Flathead, but there are evidences of faulting, which may account for the absence
of the Silver Hill. A few rods east of the creek its apparent thickness is about 100 feet. The
fine section northwest of the peak, 10,005 feet high, east of Rock Creek, is similar in character
and thickness to the Silver Hill section. In the vicinity of Mount Haggin, the Silver Hill
formation is generally not more than 100 feet thick, and apparently transgresses the Flathead,
so that its upper, limy portion rests on the Spokane.

LITHOLOGIC DETAILS.

LOWER PART.

The shales of the lower part are mostly of a remarkably uniform olive-green color, without
distinct banding. The bedding is accentuated, however, by thin sharp-edged whitish lenses,
generally a few millimeters thick and a few centimeters broad, forming a rather small propor-
tion of the mass. The presence of these lenses is a distinctive feature of this member. The
unmetamorphosed shale is very fissile and may be split into plates no thicker than ordinary
pasteboard. The visible effects of incipient metamorphism are darkening and induration; the
altered shales are not so fissile and may be broken across the bedding almost as readily as paral-
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lel to it. Microscopic sections from slightly altered specimens of the lower green shales reveal
textures like those of the finer phases of the Spokane. The coarser parts include angular to
subangular grains of quartz and subordinate feldspar, about 0.1 millimeter in maximum diam-
eter, in a groundmass very rich in sericite and green biotite. The finer parts are essentially an
almost cryptocrystalline mixture of these three constituents. A little epidote and tourmaline
commonly occur in grains or crystals up to several tenths of a millimeter in diameter, and are
evidently of contact-metamorphic origin. When considerably metamorphosed, the lower
shales are changed to cordierite hornstones like those described in connection with the Spokane.
Megascopically they are gray, more or less distinctly “knotty,” and dappled with dark spots,
commonly 1 millimeter to 3 millimeters across. In some specimens grains of mica 1 millimeter
or more in diameter are conspicuous.

A microscopic section of a highly altered specimen from the south end of Cable Mountain
shows highly poikilitic grains of cordierite and smaller imperfect prisms of andalusite in a
matrix composed for the most part of limpid polyhedral grains of orthoclase. Quartz occurs
only in very small amount, forming one or two lenticular aggregates of coarser texture than the

“orthoclase and a sort of graphic intergrowth with andalusite. Other constituents are biotite,
tourmaline, sillimanite, magnetite, and zircon. The tourmaline is exceptionally abundant and
well crystallized. (See Pl. XV, 4, p. 130.)

In most specimens cordierite and andalusite have been more or less completely altered to
fine-grained aggregates of mica. The pseudomorphs after andalusite consist wholly of color-
less mica; those after cordierite of mingled colorless and greenish-brown varieties.

MIDDLE PART.

The general appearance of the laminated limestone characteristic of the middle division
of the Silver Hill formation is remarkably similar to that of the rock forming most of the Red
Lion formation, an outerop of which is shown in Plate X, A (p. 61). The rock as a whole is
moderately thick bedded, but its most conspicuous feature is the alternation of thin laminse
markedly different in relief.  The greater part of the rock is nearly pure limestone of white,
pale gray, or pale drab tint. The thinner laminge alternating with those of limestone are of a
darker siliceous material, gray or brown in color, resembling chert, and project in relief on
weathered surfaces. They average somewhat less than 0.5 centimeter in thickness and are
spaced at intervals of about 1 or 2 centimeters. This description applies to the slightly meta-~
morphosed condition that the rock has in its type exposure. Where there is no appreciable
contact metamorphism, as in the vicinity of Princeton and in the best exposures in the basin
of the East Fork of Rock Creek, the limestone parts more readily, and weathered surfaces of
the siliceous layers are dull and stained with ocher, the appearance of the rock then recalling
the description of the ‘‘mottled limestones’” of the Cambrian in the earlier Montana folios,
although these publications do not emphasize a laminated character. The limy layers are not
very magnesian—distinetly less so than the limestones of the overlying Hasmark. They con-
tain a little quartz, apparently clastic, and the siliceous layers contain some carbonate.

UPPER PART.

The banded shales predominant in the uppermost part of the Silver Hill formation are inter-
bedded with the laminated limestones and grade into them; indeed, the limestones pass to the
shales by diminution of the calcite layers in purity and thickness. The least limy rock of the
uppermost, division in the Silver Hill section of the formation is a brownish calcareous shale
with thin whitish or greenish Jayers. The color in the chocolate-brown layers of the slightly
metamorphosed limy rocks is due to biotite, and that of green layers to amphibole or pyroxene
developed by metamorphism. The unmetamorphosed shale would probably be of a drab ora
dull olive-green hue.

The calcareous beds in the upper part can suffer considerable contact metamorphism with-
out conspicuous change in megascopic appearance. This is illustrated by a specimen of the
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laminated limestone from the section west of Foster Creek. Megascopically metamorphism is
suggested merely by a slight coarsening of texture, but the microscope reveals very considerable
alteration. The brown siliceous laming consist principally of potash feldspar, reddish-brown
biotite, and diopside, with a little calcite, epidote, titanite, and lime-rich feldspar, and a few
relatively large crystals of greenish-brown tourmaline crowded with inclusions of the other
minerals. Quartz is absent. Except for the tourmaline crystals, which may be several milli-
meters in diameter, the minerals occur in minute grains measurable in fractions of a millimeter.

A specimen of calcareous shale of the uppermost division found northeast of the Red Lion
mine resembles the amphibole-bearing hornstones derived from the Spokane a little farther
west (p. 47) but contains no scapolite.

Extremely powerful metamorphism of the Silver Hill formation is exemplified at Philips-
burg. Here the calcareous shales and limestones are altered to rocks of irregular and, as a rule,
coarse texture, characterized by garnet, pyroxene, amphibole, scapolite, epidote, and magnetite.
Most of them may be roughly grouped as rocks rich in garnet and rocks rich in scapolite. None
contain both minerals abundantly. Rocks rich in magnetite occur in smaller amounts.

In the rocks of the first class the chief constituent is a dark reddish-brown garnet, with
which is mingled irregularly in thin, ill-defined subparallel layers a green microcrystalline
substance consisting mainly of pyroxene with more or less epidote. A little calcite can usually
be detected by turning the specimen about in a good light to catch reflections from the bright
cleavage faces broken by inclusions. These reflections show the calcite to be crystallographi-
cally continuous in places over a diameter of several inches. Other constituents visible micro-
scropically are amphibole, titanite, chlorite, quartz, and zircon.

The scapolite rocks that do not contain magnetite are light to dark greenish gray and
contain the same minerals as the scapolite rocks derived from the Newland (p. 43), but their
texture is coarser. Poikilitic development of calcite is beautifully exemplified in some speci-
mens where the lacelike mottled reflections are continuous over diameters of 2 or 3 inches.
The scapolite in these specimens forms clear, slender striated prisms about 1 centimeter long,
not conspicuous except on weathered surfaces. Amphibole and pyroxene form relatively
minute crystals. In other specimens where calcite is scarce the scapolite forms more irregular
and very much larger individuals, some of them an inch or two long, inclosing the green silicates.
Minor constituents of these rocks are titanite, quartz, epidote, and pyrite.

Magnetite has been formed locally by partial replacement of the constituents of the Silver
Hill formation, and is intimately associated with some of the metamorphic minerals occurring
in the rocks just described. The replacement is in some degree selective and follows certain
beds, presumably the more calcareous, so that the magnetite rocks are in part distinctly banded.
Alternate layers are chiefly magnetite in granules less than 1 millimeter across, with some inter-
stitial amphibole, iron-poor epidote, and quartz; the layers between are chiefly of finely divided
amphibole, epidote, and calcite.

In another type scapolite is abundant. White strips of the mineral about 1 centimeter
long, lying in all positions, are conspicuous in a matrix chiefly magnetite, mixed with some
finely divided green amphibole and poikilitic calcite. Under the microscope some epidote and
a little titanite appear. The textural relations indicate a simultaneous growth of magnetite,
amphibole, and scapolite. "

In the contact zone of the porphyritic granite north of Lost Creek, the upper Silver Hill
is largely altered to obscurely laminated rocks rich in greenish to brownish yellow vesuvianite
and containing also diopside, epidote, calcite, quartz, and a very little scapolite.

TYPICAL SECTION.

The following detailed section illustrates the sequence of strata of the Silver Hill formation
and its transition to the Flathead below and the Hasmark above. As these transitions are
gradual, it is in some degree a matter of arbitrary choice where the limits of the formation
shall be fixed, but the lowest dolomite above is called the base of the Hasmark. and the highest
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vitreous quartzite below is called the top of the Flathead. The section is composite, the part
above the main body of laminated limestone being exposed on the cliff west of the mouth of
Foster Creek and the remainder on Silver Hill. Slight metamorphism exists at both localities.

Section of Silver Hill and contiguous formations, from exposures at Silver Hill and at the cliff west of the
mouth of Foster Creek:.

Hasmark formation (lower part).

White and gray dolomite, such as constitutes most of the Hasmark formation.
Dolomite, blue-gray to white, more or less tinged with buff on weathered surfaces; lower part Feet.

BITE BEARE - cio it mimn. 5us svassmmssmse s 7 s . S e s sy i RS s 0 2 L S T 33
Dolomite, drab, yellow on weathered surface, very fine grained........... ... ... ... ... ... 3
Impure shaly magnesian limestone, pale green to white. ... ... ... .. .. .o.iiia. 5
Shale. calcareous, very fine grained, banded in gray-brown to greenish white, alternating with

very fine grained pale gray-green siliceous dolomite or magnesian limestone............... 3
Dolomite, shaly, medium grained, blue-gray to white on fresh fracture, gritty and more or less

stained with yellow on weathered surface.............ciieienoanoanooaaaaaaaaao .. 4

Silver Hill formation.

Shale, calcareous, banded in white, pale green, and brown, with white predominating; weath-

ered surface much stained with limonite. ... oooioiioie i 7
Shale, calcareous, banded in chocolate-brown to white, with brown predominating; less fine
grained than that above; contains bunches of black tourmaline.......................... 8
Magnesian limestone, shaly, interbedded with calcareous shale, drab to brown on fresh fracture;
stained with limonite on weathered surface.............. .. .. .. ... ... 10
Impure limestone banded in chocolate-brown to white: most lamine one-fourth inch to 1 inch;
darker laminee weather very slightly in relief; an undivided bed .. . ... ... .. .. ........ 13
Green and brown fine-grained shale, grading into laminated impure limestone; like the bed
above, but more conspicuously banded; contains bunches of tourmaline.............._..... 5

Grades into fine-grained, less calcareous, very strongly banded shale; laming average about
one-half inch in thickness; color, very dark grayish green with a tinge of brown to nearly

white or greenish, the dark predominating. .. ...icc.ecuerimsomecveoimssoscosmmesensns 5%
Rock similar to the above bed, almost entirely dark.........oo.ooooiiiiiiiiiiiiiaiaiaiaa .. 2
Rock composed of laminze 14 inches in average thickness, of fairly pure light-gray limestone and

the dark brownish-green material of the above beds; the latter weathers in relief.......... 13
GEATIBD PO ANATE . - Lo e oo ssmor: Srscasesseisindi e o aimseselrihirm oo it e s rat USSR U e s e o 0 = 2
Laminated limestone, with very fine grained dark-green siliceous layers............ ... ..... 13

Laminated limestone in which the dark layers are coarse, and evidently rich in biotite; con-
tains bunches of tourmaline; calcareous and siliceous layers about equal in volume; grades
It r0eks DL OVO BT BBLOW:, «nci it b renitsimcrs S SRR S R I L S 7

Shale, distinctly banded, fine grained, composed of chocolate-brown laminge about one-half
inch in average thickness, alternating with thinner, less continuous, nearly white laminze.. 12

Laminated limestone, with more calcareous material than siliceous material................... 6
Laminated limestone, with more siliceous material than calcareous material................... 1.
Limestone, impure but not distinctly laminated . ... ... .. ... .. il iaiiiiL. 1%
Shale, chocolate-brown, with white to pale-green bands; has a thin layer of impure limestone

§31E0% 5 7)o S SOt VSRS R, Sty e Sy i e ORI Sy B . L 9
Impure laminated limestone, white, gray, and drab, with irregular wavy anastomosing layers

of chocolate-brown siliceous material one-fourth inch to 1 inch apart...................... 120
Shale, greenish black, with thin lenticular lamins of whitish material a fraction of an inch

thick, and a layer of lighter green and more distinctly banded shale near base. ........... 120

Flathead quartzite (upper part).

Shaly quartzitic sandstone, light gray, with dark micaceous partings.......................... 2%
Quartziticsandstone, PElEIEIEON. . ncuscesmnsimmmiden =4 <me Sanes a s SRR e AR S o & 5o ¢ Haoe 13

CHEMICAL CHARACTER OF LOWER PART OF THE SILVER HILL FORMATION.

The orthoclase-rich cordierite-bearing hornstone described on page 54 must evidently be
richer in potash than most sedimentary rocks. As some evidence was obtained that alkalies
were added to the Newland rocks by magmatic solutions, it was surmised that the potash
of the rock in question might have had in part a similar source. To test this hypothesis,
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analyses were made of this rock and of apparently unmetamorphosed lower shale of the Silver
Hill formation from the southwest slope of Cable Mountains. The less-altered rock is fine
grained, fissile, and olive-green in color. A thin section shows the main constituents to be quartz,
sericite, and a green mica. Little nests of chlorite, grains and erystals of magnetite, and
numerous slender prisms of tourmaline also appear. Most of the mineral particles range in
diameter from 0.01 millimeter to 0.1 millimeter. The tourmaline is evidently not clastic, and
is probably to be considered an evidence of slight contact metamorphism. The metamorphism,
however, is obviously very much less than that undergone by the orthoclase-rich hornstone
described on page 54 and illustrated in Plate XV, 4 page 130. The analyses of the two rocks,
however, show remarkable similarity, especially as regards the potash content, which is slightly
greater in the less-altered rock. The analyses, therefore, give no evidence that metamorphism
has been attended by addition of potash. They indicate, however, that the original rock is
remarkably rich in potash and that the deposits from which it was formed may have been
glauconitic.

In these analyses specimen 1 is slightly altered shale from the southwest slope of Cable
Mountain, and specimen 2 is orthoclase-rich cordierite hornstone from a prospect northeast
of Cable. :

Analyses of rocks from lower part of Silver Hill formation.
]

[Analyses by W. T. Schaller.]

1 2
53.29 63. 47
22.38 17.33

6.57 5.09
91 .96
2.10 1.32
.53 .64
7.43 7.09
111 .50
4.12 2.66
.58 .36
99. 02 99. 42

e Determined by loss on ignition, corrected for CO. and oxidation of ferrous iron.

HASMARK FORMATION.
PRINCIPAL FEATURES.

The Hasmark formation is named for an abandoned settlement southeast of Philipsburg.
The formation is not particularly well exposed at that locality, but the dearth of geographic
names in the quadrangle made it impossible to find one more appropriate.

The general sequence in the Hasmark formation, as shown in Plate VIII, is, in ascending
order, (1) magnesian limestone, mostly blue-gray, about 550 feet; (2) calcareous shale, 150 feet
or less; (3) magnesian limestone, mostly white, about 350 feet.

LITHOLOGIC DETAILS.

LOWER MAGNESIAN LIMESTONE MEMBER.

The rock that constitutes the greater part of the lowest member of the Hasmark is a mag-
nesian limestone, which forms beds of moderate thickness. It generally exhibits on weathered
surfaces a characteristic light dirty bluish-gray tint and on fresh fracture a somewhat darker
and purer tint of blue-gray. Its compact crystalline texture of moderately fine, and as a rule
very uniform, grain is made manifest by the pearly reflections from the faces of crystals usually
much less than a millimeter in diameter. The weathered surfaces are gritty, not, as might be
supposed, from the projection of sand grains out of a more soluble cement, but from differential
solution of the carbonate crystals. The rock is harder than true limestone, and the application
of cold dilute acid produces no effervescence except on bruised edges and crevices where finely
divided material is exposed to its action. The details of weathered surfaces exhibit less mark-
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edly the effects of solution by atmospheric waters and a less complete rounding of corners than
pure limestone. These features indicate the magnesian character of the rock. '
The following chemical determinations were made by W. T. Schaller on a typical specimen:

Per cent.
Tnsaltible in: BdroehIONE S8IR s c-x s o clminsim s sm wwmesrosns w s sbi ok la e S e SO 5 0.45
CaQgoluble in hydrochloric aeid, q.: vimust suces s s smmenrbusin s Sonlosss g o et slow s s aess 44.33
MgO soluble in hydrochloric@cid. «cuue osniovsmsne s s sacwmmmes ass s wrsssvnssme s sty asss 6.46

Although the lower limestone of the Hasmark formation yields no identifiable fossils, it
has some lithologic features that are possibly of organic origin and that may serve, like
fossils, as aids to correlation. (See Pl. VIII.) These features are stated below. 2

1. An obscure mottling in lighter and darker gray on weathered surfaces is very common.
Its appearance is shown in Plate VIII, €. The darker patches, which stand in slight relief,
are more coarsely crystalline than the lighter patches, and apparently look darker only because
they are rougher. They seem relatively richer in dolomite.

2. Weathered surfaces locally show an alternation of the lighter and darker materials in
obscure bands about 1 centimeter broad.

3. The blue-gray to black limestone commonly incloses white vermiform, twiglike, or
pinlike bodies about 1 millimeter to 3 millimeters thick and 1 centimeter or more in length.
These resemble somewhat the altered coral remains found in the Jefferson limestone, although
they are much smaller and more sparsely distributed in the rock mass. (See Pl. VIII, B.)

4. A feature peculiar to the lower magnesian limestone of the Hasmark formation is the
oolitic structure illustrated in Plate VIII, A and D. The ellipsoidal oolites are darker than
their matrix, and are especially conspicuous on the weathered surface. They ordinarily occur
in two generations of markedly different size; the diameter of the larger ones is about 1 centi-
meter, and that of the smaller ones, which are partly clustered into berry-like masses, is about
0.5 millimeter. '

The form is that of flat lenses about five times as broad as they are thick, sections parallel
to the flat sides being nearly circular. The larger bodies show concentric banding.

In thin sections from the purer limestone of the lower Hasmark the grains, which are in
part irregular, commonly show a more or less idiomorphic outline. They are clouded to a
greater or less extent with a fine dust, presumably carbonaceous. Aside from this material
the rock is almost entirely composed of carbonate and contains only scattered particles of
quartz and mica.

SHALE MEMBER.

The most characteristic rocks of the shale member where it is thick are similar in type
to those dominant in the uppermost division of the Silver Hill formation. They consist,
broadly speaking, of more or less calcareous shales, but chocolate-brown material predominates
notably.over the greenish rocks, and the gray fine-grained limestone associated with the argillite
tends to form nodules and lenses less than 1 inch thick rather than continuous layers. On
weathered surfaces the limestone masses are sunken.

UPPER MAGNESIAN LIMESTONE MEMBER.

The dominant rock of the upper member is thick-bedded fine-grained magnesian lime-
stone, cream-white on weathered surfaces but slightly grayish on fresh fractures.

The upper limestone resembles the lower except that it is paler and finer grained and does
not show the peculiar markings described above.

Microscopic examination of this upper limestone reveals the same tendency, already
observed in the lower member, to partial expression of crystal form in the outer boundaries of
carbonate grains. Impurities consisting of small grains of quartz and particles of sericite
are more common than in the earlier limestone and constitute a noteworthy proportion of the
basal beds.
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CHARACTERISTIC FEATURES OF THE LOWER LIMESTONE OF THE HASMARK FORMATION.

A and D, Oolitic structure; B and C, Mottling due to projection of larger crystals (of dolomite?), B
showing also white twiglike, possibly organic bodies.
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TYPICAL SECTIONS.

Typical sections of the Hasmark formation follow:

Partial section of Hasmark formation on Warm Spring Creek 3 miles southeast of Cable.
Shale, coal-black, fine grained, brittle and homogeneous (base of Red Lion formation).
Hasmark formation.
UPPER MAGNESIAN LIMESTONE MEMBER.

Magnesian limestone, white, weathering yellowish, with some irregular bunches of pale-green  Feet.

cherty material in which amphibole is developed by contact metamorphism.............. 4
Magnesian limestone, white, weathering slightly yellow, without chert....................... 15
Magnesian limestone, fine grained, slightly gritty on weathered surfaces, mostly cream-white,

although the lowest exposed is pale bluish gray... ... ... ... . ... ... ... 250
Unexposed; probably magnesian limestone for the most part............o.ooooooiiiaaan.n 90

SHALE MEMBER.

Unexposed; float indicates rock like that below... ... ... ... ... . ... .. .. ... iiiiiiiaanann.. 25
Shale, banded in chocolate-brown and green, interlaminated with lenses and layers, averaglng
about 1 inch in thickness; of light-gray limestone, which forms about 40 per cent of the

OBk csal s s ss s o s 54 EEEEEHERES 55 AT G 6 & R R /A 5 o 5 S8 e B 518 3 RS San 20
Shale, banded in chocolate-brown and green, with ellipsoidal masses of limestone at the top.... 3
Shale, chocolate-brown, interlaminated with limestone in laminz about one-half inch to 3

INCHEETHICK . o ccimominis o 1 wresmsrmimin s s = v wmmaamnaes & owsmmesmss s o s s § o o Mg s 13
Shale, banded in chocolate-brown and green...........ccccececaaeianeiaeaeimmaaaeann 3
Limestone; pale drab; BUEATY. s. sssisiuss s s Sovamavmness s svtmsnmsos o sasmmenas s £ 5 ammsns wie b
Shale, mostly chocolate-brown with green laminge. ..........coeoeeieeieaoiia oo ... b 1
Unexposed; probably shale. . ... ... i it ieaeei et 12
Chocolate-brown and green shale interlaminated with llmestone ............... ISR S—— 3
Unexposed; probably 8hale. ... . cusemamons s s ownsmsms ss s 5 ssmmasmess s s s sumssses s = o6 amsmmsss 10

Shale, banded in chocolate-brown, with thin lamine of harder light-green material and of lime-
stone, mostly in layers, and lenses about one-half inch in average thickness, but which

forms two layers about 1 foot thick .. ... ... ... . ... 14
Magnesian limestone with thin siliceous partings, white to blue-gray on fresh fracture, but deeply
stained with limonite on weathered surfaces........... ... . iiiiiiiiiiiiiiaan. 3

LOWER MAGNESIAN LIMESTONE MEMBER.
%

Magnesian limestone, somewhat softer than the typical delomite, blue-gray, beds mostly 2 or

3 feet thick, but thinner above. . . . ... .. ... .. 20+
Magnesian limestone, white, drab, and blue-gray, btalned with limonite..................... 3
Shale, banded, mostly chocolate-brown, with lenses and discontinuous layers of limestone

about one-half inch thick and about 1 inch apart ... .. ... ... . .. .. ... ...i.. 3
Magnesian limestone, pale brownish gray. . ... ..o o L 1
Argillite, fine grained and calcareous, white, dark greenish gray, and brown, weathering rusty. 3
Shale and flaggy limestone, brown, imperfectly exposed...ccecaeeeaeeeeaiiaiiaiiaaoo. 6
Unexposed s ccss s sommmnaeoss 3 186 s aommamt 4 508 54 SosRessns « 54 5 nSeEmsaES § 565 LADTETER S §o8 53 6
Sandstone, fine grained, calcareous, pale greenish gray...........coooooiiiiiiiiiio.. 4
Magnesian limestone, dark blue-gray and mottled.......oocoeoo i, 8
Calcareous sandstone and shale. . . ... ... 2
Magnesian limestone like second layer above. ......... .. i it 4
Argillite, siliceous, pale greenish gray, weathering white to orange.......................... 4
Magnesian limestone, dark blue-gray, mottled and of medium grain, containing white vermicu-

lar bodies; probably belongs to the main mass of the lower dolomite. .. ... N S 20+

Section of Hasmark formation and base of Red Lion formation on east slope of Silver Hill.

Red Lion formation.

Hasmark formation.
UPPER MAGNESIAN LIMESTONE MEMBER.

Magnesian limestone, cream-white, fine grained......... ... ... oo il 335

59
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SHALE MEMBER.
Concealed, probably shale for the most part (some dolomite possibly cut out by faulting)........ 50

LOWER LIMESTONE MEMBER.

Magnesian limestone, mostly blue-gray, partly concealed.................... BT ALY 250
Magnesian limestone, blue-gray, medium to very fine grained, with sharp jointings, the
edges of the joint blocks slightly rounded................. . ... . ... ... .......... 50
Magnesian limestone, nearly white...._....... .. .. .. .. iiiiiieieeeo... 90
Magnesian limestone, cream-white on fresh fracture, blue-gray on weathered surface. . ... 45
Magnesian limestone, medium to fine grained, blue-gray and white....................... 100
Thickness of lower limestone member exposed................ ... .......... R el 535
Unexposed, part Hasmark and part Silver Hill formation...... ..o .. ... .. ... ... .. >- 90

HORIZONTAL VARIATIONS IN THE SHALE.

The foregoing sections in their main features are typical for the entire quadrangle so far
as the dolomites are concerned; these do not show any considerable variations in thickness
nor any important variations in lithologic character apart from the effects of metamorphism.

The shale, however, varies considerably in both composition and thickness. Imperfect
exposures much affected by contact metamorphism indicate that in the southeastern part
of the quadrangle it everywhere has much the same character as in the Warm Spring
Creek section. Sections that show a different phase of the shale in unmetamorphosed con-
dition, occur in the western part of the Anaconda Range near the Carp mine, where it is
represented by a reddish-purple calcareous layer about 20 feet thick, and on the west slope
of Cable Mountain, where it consists in greater part of drab, yellow-weathering shale, very fine
grained and homogeneous. The thickness here is apparently less than to the southeast.

In the vicinity of Philipsburg and along Boulder Creek below Princeton the shale member is
thinner and less conspicuous than at the localities mentioned. It is not exposed at Philipsburg,
although a thin stratum of weak rocks is locally indicated there by a depression between the
upper and lower limestone members. Near Boulder Creek about 25 feet cf interbedded ferrugi-
nous limestone and shale, in part sun cracked, represent the shale member of the Hasmark

formation.
EFFECT OF CONTACT METAMORPHISM.

LIMESTONE.

Contact metamorphism has the same general effect on both magnesian limestones, and
it also lightens the color of the lower limestone by expulsion of inclosed carbonaceous matter.
Tt is therefore difficult to distinguish the two limestone members where both are metamorphosed.

The limestones of the Hasmark formation are not, as a rule, so much coarsened by meta-
morphism as the less magnesian limestones of the higher formations, such as the Mississippian.
Even strong metamorphism will generally make the average diameter of the grains only about
twice what it was before metamorphism and notably coarse textures are rarely produced. The
metamorphic minerals characteristic of the Hasmark limestones are forsterite, diopside, humites,
tremolite, phlogopite, spinel, and pale chlorites. Their development is most common in the
southeast part of the quadrangle, especially in the contact zone of the porphyritic granite south
of Thornton Creek, where the forsterite and chlorites form large crystals. The formation of
magnetite deposits at certain granite contacts, notably at Cable, is perhaps to be considered a
special case of metamorphism of the Hasmark limestones (Pls. IX, B; XV, B, p. 130). The
magnetite deposits are discussed on pages 129, 186.

Diopside is always inconspicuous, and so is tremolite except where it forms spherulitic aggre-
gates. Forsterite does not readily catch the eye when fresh, for it is almost colorless; but when
partly decomposed to a yellowish serpentine, as it commonly is, it is more conspicuous. Its
common form is that of relatively slender prisms a few millimeters long, and about 1 milli-
meter thick. Minerals of the humite group form small orange-colored grains that are easily



1. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 78 PLATE IX

A. GARNET ROCK FORMED BY INTENSE METAMORPHISM OF THE LOWER PART OF
THE RED LION FORMATION.

Shows garnet crystals, calcite, and magnetite (black granular mass near center), intimately asso-
ciated with fine granular aggregate of metamorphic minerals, chiefly garnet, pyroxene, amphi-
bole, and epidote.

B. MAGNETITE IN LIMESTONE; FROM AN INCLUSION IN GRANODIORITE NEAR CABLE.
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B. CHERTY MADISON LIMESTONE NORTH OF STEWART GULCH.
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recognized. Pale phlogopite and chlorite generally form minute spangles not easy to dis-
criminate except by the aid of the microscope. At the locality south of Thornton Creek the
chlorite, which is of the nearly colorless variety leuchtenbergite, forms well-developed, squat
prisms about an inch in diameter. Deep-green spinel forms crystals generally of almost micro-
" scopic size, but so large in places that their octahedral form is apparent.

SHALES.

The most evident effect of slight metamorphism on the shales of the Hasmark is develop-
ment of biotite, which colors them chocolate-brown. The effect of more intense metamorphism
is much the same as on the rocks of the Silver Hill formation. Cordierite hornstones occurring
in Olson Gulch are apparently the highly metamorphosed equivalents of the least calcareous
phase of the Hasmark shales. The rocks with bands and nodules of limestone are altered to
hornstones consisting essentially of quartz, calcite, biotite, diopside, and locally scapolite.

RED LION FORMATION.
PRINCIPAL FEATURES.

The Red Lion formation is named for a mine at the head of the North Fork of Flint Creek.
The spur north of this mine is a hogback of the formation and affords a good exposure of its
middle part. '

The Red Lion formation comprises two members. The upper and thicker member consists
of laminated limestone, a typical exposure of which is shown in Plate X. The lower member is
chiefly calcareous shale, locally interbedded with flaggy magnesian limestone. The total thick-
ness of the formation is about 300 feet.

LITHOLOGIC DETAILS.

LAMINATED LIMESTONE MEMBER.

The proportion of siliceous material to limestone is greater in the lower than in the higher
beds of the limestone member. The highest layers ascribed to the formation are of white lime-
stone, with thin, rather widely spaced siliceous laming that weather yellow or orange. In the
main body of the formation the limestone is drab or blue-gray and predominates in volume over
the siliceous material, which weathers dull yellow, brown, or red.

Near the base the proportion of siliceous matter increases, the limestone becomes sub-
ordinate and much of it is in isolated nodules or lenses. The siliceous layers are deep reddish-
purple and the limestone a lighter shade of the same hue.

The limestone of the formation is evidently not very magnesian, for it effervesces freely on
the application of weak acid and the microscope shows the carbonate grains to be anhedral. It
is as a rule rather fine grained. The laming that stand out in relief on weathered surfaces are
hardly siliceous enough to be called chert. Under the microscope they appear to consist of
about equal parts of quartz in very minute grains and an aggregate of carbonate and sericite.

In the vicinity of Princeton the Red Lion formation contains beds made up of small sub-
angular pieces of limestone embedded in somewhat argillaceous material. These beds appear
to be intraformational conglomerates, the fragments being derived not as in ordinary conglom-
erates from an older terrane and transported a considerable distance, but more probably from
the breaking up of slightly compacted calcareous ooze by wave or current action and the redeposi-
tion of the fragments within a short distance.

The effect of metamorphism on the laminated limestone is essentially the same as on the
similar rocks of the Silver Hill formation. Near Twin Peaks the siliceous layers are altered to
material rich in vesuvianite, and near Cable the laminated limestones are altered to banded
hornstones very rich in magnetite, the other essential constituents being calcite, amphibole,
and soapolite.
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SHALY MEMBER.

The exposures of the shaly member in the vicinity of Cable and Warm Spring Creek show a
predominance of fine-grained, almost coal-black shale, which is locally characteristic of the
lower Red Lion, distinguishing it especially from the underlying brownish shales of the Has-
mark formation. The formation comprises, however, some olive-green shale, thin beds of
greenish-gray fine-grained indurated sandstone and flaggy limestone. The limestones of the
lower Red Lion are of sugary texture, generally reddish purple or mottled in purple and cream-
white or pale green. They become covered with ocher on weathered surfaces.

In a good exposure on the west side of Cable Mountain, the lower Red Lion consists of two
beds of shale—the lower black to purple, calcareous, and weathering yellow; the upper olive-
green and not notably calcareous—separated by a thin layer of ferruginous limestone. At the
head of the East Fork of Meadow Creek this member consists of about 20 feet of red limestone
grading into shale.

