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PETROGRAPHY AND GEOLOGY OF THE IGNEOUS ROCKS OF THE
HIGHWOOD MOUNTAINS, MONTANA,

By L. V. PIRSSON.

INTRODUCTION.

In the following work will be found the results of field and labora-
tory studies of the igneous rocks of the Highwood Mountains of Mon-
tana. The field work was carried out by Mr. Walter H. Weed and
the writer, chiefly during the latter part of the summer of 1894, though
the eastern part of the area was again revisited for a few days in 1896.
The north-central part of the area, around the Shonkin and Arnoux
stocks, was not visited by the writer, as this part of the work was done
by Mr. Weed after the writer was called from the field. As the field
work in petrology was incidental to the areal mapping of the region

on the base map of 4 miles to the inch for the Fort Benton folio of the °
United States Geological Survey, under charge of Mr. Weed, the time

that could be devoted to a careful study of details was necessarily
limited. Future studies of the district may therefore bring out minor
features which were not seen or which are but briefly treated.

As the result of this work during recent years a number of papers
dealing with features of especial interest in the area have been pub-
lished by Mr. Weed and the writer, including a summary account of
the geology of the district by Mr. Weed in the Fort Benton folio. A
list of these papers will be found in the bibliography (p. 15). It was
also our intention to prepare a complete memoir on the geology and
petrography of the region, but pressure of work in other and more
important directions prevented this, and finally the writer was
intrusted with the task of preparing a report on the geology and
petrography of the igneous rocks. .Since, however, the Highwoods
are a group of eroded voleanoes, rising through almost undisturbed
Cretaceous strata, the main problems of geologic interest connected
with them are necessarily of a petrologic character and are therefore
treated in this report. In carrying out the work the writer is under
" great obligation to Mr. Weed, who has freely tendered not only the

material collected but also his field notes, maps, and photographs, and

who has made many valuabe suggestions concerning the geology. The
value of the work is therefore in large measure due to him.

Thanks are also due to Dr. H. 8. Washington, who kindly allowed

- the writer to use, in advance of publication, the results of his col-

lected tables of analyses, which proved of service in comparing a

number of the types described with those of other regions.
13
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CHAPTER I.
GEOGRAPHY AND HISTORY.
LOCATION.

The mountain group whose igneous rocks are described in this bul-
letin is'one of the series of detached isolated areas which lie scattered
about on the great plains of central Montana. TFar to the west rises
the great and continuous wall of the main chain of the Rocky Moun-
tains, while to the east for a long distance stretches the level plains
country. To the traveler going westward by the Great Northern
Railway, these mountain clusters, rising in the distance blue and
cloud-like from the level plain like islands from the sea, are the first
mountain elevations seen after crossing the great basin of the

\,j A

~ F1a. 1.—Index map showing location of Highwood Mountains.

Mississippi-Missouri system. The Highwood Mountains lie within
the great bend made by the Missouri River as it flows across the
plain after it issues from the eastern ranges of the Rocky Mountain
system. They are definitely located by the meridian of 110° 30’ west
longitude and the parallel of 47° 30" north latitude, which intersect in
the center of the group. The nearest mountain ranges are the Little
Belt Mountains, about 20 miles to the south, the Bearpaw Mountains,
about 50 miles to the northeast, and the Judith Mom]tmns about 50
wiles to the southeast.
The area is reached on the north and east from Fort Benton on the

@Qreat Northern Railway, about 20 miles from the foothills. The

stage route from Fort Benton to Lewistown passes by the eastern side
14 .
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, of‘ the area, and there are relay stations and post-offices at Steele,
about 4 miles east of Mallard Lake, and at Campbells, east of Square
Butte. On the south and west the region is reached from Belt and
Armington, towns on the Little Belt branch of the Great Northern
Railway. B
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o

TOPOGRAPHY AND GEOGRAPHY.