Contact metamorphism affects the lower Red Lion rocks in the same way that it does the
similar rocks of the Hasmark and Silver Hill formations. Slight metamorphism changes them
to fine-grained greenish or brownish hornstones whose characteristic minerals are quartz, calcite
in varying amounts, diopside, and biotite. Intense metamorphism of the calcareous portion is
exemplified at the contact with the granite near the forks of the gulch north of Gold Coin,
where the sedimentary rock is changed to coarsely crystalline aggregates consisting chiefly of
reddish-brown garnet, epidote, green pyroxene and amphibole, calcite, quartz, and magnetite.
The garnets are especially conspicuous, some being crystals nearly 2 inches in diameter. A
typical specimen from this locality is shown in Plate IX, A. Impure magnesian limestone of the
lower Red Lion is locally altered to a greenish banded hornstone, containing abundant olivine
(forsterite ?) and diopside, both considerably altered to serpentine.

TYPICAL SECTION.

The best section measured is on the east side of Warm Spring Creek, where the shale member
and the upper member of the Hasmark formation are exposed.

Section of Cambrian rocks on slope east of Warm Spring Creek above Cable Creek.
Maywood formation (lower part).

Sandstone, fine grained, calcareous, green and white. Feet.
Magnesian limestone, gray togreen, impure.........cceiceoi combinommmnn rvesiovnme e oennn 40

Red Lion formation.

Limestone, white to light gray, with siliceous lamins weathering yellow to red in small propor-
[117o) Ry (R LIS o o e A e e B R B 40—+
Limestone, blue-gray, with siliceous lamina averaging about one-eighth inch thick and about
one-half inch apart, although some layers of pure limestone are 4 inches thick; siliceous
material forms about one-fifth of the Whole ... ww s s comrumvows ot damh nmcinivn s o b abaumimms 12
Limestone, like bed above, imperfectly exposed - . . - .. ccooiuoiiiiiiiiii it L. 120
Limestone, blue-gray, with siliceous laminz like those of second bed above forming one-fourth
or more of the entire layer; siliceous material is more abundant near the top where the
laminge anastomose, so that much of the limestone lies in isolated lenses. .. .............
Unexposed; presumably limestone like that above. ........ . ... i iiiiiiiaiiaiaa,
- Magnesian limestone, thin bedded, white, weathering yellow. ... ... ... ... ... .........
Magnesian limestone, gray or reddish purple on fresh fracture, a little rusty on weathered sur-
face; contains ellipsoidal masses of red impure limestone about one-half inch in diameter,
ALV R T B R L SRRy TR G 1 S G L A e e 7
Magnesian limestone, white, stained with yellow ocher on weathered surfaces............... 1
Shale, coal-black, brittle, checking irregularly without distinct lamination; rusty brown on
weathered SUFTAOER: . s veismmes oo st s s mDems =53 5 bk Saamsiios ofe & s b D faiais wrel o i 5
Magnesian limestone with wavy partings, drab on fresh fracture, stained with limonite on
weathered surfaces. .. ............ o ioiioiiio.... i s 5 A RS RBAES & 5 e e 3
Silica-carbonate rock, fine grained, brittle, flaggy, and banded in white, green, and drab. . ... .. 5
4
3

8 &

Rock similar to that of bed above, but obscurely banded and not flaggy.....................
Shale, coal-black, fine grained, brittle, and homogeneous.............. ...
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FOSSILS.

Fossils were collected from the upper part of the Red Lion formation by E. M. Kindle, of
the United States Geological Survey, in 1907, and submitted to Secretary Walcott, of the Smith-
sonian Institution. In a collection from Rock Creek, in the western part of the Anaconda
Range, he found Billingsella coloradoensis Shumard and Anomocare sp.; in a second lot from
the vicinity of Princeton the same forms together with Cyrtolites sp. and Agraulos sp. All
the specimens, according to Dr. Walcott,! are of Upper Cambrian age, and therefore corre-
spond to the Yogo limestone, but appear to be of a younger facies than any that have been
found in the Yogo limestone farther east.

CORRELATION OF CAMBRIAN ROCKS.

The assignment of the series above described as a whole to the Cambrian depends on the
unconformity at the base of the lowest quartzitic member (pp. 50-52), which can reasonably
be correlated only with the widespread unconformity at the base of the Flathead quartzite,
the lowest Cambrian formation of the known Montana sections, and on the presence of Upper
Cambrian fossils in the limestone of the Red Lion formation. The stratigraphic position of
the base and that of the top of the series are therefore known beyond reasonable doubt.

The correlation of the intermediate divisions of the series, however, can not so readily be
settled; the basis of such correlation as is now possible is wholly lithologic, and sufficiently
detailed comparison of the Philipsburg section with those previously described has not been
made. A tentative correlation may, however, be based on the following considerations. There
is in the Philipsburg Cambrian and in that of the Little Belt Mountains and the Livingston
region a basal sandstone or quartzite, overlain by alternating shales and limestones that con-
stitute more or less definite and logical stratigraphic units. It is a reasonable supposition
that, considering only relatively thick and homogeneous strata, the lowest shale in the Philips-
burg section corresponds approximately to the lowest shale in the Livingston section, the lowest
limestone in the one to the lowest limestone in the other, and so on. It will presently be
apparent, however, that the application of this hypothesis has practical difficulties apart from
the objection that the limestone beds of one region may pass horizontally into the shales of
another. .

In regard to the correlation of the Flathead little doubt exists. Lithologic similarity,
unconformable relation to the Belt series, and subjacency to a shale are three points which
serve to identify the stratum called Flathead quartzite in the Philipsburg quadrangle with the
sandstone called Flathead in the type region.

The Silver Hill formation was at first thought to be the equivalent of the Wolsey shale.
The possibility has suggested itself more and more insistently, however, that the three subdi-
visions of this formation (p. 53), notwithstanding the difficulty of distinguishing them except
in restricted portions of the Philipsburg quadrangle, may be coordinate with three formations
of the Little Belt Mountain section. The choice between these two hypotheses depends in part
on the correlation of the Hasmark formation. This formation consists of two distinguishable
magnesian limestones parted by a shale thick enough, over a large part of the quadrangle at
least, to rank as a formation. The obvious inference first made was that the lower, overlying
the supposed Wolsey shale, was the Meagher limestone, the shale the Park shale, and the
upper the Pilgrim limestone. A different correlation is indicated, however, by the nonper-
sistence of the shale bed.

The original Pilgrim contains thin beds of shale not distinguished as formations. The
medial shale of the Hasmark may be one which is not more important than these, but which is
locally thickened. The upper and lower limestones present no differences that in themselves
would strongly suggest subdivision of the Hasmark or its equivalence to more than one of the
formations in the type sections for the Montana Cambrian. It seems, therefore, wholly plausible,
though proof is lacking, that the Hasmark is essentially the equivalent of the Pilgrim limestone.

1 Letter to F. C. Calkins, June 3, 1908.
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Assuming this to be true, the Silver Hill formation of the Philipsburg quadrangle must be
equivalent to the Park, Meagher, and Wolsey if these are all here developed, in which event
the lowest dark shale division would correspond to the true Wolsey shale, the portion com-
prising the thick strata of laminated limestone to the Meagher limestone, and the overlying pre-
dominantly shaly part to the Park shale. Either scheme of correlation leaves the Red Lion
to represent the Dry Creek shale and Yogo limestone.

It is perhaps after all more important to show the necessarily tentative character of any
detailed correlation at this time than to decide what correlation is most probable. Thereis
not a sufficiently close and detailed lithologic resemblance between the Philipsburg section
and those farther east to make purely lithologic correlation safe. The Pilgrim limestone,
for example, has not been described as magnesian, and had it been as obviously magnesian as
the Hasmark the fact would hardly have escaped notice. The few specimens in the National
Museum do not appear to be magnesian. The peculiar laminated limestone of the Red Lion
formation, moreover, does not seem to resemble the Yogo. A real correlation between the
Philipsburg and other sections is hardly possible until more Cambrian fossils have been found
about Philipsburg or until strata have been actually traced from one region to another. - When
both these things have been accomplished there is reason to believe that formations equivalent
in the usual senses may not be quite contemporaneous. The highest limestone in the Philips-
burg quadrangle has a fauna of younger facies than that in the Little Belt Mountains, and
the Flathead quartzite contains older fossils in eastern Montana than in the western part of

_the State. It may be that for several epochs of the Cambrian period, if not for ail of them,
the controlling conditions of deposition were initiated at the east and gradually invaded more
and more westerly areas, or, in other words, that there were successive westward transgressions.

SILURIAN (?) SYSTEM.
MAYWOOD FORMATION.

PRINCIPAL FEATURES.

The Maywood formation is named for Maywood Ridge, west of Princeton, on whose north-
east face, 2 miles above the mouth of South Boulder Creek, the best exposure occurs.

The Maywood is generally ill exposed, being less resistant to erosion than the limestone
of the Red Lion formation below or the Jefferson limestone above. It consists of thin-bedded
calcareous rocks, including reddish, gray, and whitish flaggy magnesian limestones, gray and
olive-green calcareous shales, and near the base some light-colored calcareous sandstone.

There is some doubt as to its exact limits, notwithstanding that as a whole it is in marked
lithologic contrast with the Red Lion formation and with the Jefferson limestone. Kindle?!
regards the lowest sandstone as basal. In the present paper, however, the formation is assumed
to embrace about 40 feet of limestone similar to that in the main body of the formation, but
lying below the sandstone. At the top the line between the Maywood and the Jefferson is
also ill defined, for certain beds of nearly black flaggy limestone at this horizon might plausibly
be assigned to either formation, and the section across the contact gives the impression of
gradation from one to the other. Owing to the uncertainty of its boundaries, an exact measure
of the thickness of the Maywood formation is impossible, but in round numbers it is about
200 or 300 feet thick.

The distribution of the Maywood formation corresponds in general to that of the Cambrian
rocks described on page 49. The only continuously exposed section of the unaltered rocks,
apart from that on Maywood Ridge, is on the East Fork of Rock Creek in the southwest part of
the quadrangle, although considerable exposures of the limestones occur on the North Fork of
Flint Creek and south of Silver Lake. Some of the best exposures of metamorphosed Maywood
rocks are west of Franklin Hill and west of Tower, near Philipsburg, and on the spur east of

Cable.

il Kindle, E. M., Fauna and stratigraphy of the Jefferson limestone in the northern Rocky Mountain region: Bull. Am, Paleontology, Cornell
Univ., vol. 4, No. 20, 1908, p. 10.
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LITHOLOGIC DETAILS.

The sandstone of the Maywood is the rock of which outcrops and float are most common,
and its peculiarities make it easy to recognize. It is cream-white on fresh fracture, but exposures
are invariably stained a tawny yellow by limonite. The weathered surfaces are rough, so that
the sand grains stand out in strong relief, and the lamination, in places, is expressed by a fine
fluting that locally shows a cross-bedded structure.

The shales and limestones of the formation, which grade into each other, are partly of
kinds found in the lower part of the Red Lion formation. The fine exposure of the almost
vertical beds south of Boulder Creek, as viewed from the Maywood farm, appears banded in
grays and rather dull reds and yellows, the yellow hues being due to weathering of calcareous
beds. The shales and limestones which on fresh fracture are gray to dull olive-green or reddish
mostly weather to cream color, yellow, or orange. The weathered surfaces of the limestones
are, as a rule, somewhat gritty, owing to siliceous impurities and to a partly magnesian character.
Much of the limestone is mottled in red and gray, the gray portions weathering buff. For about
100 feet below the typical thick-bedded limestones of the Jefferson, beds of dark-gray limestone
like the Jefferson are interbedded in subordinate proportion with fine-grained gray, buff-weather-
ing thin-bedded limestones and calcareous shales.

Strong metamorphism of the Maywood rocks, by recombining the iron of oxides and car-
bonates into silicates, turns the red beds green and lessens the tendency to weather yellow.
Metamorphism of the sandstone is exemplified on Silver Hill, where the calcareous cement has
become abundantly charged with minute needles of tremolite. The calcareous shales alter
to green hornstones characterized by diopside and other silicates of magnesia and lime. In
the contact zone of the granodiorite exposed at Cable, some of the Maywood has been converted
to distinetly erystalline rocks rich in poikilitic scapolite. An iron-poor olivine mineral, probably
forsterite, occurs abundantly in some of the metamorphosed limestones near Philipsburg.

AGE.

The Maywood formation has been carefully searched for fossils without results and can not
be correlated on lithologic grounds with any part of the Montana sections previously studied.
No more is known of its age than that it lies between that of the Red Lion below, which is
Upper Cambrian, and the Jefferson above, which is early Devonian. It seems probable, therefore,
that the Maywood is either Ordovician or Silurian, though it may represent the uppermost
Cambrian or the lowermost Devonian.

DEVONIAN SYSTEM.

The only rocks of known Devonian age in the Philipsburg quadrangle belong to the Jefferson
limestone. This is immediately succeeded by the Madison limestone (Carboniferous) without
the intervention of the Threeforks shale, which represents the uppermost Devonian farther east.

JEFFERSON LIMESTONE.

PRINCIPAL FEATURES.

The Jefferson formation consists essentially of rather thick bedded, somewhat magnesian
limestone, and is about 1,000 feet thick in the Philipsburg quadrangle. Its correlation is well
established by fossils. It is comparatively resistant and fairly well exposed wherever it occurs.

Some of the best exposures of the Jefferson occur at and below Princeton, along Boulder
Creek. Smaller areas on Gird Creek are interesting because they show the formation in perhaps
its least altered condition. Near Philipsburg the formation is extensively exposed. It forms
the hill northeast of town, and is the principal country rock of the Hope mine. Good exposures
occur in the hills between Georgetown and the Gold Coin mine, and in the canyon west of Silver
Hill. Along Foster Creek and in the hills east of it are large areas of somewhat altered Jeffer-
son limestone. A cliff exposure, shown in Plate XVI, 4 (p. 144), indicates the alternation of light

22068°—No. 78—13—>



66 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE, MONTANA.

and dark beds that is characteristic of the formation. In the basin of the East Fork of Rock
Creek, the Jefferson, like the rest of the Paleozoic rocks, is well exposed.

LITHOLOGIC DETAILS. _

The limestones of the Jefferson range in color from white through grays and browns to
nearly black. In the Philipsburg quadrangle the light-colored beds predominate. The least
altered material, such as that on Gird Creek, shows a somewhat brownish cast. Some beds
exposed north of the Maywood ranch on Boulder Creek are almost sooty black; these contain
locally a small white coral, which is the only conspicuous fossil in the formation. The textures
vary from very fine to somewhat sugary, and weathered surfaces, like those of the magnesian
limestones of the Hasmark formation, are more or less gritty. The appearance of the Jefferson
limestone and its behavior toward acids indicate that it is magnesian, but less so than the lime-
stones of the Hasmark formation. The formation contains a little chert in irregular nodules,
but on the whole much less than the overlying Madison limestone.

In most places the Jefferson limestone has no brownish tinge, probably because metamorphic
action, which in varying degrees is prevalent in most parts of the quadrangle, partly destroys
the organic pigment, so that the lighter-tinted beds become white and the darker assume a
bluish cast in measure as the texture becomes more perceptibly crystalline. The most common
rock of the Jefferson, as it occurs in the quadrangle, is a rather fine grained cream-colored
dull and opaque limestone, which commonly forms large rounded outcrops without marks of
bedding.

By strong metamorphism crystallinity is accentuated, but like the magnesian limestones
of the Hasmark formation, those of the Jefferson do not commonly attain a texture distinctly
coarse. On Foster Creek and near Cable, for example, these limestones are of medium grain,
with crystals averaging less than 1 millimeter in diameter at the very contact with granitoid
rocks. The most characteristic metamorphic mineral developed in the Jefferson is tremolite
in lustrous, splintery crystals, white or mottled with gray by inclusions of carbonaceous dust.
Less common, and inconspicuous when present, are minute crystals of diopside, olivine, and a
mineral doubtfully identified as colorless humite. Pale mica, probably phlogopite for the most
part, is widely distributed but only locally abundant.

FOSSILS AND CORRELATION.

The lithology and stratigraphic position of the rocks assigned to the Jefferson in the Philips-
burg quadrangle would suffice in themselves to make the correlation reasonably certain, and the
paleontologic evidence establishes it beyond doubt. Although most of the fossils are so small
and inconspicuous as to escape an untrained eye, a large number of them were found in 1907
by Mr. Kindle on the East Fork of Rock Creek and near Princeton. His report on them is as
follows:

The faunal, stratigraphic, and lithologic evidence agree in indicating that the dark magnesian limestone which
occurs below the Carboniferous in the Philipsburg quadrangle should be correlated with the Jefferson limestone. Its
distinctive physical character and stratigraphic relations enabled geologists to identify the dark saccharoidal mag-
nesian limestone over a considerable area in Montana with that at Threeforks, the type locality of the Jefferson, before
itsfauna was sufficiently well known to determine with certainty itsage. Thislimestone in the Philipsburg quadrangle
has furnished a sufficient fauna, however, to establish its Devonian age with certainty.

The following list includes all the species which have been determined from this formation in the Philipsburg
quadrangle. They have been obtained from two localities; one of these is 23 miles northwest of Princeton, Mont., the
other 20 miles south of Princeton on the East Fork of Rock Creek.

Favosites cf. limitaris. : Athyris montanensis.
Productella cf. subaculeata. Spirifer occidentalis.
Schuchertella chemungensis var. arctostriata. Spirifer engelmanni.
Stropheodonta cf. macrostriata. Spirifer argentarius.
Hypothyris globularis. Spirifer utahensis.

Atrypa missouriensis. Loxonema approximatum?
Atrypa reticularis. Straparollus sp.

Athyris parvula.
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CARBONIFEROUS SYSTEM.
SEQUENCE.

The general succession of Carboniferous rocks in the Philipsburg quadrangle, in descending
order, is as follows:
Pennsylvanian series : Feet (approximate).

Quartzitic member. . . . ... ... 400

drant f ti
e, {Sha,ly member. ... 50-600

Slight unconformity (?).
Mississippian series: ‘
Thick-bedded limestone. . ........ ... . ... .. ... .............. 300-1, 000

Madison limest
e {Shaly limestone. . ... ... eeaaaan 300

MISSISSIPPIAN SERIES.
MADISON LIMESTONE.

PRINCIPAL FEATURES.

The Madison limestone in all the Montana sections has basal shaly beds overlain by more
massive beds. Weed has recognized three lithologic subdivisions in the Little Belt Moun-
tains, and two or three might be discriminated in the Philipsburg quadrangle, but these are not
mapped separately. The lower part in this quadrangle consists mainly of flaggy limestones,
black on fresh fracture, but weathering to a delicate blue-gray or drab tint, intercalated in most
places with two thin beds of coal-black calcareous shale, one lying near the base and the other
a little below the middle of the lower member. The upper member contains abundant chert.
Its lower part is mostly dark blue-gray and in beds of moderate thickness; its upper part of
more massive limestones, mostly white to pale gray. The formation is abundantly fossiliferous.

DISTRIBUTION AND EXPOSURES.

The upper part of the Madison tends to crop out boldly; the lower flagey part does not
ordinarily do so.

The formation occurs mainly in about half a dozen tracts, of which the most extensive is a
“ virtually continuous area extending from a point near the northern edge of the quadrangle to
the vicinity of Silver Hill. In this area, near Princeton, are some of the best and most accessible
exposures. The southwest faces of Pierre Hill and of the two spurs next north are steepslopes
or cliffs carved from nearly vertical beds, chiefly of the upper division, though the lower beds
appear on the cliff nearest Princeton. The area extending from Boulder Creek to Red Hill,
although it affords no complete section, gives bold outcrops visible from the railway. It is
chiefly remarkable for an unusual development of chert in the middle part of the formation.
Good exposures appear south of this area, in the immediate vicinity of Philipsburg. Almost
the entire section is exposed north of Stewart Gulch, and the cliff of which a view is shown in
Plate X, B, gives one of the best sections of the lower middle part.

Perhaps the best exposures occur in the U-shaped area south and southwest of Georgetown
Lake, particularly along vhe East Fork of Rock Creek. Just west and north of the hill marked
7780 on the map (Pl. II, in pocket) are very steep cliffs carved from vertical beds of the
middle and upper parts and south of the hill are fine exposures of more gently dipping beds,
including a nearly complete cliff section of the flaggy basal beds.

THICKNESS.

In the Rock Creek section 280 feet of the lower flaggy limestone is exposed, and a little
concealed; the total thickness of this member therefore is here probably about 300 feet. The
thickness of the overlying beds in the same locality is about 1,000 feet. Rough measurements
near Princeton and Philipsburg give 1,200 to 1,500 feet as the total thickness.
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At one place between Foster and Warm Spring creeks the total thickness is less than 800
feet; the diminution does not appear to be due to faulting, but rather to nondeposition, or to
erosion before the deposition of the Quadrant.

LITHOLOGIC DETAILS.

The shale locally present near the base and best exposed in a shallow prospect pit a quarter
of a mile southwest of Stewart Lake is dull black, fairly hard and compact, and breaks into
small rectangular fragments. Acid tests and microscopic study determine it to be highly calca-
reous, and it grades into the flaggy limestone forming most of the lower Madison.

The limestone constituting most of the lower division is in beds whose thickness ranges from
about an inch to a foot or more. The unaltered rock exhibits on fresh fracture a dark blue-gray
to nearly black color and a dense compact texture. Weathered surfaces are of a much lighter
blue-gray.

The limestone immediately above the flagey beds is similar to it in most respects, but is
thicker bedded and characterized by a large proportion of chert (Pl. X, B), whose occurrence is
in contrast to the lamellar arrangement of the siliceous material in the Red Lion formation
(PL. X, 4, p. 61). The chert of the Madison is in irregular masses which tend to segregate into
layers. Its distribution through the limestone is well illustrated by the plate.

Thin beds of white limestone, absent from the lowermost part of this formation, become
increasingly abundant upward and predominate in the upper half. The thick-bedded white
and light-gray limestones of the upper Madison, although they do not present in general appear-
ance any marked difference from those of the Jefferson, show distinet differences when closely
examined. For one thing the upper Madison is characterized by abundant chert in larger
masses and of less regular distribution than in the dark beds below. Other differences are due
to the nonmagnesian character of the Madison as opposed to the more or less magnesian char-
acter of most of the lower limestone formations. The thick Madison strata weather with sur-
faces that may be wavy and uneven in the large, but are smooth in detail, not gritty like those
of magnesian limestone. Light-gray or white pieces of limestone from this formation also have
a luster and translucency suggesting that of paraffin, in contrast to the dullness and opacity
of the typical Jefferson and the limestones of the Hasmark formation.

Fossils are so abundant and conspicuous in the Madison limestone as to aid even those
unable to identify species in recognizing outcrops of the formation. The commonest organic
remains are white cylindrical sections of crinoid stems 1 centimeter or less-in diameter; probably
second in abundance are cone-shaped coral fossils so divided by vertical partitions that a cross
section of a specimen suggests a little wheel 4 centimeters or less across, with the hub off center.
The fossils are more fully discussed on page 69.

Microscopic sections of Madison limestone present little that is worthy of especial remark.
They show interlocking anhedral carbonate grains more or less clouded with carbonaceous dust.
This dust is particularly abundant in the black flaggy limestones, which contain an appreciable,
though very subordinate amount, of quartz, sericite, and other impurities.

A partial analysis by Schaller of a specimen of the black shaly part of the lower Madison
limestone from a point near the county boundary just east of Warm Spring Creek follows.

Partial analysis of lower Madison limestone.

[By W. T. Schaller.]
Per cent.

Insoluble in hydrochloric acid.... ... ... ... . il 7.18
Ca0 goluble in hydrochlorie acid . uws susson s ssmmmmanmmn s o s o s ammene o o 08 sEmEEmEe s s s s i 50. 48
MgO soluble in hydrochloric 8Cid. . «oomvm ez sn s srnmmmessssnsisomsmesssssssemesemssessssamas .74

The chert masses, as shown by the microscope, consist chiefly of quartz in allotriomorphic
grains, mixed with more or less carbonate. The texture varies from moderately fine to almost
cryptocrystalline.

The foregoing statements on the vertical distribution of chert in the Madison are broadly
general. It should be remarked further that the amount of chert in the beds of a given horizon



PALEOZOIC ROCKS. 69

varies from place to place. Chert is particularly abundant in the formation south of Philipsburg
and along Flint Creek canyon. There is a prominent outcrop of chert just south of the mouth
of Boulder Creek. Farther south the proportion of chert increases, and near the fault contact
with the Algonkian is a great, almost continuous mass of dark chert nearly 100 feet thick, which
evidently belongs to the Madison. In this vicinity the Newland also is somewhat silicified and
cherty—a fact that hints at a possible cause for the limestones of local richness in chert. The
zone in which the condition exists is one of faulting, and it appears probable that the chert is at
least partly secondary and due to the action of siliceous waters arising in the fault fissures. Some
confirmation of this surmise is given by the development of secondary chert in the limestone of
the Hasmark formation north of Flint. Thin sections of this material show it to consist chiefly
of quartz replacing carbonate, for dust lines in the quartz mark the position of the original
cleavages of the calcite or dolomite. The chert of the Madison limestone is, to be sure, of finer
grain and reveals no structure suggesting that of a replaced carbonate. These differences,
however, are possibly due to readier solubility and more rapid replacement of the less magnesian
limestone.

The limestones of the Madison, especially the purer beds of the upper portion, are more
readily recrystallized by metamorphic agency than are the older magnesian limestones. The
mineral most commonly produced in the Madison limestone by contact metamorphism is snow-
white or gray tremolite, which is more abundant in this formation than in the Jefferson limestone.
In certain beds it is distributed more or less uniformly, but more usually it tends to form bunches,
especially in the chert masses or on their margins. Diopside is locally developed but never con-
spicuous in the Madison.

Scapolite locally occurs in the slightly altered basal flagey limestones, where it forms rela-
tively slender dull-black eight-sided prisms about 1 millimeter across. The black color is due
to included carbon dust.

A more remarkable effect of metamorphism is a similar development of orthoclase crystals
at two localities, one on the east slope of the knob 7,694 feet high west-northwest of the summit
of Silver Hill, and the other about 1} miles northwest of bench mark 5605 on Warm Spring
Creek. (These points are marked by elevation figures on the topographic map.) They are
black like the scapolites, which, with some tremolite, and titanite, occur in the same specimens.
Every individual is completely bounded by sharp though not lustrous crystal faces. The form
does not at once suggest the common habit of orthoclase, but in reality comprises the planes
most commonly developed in that mineral with the exception of the clinopinacoid, usually the
broadest. The faces present are M (110), ¢'{001), and X (101), X being larger than C. Crystals
of the same type are figured by Dana.!

FOSSILS AND CORRELATION.

George H. Girty, who has examined the abundant fossils collected from the Madison lime-
stone in the Philipsburg quadrangle, considers them referable to the lower Mississippian fauna
so widely distributed over the West. Ie has identified the following forms:

Syringopora surcularia. Rhipidomella michelini?
Syringopora sp. Chonetes illinoisensis.
Aulopora geometrica. Productus lavicosta.
Menophyllum ulrichanum. Camarotoechia metallica.
Amplexus sp. Spirifer centronatus.
Echinocrinus sp. Composita immatura.
Fenestella (2 sp.). Composita sp.
Schuchertella inflata. ’ Eumetria marcyi.
Rhipidomella pulchella.

The lithologic character of the rocks corresponds to that of the Madison in other parts of
Montana.

1 Dana, E. 8.; System of mineralogy, 6th ed., p. 316, fig. 7.
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PENNSYLVANIAN SERIES.
QUADRANT FORMATION.
PRINCIPAL FEATURES. -

The Quadrant formation, as developed in the Philipsburg quadrangle, comprises two mem-
bers that present strong lithologic contrast. The lower member consists of thin-bedded rocks,
chiefly deep-maroon shale and red to white magnesian limestones, which are soft and not often
well exposed. The upper member is mainly quartzitic, and is generally separable into three
strata—the lowest of light-colored pure thick-bedded quartzite the middle of calcareous shale
and impure cherty limestone; the uppermost of somewhat impure quartzite and quartzitic
sandstone. The quartzite strata crop out boldly, while the calcareous beds between them are
nowhere well exposed. Near the top thin beds of shale are intercalated with quartzitic sand-
stones assigned to the Quadrant.

Since the geologic survey of the Philipsburg quadrangle was completed, phosphate rock has
been found in the calcareous beds between the quartzites of the upper member of the Quadrant
formation.! Inasmuch as phosphate is a valuable fertilizer the areal distribution of the forma-
tion is a matter of considerable economic interest.

POSSIBLE UNCONFORMITY BETWEEN THE PENNSYLVANIAN AND THE MISSISSIPPIAN SERIES.

The considerably different ages of the faunas of the Madison and the Quadrant indicate the
lapse of a considerable time interval between them. Physical evidence of unconformity is given
by the sharp lithologic distinction between the uppermost beds of Madison limestone and the
lowest part of the Quadrant formation. A further indication of an erosion interval between
them is the dwindling of the upper Madison west of Foster Creek in the Flint Creek Range to
about half its normal thickness. Angular unconformity has not been proved.

DISTRIBUTION.

The most extensive exposures of the Quadrant are northeast of Boulder Creek, where
nearly vertical beds of the quartzitic member form bold parallel reefs striking for miles across
ridges and ravines. The lower red beds in this vicinity are generally concealed, but their position
is marked in places by float. A good exposure of the limestone between the quartzites occurs
on the hill 5,292 feet high, north of Douglas Creek. Good exposures of the lower member and
of the calcareous beds between the quartzites occur southeast of Goat Mountain. Other
extensive areas occur to the south on either side of Foster Creek, where strong metamorphism
prevails, and still farther south near Warm Spring Creek, where the rocks are not greatly altered.
The best exposure of these beds in the quadrangle is on the west slope of the hill 7,780 feet high
near the East Fork of Rock Creek. A detailed description of this section is given on page 72.

Near Philipsburg the quartzite of the Quadrant is one of the most conspicuous terranes. It
forms the knob west of the high school sometimes called Flagstaff Hill and a similar one 3
miles south. Fossils have been collected on Flagstaff Hill from the limy beds between the
quartzites.” The quartzite is the country rock of Red Hill, and its outcrop defines a pitching
anticline and syncline to the northeast. It also forms part of the crest west of Wyman Gulch.
The red beds of the lower member are concealed in most places near Philipsburg but are partly
exposed on and north of Stewart Gulch.

THICKNESS.

The greatest observed thickness of the lower Quadrant is on the East Fork of Rock Creek,
where the shaly beds measurs about 500 feet, unless some unobserved faulting occurs. The
thickness north of Philipsburg is roughly estimated at 200 to 300 feet. The least apparent
thickness, less than 100 feet, was observed west of Foster Creek, where the upper Madison is .
also of less than normal thickness.

1 Gale, H. S., Phosphates in Montana: Bull. U. S. Geol. Survey No. 470-A, 1911,
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A. LOWER LIMESTONE OF THE KOOTENAI FORMATION, SHOWING TWIGLIKE
BODIES THAT ARE PROBABLY ORGANIC.

B. RED SHALE WITH GRAY NODULES IN THE LOWER PART OF THE QUADRANT
FORMATION.
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The best measure of the upper member was obtained on Flagstaff Hill, where it is 430 feet
thick, and in general the thickness does not appear to vary much from this amount.

There is some doubt regarding the position of the upper limit of the Quadrant formation on
the East Fork of Rock Creek, in the Anaconda Range. The well-exposed limestones and red
shales of the lower member are here overlain by a single stratum of massive quartzite, about 350
feet thick, instead of by two quartzite strata separated by calcareous rocks, as in most sections.
The quartzite is overlain in turn by calcareous shales and cherty limestones. A portion of these
which resembles the calcareous division of the upper member as usually developed is mapped as
Quadrant, and it is assumed that the uppermost quartzite stratum of the more typical sections
is absent. A possible alternative, not definitely disproved, is that the calcareous bed of the
upper member has tapered out.

LITHOLOGIC DETAILS.

LOWER MEMBER.

The most characteristic rock seen in the float of the lower Quadrant is a deep brick-red to
maroon shale with round or oval greenish-white spots that give the rock the appearance of having
been spattered with paint. Thespots, however, are cross sections of nodules not notably different
from their matrix except in color; though in places they are more distinct and weather out as
spheroids or irregular lumps (Pl. XI, B). The phenomenon is essentially the same as that
described for the Spokane formation (p. 46) but is here more prominently developed. Indeed,
this red shale superficially resembles that of the Spokane, but is, on the whole, of finer, more
homogeneous texture, and without distinctly sandy or quartzitic layers. The microscope
shows that most of the shale contains carbonate, which, however, is not notably more abundant
in the light-colored nodules than in their red matrix.

The other characteristic rock of the lower Quadrant, into which the red shale grades, is
flaggy limestone with a gritty surface, ranging in color from dull red to white. The microscope
shows that more or less quartz is present and that the carbonate is partly in rhombohedral
crystals, conditions which, with its rather weak effervescence on application of acid, prove its
magnesian character.