The elevated tract comprised in the Highwood Mountains in its
greatest extension is about 25 miles long from east to west and 16
miles wide from north to south, and has a total area of 250 to 300 square

~miles. The outer foothills are rather low and rounded, with few
craggy or broken tops. Toward the center the country becomes more
rugged and the highest elevations are sharp peaks which rise 3,000 to
4,000 feet above the plains country and 6,500 or 7,500 feet above the
sea. On the south side the descent to the plain is much more abrupt
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than on the north. The two highest mountains, Highwood Peak
(7,600 feet) and Arrow Peak (7,420 feet), are separated by a deep pass
known as Highwood Gap, which, with the valleys descending from it,
divides the mountains into two portions. One of the main roads
across the mountains runs through this pass. A view of the moun-
tains, looking north from near the divide in Highwood Gap, is given
in PL. IT, 4. . , ‘

On the south the streams drain into Arrow Creek, which heads in
Highwood Gap; on the west they are tributary to Belt Creek. The
northern portion of the area is drained by the heads of Highwood and
Shonkin creeks, which flow directly into the Missouri. Within the
mountain tract the streams are bright running brooks of clear cold
water, generally with abundance of trout and whitefish; but as they
debouche upon the plain they are apt to become sluggish and alkaline
from the Cretaceous clays, and in summer are sometimes dried away
to standing pools. The upper stream valleys, cut in the rather soft
Cretaceous beds or volcanic breccias, are of typical V form, with
rather sharp descent. The general form of the drainage is radially
outWard from the mountain group and of branching pattern.

The slopes, except_where broken by the projecting craggy walls of
protruding dikes or sheets, are rather smoothly modeled, talus heap-
ings and screes being somewhat uncommon, and are usually carpeted
with a thick growth of grass. The upper northern slopes, however,
are covered by heavy forests of small pines and often by dense
thickets of the lodgepole pine ( Pinus murrayana). There is no doubt
that these thick blankets of pine on the northern slopes caused the
mountains to receive the name ¢ Highwoods.”

The outer foothills, and especially the openings of the valleys upon
the plains, are generally utilized as ranches, and the available water
is used for irrigation. * The higher slopes and the semiarid stretches
of plains country are given up to pasturage.

All parts of the area.are very accessible, as roads run up all the val=
leys and in one or two places cross the higher ridges. The generally
smoothly modulated mountain slopes are easily traversed on horseback.

The temperature shows the same range that generally characterizes
Montana, although extremes of heat and cold are greatly moderated
by the dryness and vigor of the atmosphere. As the mountains stand
isolated upon the plain they are condensers of moisture, and in sum-
. mer time are frequently the focus of local thunder storms that help to
keep green the vegetation of the higher slopes.

HISTORY.

So far as known to the writer, the Highwood Mountains are first
mentioned in the reports of the Lewis and Clark expedition,® though
they are not given a definite name. They are mentioned several times

aCoues's History of Lewis and Clark Expedition, vol. 1, p. 342,
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by Governor Stevens in his report,© and it is evident from his narrative
that nearly all the mountain groups and streams of this region had .
then, in 1853, received the names they now bear. The Belt Mountains
are called by him, however,  Girdle” Mountains, and a ‘variant of
Shonkin is Shonkee Creek, which is probably a misprint. The pine
timber on the IHighwoods and its probable usefulness to the surround-
ing region in the future is commented upon by him. - Lieutenant
Mullan of the Stevens expedition,? with a detached party, ascended
Shonkin Creek and passed to the east of the Highwoods into the
Judith basin.. He speaks of the first spurs of the Highwoods as being
a thousand feet in height.

In 1860 Lieut. John Mullins® passed along the same route on his way
_from Fort Benton to Fort Union. His first camp was in the foothills
on the northeast side of the mountains, and the next day he followed
the Shonkin Sag down to Arrow Creek. On the map accompanying
the report the position of the mountains is roughly indicated, but their
name is not given. The mountains were not visited by the Ludlow
expedition in 1875,% but on the route map their position is shown and
-their name is given, together with those of the prominent peaks and
the main streams.