Red shale from the lower Quadrant, when slightly metamorphosed, is darker and more
purplish than the unaltered rock, and shows the characteristic spots less distinctly. The micro-
scope reveals green biotite as the only mineral developed in appreciable amount by the meta-
morphism. Stronger metamorphism would presumably produce cordieritic rocks like those
produced from the similar beds in the Spokane formation, but no such rocks were observed.

The more limy beds alter to greenish banded rocks, composed chiefly of diopside, quartz,
and amphibole with more or less feldspar, epidote, and titanite. They are fine grained and
compact and resemble the diopsidic hornstones derived from the Newland formation (p. 43).

QUARTZITES.

The quartzite forming tne lowermost part of the upper member is pure and thick bedded
and does not differ essentially from the typical Flathead quartzite. It is nearly white on fresh
fractures. The upper quartzite does not differ conspicuously from the lower in the general
aspect of its outcrops. Weathered rocks of both, especially the upper, are characterized by a
rusty surface from which appearance Red Hill, near Philipsburg, where the Quadrant is well
exposed, derives its name. Close examination shows the upper quartzite to be less pure than
the lower and somewhat calcareous near the top. Its weathered surfaces are rougher and more
porous, and it becomes more deeply impregnated with limonite. Where it can be observed in
fresh condition, as where there is metamorphism, it commonly shows a gray color and somewhat
cherty texture. It is essentially, however, a clastic rock.

The shales interbedded with the uppermost beds of quartzite are not exposed except in
the vicinity of Goat Mountain, where they are interbedded with drab-weathering sandstones.
Here they are blue-black, and they are rusty on the weathered surface Similar shale occurs
at the base of the upper quartzites.
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BEDS BETWEEN THE QUARTZITES.

The comparatively soft beds between the boldly cropping quartzitic beds of the Quadrant
are nowhere exposed with even approximate completeness, except in the northeastern part of
the quadrangle, where they are indicated by metamorphism. The most characteristic rock
in this vicinity is a mottled mixture of gray and white chert and limestone, with carbonate
predominant in some parts and silica in others, although a little black rusty shale occurs at
the top, and a bed of white calcareous sandstone is conspicuous near the middle. The small
weathered outcrops near Philipsburg are chiefly of a yellow, iron-stained cherty rock. A thin
phosphate bed has been found at this locality by Mr. Pardee.! The phosphate rock is dull
dark gray and has an oolitic structure, being composed of closely packed spherules about 1
millimeter in diameter. Its specific gravity is notably high.

TYPICAL SECTIONS.
Typical sections of the Quadrant formation are given below:

Section including quartzite member of Quadrant formation, from hill west of schoolhouse, Philipsburg.
Ellis formation.
Calcareous shale, yellow, weathered (float).

Quadrant formation.

Feet.
Quinrtzite, faivky pure and thielk beded. .. c csmmsmn snseainmmis s 08 2 dmmmmemen s P s 5 smismnssss 20
Sandstones, grading into fairly pure quartzites, the latter forming three projecting reefs; all
stained with brown ocher. Beds 2 to 3 feet thick. Little lenses of calcareous material
weathering 100 BolloOWS Hedl DASE. . v amnwesmmun smsmewasma s 555 8 SE@@imsmms s s o omwmsiseses 100
Cherty limestones, impure, weathering buff; poorly exposed, fossiliferous...................... 90
Quartzite, thick bedded, fairly pure, but less so near the top. Whitish on fresh fracture; out-
crops stained with reddish-brown ocher. Much jointed and fractured........ .. .. ..... 150
Imperfect exposure, country rock apparently as above..... . ... . o i il 70
430

Section of Quadrant formation, west slope of hill 7,780 feet high, near the East Fork of Rock Creek.

Quartzite member.

Feet.
Quartzite, massive, fine grained, white to pale drab on weathered surface, superficially stained i
with yellowish-brown 6eher. . ... :.iediicimmmoin son snmvmmde s o s somsmses o 5 s sess s 350+
Shaly member.
Calcareous quartzite, fine grained, grading intoshale...... . .. ... ... .. . ... ... . ... 20
Limestone, light gray, nonmagnesian. .. .. ... ... oo iiiiii i i 2
Limestone, impure, laminated, mottled yellow and gray............. ... ... ... ... ... ... 12
Shale, maroon, with light greenish-gray ellipsoidal nodules, 2 inches or lessin diameter..:..... 8
Shale, like that of bed above, crowded with more irregular gray nodules 4 inches to 1 inch in
IR . s tcs s desncin 55 S s SFRemass s 5 SARATERNERT & 5 £ 0SSR e 5 x 515 Gummimrmieioions o & 8
Shale, with ellipsoidal cOnCretions. . ... ... ..o e 9
Limestone, with irregular fragments of red shale_.... ... .. ... . .. . . .. . . il 2
Limestone, fine grained, light gray, hard, magnesian...... ... ... ... ... .. ... ... . ... 5
Limestone; pinkish, magnesion. . cosssmssmes s s o558 vonpusmes ps & s saoosmnmnsie 5 auE s rEamss £ 5 4
Argillaceous limestone, deep red, with lenses and layers of pink and gray magnesian limestone . 3
Magnesian limestone, light gray, cream colored on fresh fracture....... ... ... ... ... . ... 3
Shale, deep red, with light-gray ellipsoidal concretions........... ... ... .. ... ... ....... 3
Limestone, mottled, cream-white toreddish purple, with irregular laminee of maroon argillaceous
material whose amount increases downward, so that near the base limestone forms nodules
in the argillibe.: croaes smmninns s sushmesen 2 55 5 5 SHARRTE Sne S5 S E SR 53 SR A S S s 5
Magnesian limestone, nearly white, weathering pinkish. ... ... ... ... ... .. ... ... ... 8
Magnesian limestone, reddish, gray, and white, interbedded with red shale................._. 25

Below this magnesian limestone the formation is mostly covered by talus. Float and occasional outcrops, how-
ever, indicate that underlying rocks are similar in general to those above. The lowest outcrop of Quadrant shows
about 10 feet of shaly magnesian limestone, deep red to cream white, in beds 1 to 2 inches thick, approximately 300
feet stratigraphically below the rocks last described. About 175 feet stratigraphically lower is the highest outcrop of
Madison limestone, black, rough weathering, and with shaly partings.

Thickness of shaly member of Quadrant, between 420 and 600 feet.

1 Oral communication.
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FOSSILS AND CORRELATION.

Fossils have been collected from the lower member of the Quadrant formation at two
localities in the Philipsburg quadrangle.

The following forms were collected from the red shales below the quartzite 2 miles south
of Georgetown Lake, and were identified by Mr. Girty:

Archaeocidaris sp. Productus cora.

Fenestella sp. Spirifer rockymontanus.
Rhombopora sp. Euomphalus catilloides.
Derbya crassa. l )

Mr. Girty considers these fossils probably though not positively referable to the Penn-
sylvanian,

Fossils have also been found in the calcareous beds between the quartzites on Flagstaff
Hill, at Philipsburg. A collection made at this place by Mr. Pardee was reported by Weed
in 1900* and referred by Mr. Girty to the following forms:

Camaroteechia sappho. Aviculopecten sp.

Camarotcechia near Camarotcechia congregata. Cyathophyllum sp.
Glyptodesma rectum?

These fossils, in Mr. Girty’s opinion, had a Devonian aspect.

In 1906 D.F. MacDonald gathered at the same place a small collection, even less satisfactory
than Weed’s. This was submitted to E. M. Kindle, who, though unaware of Mr. Girty’s
report, likewise referred the horizon with some hesitation to the Devonian.

In the light of later evidence Mr. Girty has further discussed this fauna as follows:?

The fauna of lot 1 is with little question the same which Mr. Weed obtained from nearly the same locality and
which I reported on in 1900.

Although when I first encountered this fauna I referred it to the Devonian, I now believe that it is Pennsylvanian.
The two most significant types are the Camarotcechias and the Glyptodesma rectum? Large Rhynchonellas are rare in
the typical Pennsylvanian, and none are known having the structure of Camarotcechia, as is the case with these. An
exception must be made of Rhynchopora, but that genus has also a punctate shell. It was largely on this account,
since Camarotoechia appeared to be restricted to the Devonian and Mississippian, that I was previously led to determine
the horizon as Devonian. The force of this evidence holds good to-day, more or less. On the other hand, the Glypto-
desma rectum?, represented only by one external mold, is probably a Myalina related to M. deltoidea Gabb. In view of
the fact that there has recently come to hand a large species of Camaroteechia (distinct, however, from the Philipsburg
forms) from Utah high in the Pennsylvanian, and that the stratigraphic position of lot 1 is above that of lot 12, it

now seems probable that the age of the former is, as already stated, really Pennsylvanian. In this event, the fauna
is unusual and interesting.

Since the Quadrant formation is not fossiliferous at its type locality—Quadrant Mountain,
in the Yellowstone National Park—the correlation of the rocks described under that name in
the present report must depend chiefly on stratigraphic position and lithology. In respect to
stratigraphy there is a general correspondence, for in both the Philipsburg quadrangle and the
Yellowstone Park the rocks in question are underlain by Madison limestone and overlain by
the Jurassic Ellis formation, and in both regions they comprise quartzite and saccharoidal
limestone. The lithologic resemblance, however, is not detailed, and those who have studied
the Quadrant formation in regions east of the Philipsburg quadrangle have not described it
as composed of two sharply distinct members.

The assignment of Carboniferous and probably Pennsylvanian age seems less certain for
the upper quartzite stratum, in which no fossils have been found, than for the beds below.
The upper quartzite was included in the formation primarily because of its resemblance to the
lower. Support is lent even to this part of the correlation, however, by the opinion of H. S.
Gale, who in 1910 examined a section near Melrose, Mont., essentially similar to that of the

1 Geology of the Little Belt Mountains, Montana: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 288.
2 Personal communication. Seealso Kindle, E. M., Fauna and stratigraphy of the Jefferson limestone in the northern Rocky Mountain region:
Bull. Am, Paleontology, Cornell Univ., No. 20, 1908, p. 19, footnote,
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Philipsburg quadrangle. Gale considers the lower and purer quartzite essentially equivalent
to the Weber quartzite ! of Utah, and the high beds here included in the Quadrant as equivalent
to the Park City formation of Utah.? One reason for this correlation is lithologic resemblance,
but a stronger one is the occurrence of a phosphate bed in the Melrose section corresponding to
one found in the Utah and southern Idaho sections.? Gale suggests that the lower shaly member
may have its equivalent in the Morgan formation of Utah * or in similar rocks locally inter-
stratified with the base of the Weber quartzite in Utah.

1 King, Clarence, U. S. Geol. Expl. 40th Par., vol. 1, 1878, p. 161.

2 Boutwell, J. M., Stratigraphy and structure of the Park City mining district, Utah: Jour. Geology, vol. 20, 1907, pp. 434458,
3 Gale, H. S., Phosphates in Montana: Bull. U. S. Geol. Survey No. 470-A, 1911.

4 Blackwelder, Eliot, Bull. Geol. Soc. America, vol. 21, 1910, pp. 519, 529-530.



CHAPTER V.
MESOZOIC ROCKS.

JURASSIC SYSTEM.

ELLIS FORMATION.

GENERAL CHARACTER AND STRATIGRAPHIC RELATIONS.

The Triassic is apparently absent from the Philipsburg section, as from most of the sections
in western Montana hitherto described. The Quadrant formation is succeeded in most exposures
of the quadrangle by calcareous shales and buff-weathering impure limestone, which contain char-
acteristic marine Jurassic fossils. No angular unconformity between the Carboniferous and
Jurassic has been observed here, but the Ellis comprises a conglomerate with pebbles of chert
and quartzite that are Carboniferous or older, a fact which, with the absence of the Triassic,
proves an erosion interval. The thickness is about 400 feet in the best exposed section, but
apparently less in places in the central and southern parts of the quadrangle. Near Twin
Peaks it seems locally to be absent, but the appearance may be deceptive, and due to faulting
rather than overlap.

Nothing suggests the presence of Triassic in the sections where Ellis fossils are found, but
there is some possibility of its presence in a section in the basin of the East Fork of Rock Creek,
where no fossils have been discovered and where the beds immediately above the Quadrant forma-
tion comprise some white and gray limestones like those in the Jefferson limestone.

DISTRIBUTION AND EXPOSURE.

The Ellis is weak and poorly exposed compared with the upper Quadrant, and is even less
resistant than the overlying Kootenai formation; its position, therefore, is usually marked by a
depression, and good exposures are few. Its distribution is virtually that of the Quadrant,
described on page 70. The best section is on Gird Creek, 1} miles west-northwest of the top of
Mount Princeton; another fairly good one is the easternmost, on Douglas Creek. The Ellis is
exposed in a metamorphosed condition about Racetrack Peak and southward to Olson Gulch,
and some comparatively good exposures occur on the hill south of the quarries on Warm Spring
Creek. Near Philipsburg there are fragmentary exposures at the base of Flagstafl Hill, on Red
Hill, and on Stewart Gulch. In the basin of the East Fork of Rock Creek, just across the deep
canyon north of the peak marked 7780 on the topographic map, is a section presenting peculiar
features. The formation is well exposed along Threemile Creek, east of Drummond, about 30
miles north of the Philipsburg quadrangle.

The position of the base of the Ellis formation near the East Fork of Rock Creek is not accu-
rately known. | No fossils have been found at this locality, and if the foregoing assumptions
regarding the content of the Quadrant formation are correct, there is no abrupt change in
lithology at the horizon where the Jurassic succeeds the Carboniferous. The rocks mapped as
Jurassic in this part of the quadrangle consist partly of yellow-weathering shale and sandstone
such as predor‘ninate in the Gird Creek section, but they comprise also some black to pale gray
magnesian limestone, remarkably similar to the Jefferson limestone.

75
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LITHOLOGY.

The general character of the Ellis formation appears in the following section:

Section including the Ellis formation, exposed on north side of Gird Creek, 1% miles northwest of Mount Princeton.

EKootenai formation (lower part).

Shales, reddish and greenish. Feet.
Sandstone, pebbly; deep red above, mottled in purpleand drab at base. Pebbles are of quartzite,
well rounded, not generally more than 2 or 3 inches in diameter........ ... ... ... .. ... 10

Ellis formation.

Shale, calcareous, olive-green, locally containing nodules of limestone 1 inch or less in diameter,

with a little flaggy sandstone; all stained with yellow ocher on weathered surface.......... 150
Sandstone, flagey, weathering yellowish, with someshale.......... .. ... ... ... ... ........ 60
Sandstone, forming prominent ledge, rusty, more or less calcareous, partly cross-bedded, partly

flaggy, partly pebbly, with well-rounded pebbles mostly of dark chert.................... 20
Sandstone, flaggy, with some shale; weathers rusty red and yellow; fossiliferous........._.. -... 100
Limestone, impure; gray on fresh fracture, brown on weathered surface........... ... ... ... 10
Shale, calcareous, fine grained, homogeneous; black on fresh fracture, buff on weathered surface;

fosIlI T OUS. - - oo i 90

Thickness of Ellis formation.. .cum-mmimmsnens s s sassmsanings £ 5 5 Duimsmeass o s o 25 S50 430

Quadrant formation (upper part).

Quartzite, massive, forming bold reef.

The rocks of the typical Ellis are of familiar kinds and need no extended description. Their
most obvious characteristic is a tendency to weather in buff or ocher-yellow hues resembling
those of the Newland formation. On fresh fracture most of the rocks vary from pale olive-
green or gray to very dark gray. The shale at the base is rarely seen except in weathered
condition, when it is of dull-yellowish color, but, as is shown at a point on Gird Creek where
it forms the dump of a shaft, its color when fresh is dull coal-black. The limestone nodules that
occur in much of the shale are rather irregularly distributed. The cross-bedded structure of
some of the sandstone is accentuated by weathering.

The pebbly bed as exposed south of Warm Spring Creek and near Drummond, north of the
quadrangle, is a sandy conglomerate rather than a pebbly sandstone. It contains some pebbles
of quartzite, but predominance of chert pebbles is a constant and distinctive feature. The
conglomerate has not been observed except about Mount Princeton and near lower Warm
Spring Creek. '

Contact metamorphism has the same effect on the typical Ellis rocks as on the Newland
rocks (p. 43),which they somewhat resemble. The metamorphosed Ellis is not characterized
by buff tints on the weathered surface. It consists of compact green, white, and chocolate-
brown rocks, of which quartz, feldspar, diopside and biotite are the commonest minerals. The
commonest type about Princeton is a biotitic hornstone, chocolate-brown on fresh fracture and
drab on the weathered surface, with calcareous nodules in which relatively large grains of
epidote and hornblende are likely to be conspicuous.

FOSSILS.

Stanton has collected characteristic Ellis fossils from the formation on Gird Creek and on
the Ovando road about 6 miles east of Drummond. Those collected on Gird Creek lie from
50 to 100 feet above the Quadrant formation and comprise the following forms:

Ostrea stringulecula White. Trigonia sp.

Camptonectes pertenuistriatus Hall and Whitfield. Pleuromya subcompressa Meek.
Eumicrotus curta Hall.
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In the section east of Drummond calcareous beds 200 to 250 feet above the Quadrant
have yielded:

Rhynchonella gnathopora Meek. Cuculleea haguei Meek.
Ostrea sp. Tancredia ? sp.
Camptonectes bellistriatus Meek. Pleuromya subcompressa.
Lima ? sp.

A congloLnerate near the top of the Ellis section here contains Rhynchonella gnathopora
Meek, Ostrea sp., and Gervillia sp.

\ . CRETACEOUS SYSTEM.
‘ GENERAL SEQUENCE.

The Cretaceous is represented in the Philipsburg quadrangle by the Kootenai and Colorado
formations and perhaps by some later beds. Although the sequence is to all appearance
structurally conformable, the Dakota, which naturally should intervene between the Kootenai
and Colorado,‘ seems to be wanting as in other known Montana sections.

‘ LOWER CRETACEOUS SERIES.
KOOTENAI FORMATION.
PRINCIPAL FEATURES.

The Kootenai formation, as developed in the northeast quarter of the quadrangle, has a
total thickness of about 1,500 feet. The general sequence is locally well exposed in this part of
the quadrangle and about Drummond, where the formation is as follows:

The base consists of a ledge of tough red and green pebbly sandstone or sandy conglomerate,
rarely more than 20 feet thick, which is generally prominent. This is succeeded by softer red
and green shaly rocks, and these again in places by a peculiar very fine-grained buff-weathering
limestone, which near Drummond forms a prominent stratum about 200 feet thick some 300
feet from the base of the formation. About Mount Princeton, however, it is thinner and appar-
ently absent in places. Above this limestone lies the main mass of red and green shales and
flagey sandstones, with which a few thin and inconspicuous beds of limestone are intercalated.
Rather well up in this part of the formation is a bed of a peculiar limestone conglomerate, with
subangular pebbles of rock much like the lower limestone. The main body of the colored rocks
is succeeded by the ‘““gastropod limestones,” pure gray limestones rich in fossils, chiefly fresh-
water snails. These form several beds, which are separated by shales and almost invariably
crop out as reefs. They are especially conspicuous in the neighborhood of Drummond, where
the limestones are the prevailing rocks through a vertical range of about 200 feet; but, like the
lower limestone, they are thinner in the Philipsburg quadrangle, where their total thickness is
measurable in tens of feet. They do not seem to be lacking, however, from any complete sec-
tion of the Kootenai. Nearly all the fossils found in the formation come from the gastropod
limestones. Above these beds is usually a little red shale and some olive-green to nearly black
calcareous shale and sandstone.

The highly metamorphosed Kootenai rocks show little or no red color.

DISTRIBUTION AND EXPOSURES.

The most extensive areas occupied by Kootenai rocks are in the northeast part of the quad-
rangle and the best exposures of the formation as a whole are about Mount Princeton. There
are good exposures of the sandstones, shales, and gastropod limestones in the basin of Douglas
Creek, especially near the margin of the quadrangle and at the head of the stream. The only con-
siderable outcrop of the lower limestone is about 2 miles east-southeast of the mouth of Gird
Creek canyon. Slight metamorphism, due to the action of post-Cretaceous granites, is apparent
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in the Kootenai rocks not far south of Mount Princeton, and they are intensely metamorphosed
about Racetrack Peak and in the narrow zone adjacent to the great fault between Foster and
Warm Spring creeks. .

In the area near the quarries on Warm Spring Creek the basal pebbly sandstone is promi-
nent and forms the crest of the hill northeast of the ‘“silica quarry.” The hill south of Warm
Spring Creek affords good exposures, particularly of the lower buff-weathering limestone at its
west end and in the ravine opposite the mouth of Olson Gulch.

LITHOLOGIC DETAILS.

Basal conglomerate and pebbly sandstone.—Inasmuch as the conglomerate of the Ellis
formation and the pebbly bed of the Kootenai formation are close enough together to be in
some danger of confusion, it is important to emphasize their lithologic differences, which are
sufficiently characteristic to distinguish them. The leading features of the conglomerate in the
Ellis are the prominence of black chert pebbles and the highly calcareous nature of the cement,
which causes the weathered rocks to be deeply impregnated with limonite. In the base of the
Kootenai, on the contrary, the pebbles are chiefly of light-colored quartzite like the lower
Quadrant, and the cementing sandstone substance, while apt to be stained a dark rusty brown
on the surface, gives no evidence of being distinctly calcareous. The average size of the pebbles
in the Kootenai is larger than in the Ellis rock; the pebbles of the conglomerate in the Kootenai
near Warm Spring Creek, wherz the most distinetly conglomeratic phase of the basal Kootenai
is exposed, have a maximum diameter of about 6 inches. They are invariably well washed and
commonly of oval form. This matrix is a firm, somewhat quartzitic sandstone, and the pebbles
are broken out of it with difficulty. Its colors are the same as those of the higher sandstone
beds.

Red and green sandstones and shale.—The sandstones and shales that form the greatest
part of the Kootenai bear some resemblance to those of the Spokane formation. Their colors,
however, are less rich, the reds being darker, duller, and more purplish and the greens more
inclined to gray, and the rocks disintegrate somewhat more readily than those of the Spokane.
They have not been observed to contain the sun eracks and ripple marks that so strongly char-
acterize the Algonkian red rocks, but some beds have a mud-breccia structure that may indicate
an origin in shallow water.

A highly characteristic feature of the colored shales is a coarse mottling in red and green,
which, though locally observed in the Spokane, is far less common in that formation. Rounded
calcareous gray nodules about an inch in maximum diameter occur in the shales of the Kootenai
precisely as they do in the Ellis.

Lower limestone and calcareous shale—The lower calcareous bed as exposed near Gird
Creek is apparently a fairly pure limestone. It has a delicate grayish-drab tint on fresh
fracture and is for the most part extremely fine grained and homogeneous. It is shot through,
however, with little twiglike bodies of crystalline calcite about 1 millimeter in diameter and 2
or 3 centimeters in maximum length, invariably crooked and sometimes branching. On the
weathered surface the rock has a thin film of buff and the twiglike bodies show more prominently,
being dark and standing in slight relief. (See Pl. XI, 4, p. 70.) They suggest some organic
origin but have not been identified as fossils. They are so characteristic, however, that they
may aid in identifying the bed in other districts. The rock effervesces briskly on application
of weak acid and appears under the microscope to consist essentially of almost cryptocrystalline
cloudy calcite.

This bed is more flaggy near Warm Spring Creek, possibly owing to deeper weathering, but
it seems less purely calcareous and strikingly resembles the Newland. It shows the character-
istic twiglike bodies.

Gastropod limestone.—The gastropod limestone is strikingly different from the lower lime-
stone and resembles rather the dark beds of the Madison limestone. On fresh fracture it is
of rather dark-gray color; on weathered surfaces, pale bluish gray. The texture is coarser
and less compact than that of the lower limestone. Remains of spiral fresh-water snail shells,
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with which it is crowded, are especially conspicuous on the weathered surface and characterize
the rock so strongly that it can instantly be recognized.

Upper calcareous shales.—The calcareous shales interbedded with the gastropod limestones
and overlying them are partly of an olive-green ocherous-weathering type common in older
formations; and these grade into sandstones. The uppermost beds mapped as Kootenai on the
east slope of Mount Princeton are more or less calcareous shales, gray to nearly black on fresh
fracture but weathering to a blue-gray or brownish color, which virtually grade into limestone.

SECTION.
The subjoined section shows details of the upper part of the formation:

Generalized section of upper part of Kootenai formation from east slope of Mount Princeton.

Colorado formation.
Black shale.

Kootenai formation.

Dark-gray to black limy shales and flagey impure limestones, weathering in lighter tints of gray
and grayish brown. Bone fragments in limestone 65 feet from base, and a 5-foot bed of Feet.

rusty-weathering calcareous sandstone 20 feet from base........... ... ... ..o ... .. e 275
Gray pure fine-grained limestone, dark on fresh fracture; contains gastropods.... ... ... ... .. 25
Grayshale; ealeoreolSi e« cos s osmmmeme 1 55 b6 5 EEFEEREEE 555 §RIRESRENE & 254 & TSRS b5 0a & SE 10
G I EBEOTIEL coicncvcrms = mon o i simsosmimr s m e i sy & 5 5 5 s 5 & 56 B SR ISa B0 5 5 & BT 3
Gray shale. ... i 15
Gray limestone, with Unio and gastropods but fewer of the latter than in the upper bed...... 20
Gray shale. .o camsemmmennn 55 s 55 s 0 anmmsn e s o e s B £ 8 § S SENIIEEE § § & S - a s & & A 30
Gray limestone; irregular streaks of siliceous material in the lower part........................ 10
Green argillite with calcareous nodules about 1 inch in diameter, underlain by purple argillite

mottled with green, also containing calcareous nodules. . . ... ... .. ... ... ........... 10+

EFFECTS OF CONTACT METAMORPHISM.

The Kootenai is much metamorphosed in places, the transformations being especially
complete in the calcareous beds. The metamorphic rocks to which the Kootenai gives rise
are so various that any detailed description of them is impossible here, but some of the more
characteristic types may be mentioned.

The sandstones alter, like those of the Spokane, to quartz-mica schists of green or gray color.
Advanced recrystallization of these rocks was not observed in the Philipsburg district.

The shales alter in places to green phyllitic schists, some of which are knotted with anda-
lusite. The red rocks commonly alter to dense chocolate-brown or nearly black, finely dappled
cordieritic hornstones, similar to those derived from the Spokane though not attaining such
coarse textures. The mottled appearance presented by some unaltered beds persists in
places under fairly strong metamorphism, which may recrystallize the rock to a considerable
degree without converting the ferric oxide into silicates.

The calcareous nodules tend to become more radically altered than their matrix, and to
develop recognizable crystals of epidote, hornblende, garnet, and other metamorphic minerals.

The gastropod limestones are so pure that strong metamorphism may have no other effect
than to recrystallize them and partly to obliterate fossils whose presence is indicated only
by ill-defined white spots. Some of the impure limestones and calcareous shales, however,
especially on the ridge east of Twin Peaks, change to rocks rich in garnet, vesuvianite, and

wollastonite.
‘ FOSSILS AND CORRELATION.

The nonmarine beds occupying, in the Philipsburg quadrangle, the interval between the
marine Jurassic and the marine Upper Cretaceous, have been referred to the Kootenai formation
chiefly for stratigraphic and lithologic reasons. In its type area a short distance north of the
international boundary the coal-bearing Kootenai formation, with a thickness of several thou-
sand feet, occupies the same interval and includes rocks of the same lithologic character. It
has there yielded a considerable flora.
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The formation has been identified in the Great Falls and Lewistown coal fields by its strati-
graphic position, lithology, and fossil flora. In those two areas Fisher and Calvert have recog-
nized the Morrison formation beneath the Kootenai, from which it does not differ greatly in
lithologic character. The Morrison formation is nonmarine and has a wide distribution south-
ward in Wyoming, Colorado, and adjoining States.

On Yellowstone River between Yellowstone National Park and Livingston, according to
unpublished work of Calvert, the Kootenai is recognized on lithologic and stratigraphic grounds
and includes the rocks which in the Yellowstone National Park folio are mapped as Dakota. A
characteristic feature of the formation in Yellowstone Park is a ‘“gastropod” limestone like
those in the Kootenai of the Philipsburg quadrangle and containing some of the same species.
The Kootenai flora has not been found in Yellowstone Park nor in the Philipsburg region.

The invertebrates from the Kootenai formation in the Philipsburg region have been
examined by T. W. Stanton, who states that those from one of the lower limestones near Drum-
mond are ‘“poorly preserved smooth gastropods, possibly belonging to Goniobasis, although
more than one genus may be represented.” The upper ““gastropod’’ limestones and overlying
shale have yielded two or more undescribed species of Unio, one related to U. douglassi Stanton,
and the gastropods Goniobasis (%) increbescens Stanton and Viviparus (%) sp. These forms
occur also in the so-called Dakota of Yellowstone Park, now believed to be Kootenai.

It is possible that the rocks referred to the Kootenai formation in the Philipsburg quad-
rangle may include the equivalent of the Morrison formation, and the upper limit also is some-
what uncertain, but at present there is no basis for a division into more than one formation.

UPPER CRETACEOUS SERIES.
COLORADO FORMATION.

PRINCIPAL FEATURES.

The rocks mapped as Colorado in the Philipsburg quadrangle consist of a black shale
whose thickness as measured on the east slope of Mount Princeton is about 500 feet, overlain
by beds consisting chiefly of gray sandstone but comprising a subordinate amount of shales.
These sandy beds are developed within the quadrangle to a thickness of more than 1,000 feet.

The shaly and sandy members are conformable, the one passing to the other by a rapid
gradation. Some very thin seams of coal have been found near Drummond in the upper part
of the shale, but the formation has not been prospected for coal in the Philipsburg quadrangle.

DISTRIBUTION.-

The Colorado in the Philipsburg quadrangle occupies only three considerable areas, two
being in the northeast corner of the quadrangle and the third in Wyman Gulch. In addition to
these is a very small area south of the quarries on Warm Spring Creek. The best readily accessi-
ble exposure of the unaltered shale is on the northeast side of Mount Princeton and the best
exposures of the upper sandy beds north of Gold Creek. The shale, changed by metamorphism
to an andalusite schist, forms a cliff 11 miles north of Rose Mountain.

The soft lower member, though naturally forming few prominent outcrops, gives rise to
characteristic smooth slopes, usually without much vegetation, covered with lustrous flakes
of shale. The sandstones are moderately resistant, and the lowest part tends to form hogbacks
above the shale slopes.

LITHOLOGIC DETAILS.

The material constituting the lower member of the Colorado formation is readily distin-
guishable from other rocks in the district. It is a remarkably homogeneous fine-grained clay
shale, blue black on fresh fracture, and, unlike the shale of the Ellis formation, is not discolored
on the weathered surface except for slight bleaching. It is extremely fissile and disintegrates
into paper-thin flakes.
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The few shale beds in the upper part of the formation are at most only a few score feet in
thickness. None are quite so black, fissile, and fine grained as the shale of the lower member.
As a rule they are perceptibly sandy, and range from dark blue-gray to olive-green in color.

The commonest rocks of the upper part, which make most of the prominent outcrops, are
sandstones, prevailingly gray to olive. The sandstone forming the top of Mount Princeton is
typical; it is flaggy, dark gray on fresh fracture, and dull olive-drab to brown on the weathered
surface, which is porous because some of the calcareous cement has been leached out. The rock
effervesces briskly on applications of acid. The grains of the sandstones are ill rounded and
comprise much feldspar, chert, etc. Other beds are more distinctly greenish, and some weather
to a reddish brown. When fresh, none show the red color characterizing much of the sandstone
of the Kootenai formation. Certain beds are pebbly and a bed near the top of the section in the
Gold Creek area contains small pebbles of black shale, which may indicate an unconformity.

No beds of gray limestone were noted in the upper part of the formation in the quadrangle,
although they appear at places north of it.

Contact metamorphism alters the black shale of the lower member to an andalusite schist.
The andalusite forms fairly regular prisms averaging about 1 millimeter thick and somewhat
less than 1 centimeter long, embedded in a fine-grained blue-black matrix consisting chiefly of
quartz, biotite, and a large quantity of carbonaceous dust.

The effect of strong metamorphism on the sandstone of the upper part has not been
observed. An intrusive sill in the Gold Creek area has indurated some of the sandstone and
shale and given them a compact flinty texture. The color of these slightly altered rocks is
usually green; some of the shale is altered, however, to a chocolate-brown, flinty-looking
biotitic hornstone, which weathers pale buff.

TRANSITION FROM LOWER TO UPPER MEMBER.

The passage from the shale to the prevailingly sandy beds is illustrated by the following

section:
Section of lower part of Colorado formation on east slope of Mount Princeton.

Feet
Sandstone, with Mactra, gray, flaggy, forming top of Mount Princeton.......................... 10
Dark bluish-gray clay shale, interbedded with lighter sandy shale and flaggy gray sandstone.... 60
Gray sandy shale, passing downward into dark shale with some lighter slightly sandy layers.... 75
Bluesblack; fissileiclay ShAle. . o vocswss o amumwemmnms o x5« smssersms 4 s &0 mmssareme s s wlbmsiosss s o 500

FOSSILS AND CORRELATION.

T. W. Stanton, who examined the Cretaceous rocks near Drummond and Mount Princeton
and collected fossils from them, makes the following report ! on the correlation of the rocks
here described as the Colorado formation:

The body of black shale which overlies the Kootenai in the Philipsburg and Drummond areas is lithologically
like the Colorado shale and has the same stratigraphic position. Unfortunately, we did not find any fossils in it, and
its assignment to the Colorado must be on lithologic and stratigraphic relations only.

In the sandstones above the principal mass of black shale, we obtained two small lots of fossils. These are doubt-
fully referred to Mactra and Callista. Unfortunately they are considerably distorted and otherwise not well preserved,
so that I am unable to make positive generic determinations, but I believe them to be marine forms, probably belong-
ing to the fauna of the Colorado group. The thin beds of coal that occur near this horizon, above one of which we
found a few Unios (lot 5470), may also belong to the Colorado, though of course the evidence is insufficient for
positive opinion.

In the still higher beds, near Drummond, no fossils were found except a few plants which, according to Mr.
Knowlton, are not sufficient for determining the horizon. His report on them is appended.

No. 1300. 1% miles southeast of Drummond, Mont. :

There are three things in this little collection: A Marchantia which is probably new, a conifer
which is probably a Glyptostrobus, and a fern that is pretty close to if not identical with Aspidium
oerstedi Heer. The latter is from Pateet, which=Senonian=Fox Hills. I can not place this material
definitely, but should be inclined to regard it as possibly Upper Cretaceous.

No. 1303. Top of Mount Princeton, Mont.

A single narrow leaf without nervation except midrib. No age determination possible.

1 Personal letter.
22068°—No. 78—13———6
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In 1910 Mr. Pardee collected better fossils from a limestone outcrop in Coberly Gulch about
6 miles south-southeast of Drummond and 10 miles north-northwest of the northeast corner
of the quadrangle. The exact position of the horizon is not known; the limestone bed, however,
is underlain by about 400 feet of sandstone and shale similar to those above the black shale.
A sill of dioritic rock occurs almost immediately above the limestone, and this may be the
same that occurs in Gold Creek basin. If so, it is not improbable that it remains through a
distance of some 10 miles approximately at the same horizon. It is virtually certain at all
events that the fossils occur in what has here been mapped as Colorado, and at least 400 feet
stratigraphically above the main body of black shale. '

The list of forms identified by T. W. Stanton, with his report on them, follows:

6552. Specimen 10-P 4. NE. 1 NW. 1 sec. 34 and SW. % sec. 27, T. 10 N., R. 12 W. Granite
County, Mont.
Modiola sp.
Cyrena securis White.
Corbula sp.
Glauconia coalvillensis Meek.
Admetopsis subfusiformis Meek.

The horizon isin the Colorado group. The same association of forms occurs in the Oyster Ridge sandstone member
of the Frontier formation of southwestern Wyoming.

It is evident that lithologic and paleontologic evidence correlate the black shale beds and
several hundred feet of the overlying sandy beds with the Colorado beyond reasonable doubt.
Tt is still possible, however, that Montana strata occur in the syncline cut by Gold Creek. The
sandstone with pebbles of black shale (p. 81) may indicate an erosional unconformity at the
base of a formation later than Colorado. It occurs several hundred feet above the intrusive
sill, which may mark the horizon of the fossils found by Mr. Pardee. The evidence, however,
hardly justifies the mapping of a distinct formation. :



CHAPTER VI
INTRUSIVE ROCKS.
GENERAL FEATURES.

Intrusive igneous rocks occupy about half the area of the Anaconda and Flint Creek ranges,
but form only a few small areas west of Philipsburg Valley. They occur chiefly in large irregular
or domelike masses, and to a less extent in dikes and sheets injected parallel to the bedding of
sedimentary rocks. For the most part they occupy the high parts of the mountains, because
both the igneous rocks and the sediments metamorphosed by them are resistant compared
with the unmetamorphosed sedimentary rocks. The granular masses of igneous rock are
almost wholly bounded by irruptive contacts.

AGE.

The irregular or batholithic masses are probably all of Tertiary or, at- the earliest, of very
late Cretaceous age. The youngest sediments known to be metamorphosed by any of them
belong to the Colorado formation, the lower, shaly member of which, in the northeast part of
the quadrangle, is altered to andalusite schist by a biotite granite. But this granite, after
being strongly sheared along the east front of the Flint Creek Range, was intruded by a por-
phyritic granite which has not been sheared. The later of these granites is shown by these
facts alone to be much younger than the Colorado formation and can hardly be considered
pre-Tertiary. This porphyritic granite is probably the latest of the batholithic intrusions, and
several others cut only Cambrian and Algonkian sediments. There are strong considerations,
however, against ascribing a pre-Cretaceous age to the masses whose relation to Cretaceous
rocks can not be proven by direct evidence. Almost every mass has invaded strata of Cambrian
or later age by cutting across their bedding or engulfing fragments of them. Now, it is well
established that extensive irregular igneous intrusions are generally accompanied—whatever
the relation of cause and effect—by deformation of the invaded strata.- As the stratigraphic
series from Cambrian to Cretaceous is unbroken by any distinet angular unconformity, there
were probably no great batholithic intrusions during that period. The intrusive masses, further-
more, have not been affected by the great faults that cut the Cretaceous and earlier sediments.
On the other hand they are older than the little-disturbed beds of volecanic ash in the valleys,
which are probably Miocene. It is probable, therefore, that they are, generally speaking,
about contemporaneous with or posterior to the first great deformation of the sedimentary
rocks, which occurred either at the close of the Cretaceous or in early Eocene time.

Only two of the large irregular intrusions are not absolutely proven to be post-Cambrian.
Both have been greatly sheared and are known from this fact and their relation to other batho-
liths to be among the earlier intrusions. These intrusions are the diorite near the center of
the eastern boundary of the quadrangle and the even-grained biotite granite near the southeast
corner of the quadrangle. There is not, however, the slightest positive evidence that these
are pre-Cambrian. _

The argument above urged against the pre-Tertiary age of some of the domelike intrusions
does not apply to relatively thin layers of igneous rock intruded between the strata when they
were horizontal. The extensive diabase sill in the upper part of the Spokane formation has been
complexly folded and faulted, so that it must be earlier than most of the granites. It is probably
not pre-Cambrian, for the basal conglomerate of the Cambrian, lying not far above it, contains
no diabase pebbles. On the other hand, its intrusion must have taken place without seriously
disturbing the horizontality of the strata, else it could not have kept the same horizon over so
great a distance. It is altogether possible, even probable, then, that it is pre-Tertiary.

83
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COMPOSITION.

The large intrusions of the quadrangle range in composition from diabase to a siliceous
granitoid rock with muscovite and biotite. They include, apart from local marginal facies, no
ultrabasic rocks; for example, there is no olivine-bearing igneous rock in the quadrangle, and
there are few rocks that contain no quartz. There is also an absence of highly alkaline rocks.
The only large mass that can be characterized as alkaline is a granite on Lost Creek, which
consists essentially of albite, microcline, abundant quartz, and a little mica. The common rocks
of the district are quartz-bearing diorites, rocks of the granodiorite type, and rocks that
would be classified in the field as more or less typical granites; all these are connected by
gradations, so that the number of readily distinguishable varieties is large.

Not enough chemical analyses have been made fully to define the characteristic chemical
features of the Philipsburg rocks. The results of a few analyses and the study of many slides can
be generalized, however, to this extent. The rocks of the province, chemically, are in striking con-
trast with those in central Montana, which are characteristically alkaline. There is, on the other
hand, a general resemblance between the Philipsburg rocks and those of the districts in Mon-
tana west of the line drawn by Harker ' between the alkaline and subalkaline regions. Even
from these, however, there is a slight but characteristic difference; for the rocks in the Philips-
burg district that most resemble the prevailing rocks of the Boulder batholith are a little poorer
in alkalies and show a slightly smaller ratio of potash to soda than the Boulder rocks. On the
other hand, they are more alkaline and relatively richer in potash than the granodiorites of
the Sierra Nevada and the Cascade Mountains, which they also resemble.

The most acidic rocks of the large intrusions have the megascopic features of typical gran-
ites, but microscopic and chemical study shows them not to fulfill the definition of granite which
makes it essential that alkali feldspar shall predominate markedly over soda-lime feldspar. At
most, the potash feldspar barely exceeds the soda-lime feldspar, which is usually oligoclase,
so that these rocks, according to the widely accepted definition of Brogger, would be quartz mon-
zonites. The present writer, however, is loath to decide the name of a rock by one character-
istic alone ? and to call a rock monzonite which in containing abundant and conspicuous alkali
feldspar and quartz and no ferromagnesian mineral but biotite resembles orthodox granite in
all features except those that require quantitative laboratory study for their determination.

CLASSIFICATION AND METHOD OF DESCRIPTION.

The names of the granular rocks are used in the following senses in this report:

Diabase: A rock composed chiefly of plagioclase and augite, with ophitic texture.

Diorite: Granular rocks whose dominant phase contains hornblende as a prominent con-
stituent and in which quartz is inconspicuous and potash feldspar scarce. Local modifications
contain much biotite but no hornblende, and one small intrusion with much orthoclase is in-
cluded to avoid making an additional class.

Granodiorites: Granular rocks with considerable potash feldspar but with distinctly more
soda-lime feldspar, containing generally hornblende and biotite, though the former mineral is
lacking in parts of certain masses described under this head.

Granites: Rocks with abundant quartz and alkali feldspar, the latter in some cases con-
siderably less abundant than the plagioclase, containing biotite, with or without muscovite,
but with no other ferromagnesian mineral.

Most rocks forming dikes and other very small intrusions, including aplites, pegmatites,
lamprophyres, and porphyries genetically related to the granites, are as a rule omitted from
the map and are described very briefly or not at all, though exception is made of certain rocks
of marked interest or importance.

In general, the rocks are described in order of decreasing basicity.

1 Harker, Alfred, Natural history of igneous rocks, 1910, p. 95, fig. 21; p. 97, fig. 22.
2Cf. Rosenbusch, H., Mikroskopische Physiographie, 4th ed., vol. 2, 1907, pl. 1, p. 166.
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NOMENCLATURE OF THE SODA-LIME FELDSPARS.

The soda-lime feldspars have been determined in the important rocks with considerable
care by the use of diagrams constructed from the most accurate optical data furnished in recent
years, chiefly by Prof. Becke, of Vienna.

The composition of the plagioclase, when determined with sufficient accuracy, has been
stated after the fashion now prevalent among German petrographers, in terms of molecular
percentage of anorthite: An,;, for example, means Ab,An,, or Ab,An,. It is believed that
this notation gives, with the least trouble to the eye and mind, the means of comparing one
feldspar with another.

As there is no general agreement regarding the meaning of species names like albite and
labradorite, it is necessary to indicate the meanings they will have when employed without
qualification. They will be employed in accordance with the following scheme: Albite, Ab
to An,,; oligoclase, An,, to An,,; andesine, An,, to An,; labradorite, An,, to An,; bytownite,
An,, to Angy; anorthite, Ang to An.

DIABASE.

OCCURRENCE.

The upper part of the Spokane formation south of Princeton, on Twin Peaks, and in the
vicinity of Lost Creek contains sheets of diabase remarkable for their great extent—about 15
miles—and for the constancy with which they keep at nearly the same horizon. The rock
also forms irregular dikes in the Newland formation on thelower part of Lost Creek, just outside
the quadrangle.

The sheets are best exposed on the north side of Lost Creek canyon, where at least two
have been intruded in the flaggy beds below the sandstone. To avoid complication only one
sheet has been mapped. These sheets have participated in all the complex folding and faulting
of the sedimentary rocks on Lost Creek and to the south. On the northwest face of Twin
Peaks there is a single sheet about 300 feet thick intercalated with the overturned sandstones
of the Spokane formation, stratigraphically not far below the Flathead quartzite.

PETROGRAPHY.

The diabase has the usual megascopic features, being heavy, compact, and nearly black,
tending to become somewhat rusty on the weathered surface where lath-shaped feldspars can
be distinguished from the mass of dark minerals that fills the interstices between them. The
texture ranges from that of ordinary granite to very fine.

The constituents appearing in a thin section from the least altered specimen are plagioclase,
augite more or less altered to uralite, some hornblende that may be original, ilmenite or
magnetite, biotite, quartz, apatite, and zircon; no olivine is present, nor do any secondary
minerals suggest its former presence. The texture is ophitic. The plagioclase is but faintly
zoned, cores of sodic labradorite with a composition near Ang shade into margins of andesine
near An,. The biotite is greenish brown and forms finely felted aggregates mostly on the
borders of the iron-ore grains, although some is intergrown with hornblende.

The last portion of the rock to solidify is represented by micropegmatitic intergrowths of
quartz and feldspar whose appearance is shown in Plate XIT, A. The feldspar might be taken at
first glance for orthoclase; but careful examination discloses fine albite striations, and compari-
son of the refractive indices with those of quartz show the feldspar to be an oligoclase with a
composition near An,,.

In most specimens the augite is completely altered to amphibole, a change probably due
in some of them to the action of later intrusives. In the vicinity of Lost Creek the diabase
has suffered the same strong contact metamorphism that has affected the associated sedimen-
taryrocks. (See Pl. XII, A.) The texture is essentially that of the unaltered rock, but the
micropegmatitic growths of quartz and oligoclase are larger than in the fresher diabase. The
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augite has completely given way to green hornblende, which does not have the character of
typical uralite, but is wholly similar to the ordinary primary hornblende of rocks like grano-
diorite. This forms large ragged individuals intergrown with quartz, and also small grains
and prisms inclosed partly in the plagioclase laths but mostly in the micropegmatite.

DIORITE (EPIDIORITE?) NEAR MOUNT HOWE.
\

OCCURRENCE.

A small area of diorite is shown on the map about a mile southeast of Mount Howe. The
rock forms ‘a sill in the Prichard formation, and is intruded by granite. Float of the same
rock has been found on the divide between Mounts Howe and Evans. The petrographic char-
“acter of the rock, together with its occurrence as a sill, suggests that it is a diabase affected by
the same intense metamorphism that has changed the sediments to schists and gneisses.

PETROGRAPHY.

The rock is gray, of about the same shade as the diabase, and superficially similar to it
in texture. Some of the white areas that project into the dark areas have lath-shaped outlines,
suggesting an ophitic texture. The areas of light and dark constituents, however, are evi-
dently not single crystals but crystalline aggregates.

In thin section the dark parts prove to consist chiefly of hornblende and biotite, the former
predominant. Imbedded in these aggregates are numerous large irregular grains of black
iron ore, with rims of finely granular titanite. The white parts are mosaics of labradorite and
quartz grains. The feldspar is remarkably fresh and free from zoning but contains inclusions
of hornblende and biotite.

DIORITE SOUTHWEST OF GEORGETOWN LAKE.

OCCURRENCE.

Two small areas of diorite lie between Georgetown Lake and the East Fork of Rock
Creek. The rock is clearly intrusive in the surrounding calcareous shales, which it has indu-
rated and partly altered to diopsidic hornstones. The outcrops are not prominent.

PETROGRAPHY.

A specimen from the northern area is strikingly characterized by abundant, rather slender,
prisms of black hornblende averaging about 1 centimeter long. These are embedded in a white,
finely crystalline feldspathic groundmass, whose bulk is slightly greater than that of the horn-
blende. 3

The microscope shows hornblende to be the most abundant mineral; orthoclase and plagio-
clase, about equal in quantity, come next; and quartz and augite are somewhat less abundant.
Hypersthene seems to have been present in small quantity but has been altered to serpentine.
Titanite and apatite are prominent accessories; zircon and magnetite are scarce. The horn-
blende, as in the rock of Olson Gulch, is deep greenish brown to pale green, the green tints
being marginal. The crystals are penetrated by embayments of groundmass. Augite forms a
few phenocrysts, clearly older than those of hornblende, and incloses the pseudomorphs after
hypersthene. Plagioclase forms well-zoned crystals with clouded centers, mostly less than 1
millimeter in diameter, with the average composition of a labradorite. 'Orthoclase is in larger
anhedral grains, partly intergrown with quartz. The titanite is clearly later than plagioclase.

SILL IN SILVER HILL FORMATION.

The sill (unmapped) in the Silver Hill formation (p. 53) is a very dark green rock of fine
texture. Megascopically, it seems to consist in the main of a feltlike mass of ill-defined
amphibole individuals 1 or 2 millimeters long, with a dull silky luster, among which biotite
flakes, mostly less than 1 millimeter in diameter, are rather thinly sprinkled.
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4. THIN SECTION OF METAMORPHOSED DIABASE FROM SILL IN ALGONKIAN ROCKS
NORTH OF LOST CREEK.

Shows micropegmatitic intergrowth of oligoclase and quartz oriented on large crystal of labradorite.
Black is chiefly hornblende, intergrown with quartz. Slender needles of apatite conspicuous
near top. Crossed nicols. Enlarged 60 diameters.

B. THIN SECTION OF GRANODIORITE EXPOSED NEAR CABLE.

Shows poikilitic habit of quartz, orthoclase, and biotite, micropegmatitic intergrowth of quartz and
orthoclase, and myrmekite fringe of plagioclase. Enlarged 50 diameters.
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The microscope shows the rock to be porphyritic, with ferromagnesian phenocrysts in a
microgranular groundmass whose volume is rather less than that of the phenocrysts. Alteration
has been extensive and is possibly due in part to the same concealed intrusive that has slightly
metamorphosed the inclosing sediments.

Except for a few relatively large flakes of greenish-brown biotite, the phenocrysts are
extremely ragged prisms of bluish-green hornblende inclosing a great deal of biotite, partly in
parallel intergrowth and partly as irregularly oriented flakes. These phenocrysts also inclose
quartz, yellow and brown epidotes, feldspar, titanite, and calcite. The groundmass is composed
mainly of lath-shaped zoned plagioclase (Ang, .;), subordinate quartz and potash feldspar,
and very numerous irregular particles of hornblende and biotite, besides a good deal of secondary
muscovite and calcite. Apatite is conspicuous in stout prisms, some of which are larger than
most of the plagioclase laths of the groundmass.

The rock somewhat resembles the upper part of a sill at the same stratigraphic horizon
in the Threeforks district, which Merrill * describes as having phenocrysts of uralitic hornblende
and pseudomorphs probably after some other ferromagnesian mineral.

BASIC INTRUSIVES IN THE CRETACEOUS ON GOLD CREEK.

Rocks that may roughly be classified as diorite porphyry and fine-grained diorite form
sills, and perhaps dikes as well, in the Cretaceous rocks of Gold Creek basin, near the northeast
corner of the quadrangle. Their character is illustrated by two specimens from the easternmost
area, different in texture but similar in composition and probably belonging to a single intrusion.

One specimen is porphyritic and shows lustrous bladed crystals of olive-green amphibole
or pyroxene mostly about 1 or 2 millimeters across in a finely crystalline groundmass of the
same color.

The microscope shows most of the phenocrysts to consist of intergrown augite and amphi-
bole, both nearly colorless in thin section. The augite forms irregular nuclear masses, and that
these are residual and the amphibole secondary is indicated by the fact that a crystal consisting
chiefly of amphibole has the typical octagonal cross section of augite. Less numerous pheno-
crysts of some other mineral, possibly hypersthene, are represented by pseudomorphs of
serpentine penetrated by splinters of actinolite. The groundmass contains a second generation
of these altered minerals, together with much lath-shaped feldspar (andesine and labradorite),
and a little quartz. The rock is badly decomposed, and contains much finely divided acicular
amphibole with biotite, calcite, and other secondary minerals. There is considerable apatite in
slender prisms, and a titaniferous iron ore almost completely altered to leucoxene.

The second specimen is a dark-gray rock of medium-fine granular texture. Megascopically
it seems to consist mainly of almost equal parts of greenish-black hornblende and dull-white
feldspar in individuals about 1 or 2 millimeters in diameter; with considerable biotite in smaller
foils.

Under the microscope the hornblende shows a slightly porphyritic texture, yet it is allotrio-
morphic against plagioclase and incloses some small crystals of it. It therefore shows no
crystal form to indicate whether or not it is secondary, and it contains no inclusions of augite.
Its allotriomorphic character and its pale tint suggest, however, that it is uralitic like that of the
specimen just described. It is ccowded with small flakes of biotite, possibly secondary, but
biotite clearly primary also occurs in flakes of about 1 millimeter in diameter. The feldspar is
chiefly a strongly zoned plagioclase, in prisms elongated parallel to ¢ and slightly flattened on
010; the cores are labradorite near Ang, and the narrow rims into which the cores shade rather
abruptly are oligoclase and oligoclase-albite, partly as sodic as An,. In interstitial relation
is a rather small amount of alkali feldspar and quartz, partly forming micropegmatic inter--
growths. The alkali feldspar seems to be anorthoclase with the character of that in some of the
pyroxene aplites (p. 122). The rock is altered and contains considerable calcite, sericite, and
plainly secondary actinolite, which penetrates the feldspar.

1 Merrill, G. P., Notes on petrography, from report by A. C. Peale, Paleozoic section in the vicinity of Three Forks, Mont.: Bull. U. S.Geol.
Survey No. 110, 1893, pp. 47-54.
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This rock, if the hornblende is uralitic, shows some affinity to the diabase intrusive in the
Algonkian, but differs from it in the less distinctly lath-shaped form and more basic composition
of the plagioclase, the somewhat porphyritic development of the amphibole or pyroxene, and
the presence of conspicuous flakes of biotite. It seems a little less basic than the porphyry just
described.

DIORITE OF FOSTER CREEK AND OLSON GULCH.

CHARACTER.

In Olson Gulch and Foster Creek basin are several areas of intrusive rock somewhat similar
to the diabase in its dark-gray color, but distinguished from it by the prismatic form of the
chief .dark mineral—hornblende—and by the presence of considerable biotite. These basic
diorites are, on the other hand, darker, finer, and less feldspathic than the diorites of Mount
Haggin and Racetrack Creek. There is considerable range of composition in the rocks described
under this heading, but as specimens taken close together show considerable difference it is
probable that all belong to one rather variable intrusion.

OCCURRENCE.

A prospect tunnel has been driven in the diorite near the forks of Olson Gulch proper,
and from the dump near this tunnel the best specimens of the rock are obtained. The natural
outcrops are deeply weathered.

Although the contacts of the diorite are not well exposed in Olson Guleh, its intricate
boundaries, the form of its area, and the numerous limestone inclusions, the larger of which are
mapped, indicate that it is a stocklike intrusion in the Paleozoic rocks. There is no evidence
that it has been affected by the complex faulting that has displaced the limestone; it seems to
be either later than the faulting or contemporaneous with it, and hence distinctly later than the
diabase sills in the Spokane formation. :

The diorite of Olson Gulch is not known to be cut by later intrusives. Along its northern
and higher border have been found decomposed fragments of a biotite granite whose relations
to it are not clear, but which possibly represent a marginal differentiate from the diorite.

The diorite occurs on Foster Creek about 3 to 5 miles from its mouth. It intrudes the
Jefferson and Madison limestones and is cut in turn by a granite describe\d on page 112,

PETROGRAPHY.

The most basic phase of these diorites is illustrated by a specimen taken from the dump
of the prospect on Olson Gulch.

The rock is fairly coarse grained and dark gray, with dark and light constituents about
equal in amount. The most abundant dark mineral is hornblende in crystals some of which are
1 centimeter long; their form, shown on weathered surfaces, is that of stumpy imperfect prisms.
On freshly broken surfaces the cleavage faces show bright reflections somewhat mottled
by inclusions. The chief light constituent is feldspar in dull-white masses smaller than the
hornblende crystals,and lacking the definite lath shape exhibited by the feldspar of the diabase
above described. The only other constituents visible to the naked eye are a little biotite and
numerous grains of pyrite.

The microscope shows that the orlglnal constituents are hornblendeZplagioclase > augiteZ
biotiteZquartz >hypersthene > magnetiteZapatite. Secondary bastite, chlorite, sericite, and
calcite are present. It is doubtful,in view of the somewhat decomposed condition of the rock,
whether the pyrite is original or secondary. The hornblende, which carries many small inclu-
sions of the other minerals, ranges in color from deep greenish brown to pale green. The plagio-
clase forms stoutish prisms elongated parallel to d. The crystals consist in greater part of
anorthite near Ang,. The individuals, except where they are in contact with ferromagnesian
minerals, have a narrow rim of sodic labradorite (An,, ), surrounding a sharply defined
anorthite core; the core and rim are each nearly homogeneous. Where the feldspar is in contact
with hornblende or biotite the rim is wanting. The augite is always surrounded by hornblende
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that seems to be original. The biotite forms irregular poikilitic foils, partly inclosed in horn-
blende. Hypersthene forms a few small pleochroic grains inclosed in hornblende, and is
altered in part to a fibrous substance like bastite. Quartz, which is more abundant than mega-
scopic examination would lead one to expect, forms a poikilitic cement for small grains of the
other constituents. The order of crystallization in the rock has been, roughly, apatite and
iron ores, pyroxene and cores of plagioclase, biotite, hornblende, rims of plagioclase, quartz.

A more acidic facies common on Foster Creek is a dark-gray rock of rather fine granular
texture with a slightly porphyritic development of biotite and plagioclase. - Its most con-
spicuous though not most abundant mineral is biotite, which forms irregular foils mostly from
1 to 5 millimeters across. Dull-white grains of feldspar about 2 millimeters in average diameter
also stand out from a groundmass chiefly of feldspar and splintery hornblende. In certain
specimens the presence of a highly poikilitic unstriated feldspar can be recognized by reflections
flashed from cleavage faces as much as 1 centimeter across.

The original constituents identified microscopically are plagioclase, hornblende, biotite,
quartz, mlcrochne titanite, magnetite, and apatite; the secondary ones are calcite, chlorite,
epidote, kaolin, sericite, and a zeolite.

The plagioclases are strikingly zoned, with sharply defined cores near An,,, as in the rock
of Olson Gulch, but with rather broader borders, in which the composition ranges from about
Ang, to about An,. The hornblende and biotite are of the ordinary colors and both inclose
plagioclase, the larger individuals of biotite being especially rich in inclusions. Quartz, fairly
abundant considering the generally basic aspect of the rock, forms relatively large poikilitic
individuals. Microcline, where it is abundant, occurs in the same way but where it is scarce
forms small interstitial areas. Its amount varies remarkably. In some specimens it is little
less abundant than plagioclase but commonly is very subordinate; it is rarely or never absent.
The accessories, titanite, magnetite, and apatite, are relatively abundant.

In another phase the most prominent constituent is hornblende in rather slender prisms
less than 0.5 centimeter in average length. In a specimen of this type from the northernmost
" area on Foster Creek, near the contact with limestone, the microscope reveals a few spongi-
form grains of apparently original scapolite.

DIORITE OF TWIN LAKES AND MOUNT HAGGIN.
GENERAL CHARACTER AND OCCURRENCE.

The largest area of diorite in the quadrangle is that extending from Storm Lake Creek to the
head of Mill Creek. Another area, which includes the top of Mount Haggin, is of similar rock
and probably belongs to the same intrusion. The dominant type of rock in these areas is a
diorite coarser grained and less basic than those above described, in which the chief constituents
are plagioclase, quartz, hornblende, and biotite. The dark minerals are plainly inferior in
amount to the quartz and feldspar and do not form well-developed crystals, and the aspect
of the rock is that of a typical quartz-mica diorite or tonalite. Near the margins there is more
or less variation, the outer parts being on the whole more basic than the main mass.

The diorites are well exposed in both the Twin Lakes and the Mount Haggin areas. They
are distinctly darker than the other igneous rocks associated with them, and are somewhat
rusty when weathered.

In the area to the west, the intrusive relation to the Cambrian and Algonkian rocks is clear.
The diorite has engulfed great masses of magnesian limestone resembling that of the Hasmark
formation but intensely metamorphosed. Some of these are mapped, and Plate VI, 4 (p. 46),
shows small inclusions with hornblendic reaction rims. On the walls of Fourmile Basin, the
diorite may be seen to cut across the bedding of the Algonkian rocks. In the Mount Haggin
area the contact with the sediments is much obscured by talus, though the intrusive relation
to Cambrian beds is clear in one place where the diorite, normal 4 feet from the contact, becomes
streaky, finer grained, and more siliceous as the contact is approached, and the limestone for a
few inches from the contact is changed to a rock rich in garnet and epidote.
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The diorite, so far as observed, is older than the more acidic intrusives with which it is in
contact. Itis cut by the granodiorite near Storm Lake and is penetrated in the Mount Haggin
area by innumerable strikingly conspicuous light-colored dikes of aplite and pegmatite, as well
as by some granite dikes that seem to be apophyses from the muscovite-biotite granite that
surrounds Haggin Lake. About the divide between Mill Creek and Twin lake Creek the
diorite is strongly sheared.

PETROGRAPHY.

The prevailing type of diorite east of Storm Lake is a gray, medium coarse grained rock,
at least two-thirds of which consists of feldspar with subordinate and inconspicuous quartz,
the remainder being made up chiefly of hornblende and biotite in about equal quantity. All
these constituents form individuals without well-developed crystal form, of which the maximum
diameter is about 5 millimeters and the average much less. The dark minerals show some
tendency to cluster in ill-defined aggregates.

The microscope shows plagioclase to be the most abundant constituent, with hornblende,
biotite, and quartz, in amounts not far from equal, next in order of abundance. Augite,
titanite, apatite, magnetite, zircon, and rutile are accessory. The ordinary effects of weathering
are shown, but not to a marked degree.

The plagioclase, slightly zoned but conspicuously mottled, averages about 50 per cent
anorthite.

Hornblende and biotite are of their ordinary colors and present no noteworthy features,
except that a little augite is intergrown with the hornblende. The quartz is interstitial rather
than poikilitic. No potash feldspar is present. Numerous hairlike inclusions like rutile in
the quartz and plagioclase are somewhat characteristic of the rock. :

The percentages of silica and alkalies in a sample of this rock were as follows:

Partial analysis of diorite from ridge east of Storm Lake.

[Analyst, W. T. Schaller.]
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In the American quantitative classification the rock would probably be a tonalose. The
percentages are similar to those in a pyroxene-mica diorite from the Yellowstone National Park.!

The variations from the normal type can be indicated only briefly.

A specimen from Mount Haggin, very similar in appearance to that just described, has much
more biotite than hornblende. Marginal basification of a familar type is well shown at the end
of the spur southeast of Twin Lakes, where the diorite is generally finer grained and richer in
dark minerals than usual, although it is streaky and variable in composition and texture. In
some phases the plagioclase tends to form phenocrysts in a comparatively fine grained, dark
groundmass. The thin sections of these rocks show essentially the same minerals as the normal
diorite. A very little interstitial microcline appears in some specimens.

A more interesting rock occurs near the contact east of Storm Lake. It is darker and
coarser than the normal diorite. The most conspicuous mineral is hornblende, which forms
imperfect crystals nearly as broad as they are long, with a maximum diameter of 2% centi-
meters (1 inch) or more and lustrous cleavage faces mottled with inclusions. Between the
large crystals are smaller ones mingled with white feldspar.

The microscope shows plagioclase and hornblende to be about equally abundant. Augite,
hypersthene, quartz, and biotite all occur in subordinate quantity, the two last being very
much less abundant than in the normal diorite. The hornblende, as in the more basic diorites
previously described, varies from greenish brown through green to nearly colorless. The
hypersthene, which like the augite is inclosed in hornblende, is mostly altered to talc and mag-
netite. The plagioclase crystals consist chiefly of sodic labradorite but have irregular cores
of anorthite. : -

1 Bull. U. 8. Geol. Survey No. 228, 1904, p. 103, analysis A.
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The secondary constituents of these diorites are the ordinary ones, and none deserve par-
ticular notice but epidote, which is one of the most abundant. In some specimens this mineral,
by its association with chlorite and sericite, appears to be a product of familiar processes of
decomposition. In certain slightly gneissoid phases of the diorite, however, where the feldspar
is almost unclouded and the biotite hardly touched by chloritization, abundant epidote in large
grains is associated with the fresh minerals. Most of the epidote belongs to the variety pistacite,
but some grains have cores of allanite. A strong case for primary origin of this epidote might
be made out if the rock were known to be unaltered, but it has been subjected both to dynamic
and to thermal metamorphism, and it is probable that these agencies, acting at a great depth,
formed the epidote without causing the decompositions that usually attend the formation of
that mineral under a lighter cover.