The earliest mention of the geology of the IHighwoods is by Prof.
F. V. Hayden.¢ In a summary of the geologic results of Raynold’s
expedition, which he had accomp:anied, he says:

In the Belt, Highwood Mountains, and indeed all along the eastern slope in this
region we find continual evidence of the outpouring of the fluid material in the
form of surface beds or in layers thrust between the fossiliferous strata. These
igneous beds thin out rapidly as we recede from the point of effusion. A large
number of these certers of protrusion may be seen along the slope of the moun-
tains west of the Judith Range. The erupted material sometimes presents a ver-
tical wall 800 feet high, then suddenly thins out and disappears.

Almost the same wording is used in his report accompanying that
of Warren’s explorations.” This statement applies very well to the
laccoliths of the region.: From Raynold’s¢ report we know that Mul-
lins, whom Hayden accompanied, passed down the valley of what is

‘now called the Shonkin Sag to Arrow Creek, and thus passed the clift
wall of the Shonkin Sag laccolith. He probably had this in mind
when writing the above, and also in his report on the geology of the
country traversed by the expedition, which appeared about ten years
later. In this he says:

From Fort Benton we crossed the prairie counhy in an easterly direction not
far from the foot of the mountains. We find the cretaceous beds predominate,

aExplorations and Sur veys for a Railroad Route to the Pacific, vol. 12, pp. 123,173, 249.

b Ibid., p. 123.

cRaynolds, W. F'., Exploration of Yellowstone and Missouri Rivers in 1859-60, 1868, p. 93.
dLudlow, W., Reconnaissance from Carroll, Mont., to the Yellowstone Park, 1876, p. 14.
e Am. Jour. Sci., 2d series, vol. 81, 1861, p. 233.

7 On the Geology and Natural History of the Upper Missouri, 1862, p. 119,

g Op. cit., p. 163.

Bull. 237—04—2 .
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with here and there indications of eruptive rocks, and we know that the moun-
tains that surround us on every side are very largely composed of that material.
The country is covered with saline lakes, which add much to the desolateness of
the scenery. We have near the Arrow Creek a bed of erupted material thrust
between cretaceous rocks, which presents a vertical wall of 150 to 200 feet at
one point and then suddenly ceases. These small centers of effusion of melted
rock seem to cover this whole region. The most conspicuous examples of ejected
material are the Square Buttes, which is a general name for numerous peaks with
broad, flat upper surfaces and with a tendency to a lofty, square, columnar form.
The cretaceous rocks, so far as I can see, seem to extend quite closely up to the
mountain elevations, and everywhere present the lithological character of No. 2.
Arrow Creek is a small stream with a narrow fringe of cottonwood, surrounded
with high bluffs forming very rugged features, properly called Bad Lands. On
Arrow Creek I found ammonites, cardium, baculites, inoceramus, etc. The cre-
taceous rocks in this region seem to belong entirely to No. 2, though Nos. 1 and 2.
may be included. Itis mostly a black plastic clay, with now and then a bed of
sandstone. The igneous rocks in this region show very distinctly the origin of
the vast quantities of saline matter which covers the ground and mingles with the
waters of the streams. These rocks seem to contain large quantities of this saline
material, which gathers upon their surface, giving to the igneous peaks a whitish
appearance. This may account for the great quantities of it which pervade the
formations in the West. :

Beyond the few observations of these early explorers, the first geo-
logic examination of the district was made by W. M. Davis and W.
Lindgren, at that time attached to the Northern Transcontinental
Survey, in 1883. They traversed the mountains through Highwood
Gap, collected material, and the results of their reconnaissance, show-
ing the essential geologic features of the mountains, have been pub-
lished.¢ In this report Lindgren gives a brief résumé of the petrog-
raphy of the igneous rocks, showing what interesting types the region
affords. This sketeh of the petrography of the area will be alluded
to more in detail later on. Lindgren continued his petrographic
studies of Highwood material, and in 1890 published a paper on the
analcite-basalts,? which was followed in 1893 by an article on the sye-
nite of Square Butte,® with included chemical analyses by the late Dr.
W. H. Melville, this last paper being based on material collected by
Dr. C. A. White. : :

In 1894 the area was explored and mapped by W. H. Weed and the
writer for the purpose of studying the areal geology and mapping the
Fort Benton quadrangle for the United States Geological Survey, the
work being in charge of Mr. Weed.

The writer was not .able to complete the field season on account of
other duties, and hence a portion of the area around the head of
Shonkin Creek and the Shonkin stock was not seen by him, the work
being completed by Mr. Weed, and the material collected by him.
In 1896 a Dbrief visit was made by Mr. Weed and the writer to the

aTenth Census, vol. 15, p. 709.
b Proc. California Acad. Sci., ser. 2, vol. 3, 1890, p. 51. -
¢ Am. Jour. Sci., 3d ser., vol. 45, 1893, p. 286.
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" laccolithic area on the eastern side of the mountains, at which time
the Shonkin Sag laccolith was studied. ’

As resulis of this field work and collection of material a plehm1-
nary sketch of the geology of the mountains, accompanied by a detailed
study of the petrology of Square Butte, was published by Mr. Weed
and the writer in 1896,¢ and this was followed by two papers, one
dealing with the description of missourite,? a new type of leucite rock
occurring in the Shonkin stock, the other with the geology of the
Shonkin Sag and Palisade Butte laceoliths.¢

The results of the areal work and mapping have been presented in
the Fort Benton folio of the Geologic Atlas of the United States, with
descriptive text by Mr. Weed.

aBull, Geol. Soc. America, vol. 6, 1895, p. 389.
b Am. Jour. Sci., 4th ser.; vol. 2, 1896, p. 315.
 ¢Ibid., vol. 11, 1901, p. 1.



CHAPTER II.

GEOLOGY OF THE IGNEOUS STOCKS.

INTRODUCTORY.

Briefly stated, the general geology of the Highwood Mountains is
that of a group of extinet and greatly eroded volcanoes. Beyond this
the details are largely of local and in only a few particulars of general
interest. On the southeast. of the mountains, and scarcely sepa-
rated from them, is a restricted area of intruded sheets and laccoliths.
In the eroded volecanic area proper occur all the concomitants of
violent extrusive volecanism. There are central cores or stocks rep-
resenting the main canals to large bodies of magma below; there are
great masses of piled-up breccias mingled with lava flows, which are,

-however, only remnants of former lofty cones; finally, there are net-
works or systems of dikes surrounding and dependent upon the
central cores, cutting sediments and breccias alike, and generally
showing a remarkable radial arrangement a,mund the centers of erup-
tion to which they belong.

Brief accounts of the general geology of the Highwoods have been
already given by Mr. W. H. Weed aund the writer,” and in somewhat
more exterided form by Mr. Weed.? It is intended here to describe
only such salient features as are necessary to an understanding of the
petrology of the area, the main purpose of this bulletin. In essential
points the descriptions here given are similar to those in the works
just cited, though presented in more extended form. The geologic
map (P. III) is taken from the map given in the Fort Benton folio.

HIGHWOOD PEAK STOCK.

The highest peak in the mountains marks the location of an approx-
imately circular body of granular igneous rock about a mile in diam-
eter. The igneous mass is in contact in places with Cretaceous
- sandstones and shales which are disturbed and metamorphosed and in
places with breceias which have been indurated by it. It consists of
two-very distinct and separate types of rock, one a syenite of Albany
type (pulaskose in the new classification), the other a monzonite (sho-
shonose). As one is so feldspathic and devoid of dark minerals that

a Bull. Geol. Soc. America, vol. 6, 1894, p. 889.
b Description of the Fort B ton quadrangle, Geologic Atlas U. 8., folio 81
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it appears almost white in considerable masses and the other is very
dark, the contrast between them is pronounced. On the southern
portion of the peak the syenite forms the exposed crags, and outcrops

“on the slopes and in the heads of the valleys Masses of upturned

and altered Cretaceous beds are seen lying against it, but they are not
large and, so far as can be told, its intrusion was not followed by any
extensive or important dlsplacement or rupturing of the sediments.
The coarsest-grained 1'ock of a somewhat miarolitic type, is found in
the highest masses exposed, but nearly everywhere the rock is moder-
ately coarse.