DIORITE OF RACETRACK CREEK.

GENERAL CHARACTER AND OCCURRENCE.

The diorite along Racetrack Creek in the northeast quarter of the quadrangle is strikingly
similar in general aspect to that near Mount Haggin and Twin Lakes. It is well exposed on
the slopes of the hill between Racetrack and Thornton creeks, locally known as Sugarloaf
Mountain, and on the glaciated sides and bottoms of the canyons.

It is in contact with overturned Cambrian rocks south of Thornton Creek and is almost
certainly later than the sediments, but no clearly irruptive contact with them has been found.
Diorite observed within a short distance of the limestone at this locality had a south-dipping
schistosity suggesting that it has been affected by the strong thrusting that has deformed the
sediments.

The diorite is cut by porphyritic biotite granite and muscovite-biotite granite and pene-
trated by immense numbers of related aplite dikes, whose whiteness is in striking contrast to
the dark tone of the diorite.

A shearing has affected this rock like that of Mount Haggin, and it everywhere has a
schistosity that is readily visible on large outcrops though not always conspicuous in hand
specimens.

PETROGRAPHY.

The diorite of Racetrack Creek resembles the normal phase of the Twin Lakes mass in tone
and in the nature of its chief minerals, and its grain is about as coarse. Typical specimens
from the two masses show, however, some differences that seem to be consistent. The most
obvious is one of texture. In the diorite of Racetrack Creek the plagioclase is partly in large
crystals as much as 12 millimeters long, distinguishable from a coarse-grained matrix, and these
give the rock a rudely porphyritic appearance. In composition the diorite of Racetrack Creek
appears to be a little less basic than that of Twin Lakes, for it contains a somewhat smaller
proportion of ferromagnesian constituents, and the thin sections all show an appreciable
amount of microcline. y

Except for the differences indicated, the rock resembles that previously described, even in
microscopic features. The microcline, which is the least abundant of the essential constituents,
forms small interstitial anhedra, in contact with which the plagioclase has the micropegmatitic
borders called myrmekite by German petrographers. ’

BASIC GRANODIORITE OF STORM LAKE.

GENERAL CHARACTER, DISTRIBUTION, AND GEOLOGIC RELATIONS.

The intrusive east of Storm Lake is a rock composed essentially of plagioclase, hornblende,
biotite, potash feldspar, and quartz. It is characterized by a peculiar development of the
biotite, which forms large conspicuous ragged foils crowded with inclusions of the other minerals.
The rock occurs mostly in a single area of about 2 square miles, extending northwest and
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southeast of Storm Lake. A few small knobs projecting through the moraine north of the
main area are perhaps connected with it underground. _

The necessity for qualifying the last statement is due to the fact that the rock shows con-
siderable variation. These areas isolated from the main mass resemble it more than they do
the diorite of Mount Haggin, the only other large intrusion with which they might plausibly be
connected. The variation evidently depends for the most part on proximity t6 contacts. The
rocks near contacts are characterized by intricate mingling of more acidic and more basic por-
tions, the acidic penetrating the fissures of the sedimentary rocks more deeply than the basic,
and the same sort of variation is notable in large apophyses from the main mass on the ridge
west of Storm Lake. The Storm Lake intrusion is also characterized by abundant inclusions
of sedimentary rocks. Many of the large ones have been shown on the map, and the abundance

of smaller ones near the contact west of Storm Lake is well illustrated in Plate XIII, B. Many

of these inclusions are partially absorbed and surrounded by hornblendic reaction rims, as
shown in Plate VI, 4, page 46.

The evidence regarding the age relation of the granite of Storm Lake to the sediments is of
the clearest character. Plate XIII, B, shows the phenomena of intrusion in such a manner as to
prove this relation at the west end of Storm Lake dam more cogently than any argument could
do. The contact of the main mass with sediments has not been observed, but the rock east of
Storm Lake Creek is intrusive in the diorite of Mount Haggin, which is itself intrusive in the
sediments. The priority of the diorite, suggested by the areal relations, is proved by the fact
that the granodiorite is a little finer than usual near its contact.

PETROGRAPHY.
DOMINANT TYPE.

The most typical rock of the Storm Lake batholith is rather dark gray and of medium-fine
grain. The fresh glassy feldspar is not readily distinguishable from quartz, except that some
irregular poikilitic grains of unstriated potash feldspar can be recognized by the flashes from
their basal cleavage planes. The hornblende is in the usual grains or in imperfect prisms less
than 3 millimeters in maximum diameter. The biotite is far more conspicuous; it forms ragged
foils as much as § centimeter in diameter, and apparently separate pieces flash together over
areas 2 or 3 centimeters across. The reflections from its cleavage faces are much broken by
inclusions. '

The thin section shows the complete list of original minerals and their relative abundance
to be as follows: Plagioclase>quartz Z biotite >microcline Z hornblende > augite > magnetite Z
" apatite > zircon >rutile (?). > 3

The plagioclase is in subhedral crystals, considerably zoned and mottled; the most basic
portions are of basic labradorite (Ang_,), and the most abundant combination is a sodic
andesine of average composition, approximately An,. The slightly perthitic microcline is
subordinate. The hornblende and biotite are of the ordinary varieties, and the irregular cores
in most of the hornblende grains are formed by augite of pale-green tint. Magnetite is rather
abundant. !

The relations of the minerals indicate an unusual order of crystallization. All the chief
constituents, except plagioclase, are in very ragged individuals. Those of quartz, microcline,
and biotite are extremely poikilitic and commonly interpenetrate one another. The hornblende
and augite grains are smaller and less poikilitic, but they occasionally interpenetrate with
quartz and biotite and inclose plagioclase. Plagioclase, on the other hand, incloses small par-
ticles of hornblende, augite, and biotite. The main bulk of the essential constituents appears
to have crystallized in the following order: Plagioclase, augite and hornblende, biotite, quartz
and microcline. There has been, however, much overlapping, and the ferromagnesian con-
stituents began to crystallize at least as early as the plagioclase.
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4. IRRUPTIVE CONTACT OF GRANODIORITE WITH NEWLAND FORMATION AT THE
HEAD OF THE EAST FORK OF ROCK CREEK.

The contact, which is parallel to the bedding, runs from the top of the peak toward the lower left-
hand corner of the view. Looking south.

B. DETAIL OF CONTACT BETWEEN GRANODIORITE AND ALGONKIAN ROCKS AT STORM LAKE.

Shows stoping, apophyses, and variation in igneous rock.
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CHARACTER OF VARIATIONS.

The variations in the rocks mapped with that just described are so multiform that only
their general character can be indicated.

Of secondary interest are the variations, chiefly textural, observed particularly in the
eastern area near contacts with the diorite. The poikilitic habit of the biotite, though usual
and characteristic, does not everywhere obtain. A specimen from a frozen contact with the
diorite east of Storm Lake shows the latter to be normal except for some development of pyrite,
while the granodiorite is about twice as fine in texture as usual and contains less than its usual
amount of ferromagnesian minerals. The microscope shows it to be without hornblende.

Another textural modification is a granodiorite porphyry collected from float on the slope
east of Storm Lake, and probably belonging to an apophysis extending from the granodiorite
into the diorite. At first glance the porphyritic nature of the rock is hard to recognize, for the
most abundant phenocrysts—those of fresh glassy plagioclase—show no color contrast with the
gray and perceptibly crystalline groundmass, and the ferromagnesian constituents, which are
biotite and a dull-black mineral identified microscopically as pyroxene, do not form well-
developed crystals.

The microscope shows numerous phenocrysts of plagioclase, pyroxene, and biotite with
sporadic phenocrysts of microcline. The groundmass, which constitutes about half the rock,
is microgranular, and consists chiefly of quartz and microcline with subordinate plagioclase.
The zoned plagioclase phenocrysts consist chiefly of andesine with some sodic labradorite.
The pyroxene phenocrysts are of intergrown augite and hypersthene, and some are partly bor-
dered with hornblende. The biotite, like that of the granular rock, is extremely poikilitic.

The ‘‘streakiness’ of the granodiorite near contacts with the sediments is illustrated in
Plate XIII, B, but is in places much more marked than is there shown. The highly variable
marginal zone consists in part of rock nearly normal in character. Specimens from the locality
where the photograph was taken show angular to subangular fragments of green hornfels, rich
in diopside and hornblende, embedded in granodiorite whose biotite is not conspicuously poiki-
litic, and which is somewhat finer and darker than the normal rock, though not markedly differ-
ent in composition.. Elsewhere an impoverishment in ferromagnesian constituents is visible
for a few millimeters from the contact.

The inclusions, though mainly of rock produced by the alteration of calcareous sediments
and similar to those shown in Plate VI, A, comprise some of dioritic character, probably pro-
duced by differentiation from the granodiorite magma. Certain phases of the marginal rocks
near Storm Lake are quartz-mica diorites without alkali feldspar.

The rocks differing most markedly from the normal granodiorite have the variable textures
of pegmatites and aplites. The coarser rocks are in general the more basic. They are charac-
terized by large and conspicuous erystals—in some specimens attaining a length of 1 or 2 inches—
of pyroxene, or of hornblende intergrown in places with biotite. More or less feldspar, and,
usually some quartz, are present. The feldspar is for the most part basic plagioclase, some of
which is sharply zoned, with cores of anorthite, but microcline is also present locally. The most
abundant accessory is titanite. These rocks are generally much decomposed.

The finer grained rocks are of rather alkaline composition. Their character is illustrated
by a specimen consisting partly of quartz-mica diorite and partly of rocks with somewhat
aplitic features, obtained at the west end of Stormy Lake dam. One part consists chiefly of
sugary feldspar and quartz, with a small or moderate amount of hornblende in slender prisms
about 1 centimeter long. Thin sections show the feldspar to be chiefly microcline, but there
is a subordinate quantity of plagioclase. A little pale-green pyroxene of diopsidic facies is
present, and titanite, apatite, and zircon are abundant accessories. This rock adjoins, on a
rather ill defined contact, a light-gray aplite with a few crystals of hornblende. The microscope
shows it to resemble the adjacent rock except that it contains abundant pyroxene and more
sodic plagioclase.




94 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE; MONTANA.

GRANODIORITE AT CABLE.
GENERAL CHARACTER, DISTRIBUTION, AND GEOLOGIC RELATIONS.

The granite forming the principal country rock of the Cable mine is composed of the same
minerals as the granodiorite of Storm Lake, but does not show the poikilitic development of
biotite. It forms a mass, roughly circular in plan, bounded mainly by irruptive contacts with
sedimentary rocks ranging from Algonkian to late Carboniferous. It has greatly metamorphosed
these rocks and is thought to be the source of the mineralization which formed the auriferous
deposits of the Cable, Southern Cross, Gold Coin, and other mines, as well as of many magnetite
bodies developed along its contact.

The great part of the mass is of fairly constant composition, but locally the rock is very
basic near contacts, and to a slight extent assimilates the calcareous rocks cut byit. It is charac-
terized, as all rocks of similar composition seem to be, by lamprophyric inclusions. Itis associated
with aphtes and pegmatltes rich in albite, and near the margin with rocks of the ‘‘pyroxene
aplite’’ type.

Being in an unglaciated area and rather susceptible to weathenng, the granodiorite at Cable
is not very well exposed. On the little plateau between the Cable and Southern Cross mines,
where it forms a base-leveled surface that has long been immune from vigorous erosion, and has
been covered with a mantle of quartzite waste from Cable Mountain, it is decayed to an incoher-
ent sand, which is excavated with pick and shovel to a depth of 10 feet or more and carted away
for use in making mortar. The most extensive and prominent outcrop of the prevailing rock
forms the summit of the hill a mile southwest of Cable, and the freshest specimens are to be
obtained in the quarry on the west side of this knob. The best exposure of the contact with ad-
jacent sediments is on the spur east of Cable, where the metamorphism and the variation in the
magma are both very striking. Remarkable metamorphism is also exemplified in the gulch
north of Gold Coin, where the calcareous shale of the Red Lion formation is changed to coarsely
crystalline aggregates whose chief constituents are garnet, calcite, quartz, epidote, and pyroxene.
Characteristic features of the contact zone are local development of scapolite and abundant
formation of magnetite in limestones and dolomites. (See Pls. IX, B, p. 60; XV, B, p. 130.)

The granite has cut across the preexisting structures in making its way upward, and the
adjacent sediments more frequently dip toward it than away from it. Its boundaries are irregu-
lar in detail, and it partly or wholly surrounds several small sedimentary masses, most of which
do not appear to be much removed from the situation that they had before the intrusion, and
may be ‘“roof pendants’’ ! isolated by erosion. : '

Of particular interest among these is the dolomite mass, largely replaced by magnetite, in
which the ore of the Cable mine has been formed. Its plan on the surface is shown roughly by
the geologic map (Pl. I, in pocket), and its boundaries beneath the surface have been explored
to a large extent in the workings of the Cable mine (figs. 42 and 43). Although these workings
have not been extended to the northern limit of the mass, the dolomite appears from surface
observations to abut there against a fault contact with the quartzites and shales of the Spokane
formation. The boundary of the granite is partly in line with this fault, and movement on the
contact between granite and quartzite is shown in the Queen tunnel, but inasmuch as no exten-
sive movement is apparent in line with the fault to the west, it is probable that the subsi-
dence of the dolomite was chiefly contemporaneous with the intrusion and that the postgranitic
movement was of slight amount.

1 Daly, R. A., The Okanogan composite batholith of the Cascade Mountain system: Bull. Geol. Soc. America, vol. 17, 1906, pp. 329-376, p. 336.
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PETROGRAPHY.
NORMAL FACIES.

A specimen from the quarry half a mile southwest of Cable has been subjected to careful
petrographic study and chemical analysis. It is a dark bluish gray, evenly granular rock,
somewhat finer in texture than most granites, in which the dark minerals occupy roughly about
one-fourth of the bulk of the light-colored ones. It contains lustrous irregular biotite flakes
with a maximum diameter of about 4 millimeters, although most of them are about 1 millimeter
in diameter. The duller and less conspicuous hornblende, which occurs in grains of similar
dimensions, is not quite so abundant. By turning the specimen about to catch reflections from
cleavage faces the little subhedral plagioclase crystals can be distinguished from the larger,
highly poikilitic individuals of potash feldspar, although they show no marked difference of
color. A thin section is shown in Plate XTI, B, page 86.

The original minerals revealed by the microscope are plagioclase >orthoclase >quartz >
biotite >hornblende ymagnetiteZapatite >titanite2zircon. = The rock is fairly fresh but con-
tains a little secondary chlorite, epidote, calcite, kaolin, sericite, and leucoxene. The texture
is characterized by the poikilitic development of orthoclase and quartz, which form relatively
large individuals in which subhedral crystals of all the other minerals are evenly disseminated.

The plagioclase is zoned, and the cores are conspicuously mottled by an intergrown lace-
work of basic feldspar, showing in most specimens a distinctly higher birefringence than the
matrix and of noticeably higher refractive index. A large part of each crystal is basic andesine—
An,, in the best-determined crystal and An,, ,;, with an average of An,,, in five determinations—
the most acidic combination being oligoclase approximately An,,. The composition of the most
basic part varies in different crystals from An,; to Ang,. The average composition of the crystals
is estimated to be that of a basic andesine, between An,, and An,,.

The potash feldspar is highly poikilitic orthoclase. The inclusions of a given individual
have on the average an aggregate volume somewhat less than half that of the orthoclase itself.
Almost no definite perthitic veinlets of albite are present, and the crosshatching of microline
has not been developed. ,

The quartz has the same poikilitic relation to the other minerals as the orthoclase, but the
maximum diameter of the individuals is less than for the feldspar. Locally graphic intergrowth
of quartz and potash feldspar coarser than the fringes of myrmekite is developed on the borders
of the plagioclase crystals at the contact with orthoclase. Of the accessories, apatite in small
prisms is notably abundant; magnetite is present in moderate quantity; zircon and primary
titanite are scarce. One or two individuals of titanite are intergrown with hornblende.

The hornblende and biotite present no features of striking interest. The former is fully
50 per cent more abundant than the latter. The hornblende is slightly altered to calcite, and
the biotite more extensively replaced by chlorite, in which there are streaks of a cloudy
leucoxene that resembles titanite when examined under high powers. The two ferromagnesian
constituents are partly in parallel intergrowth, but some unoriented individuals of hornblende
are inclosed in biotite, which is therefore mostly younger.

The general sequence of crystallization is as follows: Zircon (%), apatite, magnetite,
plagioclase, titanite, hornblende, biotite, quartz, orthoclase. The biotite abundantly incloses
plagioclase, although the latter locally incloses small grains of the ferromagnesian minerals.
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A specimen representing the dominant phase of the granodiorite above described has been
analyzed with the following result:

Analysis of granodiorite from quarry southwest of Cable.

[By George Steiger.]
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To determine the position of the rock in the quantitative classification the norm was
calculated with the following result:
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The rock is tonalose, near harzose. The rock in Washington’s tables having the most
nearly similar norm is a quartz porphyrite from Grass Valley, Cal.,! but the rock at Cable
has less quartz, more orthoclase, and less diopside, and it differs similarly from most grano-
diorites. It differs from the harzoses of Butte? in being poorer in both quartz and orthoclase.
The ratio of MgO to FeO is unusually low.

LAMPROPHYRIC INCLUSIONS.

The lamprophyric inclusions, which have well-defined boundaries and subangular outlines,
are also well shown in the quarry. A typical specimen shows the rock to be much richer in
ferromagnesian minerals and darker than the normal granite, with a granular texture about
half as coarse.

The thin section shows the constituents to be the same as in the dominant rock, but with
the ferromagnesian constituents more abundant and the orthoclase less so. The plagioclase
does not differ materially in average composition from that of the normal rock. The ferro-
magnesian minerals are xenomorphic against plagioclase, and titanite, which is fairly abundant,
although inclosed in hornblende, also incloses plagioclase. Alteration of the ferromagnesian
constituents and basic plagioclase to epidote, chlorite, and calcite is common. The latter
mineral shows in places an interesting development that simulates the poikilitic fabric;
individuals crystallographically continuous over diameters of 4 or 5 millimeters inclose and
locally interpenetrate the original constituents in a manner very similar to that shown by
scapolite in the rocks described on pages 120-126.

1 Washington, H. S., Chemical analyses of igneous rocks: Prof. Paper U. S. Geol. Survey No. 14, 1903, pp. 236-237, No. 57.
2 Idem, p. 229, No. 5.
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APLITIC AND PEGMATITIC ROCKS.

A block lying near the office of the Cable mine consists of rock very similar superficially
to the analyzed specimen, except that its color is lighter. It contains little hornblendeand
quartz, however, and many small and evenly disseminated grains of pyrite.

The microscope shows that its composition is very different from that of normal granodiorite.
The essential constituents are nearly pure albite and biotite; the accessories are zircon, rutile,
and apatite. It contains neither quartz nor potash feldspar. Secondary sericite, calcite,
pyrite, and kaolin are abundant, and chlorite is present in small amount. The biotite crystals,
which are xenomorphic against plagioclase, are formed by the intergrowth of two varieties,
one dark and the other pale. The darker variety is usually in a central, the lighter in a mar-
ginal, position, but the boundaries between the two, although sharp, are very irregular. It
seems likely that the paler mica has been produced by a leaching of the darker, but the common
alteration to chlorite is not observed. Rutile is abundant and forms clusters of nearly opaque
prisms of submetallic luster.

A small exposure of pegmatite occurs at the end of the flume on the spur east of Cable.
It is essentially an aggregate of snow-white albite crystals, with maximum diameters of several
centimeters, small polygonal interstices between which are filled with green chlorite. Quartz
and potash feldspar are absent. The accessories are zircon and rutile, the latter showing the
same mode of occurrence as in the rock last described, which, indeed, this pegmatite so strongly
resembles in composition as to suggest a close genetic relationship.

A rock similar to these in composition but of fine-grained porphyritic texture appears
on the dump of the Cable mine. :

MARGINAL FACIES.

The bold outcrops at the contact of the granodiorite of Cable with the sediments on the
spur to the east show a complex mingling of light greenish gray granular rock with dark rock
rich in hornblende, this mineral being locally the only one visible megascopically. The dark
rock is shown by microscopic examination to contain vestiges of basic plagioclase altered to
aggregates of epidote, sericite, albite, and other minerals. Allanite is very abundant and occurs
partly in parallel intergrowth with pistacite, which always surrounds it. Probably it is primary
and has furnished nuclei for the crystallization of secondary pistacite.

The lighter colored rock resembles to some extent the pyroxene aplites, fully described
on pages 120-126. It consists chiefly of a very basic soda-lime feldspar (bytownite or anor-
thite) and a diopsidic pyroxene, with some poikilitic scapolite which appears to be original.
There is abundant titanite and considerable apatite, allanite, and zircon.

GRANODIORITE OF THE PHILIPSBURG BATHOLITH.

GENERAL CHARACTER AND OCCURRENCE.

The wall rock of the Granite-Bimetallic lode is a granular intrusive, whose essential con-
stituents are plagioclase, orthoclase, quartz, hornblende, and biotite. It resembles the well-
known granodiorites of California but is richer in potash feldspar. It also resembles the
Butte quartz monzonite, but is poorer in potash feldspar and more siliceous than this rock.

It forms a large mass of roughly elliptical ground plan in the mountains east of and over-
looking the Philipsburg batholith. There is a small outlier on the southeast edge of the town,
and other small masses, described on page 102, may also have a genetic relation to this mass.

The granodiorite is in contact with the Algonkian Newland formation and the overlying
strata up to the Carboniferous’ Madison limestone. The irruptive nature of the contact is
made evident by strong contact metamorphism in the sediments about the entire periphery, by
the projection of apophyses into these, and by marginal variations in the granodiorite.
Apophyses in the Cambrian rocks are shown on the map southwest of Twin Peaks. The
evidence of intrusion is perhaps nowhere more striking than in the immediate vicinity of

22068°—No. 78—13——7
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Philipsburg, especially on Frost Gulch, north of Franklin Hill, where the Silver Hill formation
is altered to coarsely crystalline rocks, which are penetrated by dikelets of porphyry similar
in composition to the rock of the batholith. Special features of the metamorphism produced
by the granodiorite of the Philipsburg batholith are the formation of iron ores (some containing
the rare boron mineral ludwigite) at the contacts with calcareous sediments near Philipsburg,
and the abundance of scapolite in the calcareous metamorphic rocks at Philipsburg and
northeast of Rumsey Mountain.

The upper surface of the mass, as is evident from the course of the boundaries, is rudely
domelike. It is noteworthy that the contact nearly follows in many places the bedding of
the adjacent sediments—this being conspicuously the condition near Twin Peaks. Through
fully half its circumference, however, it cuts across the bedding, and the mass is not in any
strict sense a laccolith.

It is cut by some fault fissures near Philipsburg but apparently not by any of the major
faults in the adjacent sediments.

Although the main part of the mass is fairly uniform, it tends to become more or less
basic near contacts. At the south, near Rumsey Mountain, the normal granodiorite apparently
grades into a basic diorite. Aplite of ordinary character forms numerous small dikes but is
not so abundant as in the more acidic granitoid rocks. Pyroxene aplite of more interesting
character is associated with the granodiorite. (See pp. 120-126.) ’

The granodiorite of the Philipsburg batholith in fresh condition is well exposed on the
high glaciated plateau about Fred Burr Lake in the heads of the canyons that drain from this
plateau. The little weathered outcrops, which show considerable jointing, have a pure light-gray
tone. About Granite, beyond the limits of glaciation, the granite is deeply weathered, and its
uneven surface is strewn with great subangular bowlders of disintegration. On lower slopes
the granite areas are generally covered with deep soil and show few outcrops.

PETROGRAPHY.
NORMAL PHASE.

The character of the prevailing rock is well illustrated by typical specimens from the gulch
east of Copper Creek near Princeton, a mile or more from the contact. ‘

The rock is brownish gray and of granular texture, without distinctly porphyritic develop-
ment of any of the constituents. Few grains are more than 3 millimeters in diameter, and most
are much smaller. More than half the rock consists of feldspar of two easily distinguishable
varieties. One variety is of a pale flesh tint, and its glistening cleavage faces are not striated;
the other forms smaller grayish-white, partly transparent grains, which not uncommonly show
striations on the better (basal) cleavage. Both feldspars have rude crystal form. Glassy
grayish quartz grains with irregular fractures are abundant. The glistening black crystals of
biotite, which, though numerous, form a relatively small part of the bulk of the rock, are more
or less irregular, but many show the characteristic form of a six-sided tablet. Less abundant
are small grains or rude prisms of dull greenish black hornblende. A few grains of brownish-
yellow titanite are visible.

The complete list of original constituents visible under the microscope, with a rough indi-
cation of their relative abundance, is as follows: Plagioclase2quartz >potash feldspar>
biotite >hornblende pmagnetiteZapatite >zirconZallanite. The secondary minerals are chlorite,
epidote, calcite, kaolin, and sericite. The diameters of the grains constituting most of
the rock range from 0.5 millimeter to 3 millimeters, the average being about 1.5 millimeters.

The plagioclase is in subhedral grains somewhat elongated parallel to a. Zonal structure
and mottling are rather conspicuous. The composition in the greater part of the crystal
fluctuates between An, and Ang, but sodic oligoclase occurs in- very narrow and irregular
peripheral zones and in myrmekite fringes at the contacts with potash feldspar. The average
anorthite percentage is probably near 40. The plagioclase is altered in rather sharply defined
patches to calcite, sericite, kaolin, and epidote.
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The potash feldspar is a slightly perthitic orthoclase. The individuals contain abundant
inclusions of all the other constituents, and their outlines are irregular in detail, but they are
partly bounded by surfaces approximating to crystal planes, especially at the contact with
certain large grains of quartz. The orthoclase is slightly kaolinized.

- The quartz has the usual anhedral habit and forms individuals about as large as those of
feldspar. :
The biotite is of the common variety, pleochroic in brownish yellow and pure deep brown
and partly chloritized. Some of it occurs poikilitically inclosed in or in parallel intergrowth
with the hornblende, which is of the ordinary green kind.

The common accessories are present in moderate quantity and have no especially note-
worthy features. Deep brown allanite occurs sporadically in small stout prisms.

The general order of crystallization, so far as determined, is zircon (?), apatite, magnetite,
titanite, most of the plagioclase, biotite, hornblende, orthoclase, rims of plagioclase in part,
quartz. The plagioclase, biotite, and hornblende are probably of about the same age, for,
although small crystals of plagioclase are abundantly inclosed in the ferromagnesian con-
stituents, the relation is not uncommonly reversed, and intergrowths between biotite and
hornblende prove their partly simultaneous crystallization. Quartz distinctly later than any of
these appears to have overlapped with the orthoclase, from which it is often separated by
irregular boundaries and in which it is sometimes inclosed. Only local subhedral development
of the orthoclase at contacts with quartz indicates a slight degree of priority for the orthoclase.

The following chemical determinations made on this rock, together with its mineral com-
position, serve to indicate its approximate classificatory position.

Chemical determinations on granodiorite from the Philipsburg batholith.
[Analyst, W. T. Schaller.]
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Analogous percentages of silica and alkalies occur in the subrang amiatose of the quanti-
tative system of classification; the high ratio of soda to potash, however, brings the rock near
to yellowstonose. The qualitative mineral composition is identical with that of typical grano-
diorites, and the amounts of silica and alkalies are very near the amounts present in grano-
diorite (amiatose) from Silver Lake House, Eldorado County, Cal., described by Lindgren?
(810,, 67.45; Na,0, 3.47; K,O, 3.66). Compared with average granodiorite, however, the rock
of Silver Lake is high in silica and alkalies, and the percentage of K,O is the highest observed in
the granodiorite group as defined by Lindgren.? It therefore approaches the quartz monzonites.
The ratio of Na,O to K,O, in weight percentages, is 0.91 for the rock from California and 0.95
for the rock of the Philipsburg batholith, indicating a slightly greater proportion of orthoclase
for the latter. The batholithic intrusions of the Butte and Elkhorn districts, on the other
hand, which are similar in qualitative mineral composition, are less siliceous than the rock of
the Philipsburg batholith, richer in potash, and poorer in soda. ‘

VARIATIONS.

The main mass of the Philipsburg batholith is very uniform, but it varies somewhat in
texture, and near contacts it varies rather widely in composition.

The principal variations in texture-that occur independently of conspicuous variation in
composition are a poikilitic development of the orthoclase and an obscurely porphyritic develop-
ment of plagioclase or of both orthoclase and plagioclase.

1 Am. Jour. Sci., 4th ser., vol. 3, 1897, p. 306; also Prof. Paper U. S. Geol. Survey No. 14, 1903, p. 183.
2 Am. Jour. Sci., 4th ser., vol. 3, 1897, pp. 30-31.
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The composition is in general more basic near contacts than away from them, but the rule
is not without exceptions, for some specimens taken from the immediate contact are especially
rich in orthoclase. More commonly, however, the normal granodiorite passes into a quartz
diorite with hornblende in larger and more perfect crystals, with a somewhat more calcic feld-
spar, and with less orthoclase, this feldspar being almost wholly absent from some specimens.

This marginal basification is illustrated by the rock on the divide between Fred Burr
Creek and Summer Gulch, about one-eighth of a mile from the contact. It is notably richer
than the normal in dark minerals, and some of the biotite is conspicuous by its development
in wavy ragged foils about 1 centimeter in diameter. Considerable quartz is visible, but it is
difficult to detect any orthoclase with the unaided eye.

The microscope shows as original constituents plagioclase >hornblende>biotite>quartz >
orthoclase2magnetite > titanite=apatite > allanite2zircon.

The rock is apparently transitional to a more basic diorite developed in the basin of Summer
Gulch, but the exposures are poor at the northern limit of the basic diorite and the transition
can not be considered absolutely proved. Itisnotinherently improbable, in view of the observed
variations in the Philipsburg batholith. The best evidence of transition is the fact that the
rock just described is intermediate in location between the normal granodiorite and the basic
diorite of Summer Gulch and also intermediate in character.

DIORITE' OF SUMMER GULCH.

The basic diorite occupies the baylike extension on the south side of the Philipsburg batho-
lith. The dominant rock of this little area is very dark gray. Plagioclase, hornblende, and
biotite are the only constituents identifiable, and the form of the grains is unrecognizable.
The texture is notably finer than in the more acid rocks, and a tendency for the small grains of
ferromagnesian minerals to cluster produces an obscurely dappled appearance.

The microscope shows the mineral constitution to be plagioclase >quartzZhornblende=
biotite >orthoclase >magnetiteZapatite>titanite > zirconallanite. ~There is some decompo-
sition giving rise to epidote, chlorite, calcite, and sericite.

The plagioclase, in polarized light, appears strongly zoned and mottled, with ragged cores
that generally show much higher double refraction than the outer zones. These cores are of
calcic bytownite near Ang. In one section nearly normal to M and P, the extinctions are,
in the core, 41° (corresponding to Any,); in the next zone, 32° (Ang,); in the next, 27° (Any);
on the extreme edge, 11° (An,). Like the feldspar of the rock described above, it incloses
indeterminate dust particles, which are especially abundant in the more basic parts. The
general order of crystallization is the same as in most rocks of the Philipsburg batholith,
the plagioclase being very commonly inclosed in ferromagnesian minerals.

A still more basic phase, represented by specimens taken near the eastern margin of the
mass, near the bottom of the ravine, is characterized by a porphyritic development of part of
the hornblende in crystals that attain a length of about 1 centimeter and have good crystal
form. The biotite is megascopically inconspicuous. ~

The most noteworthy features revealed by the microscope are the character of the plagio-
clase and the presence of scapolite. The plagioclase individuals, markedly flattened on 010,
have boundaries approximating to crystal planes, but irregular in detail; each, however, has a
sharply defined, nearly homogeneous euhedral core of notably high refringence and birefring-
ence. Numerous determinations of its anorthite percentage give figures ranging from 89 to 96,
with an average of 94. In the rim, the anorthite percentage diminishes somewhat gradually
from about 50 next the core to about 30 on the extreme edge. The cores form a little more
than half the bulk of the crystals, so that the average composition of these is near Any,.