- Along the divide running to Middle and South peaks are occasional
outcrops of massive rock above the smooth slopes of gray indurated
ash. It appears probable that they represent apophysal tongues of
somewhat differentiated character, which extend in this direction per-
haps as irregular dike-like masses, and, as they occur at irregular
intervals, may possibly extend to and connect with the Middle Peak
nass. ‘

On the summit of Highwood Peak the light-colored rock soon gives
way on the north to dark-colored monzonite. The contact hetween
the two was not observed in place on the summit, but among the slide-
rock débris of the west slope are found not infrequently pieces show-
ing the two-types in contact. In these the white syenite holds small
angular chips and fragments of the monzonite, torn and displaced
from a wall of the dark rock, and it is inferred tha,t the syenite was
intruded later than the monzonite.

At the north end of the peak the monzonite becomes very dense and
trap like, and it is supposed that the contact is close by in this direc-
tion. The peak is sharp on all sides, and the exposurestof the crest
give way rapidly to a rolling talus of small fragments, which in turn
is succeeded by the smoothly modeled grassy contours of the lower
parts. In such places the structure is not exposed, but can only be
inferred from the crest above. N

Taking into consideration the rudely circular form of the mass, the
grain of the rock, the small amount of displacement of the inclosing
strata, the numerons radiating dikes, and the surrounding breccias
and flows of lava, it appears almost certain that the core of igneous
granular rock forming Highwood Peak represents the plugged canal
of a former voleano. This core of igneous rock was once of much
greater height and size, and the column of liquid lava rose through

the conduit of sedimentary rocks into a cone of mingled ashes and -

breccias. The size of this cone can not-now be accurately determined,
but it was certainly considerable as compared with the present size of
the mountain mass, as is indicated by the portion still remaining west
of Highwood Peak and forming the high, narrow ridge called Pine-
wood Peak. "This consists of dark-colored, basic breccias overlying
lighter, more acidic ones, indicating variations in the character of
the material erupted at different periods.
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“Since the cessation of igneous activity a large amount of erosion has
occurred, removing the overlying breccias and flows in great part,
leaving masses of them here and there and in other places cutting
into the sediments, so that now the core is well exposed, and being
the central and most resistant rock mass of the complex, it now forms
the highest peak. :

2

CHARACTER OF THE BORDER CONTACT OF I‘-IIGHWOOD PEAK STOCK.

On the southwest slope of Highwood Peak the character of the con-
tact at the periphery of the mass is such that it deserves especial
mention. IHere outcrops of igneous rock run tongue-like down the
mountain slope, with strips of inclined, much altered, sediments
between them. The main rock is the syenite of the crest, mentioned
above, butit contains some micainadditiontotheaugite. Itishere cut
by or is in contact withstringers and masses of a kind of ‘‘micatrap”—
a dark ferromagnesian rock—at times containing much biotite in a
dark-gray groundmass. This phase passes quickly, in many of these
stringers and masses, into a leucite facies. The change may take
place within a few inches, often in the distance of aninch. The large
biotite phenocrysts disappear, the mica flakes become much smaller
and more intimately mixed in the groundmass, and spots of leucite-
like character appear until the rock closely resembles well-known
varieties of leucite-basalt. A remarkable feature is that when the
actual contacts of the light and dark rocks are examined it is found
that the light incloses angular fragments of the dark, while, vice versa,
the dark incloses the light. This occurs in a large number of cases,
so that it is a common and persistent feature of the contact. It is
also noticed, especially on somewhat weathered surfaces, that the
white syenite appears somewhat streaked and eutaxitic. Observation
does not reveal any change in granularity by which it may be told
whether the light or the darkis the older. ~

Movements may have taken place in the conduit among masses of
magma already differentiated, as at Square Butte, and in a highly
viscous condition, or the dark rock may have been ejected through
the light one and carried fragments of it upward, while the light rock
held pieces of a previously solidified basic magma. The latter would
seen on the face of it the more reasonable supposition, since around
the peak are basaltic lavas resting on feldspathic ones. The order of
succession of the igneous rocks is discussed in Chapter VII.