The scapolite occurs in very small quantity and appears in thin section as a delicate lace-
work interpenetrating with the feldspar. It has uniform orientation over areas as much as
1 centimeter in diameter, and the feldspar crystals with which it is intergrown have all possible
orientations. The scapolite, although intergrown with plagioclase of widely differing compo-
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sition, shows no evidence of similar variation. Inasmuch as the feldspars are considerably
altered to epidote, sericite, and calcite, it would be plausible to suppose the scapolite secondary,
but the occurrence elsewhere in the quadrangle of primary scapolite, similar in many respects
to this, suggests primary origin at this locality.

The general order in which the minerals began to crystallize is zircon and apatite; plagio-
clase and scapolite; magnetite; titanite; biotite; augite and hornblende; quartz and orthoclase
partly intergrown. There has, however, been much overlapping.

LAMPROPHYRIC INCLUSIONS.

Dark inclusions characterize the granodiorite of the Philipsburg batholith, especially in
the neighborhood of contacts, which consist of the same minerals as the parent rock, but which
contain the ferromagnesian minerals in greater abundance and have a finer texture. The
average diameter of the grains is about half that in the normal granite, and there is commonly
an obscure porphyritic development of plagioclase and ferromagnesian minerals.

A thin section of a specimen taken near the contact at Philipsburg shows rock essentially
normal in sharp contact with that of a basic inclusion. In the basic inclusion, hornblende,
biotite, titanite, magnetite, and apatite are more abundant, orthoclase and quartz less so, than
in the granodiorite. The strongly zoned and mottled crystals of plagioclase, like those of the
granodiorite, have rims of oligoclase and intermediate portions consisting largely of basic andes-
ine, but their centers contain bytownite near Ang. The apatite is conspicuously developed in
long needles. The general order of crystallization is that of the normal rock, but the titanite
is partly xenomorphic against both plagioclase and hornblende.

GRANODIORITE PORPHYRY.

The small sills and dikes that cut the Silver Hill formation north of Frost Gulch are of a
brownish-gray porphyry with rather sparsely scattered phenocrysts, about 2 millimeters in
maximum diameter, of hornblende, biotite, and plagioclase.

The microscopic section of one specimen shows the original minerals to be plagioclase >
quartzzorthoclase > hornblende > biotite > magnetite > titanite > apatite2zirconZrutileZtourma-
line. ’

Three generations of crystals appear, but they are not very distinct. The first consists
of the phenocrysts recognizable megascopically; the second, forming the bulk of the rock,
consists of subhedral crystals, 1 millimeter or less in diameter, of plagioclase, orthoclase, quartz,
and ferromagnesian minerals; and the last of an interstitial mosaic of subequant grains, chiefly
of quartz and orthoclase, about 0.1 millimeter in average diameter. The plagioclase is zoned,
but that of the first generation offered no determinable sections. That of the second generation
has irregularly bounded cores of labradorite-bytownite (An,,), broad intermediate zones of basic
andesine (An,;), and rather narrow rims of oligoclase (An,,,,). The more basic parts include
innumerable minute needles, probably rutile. The orthoclase forms Carlsbad twins flattened
on 010. The quartz has imperfectly developed dihexahedral or rudely spherical forms and con-
tains few inclusions, being free from rutile needles. Green hornblende predominates over the
brown biotite, which is much chloritized. Although subhedral, both locally enwrap large
grains of quartz and of the feldspars. Titanite is notably abundant, and zircon somewhat
more so than usual. Tourmaline, intensely pleochroic in blue-black and pale purplish brown,
appears in sporadic grains.

APLITES.

Aplites and pegmatites are less abundant in the Philipsburg batholith than in most of the
more acidic extrusives. Unfortunately they are not well represented in the collection. They
consist in part of the pyroxene aplites that occur in several parts of the quadrangle, and these,
because of their special interest, are described separately (p. 120). In addition to this rock, the

granite is cut by aplite of more normal character containing mica as the sole ferromagnesian
constituent.
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A specimen of this latter type collected near the contact in the vicinity of Red Lion Moun-
tain is chiefly interesting for its alterations. It consists mainly of flesh-colored feldspar and a
little dull-white feldspar and silvery mica, through which are evenly disseminated abundant
irregular grains of rusty-weathered iron-bearing carbonate, pyrite, and iridescent bornite.

Under the microscope the feldspar is seen to be chiefly microcline and orthoclase; the
plagioclase is albite, forming rather coarse perthitic intergrowths with the potash feldspar.
Quartz is subordinate and interstitial. The muscovite is partly in masses—possibly original,
though their structure rather suggests derivation from biotite—about 1 millimeter in diameter,
composed of rudely parallel, overlapping scales. Colorless mica is also abundantly developed
as a secondary mineral in feldspar. Calcite also replaces feldspar and has filled miarolitic cavities
into which feldspar crystals project. The sulphides occur in analogous relations, as does the
ferruginous carbonate; but unlike the calcite, which is anhedral, these minerals are partly
bounded by crystal faces. _

Apatite and zircon are rather abundant accessories, and rutile, in groups of prisms possibly
derived from the decomposition of titanite, is common.

SMALL INTRUSIONS OF BASIC GRANODIORITE.

GENERAL CHARACTER AND DISTRIBUTION.

Small areas of rock more or less allied in character to the rocks of Cable and of the Philips-
burg batholith occur on Boulder Creek above Princeton, on Henderson Gulch, on Willow Creek
near the west border of the quadrangle, on Sluice Gulch farther south, and southeast of Rumsey
Mountain. Although these rocks are composed of essentially the same minerals as the grano-
diorite of the Philipsburg batholith, they differ in texture and composition so that they can
hardly be described in general terms.

Two small stocks of porphyry east of Red Hill, as well as several dikes between Willow
Creek and Henderson Mountain, have been mapped in a color that indicates their probable
relationship with the rocks above mentioned. They are so much decomposed that their com-
position could not satisfactorily be determined. Those near Philipsburg have a contact zone
of garnet rock. The dikes in the northwest part of the quadrangle are small, and many similar
dikes were left unmapped in areas where other igneous rocks are abundant.

INTRUSION ON BOULDER CREEK.

The mass on Boulder Creek, probably a mere outlier of the Philipsburg batholith, is intrusive
in Devonian and Carboniferous limestones and is cut by a large dike of pyroxene aplite.

It is a dark-gray rock; granular but finer grained than the granodiorite of the Philips-
burg batholith. It contains the same minerals as that rock, but has relatively more horn-
blende, magnetite, and titanite.

INTRUSIONS ON WILLOW CREEK.

The small mass on Willow Creek, intrusive in the Algonkian, is of a rock resembling the
granodiorite of Cable, but somewhat darker, partly because it is richer in ferromagnesian con-
stituents and partly because the very fresh glassy plagioclase is of grayish tone. No poikilitic
alkali feldspar can be recognized megascopically. The biotite locally shows a poikilitic habit
like that of the granodiorite of Storm Lake but not so pronounced.

The microscope shows the essential constituents to be plagioclase, biotite, quartz, horn-
blende, orthoclase, augite; the accessories are magnetite, titanite, apatite, zircon, and rutile (?).
The plagioclase is much zoned and mottled, with a range from basic labradorite to andesine.
Quartz and orthoclase are less abundant than in most granodiorites. Augite forms nuclei to
most of the hornblende crystals. A striking feature is the habit of the biotite, which is in

extremely ragged individuals locally intergrown with quartz. Not only biotite but hornblende
incloses plagioclase.
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INTRUSION SOUTHEAST OF RUMSEY MOUNTAIN.

The very small area surrounded by the Newland formation southeast of Rumsey Mountain
may represent part of a considerable mass; for, as strong metamorphism obtains continuously
northward to the Philipsburg batholith, this little area is probably an outlier of that great
intrusion.

It is a rather dark-gray rock, suggesting a finer grained phase of the granodiorite of the
Philipsburg batholith, with about the same proportion of light and dark minerals; but close
examination reveals only sporadic grains of hornblende.

The microscope shows quartz of strikingly poikilitic habit to be about as abundant as in the
granodiorite of Philipsburg, but orthoclase is relatively scarce. The plagioclase is strongly
zoned, with a range of Ang, to An,,, and apparently a trifle more basic on the average than that
of the granodiorite of the Philipsburg batholith.

INTRUSIONS ON SLUICE GULCH.

On Sluice Gulch, near its mouth, two very small masses of an intrusive cut the Newland
formation and alter it to hard diopsidic hornstone.

The rock of these intrusions is light gray and somewhat resembles the granodiorite of the
Philipsburg batholith, but obviously contains less hornblende. The microscope shows no
conspicuous difference from the rock described on page 98 beyond a slightly porphyritic devel-
opment of plagioclase. The orthoclase is partly interstitial and anhedral, but the larger grains
are subhedral.

INTRUSION ON HENDERSON GULCH.

The igneous rock in Henderson Gulch is poorly exposed near its periphery, but strong meta-
morphism developed near its contact clearly shows it to be intrusive in the Newland formation.
. The contact zone is particularly characterized by rocks rich in garnet and epidote, as well as by
the usual diopsidic hornstones. The metamorphism extends over a remarkably wide area;
Henderson and Sunrise mountains, indeed, owe their existence to the induration through meta-
morphism of the rocks composing them, and this shell of metamorphic rock has probably pro-
tected from denudation an intrusive mass of far greater extent than the surface exposure.

Much of the rock shows a distinctly porphyritic habit, but the coarsest presents at first
glance the aspect of a granular rock resembling the most acidic granodiorite of the Philipsburg
batholith. A porphyritic texture can be made out on close examination, but the groundmass
is relatively coarse and light colored, so that the phenocrysts are not conspicuous. The largest
phenocrysts are of flesh-colored potash feldspar, some of which are as much as 1.5 centimeters
long. Most of the numerous phenocrysts are far smaller; they are chiefly of whitish plagioclase,
quartz, and biotite, but a few small phenocrysts of potash feldspar are also present.

The microscope shows the plagioclase phenocrysts to have cores of andesine and rims of
oligoclase. The quartz is bipyramidal and corroded. The groundmass, which is of less bulk
than the phenocrysts, consists chiefly of quartz and orthoclase, with a little plagioclase and
biotite. The accessories are magnetite, titanite, apatite, and zircon.

GRANODIORITE OF OLSON GULCH.

GENERAL CHARACTER AND OCCURRENCE.

Adjacent to the lower part of Olson Gulch is an area of about 1} square miles of granitoid
rock bearing some resemblance to that of the Philipsburg batholith but containing very little
hornblende. It is poorly exposed, and its relation to the adjacent sediments therefore is not
clearly evident. Although no definite contact zone can be traced, this is partly because a con-
siderable degree of metamorphism is general in this vicinity. There is a deposit of iron ore in the
limestone near the western border of the area, which was doubtless formed by this granodiorite in
the same way as those of the contact zone at Cable. There is no reasonable doubt that the
contacts of the granodiorite with the Carboniferous rocks are chiefly irruptive. The form of
the boundary at the east end of the area strongly indicates such a relation.
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PETROGRAPHY.

This granodiorite is very uniform. A typical specimen shows a light, brownish-gray tint
and a granitic texture somewhat finer than the average. The visible constituents are feldspar,
biotite, quartz, and hornblende. The greater part of the feldspar is a dull greenish white
plagioclase in grains mostly less than 1 millimeter in diameter, contrasting with a flesh-colored
potash feldspar in poikilitic grains up to § centimeter in diameter. Quartz is not conspicuous.
Biotite is evenly and rather plentifully disseminated in flakes about 1 millimeter in average
diameter, and a few particles of hornblende can be detected.

The relative abundance of the minerals as shown by the microscope is roughly indicated by
the expression plagioclase > quartzZorthoclase=biotiteyhornblende>magnetite > apatite > titan-
ite, zircon, tourmaline, rutile. The texture is of the same type as in the granodiorite of Cable,
and is characterized by more or less perfect crystals of plagioclase and ferromagnesian constitu-
ents, thickly sown in comparatively large allotriomorphic grains of quartz and orthoclase.

ACIDIC GRANODIORITE OF ANACONDA RANGE.
GENERAL CHARACTER AND DISTRIBUTION.

Distributed along almost the entire length of the Anaconda Range are several areas of a
granitoid rock composed chiefly of plagioclase, quartz, orthoclase, and biotite, with locally a
little hornblende. The quartz is abundant, but orthoclase is inconspicuous and very subordinate
to the plagioclase.

Unlike the other granular rocks of this district, which do not send out long and thick
apophyses, this granodiorite fingers out into many large dikes closely related to the parent
mass in composition, but differing from it in having a finer porphyritic texture. In the dike
mapped east of Carp Lake gradation can be traced from a rock at the south end, hardly differing
from the granular rock described, to a drab felsitic rock at the contact with the sediments half a
mile farther north. _

The areas of this granodiorite fall within a relatively narrow zone extending east-northeast
from a point near the southwest corner of the quadrangle to a point near the head of Clear
Creek. The principal groups of areas from west to east are those about Carp Lake, about
Mounts Howe and Evans, and between Tenmile and Mill creeks. In this last-mentioned tract,
which is the largest, the rock is greatly sheared.

The granodiorite in fresh condition is light gray but not so light as the more potassic
granites associated with it. In the area southeast of the Carp mine the contact between it and
the porphyritic biotite granite can be recognized at a distance because the granodiorite is darker,
more thoroughly jointed, and rusty on the weathered surface. This rusty character is not so
marked elsewhere, and may be due to local impregnation with pyrite.

Shearing in the easternmost area has developed much chlorite, and makes the rock darker
and more greenish than it is where unaltered. On the precipitous walls of Mill Creek canyon
it can readily be distinguished at a distance from the lighter, more tawny granites on either
side. Another effect of the stresses the rock has undergone has been the formation of shear
zones along which erosion is relatively rapid, and to this cause is due the serrate character of
part of the divide between Mill and Tenmile creeks. (See P1. IV, B, p. 21.)

The apophysal dikes of granodiorite porphyry are most abundant and conspicuous about
Mounts Howe and Evans. They are light enough in color to contrast markedly with the dark
rusty rocks of the Prichard formation, and they can be readily traced on the steepest slopes,
though they are concealed in places by talus or rock waste. On the other hand, the porphyry
intrusions at the head of Barker Creek and those east of Mount Haggin are conspicuously dark
by comparison with the rocks they penetrate, partly because these rocks are very pale tinted,
partly because the granodiorite has been sheared and darkened like the granular rock to the
south.
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GEOLOGIC RELATIONS.

The intrusive relation of this granodiorite to the adjacent sediments is exceptionally clear,
because it sends many porphyritic apophyses into the Cambrian and Algonkian beds with which
itis in contact. The contact with the Newland formation near the peak marked “9814” on the
topographic map is almost exactly parallel to the bedding for about 2 miles. (See P1. XIII,
A, p. 92.) The Newland formation here shows a metamorphism clearly related to this par-
ticular intrusion. - '

The acidic granodiorite of the Anaconda Range is apparently younger than any of the granular
intrusives with which it is in contact except the porphyritic biotite granite, the evidence of
whose later age is discussed on page 116. Apophyses of the granodiorite penetrate the non-
porphyritic granites east of Mount Haggin and the diorite north of Mount Howe. It is not
positively known that the acidic granodiorite cuts the basic granodiorite of the Storm Lake
intrusion in this vicinity, for the relations are obscured by talus.

The relative age of the acidic granodiorite and the coarsely porphyritic muscovite-biotite
granite is in some doubt. Clear proof was obtained that near Racetrack Creek, on the north,
porphyritic two-mica granite like that on Tenmile Creek was later than porphyritic biotite
granite, like that cutting the granodiorite in the Anaconda Range. If clos2 petrographic simi-
larity in the case of these porphyritic granites may be taken as evidence of identical age, the
granodiorite is older than either of the porphyritic granites.

PETROGRAPHY.
NORMAL TYPE OF GRANULAR ROCK.

A specimen from a point about 1 mile south-southeast of peak 9814 in the west part of
the Anaconda Range, which may be taken as representative of this group of intrusions, has
been subjected to detailed study and chemical analysis. Its general shade is a light pure
gray, its texture typically granitic and inclining to fine rather than to coarse. The constituents
recognizable with the naked eye are feldspar, quartz, biotite, hornblende, titanite, and pyrite,
the last occurring only in scattered small rusty grains along some obscure joint fissures. The
dark minerals are present in relatively small quantity.

All the feldspar is nearly white, but two varieties can be distinguished. The more abun-
dant variety, plagioclase, is somewhat the less transparent, and forms grains some of which
are 4 millimeters long, but most of which are much smaller, 1 or 2 millimeters being about
the average diameter. Some of the bright basal planes show a rudely oblong outline. The
other variety, orthoclase, is more glassy and is best recognized by catching the bright reflec-
tions from the basal cleavage planes, which are mottled by abundant inclusions of plagioclase
and the dark minerals. The average diameter of the orthoclase individuals is somewhat greater
than that of the plagioclase crystals, and their outlines are mostly irregular though in part
determined by crystal planes. Quartz is obviously abundant. On the surface of the rock, it
mostly appears in irregular sugary patches some 2 or 3 millimeters in diameter, which are slightly
grayish by comparison with the feldspar.

Hornblende and biotite appear mostly as evenly sprinkled, black, ragged particles, mostly
less than 1 millimeter in diameter. A considerable part of these constituents, however, is
segregated into more or less compact clusters about 0.5 centimeter in average diameter,
about half a dozen of which appear on the face of an ordinary hand specimen. They are so
characteristic of the rock that it was referred to in field notes as ‘‘spotted granite.” Titanite
forms a few inconspicuous yellowish-brown grains.

The relative abundance of the essential constituents as determined microscopically may be
indicated by the expression plagioclase > quartz>orthoclase > biotite >hornblende. Accessory
constituents are titanite, apatite, zircon, allanite, and magnetite, the last two being scarce.
The rock is in general fairly fresh, but the feldspar is a trifle clouded and a very little of the
biotite is chloritized.
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The plagioclase occurs in subhedral crystals and is rather strongly zoned and mottled;
the range of composition is approximately from An, to An,, and the average is estimated
optically as about An,,. The crystals have myrmekite fringes at the contact with orthoclase.
The quartz is mostly in aggregates of anhedral grains and the orthoclase, which is also anhedral,
is very slightly perthitic. The biotite and hornblende are of ordinary aspect, and the accesso-
ries have no noteworthy peculiarities. The general sequence of crystallization as indicated by
the relations of the minerals is as follows: Accessories; biotite and hornblende; plagioclase;
quartz and orthoclase. It has been noted that in most of the basic rocks the plagioclase is
earlier on the whole than the ferromagnesian constituents.

Analysis of the rock gives the following result:

Analysis of acidic granodiorite 1 mile south-southeast of peak 9814.

[By George Steiger.]
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No 80,, S, or CO, was found.

The norm calculated to fix the place of the rock in the American quantitative classification
is as follows:
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The rock is lassenose (I.4.4.4.), near toscanose, which is more potassic.

VARIATIONS.

Some of the rock mapped with that described is perceptibly more basic and much is some-
what less so.

A specimen obtained about half a mile west of the 9,814-foot peak is slightly richer in
ferromagnesian constituents and shows a slight tendency to porphyritic development of the
plagioclase, differences from the analyzed rock possibly due to closer proximity of the contact
with sedimentary rock.

Specimens from the Mount Howe area and farther east contain little or no hornblende and
have a slightly more sodic plagioclase. The potash feldspar in these rocks is microcline, possibly
because they have undergone more pressure than the masses farther west. It is somewhat
more abundant than the orthoclase of the analyzed rock. :

The differences between the rocks in Rock Creek basin and those east of it might be con-
sidered sufficient to justify a distinetion in the mapping, but in fact they can be appreciated
only by careful comparison of specimens, aided by microscopic study. The resemblances in

\
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tone, in the habit of the feldspars, and in the characteristic distribution of the ferromagnesian
constituents are, especially in the field, more striking than the differences. The relationship
to the contiguous rocks, so far as observed, indicate that all of the several masses are contem-
poraneous. Some of the porphyritic apophyses from the granular masses consisting chiefly
of rocks free from hornblende contain small amounts of that mineral and strikingly resemble
the analyzed specimen in mineral composition. |

In the area south of Mount Tiny the granodiorite was observed in actual contact with the
Newland formation. Within a yard of the sedimentary rock the intrusive is normal, except
for being a little more basic than the average. For about 1} feet from the contact it consists
of irregular streaks and lenses of pegmatitic material alternating with material notably rich
in biotite. The intrusive is intercalated, through a zone about a foot wide, with lenses of the
flaggy d10p51dlc hornstone, and in 1mmedlate proximity to these it is almost free from ferro-
magnesian minerals.

LAMPROPHYRIC INCLUSIONS.

In addition to the little black knots of ferromagnesian minerals, the granodiorite ischar-
acterized by dark blotches whose presence is one of the obvious distinctions between this rock
and the contiguous granites. These blotches, which attain a maximum diameter of about 6
inches and are usually of roundish or oval form, are of the same nature as those in the granodi-
orite of the Philipsburg batholith, and differ from the parent rock by having finer texture and
greater richness in ferromagnesian constituents. One from a hornblende-bearing phase, examined
microscopically, proves to contain almost as much hornblende as biotite, and zoned plagioclase
whose most basic parts are near Any,. A specimen from a hornblende-free phase is very rich
in biotite, but itself contains no hornblende.

GRANODIORITE PORPHYRY OF THE APOPHYSAL DIKES.

A very typical specimen of the granodiorite porphyry forming the dike phase of this
granodiorite was obtained on the west slope of Mount Howe. The rock, except for a slightly
darker gray shade, appears at first glance very similar to the granular rock described on pages
105-106. In particular, the ferromagnesian constituents show the characteristic tendency to
form clusters. On closer scrutiny the porphyritic texture appears. The most abundant
phenocrysts are of plagioclase, mostly from 2 to 5 millimeters long, but there are many some-
what smaller ones of slightly smoky quartz, with irregularly rounded outlines. Biotite and
hornblende are visible as still smaller particles, few being more than 1 or 2 millimeters in diame-
ter. All these are embedded in a gray microcrystalline groundmass not much different in tone
from the feldspar phenocrysts. _

Under the microscope the porphyritic texture is plain enough. The phenocrysts have
about the same volume as the groundmass, which is microgranular and panallotriomorphic.
The essential minerals of the first generation are plagioclase, biotite, and a subordinate amount
of hornblende; those in the groundmass are abundant quartz, microcline, and orthoclase, sub-
ordinate plagioclase, and a little biotite. Magnetite, apatite, and zircon are accessory. The
plagioclase is closely similar to that of the granular rock, being zoned and mottled, and ranging
in composition from An, to An,. The hornblende and biotite are also of the ordinary
types. The porphyritic quartz forms isolated grains or groups of grains with roundish outlines.

Besides varying in texture the dikes vary appreciably in composition. Insome, hornblende
is absent, and in a few of these phenocrysts of orthoclase are present. Hornblende with cores
of green augite occurs in one dike on Mount Evans. The selvage of the dike east of Carp Lake
is a drab felsitic rock with a few small and inconspicuous phenocrysts of quartz and some of
feldspar, which the microscope shows to be orthoclase. The groundmass is almost crypto-
crystalline and seems to consist chiefly of granophyric intergrowths of quartz and feldspar.
The rock is obviously more acidic than the average porphyry.
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BIOTITE GRANITE OF THE ROYAL BATHOLITH.

GENERAL CHARACTER AND OCCURRENCE.

The country rock of the Royal mine is a granitoid rock chiefly composed of quartz, plagio-
clase, potash feldspar, and biotite, and containing a little muscovite. . Plagioclase is relatively
more abundant and more basic than in the biotite granites of the Anaconda Range. The rock
of the Royal mine perhaps resembles that of Carp Lake more than any that has been described,
but it nowhere contains hornblende.

The rock forms a large intrusive mass of oval plan, lying mostly within the northeast part
of the quadrangle but overlapping its east boundary, which may appropriately be called the
Royal batholith. About most of its periphery this mass is in irruptive contact with sedimentary
rocks. The most striking evidence of the irruptive relation is the contact metamorphism
produced in the sediments, and although the youngest beds in actual contact with the granite
are early Cretaceous the metamorphism strongly affects the Upper Cretaceous shales north of
Rose Mountain, nearly a mile from any outcrop of the granite. Direct proof is thus given that
the intrusion is not older than late Cretaceous.

The upper surface of the intrusion, like that of the Phlhpsburg batholith, slopes away from
the center. More markedly than in any other large intrusion in the quadrangle the contact
tends to follow the bedding of the adjacent sediments. This is strikingly apparent from the
map, which shows the granite in contact with the comparatively thin Quadrant formation
through the greater part of its ecircumference.

In Rock Creek basin this granite is apparently cut by the two-mica porphyritic granite.
Perfectly clear direct evidence of this was not obtained, but although the porphyritic rock has
not been observed in gneissoid condition that of the Royal batholith is powerfully sheared
beyond the east edge of the quadrangle.

The general appearance of the rock of the Royal batholith in the field is similar to that of the
granite of the Philipsburg batholith, but it is of lighter tone. On the other hand it is darker than
the adjacent-porphyritic granite. Unlike the biotite granite of the Anaconda Range it is
nowhere tawny. The mass is on the whole very uniform, but marginally it tends to become more
basic, and it generally shows a slight schistosity parallel to the contact.

Some of the Royal type of granite occurs at the head of Boulder Creek adjacent to the
Philipsburg batholith. The area must be small, and because no opportunity to trace its limits
occurred after the determination of the rock it is not mapped. It is very possible that the age
relation of the Philipsburg and Royal intrusions could be determined on the glaciated slopes in
this vicinity.

PETROGRAPHY.

DOMINANT PHASE.

The petrographic character of the prevailing phase of the granite of the Royal batholith
is well illustrated by material gathered from the dump of the Royal mine. In general this
rock is a very light gray. It consists mainly of feldspar, the material next most abundant
being quartz and the third essential constituent black mica in foils about 0.2 millimeter across.
A few little scales of white mica and some light-brown particles of titanite are visible but
not conspicuous. The feldspar is of two kinds, distinct in habit. One kind forms many indi-
viduals rarely more than 2 or 3 millimeters in length, some of which when turned in a bright
light exhibit striations and are therefore plagioclase. The other kind, which is shown by the
absence of striations to be potash feldspar, forms much larger individuals, some of which are
about a centimeter in length and exhibit rude crystal form. Their edges are poikilitic, but
their centers do not carry many inclusions. The larger ones, which are more irregular in form,
are so thickly crowded with grains of all the other constituents that the crystalline continuity
of the poikilitic feldspar is shown only by the continuous reflections that flash from the cleavage
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planes when the specimen is turned into the right positions with respect to incident light. The
largest crystal observed was a Carlsbad twin about 5 centimeters (2 inches) long.

Under the microscope the original minerals visible are plagioclase>quartz>potash
feldspar Ppbiotite > muscovite > apatitezmagnetite > zircon>titaniteZallanite. The texture is
hypidiomorphic granular, and the order of crystallization is roughly zircon, magnetite, apa-
tite, magnetite, muscovite, plagioclase, biotite, microcline, quartz. Few grains are more
than 4 millimeters in diameter, the average diameter being about 1 or 2 millimeters.

The plagioclase forms conspicuously zoned subhedral grains with a maximum diameter of
4 millimeters. These contain some material as basic as andesine-labradorite and have rims of
oligoclase, but they consist mainly of andesine. Their average composition is estimated opti-
cally as An,. Oligoclase intergrown with quartz (myrmekite) forms a partial ragged border
to some of the crystals, always at the contact with orthoclase.

The potash feldspar locally shows microcline twinning, particularly near inclusions, and
is perthitically intergrown with a little albite. In the thln sectlon it appears partly as inter-
stitial anhedra, but one fairly well developed crystal 5 millimeters long was observed. Inclu-
sions are abundant near the margin, which is somewhat irregular, but approximates crystal
planes at contacts with quartz, and inasmuch as inclusions of quartz in the potash feldspar
are uncommon the quartz is probably the later.

The deep-brown, biotite forms tablets with ragged edges. It partly enwraps some plagio-
clase crystals but locally penetrates their margins. It is considerably altered, the chief prod-
uct being chlorite, with which is mingled some epidote, needles of rutile, and a turbid, strongly
birefringent substance resembling titanite.

The original muscovite is mostly associated with biotite, in which it is commonly inclosed.
A number of large inclusions in plagioclase appear to be primary.

Magnetite, titanite, and zircon are comparatively scarce. Apatite in moderate quantity
is mostly inclosed in the biotite. A single ragged individual of deep-brown, strongly pleo-
chroic allanite inclosed in microcline was observed.

Chemical analysis of this rock vielded the following results:

Analysis of granite from the Royal batholith.

[By George Steiger.]
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sal 93.0_ 7 quartz  24.7 1 3 ’
fem= 7.1->7 (persalane) _—feldspar=m3>7<5 (quardofelic).

K,04+Na, O 96 5
= étloﬁz—=6§<§>g (alkalicalcic, near domalkalic).

K,0 41_5 3 .. '
Na,0=55>3<5 (sodipotassic).

The rock is amiatose, near toscanose, which is more alkalic.

The magnesia of the normative hypersthene and the alumina of the normative corundum
belong to the micas, the titanium chiefly to titanite, biotite, and rutile rather than ilmenite.
Part of the potash belonging to orthoclase in the norm actually goes to the formation of micas,
but, on the other hand, the alkali feldspar contains some soda, so that the actual amount of
alkali feldspar must be near that of orthoclase in the norm. The normative plagioclase is
found from the molecular ratio to be Aby, Ang,, or An,,.!

The optical estimate—An,, for the crystals—did not take account of the albite intergrown
with or dissolved in the orthoclase nor of the small grains of sodic micropegmatite. When
these are allowed for, the agreement between the results—in this case independent—of optical
examination and of computation from the analysis is very satisfactory.

Of the amiatoses in Washington’s tables, the two most resembling the granite of the Royal
batholith are a granodiorite from Silver Lake House, Eldorado County, Cal.? which differs
chiefly in that its norm has more pyroxene (represented by hornblende in the mode), and a
“biotite granite’” from the North Fork of Tuolumne River, Cal.,? which is richer in quartz and
correspondingly poorer in feldspars and femic minerals. The two amiatoses from Butte* are
much more femic, being indeed near the line between persalane and dosalane, although well
within the alkalicalcic range. Among the toscanoses the nearest analogue is another California
biotite granite ® from El Capitan, in the Yosemite National Park.

In the old classification the rock would probably be called a quartz monzonite by those
who apply the term monzonite broadly to plagioclase-orthoclase rocks. In the norm orthoclase
is almost exactly half as abundant as plagioclase, so that the rock is just on the border of the
monzonite family as defined by Lindgren.® It has nearly the maximum amount of silica (69
per cent) and a trifle more than the maximum amount of potash (3.75 per cent) allowable in
granodiorite according to that author.

MARGINAL VARIATION.

The marginal parts of the batholith for several rods from the contact are more or less
distinctly gneissoid and somewhat richer in biotite than the rock in the main body of the batho-
lith. None has been observed to contain hornblende. Locally there is an obscure porphyritic
texture, better perceived under the microscope than megascopically. Microscopic examination
shows no striking difference in composition from the normal rock, apart from the enrichment in
biotite and locally greater basicity of the plagioclase.

In this marginal gneissoid phase the minerals show slighter microscopic evidence of defor-
mation than would be expected from their megascopic appearance, but the quartz in some speci-
mens is strained perceptibly more, and microcline twinning of the potash feldspar is more
general than in the normal rock. '

17t is to be remembered that this is the ratio between the number of molecules of NaAlSizOgand CaAlsSisOsand is equal to the ratio of
the molecular proportions of Na:O and 2CaO. The molecular weight of An is 1.061 times that of Ab, hence the ratio between the weights
of Ab and An will be a little less than that between their molecular proportions.

2 Prof, Paper U. S. Geol. Survey No. 14, 1903, p. 182, No. 8.

3Idem, p. 184, No. 9.

4 Idem, p. 182, Nos. 1 and 2.

5 Idem, p. 164, No. 61.

6 Granodiorite and other intermediate rocks: Am. Jour. Sci., 4th ser., vol. 3, 1897, p. 301.
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SECONDARY FOLIATION.

Intense foliation independent of contacts is developed in the granite of the Royal batholith
a short distance east of the quadrangle. This is due to forces that act along a zone trending a
little east of north and that affect various other intrusives in the vicinity of Danielsville in
striking manner. In exposures on Rock Creek, about 2 miles beyond the quadrangle bound-
ary, the granite is transformed to a readily cleavable gneiss with the biotite forming discon-
tinuous films along the cleavage faces. Some of the larger erystals of feldspar have been rounded
off to form thick lenses or ‘‘eyes’ with their longer diameters parallel to the schistosity. These
are rarely more than 5 millimeters long, but larger crystals, which have their analogue in the
Royal Mine specimen, occur sporadically.

A thin section of this gneiss shows the usual evidences of crushing and shearing. The
quartz has very distinct strain shadows. An interesting peculiarity consists in the presence of
a few small grains of monazite.

APLITES.

The granite of the Royal batholith is cut by numerous but small aplitic dikes, not.of great
volume compared to the parent rock. They are fine grained, light gray to nearly white, and
composed mainly of quartz and feldspar, with muscovite alone or accompanied by a subordinate
amount of biotite.

A specimen from Pikes Peak appears megascopically like a fine-grained two-mica granite.
Under the microscope the grains are seen to be almost wholly irregular and very uneven in
size. The minerals are plagioclaseZquartz2microcline > muscoviteZbiotite) magnetite > apatite=
zircon. The plagioclase is strongly zoned; most crystals have a fairly homogeneous core of
andesine (An,) and a broad zone of oligoclase (An,; ,5), whose extinction angle changes
gradually and continuously from the inner to the outer edge. The microcline is anhedral
to rudely subhedral and somewhat poikilitic, with subhedral inclusions of quartz.

A dikelet about 3 centimeters thick in the contact facies of Goat Mountain is materially
different in composition. It is apparently free from biotite, but contains minute spangles of
silvery white mica and sparsely distributed tiny bright-red garnets. It is affected by an obscure
foliation parallel to that of the inclosing granite but oblique to the contact of the two rocks.

Under the microscope the texture is seen to be panallotriomorphic. Microcline seems
rather more abundant than the plagioclase, which is albite. Microscopic particles of chlorite
probably represent a small amount of original biotite.

MINOR INTRUSIONS OF ACIDIC GRANITOID ROCKS.

GENERAL FEATURES.

Small masses of granitoid rocks with two micas, not sufficiently similar to those previously
described to be safely correlated with them, occur on Foster Creek, Warm Spring Creek, and
north of the quarries on Warm Spring Creek. They will be described more briefly than the
larger masses.

These intrusions have a certain similarity of composition, which with their proximity one
to another may mean that they are genetically related. Except for a variant of the largest
mass they are composed essentially of plagioclase, microcline in equal or smaller amount, much
quartz, a moderate amount of biotite, and less muscovite. They show, however, a marked
variation in texture. Their composition is more like that of the Royal batholith than any other
large intrusion, but they have some affinity with the nonporphyritic two-mica granite of the
Anaconda Range.
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GRANITE OF FOSTER CREEK.
OCCURRENCET

The most extensive of these minor intrusions forms an area of about 2 square miles on Foster
Creek and several small outliers. It is clearly intrusive in diorite and in Devonian and Carbon-
iferous limestones, for its apophyses cut all these rocks and locally develop a garnet contact
rock in the limestone. The main mass is fairly well exposed.

CHARACTER.

The rock forming most of the Foster Creek area is a light-gray medium-grained biotite
granite resembling that of the Royal batholith in texture, tone, and constitution, but charac-
terized by the development of biotite in very thin, rather broad, ragged flakes. The microscope
shows the essential constituents to be perthitic microcline=quartz2plagioclase < biotite=
muscoviteZmagnetite > apatite <zirconZtitanite. Alkali feldspar is a little more abundant
than in the granite of the Royal batholith. The plagioclase is strikingly zoned, with cores of
andesine, labradorite, or even sodic bytownite shading into rims of oligoclase and albite.
Magnetite and apatite are rather abundant.

In the northeast part of the area, this rock apparently grades into rocks considerably darker,
richer in biotite, and containing more or less hornblende. Microcline, which forms poikilitic
grains that can be readily detected megascopically, bears about the same proportion to plagio-
clase as in the rock previously described. The plagioclase, however, is more basic than in that
rock. Titanite, magnetite, and apatite are comparatively abundant. A remarkable feature of
the rock is the tardiness with which titanite and magnetite have crystallized. Both enwrap
plagioclase in many places, and titanite is even penetrated by hornblende. The general sequence
of crystallization has been zircon; apatite; plagioclase and magnetite; biotite, hornblende;
titanite, quartz, and microcline. Overlapping, of course, has occurred; magnetite, for example,
is inclosed in the margins of plagioclase crystals, and hornblende and quartz are locally inter-
grown.

GRANITE PORPHYRY ON UPPER WARM SPRING CREEK.

OCCURRENCE.

A narrow strip of granite porphyry crossed by Warm Spring Creek northeast of Cable is
intrusive in Madison limestone, whose bedding it follows to a considerable extent. It forms a
prominent talus on the east side of Warm Spring Creek canyon but has no prominent outcrops.

CHARACTER.

The mass is fairly uniform. A typical specimen is light brownish gray, of fine, apparently
granular texture, and consists chiefly of feldspar, abundant quartz, and a sprinkling of biotite.

The microscope shows the texture to be in reality porphyritic, although the groundmass is
coarse by comparison with the size of the phenocrysts, which are mostly 1 to 2 millimeters in
diameter. They consist of plagioclase, quartz, and mica—chiefly biotite, but with some
muscovite intergrown. In the groundmass, besides a second generation of the porphyritic
minerals, is considerable microcline, but this feldspar is less abundant on the whole than the
plagioclase. Magnetite, allanite, and zircon are scarce accessories. The plagioclase crystals
are distinctly zoned, with a range of composition from about An,, to about An,,.

Chemically this rock can not be very different from the most acidic granite of Foster Creek,
though it is probably poorer in potash, and the two may be genetically related.
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MICROGRANITE NORTH OF LOWER WARM SPRING CREEK.
OCCURRENCE.

About 1} miles nearly due north of the bench mark at 5,606 feet on lower Warm Spring
Creek (see map, Pl. II) is a very small area of fine-grained granite intrusive in Cambrian
rocks, near which are others, still smaller, that are not mapped. A rock of similar character,
also unmapped, forms a dike in coarser granites at the head of Clear Creek.

CHARACTER.

The rock from the mapped area is of a pepper and salt gray, and has a uniform texture
like that of typical granite, but finer, few of the constituent grains being more than 1 millimeter
in diameter. The minerals readily identified by the naked eye are feldspar, quartz, and biotite.

The microscope shows the chief constituents to be plagioclase < quartzzpotash feldspar>
greenish biotite. Muscovite is present in small amount, and magnetite, apatite, titanite, zircon,
and allanite occur as rather abundant accessories. A single grain of tourmaline was observed
in a thin section. Ordinary epidote that is apparently primary occurs, and apparently sec-
ondary epidote is also present, as are a little chlorite, sericite, etc., but the rock is comparatively
fresh. The plagioclase is zoned, with a range from Ang, to An,,.

The most interesting constituent is epidote. Most of the pistacite crystals have allanite
cores with which they are in parallel orientation. The outline of the allanite core is in general
more regular than that of the pistacite shell, but the pistacite forms one grain with no allanite
kernel and with partly developed crystal planes. This grain incloses apatite and plagioclase,
and is in contact with fresh biotite, as are most of the grains with allanite cores. In view of the
fresh condition of the rock, which gives no evidence that it has been either much weathered
or much affected by dynamic metamorphism, it seems probable that the epidote described is
primary. It is distinct in habit from the small irregular grains associated with chlorite, which
are probably secondary.

APLITE NORTH OF LOWER WARM SPRING CREEK.

About a mile north of the great lime quarry on Warm Spring Creek is a small mass of
fine-grained rock, which is intrusive in Madison limestone and which contains scapolite,
tremolite, and locally orthoclase (p. 69) in the vicinity of the contact.

The rock resembles that just described in general tint, but is of finer, more sugary texture,
and is dappled with ill-defined greenish spots about 0.5 centimeter in diameter. Sparsely
scattered small flakes of biotite and muscovite are visible. The microscope shows the rock to
have a mineral constitution similar to that of the granite porphyry farther up the creek, but its
texture is aplitic and it contains relatively more microcline and muscovite. The dappling is
due to segregation of a pale grass-green, finely divided mica, partly intergrown with muscovite.
Ordinary brown biotite occurs in larger flakes distinct from these.

ALKALINE BIOTITE GRANITE OF LOST CREEK.

GENERAL CHARACTER AND OCCURRENCE.

An alkaline fluorine-bearing granite occupies an area several square miles in extent near
the eastern boundary of the quadrangle, which it overlaps near Lost Creek and on the slope
north of Warm Spring Creek. The granite is also exposed in a gulch draining to Warm Spring
Creek.

This rock is composed chiefly of orthoclase, albite, quartz, and biotite and contains
fluorite. The presence of fluorite and the character of the feldspar chiefly distinguish the rock
from the nonporphyritic granite of the Anaconda Range (p. 117). These distinctive features
are recognizable only by the aid of the microscope; in megascopic appearance the two rocks are
very similar.

22068°—No. 78—13——38
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The most accessible exposures of the rock are certain barren knobs about 10 to 50 feet high
rising abruptly from a surface covered with fragments of disintegrated granite on the slopes
north of Warm Spring Creek. Some of these knobs are shown by contours on the map. They
are steep on the uphill side, less so on the downhill side (fig. 4), and the yellow-stained, deeply
weathered granite composing them is thoroughly sheeted about parallel to the slope of the
ground.

Better exposures of the granite on the steep glaciated walls of lower Lost Creek canyon,
near the east boundary of the quadrangle, are whitish in places where the rock is least weathered,
but nearly all of it is stained
by iron oxide in dull yellow or
orange tints. The glaciated
surfaces on the steep canyon
walls reveal few joints, but the
more weathered portion above
is cut by manyirregular joints.
In both parts a large propor-
tion of the joints are curved
and nearly parallel to the sur-
face and appear to be due to
weathering, like the sheeting
shown in figure 4.

_ The intrusive relation of

FIGURE 4.—Sheeting and jointing in granite. this granite to the Algonkian
Newland formation is vividly shown in Lost Creek canyon, where the surface of the main mass
cuts across the bedding at a low angle and dips gently to the west. Dikes of granite or related
pegmatite that were not closely examined penetrate both the Newland and the diabase by
which it is intruded. On the hill south of Lost Creek the Algonkian rocks are cut by many
dikes of tourmaline-bearing aplite and pegmatite. Their distribution makes it probable that
they belong to the fluorite-bearing granite.

PETROGRAPHY.

i m\\\ i
I N

GRANITE.

The alkaline granite is a rock whose tint in mass when fresh is a very light warm gray.
The texture is granitic, moderately coarse to rather fine. The constituents visible to the naked
eye are feldspar, quartz, and biotite. The quartz has a smoky tint that contrasts with the dull
cream-white feldspar, and in relatively fine grained specimens it has an apparently por-
phyritic development, roundish grains 2 or 3 millimeters in diameter being evenly scattered in
a sugary feldspar matrix in which black irregular foils of mica about 1 millimeter in average
diameter are also thinly sprinkled. The amount of quartz is here somewhat less than half
that of the feldspar. In a coarser, apparently more quartzose specimen quartz and feldspar
form grains with a maximum diameter of about one-half centimeter, and the quartz has more
irregular boundaries interlocking with feldspar. A very faint greenish tint observed in places
may be due to the fluorite, which, however, can not be identified megascopically.

The microscope shows the feldspar to consist of microcline and nearly pure albite
(Ang;), the latter a little in excess. Quartz is about equal to microcline in amount,
biotite and fluorite are distinctly subordinate, and magnetite, apatite, zircon, and rutile are
scarce accessories. The feldspars form comparatively coarse perthitic intergrowths which
contain nearly equal amounts of the two varieties, and the potash feldspar is more clouded
than the plagioclase—a reversal of the ordinary condition. The biotite is greenish and is
bordered in one specimen by a colorless mica in parallel intergrowth. No alteration to chlorite
or epidote was observed. -

Fluorite in all specimens forms irregular grains less than 1 millimeter in diameter between
the feldspars or inclosed within them. There is no evidence that it is secondary.
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PEGMATITE AND APLITE.

One specimen of pegmatite from the rocks cut by the granite is composed chiefly of quartz,
white feldspar, and muscovite in grains up to 1 centimeter in diameter. In a matrix of these
light-colored minerals are conspicuous black prisms of tourmaline as much as 0.5 centi-
meter thick by 5 centimeters long. An aplitic facies is illustrated by a whitish rock of sugary
texture consisting chiefly of quartz and feldspar, with a little inconspicuous muscovite and
numerous black, stumpy prisms of tourmaline about 3 millimeters in maximum diameter. The
microscope shows the feldspar to be chiefly microcline. These rocks grade into others composed
essentially of quartz and tourmaline with little or no feldspar.

NONPORPHYRITIC BIOTITE GRANITE OF MILL: CREEK.

GENERAL CHARACTER AND OCCURRENCE.

Near the southeast corner of the quadrangle, between Tenmile and Mill creeks, is a large
area of coarsely granular rock consisting essentially of quartz, oligoclase, potash feldspar, and
biotite. This biotite granite is finely exposed on the precipitous glaciated walls of Mill Creek
canyon and nearly as well on the south side of Clear Creek. On gentle slopes it is covered with
a mantle of coarse sand and partially disintegrated fragments. Although light gray when
fresh it discolors by weathering to a tawny hue, which prevails in the exposures along Mill
Creek, for example, and forms a contrast to the darker-grayish tone of the acidic granodiorite.

This granite is not in irruptive contact with any sedimentary rock unless it be the mass
of quartzite north of Mill Creek tentatively assigned to the Flathead. The contact with the
Madison limestone south of Mill Creek is due to a fault, and the force that produced this ruptutre
has also sheared the granite. The shearing is most marked on Mill Creek near the east boundary
of the quadrangle, where the granite is transformed to a dark gneiss which splits into thin flags,
and which appears at first glance to be a sedimentary rock. The shearing is least marked on
the north side of Mill Creek, near the west side of the area.

The igneous rocks with which the nonporphyritic biotite granite is in contact are the acid
granodiorite (p. 104), a porphyritic biotite granite (p. 116), and a nonporphyritic two-mica
granite (p. 117). The granodiorite sends apophyses into the granite and is clearly of later date-
Conclusive direct evidence regarding the relative age of the nonporphyritic biotite granite was
not obtained, but as the porphyritic rock is later than the granodiorite (p. 116) it must be later
than the nonporphyritic biotite granite. The age relation between this rock and the non-
porphyritic two-mica granite on the north was not determined, although careful examination
was made in the vicinity of their junction at the head of Clear Creek.

PETROGRAPHY.

The general tone of the freshest specimens of this granite is a light warm gray resulting
from the blended tints of the cream-white feldspar, the slightly brownish quartz, and the small
quantity of black biotite. The quartzis in very irregular ill-defined masses about 3 millimeters
in average diameter. The feldspar forms some fairly well developed crystals about 1 centi-
meter long, but mostly is in grains not over 2 or 3 millimeters across. The large crystals,
which the microscope shows to be of microcline, are of sporadic and irregular distribution, and
not conspicuous enough to make the rock porphyritic. There is no marked difference of color
between potash and soda-lime feldspar. The biotite forms irregular scales about 1 millimeter
in diameter.

The microscope shows the feldspar to comprise nearly equal amounts of perthitic microcline
and oligoclase. Quartzis about equal to each of these in amount, brown biotite is subordinate,
and magnetite, apatite, and zircon are accessory. There is a minute proportion of muscovite
apparently original. The alkali feldspar is in anhedral to subhedral grains. The perthitic
intergrowth is of markedly different character from that in the alkaline granite of Lost Creek;
the albite is markedly subordinate to the microcline and forms very minute veinlets. The
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plagioclase is only faintly zoned; its average composition is estimated as near An,, but accu-
rate determination is difficult, owing to undulatory extinction and to rupture and bending of
the crystals by pressure, whose effects are further shown in distortion of the biotite flakes and
the conspicuous strain shadows of the quartz.

PORPHYRITIC BIOTITE GRANITE.

GENERAL CHARACTER AND OCCURRENCE.

Porphyritic biotite granite, a rock with large phenocrysts of microcline in a coarse granular
groundmass composed essentially of quartz, plagioclase, microcline, and biotite, occurs in both
the Anaconda and Flint Creek ranges.

In the Anaconda Range it is one of the most abundant rocks and occupies about the same
area as the acidic granodiorite described on pages 104-107. Like that rock itis confined to a
zone extending about east-northeast, which lies south of the granodiorite zone. One group of
areas, which might be continuous except for the drift that covers the valley bottoms, extends
from Seymour Creek to the head of the stream into which Carp Lake drains. The rock also
forms a narrow strip between Tenmile and Clear creeks. Its occurrence in the Flint Creek
Range is confined to comparatively small areas on Racetrack Creek near the point where it
leaves the quadrangle.

From a distance the porphyritic biotite granite appears light gray to tawny, being similar
in tint to the nonporphyritic rock just described. North of Mill Creek it has been somewhat
sheared, and its characteristic features are thereby so much disguised that its boundaries can
hardly be drawn accurately. It is darker and warmer in tone than the porphyritic two-mica
granite and lighter than the granodiorite and diorite with which it is in contact. In part of the
Racetrack Creek area it has been made very schistose by dynamic action.

The rock is intrusive into Cambrian and Algonkian sediments north of Racetrack Creek,
and into early Algonkian beds in the Anaconda Range. In this range it has been proved later
than any other granular intrusive with the. possible exception of the two-mica porphyritic
granite. In the Flint Creek Range it cuts the diorite and is cut in turn by the two-mica por-
phyritic granite. :

Its relative age in the Anaconda Range is fixed by its relation to the acidic granodiorite of
the Carp Lake type. This is clearly shown about 24 miles east of Carp Lake, where apophyses
from the granite cut the granodiorite, as shown somewhat diagrammatically on the map. On
Mill Creek canyon, also, the priority of the granodiorite is shown by the fact that at the junction
this rock is normal and uniform, whereas the biotite granite is variable, partly pegmatitic and
partly more basic than usual. The contact with the two-mica porphyritic granite on Tenmile
Creek is not sufficiently well exposed to reveal the relative age of the two rocks.

The relations of the porphyritic biotite granite on Racetrack Creek are clear. At well-
exposed contacts south of Racetrack Creek the diorite is uniform, but the granite varies in
texture and in abundance of feldspar phenocrysts and biotite. It is shown to be older than
the two-mica granite by similar evidence, and also by the fact that the latter is not schistose.

PETROGRAPHY.

The character of the porphyritic biotite granite in the Anaconda Range and in the Flint
Creek Range is identical so far as observed. The general tone of the rock is light brownish-
gray, similar to that of the biotite granites described. The phenocrysts of grayish to pinkish
white potash feldspar are, as a rule, most prominent on deeply weathered surfaces, from which
they project in relief. Few of them are more than 2 centimeters in diameter, and the average
is about 1 centimeter. The dimensions in different directions are nearly equal, although there
is a slight elongation in the direction of the vertical axis and a slight flattening on the ortho-
pinacoid. The phenocrysts have definite crystal form but carry a considerable number of
small inclusions, especially near the margin, so that in detail their boundaries are rough. A
small proportion show Carlsbad twinning.
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The matrix of these crystals, which constitutes about two-thirds of the bulk of the rock,
has the texture of a fairly coarse granite, and accordingly the rock is classified as porphyritic
granite rather than granite porphyry. The visible constituents of this groundmass are quartz,
feldspar, and biotite. The quartz, which constitutes about half the groundmass, forms irreg-
ular patches about 3 millimeters in diameter. It has a smoky tinge in strong contrast to the
paler hue of the feldspar. Biotite forms irregular foils, generally near 1 or 2 millimeters in
diameter, with a slight tendency to aggregate in clusters. This groundmass is richer both in
quartz and biotite than is the nonporphyritic biotite granite as a whole, partly because these
minerals have been crowded together by the formation of phenocrysts.

The microscope shows the phenocrysts to be of perthitic microcline. Their inclusions are
chiefly of plagioclase but comprise biotite, accessories, and, near the margin, quartz. In the
groundmass this alkali feldspar recurs in subhedral or irregular masses, much inferior in amount
to the soda-lime feldspar. The plagioclase, unlike that of the nonporphyritic biotite granite,
is characterized by rather conspicuous zonal banding. The range of composition in successive
zones is sometimes as wide as from andesine near An,, to oligoclase-albite near An,,; the aver-
age composition is probably that of a calcic oligoclase between An,, and An,. Biotite is com-
monly inclosed in the outer parts of plagioclase crystals. Accessory constituents are mus-
covite, magnetite, apatite, titanite, allanite, zircon, and rutile. Allanite occurs rather more
abundantly in this rock than in other granites and granodiorites of the region. The muscovite
is scarce and visible only by the aid of the microscope.

The strongly sheared granite on Racetrack Creek is of the ‘‘augen gneiss’ type, with the
lines of schistosity curving about the phenocrysts. It appears darker than the unsheared rock
and of a cooler gray, inclining rather to blue than to brown, the feldspar being pure white and
the quartz water-clear, without a smoky tint. Microscopic study fully proves the identity of
this rock in mineral constitution with the one described. The large masses of quartz have,
however, been drawn out into lenses, the distribution of the biotite has become streaky, and
much of the feldspar and quartz in the groundmass has been crushed to a fine mosaic. The
feldspar phenocrysts have been least affected. The biotite is somewhat greenish.

The apophyses cutting the granodiorite east of Carp Lake are of a rock enough finer in
texture than those above described to be called a granite porphyry rather than a porphyritic
granite. It contains phenocrysts of orthoclase up to 2 centimeters long and smaller ones of
smoky quartz, plagioclase, and biotite in a perceptibly crystalline groundmass. Under the
microscope the rock, though composed of the same essential minerals as the parent granite,
appears a little more acidic, having relatively more potash feldspar and a more sodic plagioclase.

NONPORPHYRITIC TWO-MICA GRANITE.

GENERAL CHARACTER AND OCCURRENCE.

A granite of which muscovite as well as biotite is an essential constituent, and which con-
tains no large and prominent feldspar crystals, is one of the chief rocks in the eastern part of
the Anaconda Range. The several areas are aligned in a northeasterly direction. One lies
south of Mount Howe; a second at the head of Twelvemile Creek; a third, which is divided on
the surface by moraines, at the head of Mill Creek; and the fourth, which is the largest, north
of Mount Haggin.

This granite is clearly intrusive into Algonkian sediments in all but the largest area. North
of Mount Haggin it adjoins Devonian and Mississippian limestones along contacts that are
probably intrusive, though not definitely proved to be so.

The nonporphyritic two-mica granite is in contact with the acidic granodiorite of the Carp
Lake type, with nonporphyritic biotite granite, with porphyritic two-mica granite, and with
diorite. If all the areas enumerated above represent contemporaneous intrusions they are
older than any of these rocks except the diorite and possibly the biotite granite, their age rela-
tion to which, as already stated, was not determined. That this granite is later than the diorite
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is strikingly shown on the north face of Mount Haggin, where the dark rock of the summit is
cut by apophyses of the granite and by related dikes of pegmatite. That it is older than the
acidic granodiorite is shown by the apophyses of granodiorite which cut it northeast of Mount
Haggin and south of Mount Howe. It was proved older than the porphyritic two-mica granite
at the head of Twelvemile Creek, where the porphyritic rock varies at the contact and the other
remains normal (p. 119). :

The general appearance of the granite as seen in the field is much like that of the biotite
granite, though it is somewhat lighter and shows less of yellowish discoloration. Northeast of
Mount Haggin, however, where it is considerably sheared and deeply weathered, it has much
the same tawny hue as the granite without muscovite, and the boundary between them is not
visible at a distance.

Much pegmatite and aplite are associated with this granite, particularly near its margins.

PETROGRAPHY.

A typical specimen from the talus south of Hearst Lake shows a very light gray mass tint
and a rather coarse, typically granitic texture. Feldspar constitutes nearly two-thirds of the
rock and quartz the greater part of the remainder, the other minerals visible to the naked eye
being muscovite and biotite in nearly equal quantity. The feldspar is almost pure white, and
there is no conspicuous difference in color or habit between potash and soda-lime feldspar.
The largest crystals are some of unstriated feldspar about 1 centimeter long, but the size dwindles
from this by gradations, so that the aspect of the rock is not porphyritic. The quartz is sugary
and gray, not smoky, as in much of the biotite granite. Of the micas muscovite forms the
larger and more conspicuous foils, some of these being as much as 0.5 centimeter in diameter,
with partially developed hexagonal outlines.

In the thin section the microscope shows that the feldspar consists of perthitic microcline
and plagioclase in nearly equal amount, the alkali feldspar possibly in slight excess. The soda-
lime feldspar is rather faintly zoned oligoclase, its composition ranging approximately from
An,, to An,,, with an estimated average of An,;.. It shows myrmekite fringes at the contact
with microcline. The quartz occurs in granular aggregates and is of later date than the alkali
feldspar. The micas, which are partly intergrown, are earlier than the plagioclase. The
accessory constituents are magnetite, zircon, and a little apatite. Curved and broken twin
lamelle of plagioclase and marked bending of the mica flakes show the effect of dynamic stresses.

A specimen obtained south of Mount Howe is finer in texture and slightly less acidic. It
contains a little more biotite, and the thin section shows perceptibly less alkali feldspar than
plagioclase. The plagioclase, moreover, is more calcic and ranges from Ang to An,,, with an
average composition about An,, or An,. The mass at the head of Twelvemile Creek is
similar in character but still finer in texture, its average grain being about half that in the
Hearst Lake specimen.

Pegmatite and aplite intrusions cutting this granite are well exposed near the head of
Sullivan Creek. The aplite is the more abundant. It is cut by pegmatite veins and also
passes by gradations to pegmatite with feldspar individuals several inches across. There is
apparent gradation also in places to the normal granite. The essential constituents of the
typical aplite and pegmatite are perthitic microcline, albite, quartz, and muscovite; red garnet
crystals up to 5 millimeters in diameter occur also in small amount.

PORPHYRITIC MUSCOVITE-BIOTITE GRANITE.
GENERAL CHARACTER, DISTRIBUTION, AND GEOLOGIC RELATIONS.

In both the Flint Creek and Anaconda ranges occurs a rock with large porphyritic crystals
of alkali feldspar in a coarse granitic groundmass containing both muscovite and biotite. The
largest mass of this porphyritic muscovite-biotite granite overlaps the east border of the quad-
rangle from Lost Creek to Rock Creek. It embraces the top of Mount Powell, a lofty peak a
mile east of the quadrangle, and may be called, therefore, the Mount Powell batholith. In the
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Anaconda Range a considerably smaller mass is exposed about the heads of Twelvemile and
Tenmile creeks. This will be called the Twelvemile batholith.

The sedimentary rocks cut by the Twelvemile batholith are the Algonkian Prichard and
Neihart formations. An irregular irruptive contact with the latter is well exposed at the head
of Tenmile Creek. The Mount Powell batholith has been observed in contact with sedimentary
rocks of Algonkian to early Cretaceous age, and it sends apophyses into Cretaceous rocks
east of Twin Peaks. The contact metamorphism produced by this intrusion is everywhere
powerful but is perhaps most striking south of Thornton Creek. The minerals developed in the
Cambrian rocks of this locality have already been mentioned on page 60. Among the most .
characteristic are those of the humite group, which indicate that the magma gave off fluorine.

The relation of the porphyritic muscovite-biotite granite to other intrusives in the Anaconda
Range has not been clearly determined except with respect to the nonporphyritic two-mica
granite. A good exposure at the head of Tenmile Creek shows the porphyritic granite to be the
later; its porphyritic character fails about 3 feet from the contact, nearer to which there is a
diminution in coarseness and a gradation to aplite. The other rock shows no change related to
the contact.

In the Flint Creek Range the porphyritic two-mica granite is later than the other granitoid
rocks to which its relation is known. The evidence that it is later than the Royal batholith is
given on page 108. The same evidence—namely, that the one is schistose and the other not—
shows it to be later than the porphyritic biotite granite. More direct evidence appears at the
contact north of Racetrack Creek, where, although the biotite granite is uniform, the two-mica
granite is highly variable in texture for about 5 feet from the contact and apparently grades
into pegmatite. The schistosity of the diorite south of Racetrack Creek proves its greater age;
it is, moreover, cut by the aplites and pegmatite of the two-mica granite south of Thornton
Creek. The contact with the small granite intrusion south of Lost Creek is ill exposed and the
age relations of the two rocks are not known.

PETROGRAPHY.

The porphyritic granite with two micas in the Anaconda Range is essentially the same,
so far as observed, as that in the Flint Creek Range. In both ranges it varies somewhat in
character and composition, but its general features are fairly well represented by a specimen
obtained about 1 mile southeast of Mount Evans.

The rock in mass is very light gray. It contains many well-defined oblong phenocrysts
of snow-white unstriated feldspar about 3 centimeters long, and these constitute perhaps one-
fourth the bulk of the rock. They are embedded in a groundmass that has the character of a
rather coarse grained granite. About half of it consists of white feldspar in grains less than
one-half centimeter in diameter, some of which are visibly striated. Grayish quartz is abun-
dant in conspicuous irregular masses, some of which are nearly 1 centimeter across. Muscovite
and biotite, which are present in moderate and nearly equal amount, occur in irregular scales
about 2 millimeters in maximum diameter.

The microscopic section shows no phenocrysts. In the groundmass quartz and plagioclase
are more abundant than microcline and orthoclase. The potash feldspar is perthitic but not
strikingly so. The plagioclase is slightly zoned and ranges in its composition approximately
from An,; to An,,, the average being about An,; or An,,. The accessories are magnetite, apatite,
and zircon. The rock is only moderately fresh, and the plagioclase is considerably sericitized.

The following determinations of silica and alkalies were made from a piece of this rock
about half the size of an ordinary hand specimen, probably large enough to represent the com-
position fairly.

Partial analysis of porphyritic granite 1 mile southeast of Mount Evans.

[W. T. Schaller, analyst.




120 GEOLOGY AND ORE DEPOSITS OF PHILIPSBURG QUADRANGLE; MONTANA.

These percentages are similar to those in the granite of the Bitterroot Mountains described
by Lindgren.! In that rock they dare 72.07, 4.02, and 4.09 respectively. The rock from the
Anaconda Range, according to the American quantitative classification, would probably be a
toscanose (1.4.2.3).

It is difficult to obtain thin sections of this rock that show the phenocrysts as Well as their
matrix. Abundant weathered-out phenocrysts were obtained, however, on the ridge north of
Dempsey Lakes. They are of a very simple form, with the faces 001, 010, 110, and 201; a few
of the large ones are twinned according to the Carlsbad law. The faces of the crystals are a
little rough in detail, and small 1nclu51ons project from them.

Microscopically the phenocrysts are seen to be perthitic; locally, and especially near the
albite veins, they show microcline twinning. In the basal section the untwinned portion ex-
tinguishes parallel to the trace of 010. Inclusions of plagioclase are numerous, especially near
the margin, and inclusions of quartz and biotite are not uncommon. Most of the plagioclase
inclusions near the center are irregular in orientation and arrangement, but those near the
periphery are zonally arranged, and mostly lie with either 010 or 001 parallel to the nearest crys-
tal face of the host.

The variations from this type most readily observed in the field are textural, the composi-
tion of the rock being substantially uniform. The phenocrysts are commonly a good deal
larger than in the specimens described, and some attain a length of 3 inches. They vary in
abundance from place to place. Locally they are crowded closely together, but elsewhere,
especially in the western part of the Mount Powell batholith north of Racetrack Creek, the
porphyritic texture is not conspicuous. It is possible indeed, that a nonporphyritic granite
corresponding to that of Hearst Lake (p. 117) occurs here, but if so its areal extent is relatively
small. The porphyritic texture is commonly absent near contacts with older rocks, though the
granite generally keeps its normal character to within a few feet or even a few inches of such
contacts.

A granite porphyry affiliated with this granite east of Racetrack Peak contains abundant
phenocrysts of potash feldspar, plagioclase, quartz, and both micas in a microgranular ground-
mass consisting chiefly of potash feldspar and quartz.

The pegmatites and aplites associated with this granite have for chief constituents quartz,
microcline, and albite. They also contain considerable muscovite, generally some red garnet,
and locally a little biotite.

PYROXENE APLITE.

OCCURRENCE.

The most unusual intrusives in the Philipsburg quadrangle are certain fine-textured greenish-
gray rocks of aplitic facies, in all of which the chief constituents are plagioclase, alkali feldspar,
quartz, and diopsidic pyroxene. Their chief interest lies in the fact that some also contain
primary scapolite, for occurrences of this mineral that are undoubtedly pyrogenic are extremely
rare. Some contain also a soda feldspar apparently pseudomorphic after microcline.

These rocks, for the most part, bear much the same geologic relation to the granodiorites
of the Philipsburg and Cable batholiths that the ordinary pegmatites essentially composed
of alkali feldspar, quartz, and mica do to the batholiths of more acidic granitoid rocks. They
form dikes or small stocklike intrusions and also occur irregularly mingled with more basic
material at the contact with sedimentary rocks. In one noteworthy and significant respect
the distribution of the pyroxene aplites differs from that of the ordinary aplites; they are not
found in the central portions of batholiths, but, so far as observed, are near contacts with calca-~
reous sediments.

This peculiar pyroxene aplite intrusion has not been distinguished on the map from the grano-
diorite. It forms a small dike in the granodiorite near its contact with the Madison limestone,

1 Lindgren, Waldemar, A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana and Idaho: Prof. Paper
U. 8. Geol. Survey No. 27, 1904.
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A. THIN SECTION OF SCAPOLITE APLITE FROM DIKE ON FOSTER CREEK.

The scapolite () forms a single individual inclosing and interpenetrating with plagioclase (@), microcline (d),
and pyroxene (¢). Calcite and a zeolite {¢) form an irregular mass, probably a cavity filling. Crossed
nicols. Enlarged 60 diameters.

B. THIN SECTION OF PYROXENE APLITE, SHOWING SODA FELDSPAR RESEMBLING MICROCLINE.
CROSSED NICOLS. ENLARGED 60 DIAMETERS.
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south of the Bimetallic mill, near Philipsburg. A large dikelike mass cuts the granodiorite
outlier of the Philipsburg batholith exposed on Boulder Creek and extends into limestone on
the northwest. This rock is well exposed in a gorge cut through it by Granite Creek. Another
comparatively large mass, which crops out rather more prominently than the diorites with
which it is in contact, is roughly mapped northeast of Rumsey Mountain. A very small
dike about 1 foot thick, which was traced for about 50 feet, cuts Devonian limestone east of Foster
Creek somewhat less than 1 mile north of Deer Lodge County line. At its contact is a reaction
zone of garnet, epidote, magnetite, and other metamorphic minerals from 3 inches to 1 foot in
width. It is in this dike that scapolite is most abundant. In addition to these more prom-
inent or important occurrences there are others of sufficient interest to deserve mention. At
the base of the cliff below the dike just mentioned, the granodiorite, supposedly a variant of the
granite of Foster Creek, is separated from the limestone by a narrow, somewhat irregular zone
of the pyroxene aplite, which appears to grade sharply into the granodiorite. On the east side
of the Cable batholith the intrusive rock at the contact with calcareous shales and limestones
consists of intricately mingled hornblende rock and pyroxene aplite. Pyroxene aplite has also
been found near the south margin of the Cable batholith as float whose distribution indicates
that it forms a dike in the granodiorite. It occurs in the Cable mine and in the Golden Gate
tunnel to the north, where it is associated with a coarse-grained rock consisting chiefly of
diallage and hornblende.

Rocks of somewhat similar character occur in the marginal part of the Storm Lake batholith
(p- 93), and as float on the plateau south of Thornton Creek.

PETROGRAPHY.
GENERAL FEATURES.

Although specimens of the pyroxene aplite from any two localities show notable differences,
the great majority of them have so many features in common that it is possible to give a com-
posite picture of the group by a generalized description.

The rocks are greenish white to moderately deep greenish gray. The tetture 1s, roughly
speaking, granular, and the grain ranges from fine and sugary to about the same as in average
granite. Feldspar evidently forms the greatest part of every specimen, and in many it is possible
to recognize, by the heliograph signals they give when they catch the light, poikilitic individuals
of alkali feldspar as much as 1 centimeter in diameter, crowded with inclusions of lath-shaped
plagioclase and of the other constituents. (See Pl. XIV, B.) The minerals which aside from
feldspar are on the whole most abundant and which are always present are quartz and pyrox-
ene, but neither of these is conspicuous. The pyroxene is of a very pale green variety, and
where it is not intergrown -with hornblende the outlines of its small, evenly disseminated crystals
are difficult to trace, and the only hint of its presence that the eye receives at a glance is the
tinge it gives to the rock. More or less amphibole is present in nearly all specimens and is con-
spicuous by reason of its darker tone. Biotite is less common than amphibole.

The constituents revealed by the miscroscope in all varieties of the pyroxene aplite are
soda-lime feldspar, alkali feldspar, quartz, pyroxene, titanite, apatite, magnetite, and zircon,
their order of abundance being generally as named. Titanite is always prominent and almost
abundant enough to deserve the rank of an essential constituent; apatite and zircon also are
more abundant than in most aplitic rocks. Some amphibole is present in most specimens and
biotite in many.

The plagioclase is characterized by very marked zoning. The cores locally contain material
as basic as sodic bytownite near An,; but the greater part of each crystal is commonly andesine
near An, or Ang, and this is about the average composition. The outermost portion of the
crystal is almost invariably a rather narrow zone of oligoclase-albite (near An,,), limited by
crystal planes on the inner side but very irregular on the outer side. The alkali feldspar is in
some specimens potassic, in others sodic. It will presently be described more fully. The
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pyroxene is very pale green in thin section. The amphibole, which is pale to moderately deep
grass-green, is mostly intergrown with the pyroxene; its abundance is likely to be in inverse
ratio to that of the pyroxene, and it is certainly in great part secondary, though clearly original
hornblende partly bounded by its own crystal planes also occurs. The other minerals have
no noteworthy peculiarities except as regards their crystallographic development.

Some idea of the highly characteristic fabric of these rocks is conveyed by Plate XIV,
A and B. The plagioclase and to a less extent the ferromagnesian minerals and titanite tend
to crystallize with some approach to idiomorphism. Alkali feldspar and quartz, however,
are almost wholly allotriomorphic; where they are abundant they form large poikilitic grains,
and where they are scarce they form interstitial anhedra. Close scrutiny shows that the min-
erals can not be simply divided as of a first and a second generation, for a characteristic general
sequence can be traced through the whole list. The minor accessories, zircon, apatite, and
magnetite, separated early and in the order named. Plagioclase usually came next, being
commonly enwrapped in titanite, which is itself inclosed in the ferromagnesian constituents.
The biotite is virtually contemporaneous with amphibole and pyroxene and is commonly inter-
grown with them. Quartz and alkali feldspar are evidently the latest constituents of all and are
as a rule nearly contemporaneous, though some of the quartz is partly idiomorphic against
microcline. The usual order, therefore, is zircon, apatite, magnetite, plagioclase, titanite, fer-
romagnesian constituents, quartz, and alkali feldspar.

There are exceptions to this order, however, and the minerals tread on one another’s heels.
Intergrowths of the ferromagnesian minerals with quartz and alkali feldspar are common, and
in one place veins of alkali feldspar penetrate the soda-lime feldspar. The relative amounts
of alkali feldspar, ‘quartz, and diopside vary somewhat widely, the two first named being in
some specimens very subordinate.

The general features of the pyroxene aplites having been described, some account will now
be given of the alkali feldspar, which is partly of an uncommon kind, and of the scapolite, wholly
or partly primary, which occur in some of these rocks.

ALKALI FELDSPAR.

The alkali feldspar of some of the aplites is orthoclase, or more commonly microcline, as -
in the rock shown in Plate XIV, A. Some is but slightly perthitic; a part is considerably veined
with albite.

In about half the specimens, however, the alkali feldspar is of a peculiar sodic variety.
Plate X1V, B, shows two features in which this feldspar resembles the microcline—the inter-
stitial relationship to other minerals and the fine cross-hatching that appears in sections nearly
normal to the @ axis. That the feldspar is not microcline, however, is proven by comparison
of its refractive indices with those of the oligoclase-albite rims of the soda-lime feldspar crys-
tals. Although the average index of the interstitial feldspar was distinetly the lower, its maxi-
mum was greater than the minimum for the other, whereas the maximum for microcline is
less than the maximum for pure albite. Further optical and chemical tests led to the con-
clusion that the feldspar is anorthoclase, richer in soda than most that have been described
and optically near to albite. Its optical sign is positive.

SCAPOLITE.

Scapolite was found in two areas of pyroxene aplite.

The rock in which scapolite is most abundant, and in which the evidence of its primary
character is strongest, forms a small diké in limestone east of Foster Creek. When a hand
specimen is turned about the light flashes from the bright cleavage faces of many highly poiki-
litic grains, some of which are as much as 2 centimeters across. The microscope shows that the
largest of these, at least, are scapolite.
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A thin section is shown in Plate XIV, A. The microscope shows the prominent con-
stituents of the rock to be scapolite, plagioclase, microcline, diopside, hornblende, and titanite.
The morphologic features of the minerals apart from scapolite are those already described
as characteristic of the group, except for the extremely ragged forms of the pyroxene and
amphibole; and the plagioclase has its usual character. Quartz in poikilitic grains is moderately
abundant. The alkali feldspar is a clear fresh microcline with very little perthitic veining, and
also forms poikilitic individuals whose greatest observed diameter is about 6 millimeters, nearly
the same as that of the quartz.

The most remarkable exemplification of poikilitic habit, however, is presented by the
scapolite, whose character is somewhat inadequately shown in Plate XIV, A. The thin section
is simply a slice from a single individual of this mineral crowded with inclusions. In polarized
light its uniform interference color shows it to be crystallographically continuous over the
entire diameter of the slide—about 2.5 centimeters.

The scapolite is not merely poikilitic with respect to the other constituents, but with
respect to most of them pegmatitic as well. It interpenetrates with plagioclase, diopside,
hornblende, and titanite. The single essential mineral not thus penetrated is quartz, and the
exception doubtless depends on the fact that scapolite differs from soda-lime feldspar chiefly
in containing less silica. 'The boundaries between scapolite and the other minerals are irregu-
lar. In parts of the slide the scapolite is abundant and forms a continuous area in which the
other minerals lie scattered; but elsewhere it is subordinate and lies in fragmentary lacelike
patches, whose luminous yellow interference color sets them in a vivid and beautiful contrast
to the cool gray tones of the feldspar, which can not be rendered by an ordinary photograph.

The proportion of scapolite in the rock, though difficult to measure precisely, has been esti-
mated from measurements by the Rosiwal method at about 25 per cent. Its double refraction
is about 0.020, which indicates a combination containing more of calcic than of sodic molecules.

One of the points bearing on the origin of the scapolite is the degree of freshness of the
rock. The principal alteration is uralitization of the pyroxene, the amphibole intergrown
with it being much more abundant in certain parts of the slide than in others and evidently
for the most part secondary. Some deep-colored, undoubtedly primary hornblende appears,
however. The basic parts of the plagioclase are a little sullied with sericite, zeolite, flecks of
calcite, and grains of epidote. Curious patches of calcite and zeolite, mostly inclosed in
scapolite, may possibly be due to alteration, but they are more probably either inclusions or
cavity fillings. (See Pl. XIV, A.) On the whole, the rock impresses one as more than
ordinarily fresh. '

The other scapolite-bearing pyroxene aplite occurs about 1 mile northeast of Rumsey
Mountain. It is a greenish-white rock of sugary texture, in which neither ferromagnesian
constituents nor any poikilitic mineral are conspicuous.

The original constituents revealed by the microscope are, in estimated order of abundance,
soda-lime feldspar, quartz, alkali feldspar, scapolite, pyroxene, titanite, hornblende, apatite,
and zircon. The alkali feldspar is of the sodic variety described on page 122.

The scapolite is far less abundant than in the other rock. It appears in lacelike patches
intergrown with both soda-lime feldspar and alkali feldspar, but chiefly with the more calcic
parts, and is most abundant in the cores of the zoned crystals. It maintains the same orienta-
tion over areas of as much as 5 millimeters in variously oriented grains of feldspar. The rock
is even fresher than the other, for the pyroxene is not at all uralitized and the feldspar but
slightly clouded.
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The chemical composition of the two scapolite-bearing aplites is shown in the following

detailed analyses:

Analyses of scapolite-bearing pyroxene aplites.

[W. F. Hillebrand, analyst.]

1. 2. 1 2.
7

None. Trace.
0.06 0.57

.25 .67

.22 4

None. .53

.01 .01
13 .17
07 .07

3.62

1.—Pyroxene aplite with a little scapolite, from a point 1} miles northeast of Rumsey Mountain.
2.—Pyroxene aplite with much scapolite, from dike on east wall of Foster Creek canyon, 1 mile north of Granite-Deer Lodge county boundary.

The analyses were made on powder of 100-mesh size; hence the results for H,O and FeO are probably very near

right.

The norms of the rock, calculated in order to determine their position in the American
quantitative classification, are as follows: |

Quartz .. ..........

Magnetite...........
Apatite.........._.
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..................................... 2.22
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..................................... 4. 06
= v s o v o e o e 2.90¢ Diopside, 7.75
..................................... <79

"""""""""""""""""""" : 22} Hypersthene, 1.06

1. Pyroxene aplite northeast of Rumsey Mountain.

Femic, 10.71

The rock is amadorose (1.4.3.5).

2. Pyrozene aplite east of Foster Creek.
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The rock is a monzonose (I1.5.2.3), not far from shoshonose, which is less alkalic.
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The most striking common feature of the two chemical analyses is great richness in lime
opposed to comparative poverty in iron and magnesia. In both, also, titanium and chlorine are
rather high. The rock richer in scapolite is notably richer in lime and a little richer in magnesia
and iron. The most striking contrast is in the alkalies; the Rumsey Mountain rock is remarka-
bly poor in potash, but contains about twice as much soda as the other. It is noteworthy,
however, that the total molecular proportion of alkalies is nearly the same in the two rocks
(0.091 for specimen 1; 0.104 for specimen 2).

In the norms, the differences of the analyses are again expressed by differences in the pro-
portion of feldspars and pyroxenes. The presence of scapolite is not suggested in the norm of
1 except by the halite; the soda molecule of scapolite being equivalent to three molecules of
albite plus one of halite. In specimen 2, the rock richer in scapolite, the norm contains not
. only halite but wollastonite, which indicates an excess of lime over the proportion that might
combine with magnesia and iron as diopside and with alumina as anorthite. The quartz in the
norm is probably lower than that in the mode, for the wollastonite and anorthite of the norm
are equivalent to lime scapolite plus quartz, as is shown by the following equation:

(CaSiO, +3CaAl, 81,0, = Ca,AlSi,0,; +SiO,.
GENESIS.

Three questions of genesis are raised by the pyroxene aplites. First, is the sodic alkali
feldspar original or secondary? Second, is the scapolite original or secondary? Third, what
is the cause of the chemical peculiarities of the rocks ?

Although the sodic alkali feldspar has no features that obviously suggest a secondary char-
acter, more than one difficulty stands in the way of supposing it original. To support that
hypothesis it is necessary to explain why a group of rocks so similar in most features should
display extreme variation in the proportion of alkalies, and to account for the sharp contrast
between the subhedral and interstitial feldspar where the latter is sodic.

An alternative hypothesis is that the sodic interstitial feldspar has been formed by the
replacement of potash feldspar, a reaction which seems to be possible under certain conditions.
That such a replacement has taken place in the pyroxene aplites of this quadrangle is suggested
by the similarity in habit between the potassic and sodic alkali feldspars, and the comple-
mentary relation between the alkalies in the two specimens analyzed. On the other hand, it is
hard to conceive how a thorough replacement of one constituent could be effected without
considerable alteration of the others, yet the alkali feldspar is sodic in some of the freshest speci-
mens. Again, the question arises where the displaced potash found a lodgment. It was not
in the rocks themselves, but it may have been in the orthoclase-rich hornstones to which some
parts of the Newland formation have been metamorphosed.

The most direct evidence of replacement would be given by a series of sections that showed
several stages in the process. In the sections examined the alkali feldspar is either all sodic or
predominantly potassic. There is, however, a notable diTerence in the amount of soda feldspar
intergrown with the potash feldspar; the freshest microcline, that of the Foster Creek dike, is
hardly at all perthitic, but in other specimens the perthitic character is marked, and soda
feldspar forms some comparatively large patches in the potash feldspar. The perthitic veins
can sometimes be observed to have the same orientation as the large subhedral crystals to
which they are adjacent. These phenomena suggest the incipience of a process which, carried
to its limit, would result in the conditions observed in the rocks where the alkali feldspar is
wholly sodic. X

The evidence on the whole is believed to indicate the secondary character of the interstitial
soda feldspar. _

The pyroxene aplites are remarkable in containing soda feldspar that may be secondary
and in containing scapolite. A possibility naturally suggested by the association of these two
soda-rich minerals is that both may have been formed by the action of sodic vapors or solutions
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upon the rock after its solidification. This hypothesis, however, seems contradicted by the
fact that scapolite is most abundant in the rock where the alkali feldspar is microcline free from
perthitic veining. The scapolite, therefore, does not appear to be intimately related in origin
to the soda felspar, and its genesis may be considered separately. The best material for study
of the scapolite problem is the aplite of the Foster Creek dike, where the mineral is most
abundant.

Nothing obviously suggests that the scapolite of this rock is secondary, yet the hypothesis
of its secondary origin should be examined. If the mineral is secondary, it must have been
formed either by replacing other minerals or by filling in cavities or fissures. The only fact
suggesting replacement is the intimate penetration of most of the other minerals by veinlets of
scapolite not unlike those sometimes formed by calcite when it partly replaces feldspar. The
main part of the scapolite occurs, however, not in these veinlets, but in large poikilitic masses
whose textural relation to the plagioclase and other minerals of early crystallization is similar
to that of the quartz and microcline. The only mineral that the scapolite can conceivably
have replaced to any considerable extent is the microcline. There is not the least evidence,
however, that it has done so; its contacts with the microcline are sharp, and the microcline is
about as abundant as the alkali feldspar in any other specimen of the pyroxene aplite..

It is even more difficult to imagine the formation of the scapolite by filling of open spaces.
The aplite can never have contained original cavities of such great bulk and such intricate form
as the space now occupied by the scapolite; and there is no indication that the rock has been
shattered, as it must have been to an extreme degree if the scapolite was deposited in fissures.

Secondary formation of the scapolite in the Foster Creek dike is, in short, impossible to
conceive, and the mineral must be regarded as primary. The rock of the area near Rumsey
Mountain does not in itself present so plain a case. Essentially, however, it differs from the
rock already discussed only by being less rich in scapolite.

Despite the extreme rarity of primary scapolite, there is no inherent reason why it should
not occur in rocks sufficiently low in alumina, iron, and magnesia, and rich in lime and chlorine.
If not enough alumina is present to combine with the lime as feldspar, and silica is abundant, it
would seem on theoretic grounds that the lime and silica should form feldspar and wollastonite.
The determining factor, however, may be the presence of considerable chlorine in the magma
and its retention throughout the process of solidification. The fact that the Rumsey Mountain
scapolite-bearing rock contains enough alumina, theoretically, to form feldspar indicates that
this is true.

That abundant chlorine was given forth by the Philipsburg and Cable intrusions is shown
- by the local abundance of scapolite in their contact zones.! Little or none of this gas was
retained in the granodiorites, but favorable chemical or physical conditions caused some of it
to become fixed in the aplites.

Whatever the relative importance of the factors determining the formation of primary
scapolite, a certain richness in lime seems to be favorable, if not essential. At any rate, the
pyroxene aplites as a group have an abnormal richness in lime. The general explanation of
this can not be unrelated to the fact that these rocks are always found near calcareous sedi-
ments. It is strongly believed that they have been formed by the absorption of limestone in
siliceous alkaline magmas resembling those of normal aplites. The only other primary scapolite
of which a description has been found occurs in rocks that have absorbed limestone.?

1Tt has been shown by A. Brun (Recherches sur ’exhalaison volcanique, Geneva and Paris, 1911, p. 74) that abundant chlorine is given
off by most volcanoes.

2 Adams, F. D., The nepheline and associated alkali syenites of eastern Ontario: Trans. Roy. Soc. Canada, 3d ser., vol. 2, section 4, 1909,
p. 19.




CHAPTER VIL
SOME FEATURES OF THE IGNEOUS METAMORPHISM.

GENERAL PHENOMENA.

The effects of igneous metamorphism upon each of the sedimentary formations has been
described more or less fully in the preceding pages. The most extended descriptions of par-
ticular metamorphic rocks are to be found in the following places:

Pure quartzites, in the descriptions of the Neihart and Flathead quartzites (pp. 37, 52).

Rocks consisting essentially of quartz and mica, in the descriptions of the Ravalli and
Spokane formations (pp. 40, 47).

Rocks containing abundant cordierite, andalusite, or sillimanite, in the descriptions of the
Prichard, Spokane, and Silver Hill formations (pp. 38, 48, 54). ;

Rocks characterized by abundant lime silicates, including pyroxene, amphibole, garnet,
vesuvianite, epidote, scapolite, etc., particularly in the description of the Newland formation
(pp. 43-44), but also in that of the Silver Hill formation (pp. 54-55), and of the shale member
of the Hasmark formation (pp. 60-61).

Rocks characterized by forsterite together with other magnesian silicates in an abundant
matrix of carbonate, in the descriptions of the Hasmark, Jefferson, and Maywood formations
(pp. 60, 65, 66).

Limestones with abundant tremolite, in the descriptions of the Madison and Jefferson
limestones (pp. 66, 69).

Limestones subjected to strong metamorphism without any considerable development of
silicates, in the descriptions of the Madison and Jefferson limestones (pp. 66, 69) and the Has-
mark formation (p. 60).

Notes on the distribution of particular minerals are to be found in the chapter on mineralogy
(pp. 152-162).

In this chapter an attempt will be made to throw into relief some of the more interesting
features of the metamorphism.

Perhaps few districts of equal size exemplify the phenomena of igneous metamorphism so
richly as the Philipsburg quadrangle, where sedimentary rocks comprising almost every common
type are to be seen both in their unaltered state and in a state of extreme alteration. The abun-
dance and diversity of the phenomena are indeed so great as to be in some degree unfavorable
to fruitful study of metamorphism. The heterogeneity of the sedimentary mass and the over-
lapping effects of various intrusions make it hard to disentangle the several factors that have
determined the character of any given metamorphic rock. The conditions forbid the quantita-
tive study of certain familiar changes that do not necessarily involve transfer of material,
as, for example, the simple recrystallization of pure quartzites and limestones and the recom-
bination of the original elements to form new minerals in calcareous or aluminous shales.

More especial interest attaches to changes that involve transfer of material from magma
to sedimentary rock, and of this action there is much clear evidence in the Philipsburg quad-
rangle. The minerals that most clearly show transfer of material are those containing elements
not found in the unaltered sedimentary rocks but common in exhalations from igneous magmas.
Such minerals are those of the humite group and fluorite, containing fluorine; tourmaline and
ludwigite, containing boron; and scapolite, containing chlorine.

The magnetite bodies found at the contacts of igneous rocks with limestones give equally
clear evidence of transfer accompanied, however, by replacement. Replacement of limestone
by quartz has been clearly proved, but it is not clear that igneous metamorphism has been
concerned in the process.

127
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Of more doubtful bearing are minerals whose constituents are found in the unaltered
rocks but which are so abundant in the altered rocks as to suggest accession of certain con-
stituents from the magmas. Such minerals are tremolite, which is most abundant in the
Madison, the least magnesian of the Paleozoic limestones; alkali feldspars, abundant in some of
the metamorphosed calcareous sediments; and quartz, so abundant on the whole in these same
sediments as to suggest that they have derived silica from magmatic solutions.

MATERIALS TRANSFERRED IN METAMORPHISM.

To recapitulate, there is evidence that metamorphism has involved the transfer to the
sediments of chlorine, fluorine, boron, iron, soda, potash, magnesia, and silica. Each of these
in turn may be briefly considered.

CHLORINE.

The only metamorphic mineral in the quadrangle that contains chlorine is scapolite. This
mineral is most abundant in the metamorphic collar of the Philipsburg granodiorite batholith
and that of the slightly more basic but similar Cable batholith, but it is localized even within
these contact zones, being absent, so far as observed, from the north side of the Philipsburg
mass and from the south side of the Cable mass. Outside these contact zones, the mineral
occurs rather sporadically; small quantities are present in the basin of Warm Spring Creek,
but none has been found in the high part of the Anaconda Range. These facts of distribution
are independent of the distribution of the sedimentary rocks. Scapolite occurs most abun-
dantly in calcareous shales like those of the Newland formation and less abundantly in certain
fairly pure limestones. These rocks are abundant in the areas of metamorphism where scapolite
does not occur, and afford evidence, if evidence were needed, that the chlorine is of magmatie,
not sedimentary, origin.

The chlorine of scapolite is in combination with sodium, and proportional to it in quantity.
In a scapolite with the composition Me,Ma,, which is near the average composition of the meta-
morphic scapolites of the Philipsburg quadrangle, the chlorine percentage is 1.35. A hornstone
containing 20 per cent of such a scapolite, a proportion not uncommon, therefore contains 0.27
per cent of chlorine by weight. This, if released under ordinary conditions of temperature and
pressure, would occupy a volume about twice that of the containing rock; the Philipsburg
batholith, therefore, has given off a quantity of chlorine measurable in cubic miles. TLocally
the proportion of chlorine is considerably higher than that just estimated. Some of the New-
land rocks contain about 50 per cent of scapolite almost purely sodic, and their chlorine content
therefore amounts to about 2 per cent.

FLUORINE.

Fluorine is a constituent of the humites, fluorite, and ludwigite. These minerals have a
more restricted distribution than scapolite and are less abundant. The humites have been
found mainly in the area south of the great Mount Powell batholith of porphyritic granite.
They are abundant in the immediate vicinity of its contact, and also occur several miles away
from it, in an area where the effects of several intrusions overlap. The intrusion most nearly
central to the chief area in which humites are found is the soda-granite of Lost Creek, which con-
tains fluorite, and therefore seems the most probable source of the fluorine in this area.

The only other part of the quadrangle in which humites have been found is near Philips-
burg, where they occur in association with the rare magnesium-iron borate ludwigite. This
occurrence indicates that the magma that solidified as the Philipsburg batholith gave off fluorine,
though in far less abundance than chlorine. The humites, indeed, form on the whole much
smaller portions of the rocks in which they occur than do the scapolites.

Fluorite as a constituent of a metamorphosed sediment has been found only at one locality,
near the head of Mill Creek, where it occurs in an altered calcareous shale with oligoclase, lithia
mica, margarite, corundum, etc. The source of the fluorine here, again, is uncertain, for the
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area is one of superimposed contact zones, but much fluorine has been found in a somewhat
decomposed two-mica granite a mile or two eastward. Possibly the fluorine emanated from
this magma while it was cooling and attacked a part of the intrusion.

BORON.

Boron is a constituent of tourmaline and ludwigite. Ludwigite is known to occur in the
quadrangle only at the Redemption iron mine near Philipsburg. Tourmaline, on the con-
trary, is one of the most common and widely distributed metamorphic minerals. It occurs
chiefly in metamorphosed noncalcareous shales and sandstones throughout the quadrangle,
even in places where there is little other evidence of igneous metamorphism. For this reason,
its metamorphic origin is not altogether evident. The secondary nature of the mineral is
clear, however, from its development in crystals that show no sign of attrition and that are
larger than the associated clastic grains of quartz. Although the amount of tourmaline is by
no means proportional to the intensity of metamorphism, the mineral is, broadly speaking,
incomparably more abundant in the areas where some metamorphism is manifest than in those
where no traces of metamorphism appear. Moreover, the common occurrence of tourmaline
in pegmatites attests the presence of boron in magmas and indicates the only probable source
of that in the metamorphic rocks.

IRON.

There is no clear evidence that iron has been abundantly transferred to the sediments
except in the form of magnetite, though it has probably been transferred in small quantity as
sulphide and as a constituent of garnet and other silicates close to igneous contacts. The
magnetite deposits alone will be discussed in detail.

All the magnetite bodies of the Philipsburg district occur at or near the contact of cai-
careous sedimentary rocks with intrusive rocks, and their metamorphic genesis is therefore
manifest. The formation of the iron ore differs radically, however, from that of scapolite in

this respect: Scapolite is formed by the combination of elements in the rock with others emanat-
ing from the magma, whereas the iron ore, the purest masses of which are developed in limestone
free from iron, is formed essentially by replacement

That replacement is the process by which these ores are formed is indicated by the forms
of the magnetite bodies, which are irregular in the large, and also in detail, as shown in Plate
IX, B (p. 60). The same illustration shows, on a small scale, irregular masses completely
surrounded by limestone. Replacement is further indicated by the fact that the highly impure
masses of iron ore associated with the metamorphosed calcareous shales preserve traces of the
bedding. None of the magnetite has been observed to form fissure fillings.

The invariable association, in relations that indicate contemporaneous growth, of the
magnetite with various metamorphic silicates (Pls. IX, A; XV, B), indicates that the deposition
is a phase of contact metamorphism in the strict sense, rather than an after effect.

Two facts of paragenesis appear specially significant as indicating in what sort of solutions
the iron was transferred. These are the constant occurrence of forsterite or iron-poor olivine
in the purer bodies of magnetite, and the abundance of scapolite in the contact zones that have
magnetite bodies, the scapolite being in a few places intimately associated with magnetite.
These facts indicate that the iron-bearing solutions contained silica, soda, and chlorine. The
iron may have been transported as chloride and deposited according to reactions suggested by
Leith and Harder! for similar magnetite bodies in Utah. Oxidation is supposed by these
authors to be effected by water according to the following reaction:

3FeCl, + 41,0 = Fe,0, + 6HCl + H,.

1 Leith, C. K., and Harder, E. C., The iron ores of the Iron Springs district, southern Utah: Bull. U. 8. Geol. Survey No. 338, 1908, p. 77.
22068°—No. 78—13——9
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Limestone effects the precipitation of magnetite by neutralizing the hydrochloric acid, in
which Fe O, is soluble. The entire reaction may be written thus:

3FeCl, +4F,0 + 3CaC0, = Fe,0, +3CaCl, -+ 3H,0 + 3C0, + H,.

The resulting CaCl,, generally after further transportation, may go to form scapolite. A
possible reaction is: .

4CaCl, + 15A1,0, + 78Si0, + 16Na,0 = Ca,ALSi,0,; + 8Na,ALSi,0,,Cl.
SODA.

The abundance of sodic feldspar and of scapolite in certain of the metamorphic rocks suggests
a transfer of soda in the process of metamorphism. Inasmuch as soda is also an essential con-
stituent of tourmaline, it is possible that the presence of this mineral likewise implies transfer
of soda, but the maximum amount of soda in the tourmaline of any rock is so small that it is
difficult to prove that it was not all contained in the unaltered rock.

Scapolite, on the contrary, is locally so abundant as virtually to prove the transfer of soda,
even though the chemical data for a quantitative demonstration are wanting. In a specimen
of metamorphosed Newland rock obtained near Rumsey Mountain estimated to contain 50
per cent of almost purely sodic scapolite, the soda content should be about 7 per cent. Even
with 20 per cent of the scapolite Me,Ma, there would be nearly 2.5 per cent of soda. The soda
in the unmetamorphosed Newland rock, an analysis of which is given on page 44, amounts only
to 0.43 per cent, and in two hornstones rich in orthoclase it does not exceed 1 per cent. It is
possible that much of the sodium given off by the magma was in the form of sodium chloride.
Apparently, however, an excess of soda over the amount required to form halite was imported
locally, for albite occurs in association with the scapolite. Albite is also found in some scapolite-
free hornstones in the Newland in sufficient quantity to suggest though hardly to prove accession

of soda.
POTASH.

The potash-bearing minerals of the metamorphic rocks are micas and feldspars. As both
sericite and orthoclase are present in most of the rocks except pure quartzites and limestones,
even where they are not perceptibly metamorphosed, it is difficult to prove accession of potash
even in the metamorphosed rocks that are especially rich in potash-bearing minerals, except by a
large number of chemical determinations. Such conclusive evidence is not at hand, and in its
absence the belief that metamorphism has locally been attended by transfer of potash must
rest on impression rather than proof. .

Potash enrichment is strongly suggested in certain hornstones derived from shales in the
Newland, Spokane, and Silver Hill formations, in which orthoclase occurs abundantly with
little or no quartz. (See Pl. XV, A.) Chemical evidence in regard to them is not conclusive,
however. Analyses of an orthoclase-rich hornstone derived from the lower part of the Silver
Hill and of an almost unaltered specimen from the same horizon showed no appreciable difference
in the potash content, which had the remarkably high value of more than 7 per cent. On the
other hand, partial analyses of two feldspathic hornstones from the Newland showed potash
percentages of 3.6 to 4.9, about twice as great as that in a specimen of unmetamorphosed Newland
rock, which was 2.1 per cent. A comparison based on analyses of two or three specimens from
the thick and somewhat heterogeneous Newland formation has less value than in the case of the
relatively thin and homogeneous lower shale of the Silver Hill formation. So far as it goes,
however, the evidence confirms the impression of potash enrichment in the Newland.

A still stronger suggestion of potash enrichment is given by large poikilitic microclines in
certain hornstones rich in diopside and amphibole, c<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>