As one follows around the slope to the west the dark rock is seen
to replace the white entirely, and the projecting masses and crags
among the upturned sediments may be the roots of former effusions
breaking through the side of the cone. This idea is supported by the
fact that as the saddle east of Pinewood Peak is approached the rock
becomes less and less granular and denser, assumes in places an
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amygdaloidal structure, and finally on the saddle and on Pinewood

Peak has the character of a true effusive and is even strongly pumi-

ceous. A
MIDDLE PEAK STOCK.

As previously mentioned, small intrusive masses frequently break
through the level-bedded sandstones or indurated beds of ash which
mostly compose the high ridge connecting Highwood Peak with Mid-
dle Peak and extending to South Peak. These are of granular rock
ranging from extremely feldspathic syenites to dark basic types com-
posed chiefly of augite and other ferromagnesian minerals. These
small intrusives and also the dikes along the ridges indicate connec-
tions with deeper-seated masses below. At Middle Peak, however, is
a large body or stock of granular igneous rock. The intrusion, as
seen on the map, is of roughly circular outline. Its eastern edge fol-
lows ‘the crest of the ridge along the contact with the Cretaceous
sandstones, and its western boundary is on the western slope, where
its presence is shown by crags outcropping améng the slide-rock
débris. To the south the intrusion is continued in a long tongue-
like apophysis of no great breadth which runs south .for 2 miles or
more on the eastern side of the ridge a little below the crest. The
thickness or breadth of the apophysis is, however, somewhat variable
and is difficult to make out, as the lower edge is so commonly masked
by débris; its outerops are well seen on some of the spurs extending
east from South Peak.

The rock composing this intrusion varies somewhat in fineness of
grain and relative amount of feldspathic and ferromagnesian miner-
als, but in general is of medium nature. It is dark gray, moderately
even granular, resembles many diorites, and in the hand specimen is
extremely like the monzonite of Highwood Peak, though, as shown
later in the petrographic description, there are several important
points of difference. At the contact the feldspars are apt to be of
pronounced tabular habit and arranged in parallel fluidal structure.
In the apophysis to the south a varietal phase replaces the type of
the main mass, biotite becoming a prominent ingredient. Owing
to its close resemblance in the common variety to the monzonite of
Highwood Peak, it has been given the same color and pattern on the
map.

CONTACT lPHENOMENA OF MIDDLE PEAK STOCK.

Along the crest of the Middle Peak-South TPeak ridge the con-
tact between the stock and the sedimentaries is clearly and beauti-
fully shown. In fact, at this point the hard, tough, and resistant
altered beds appear to determine the crest of the ridge, since they
resist erosion better than the granular igneous rock on the one hand
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and the softer unaltered shales and sandstones on. the other. The
igneous rock itself does not appear to be modified at the contact.
The full size of grain continues directly to the contact. wall, which is
irregular, the igneous rock penetrating the sediments in stringers,
bulbous masses, and veins for a short distance, producing a narrow
mixed zone. The sediments at such places, on the contrary, are
greatly altered, and where they contained lime-bearing material a
greenish pyroxenic rock is produced carrying garnets and chlorite.
Where they were clay slates a dark, tough, dense hornstone or adinole
is produced, similar to that observed at Castle Mountain® and in the
Crazy Mountains b Changes into spotted slates, audalusite, or mica
hornfels were not observed as described by various writers at other
localities. A

The width of the adinole zone is probably about a quarter of a mile,
not greater. The metamorphic effect dies away at South Peak,
although on the crest it is still strongly marked, and while the lines
of bedding are not wholly obliterated, they are twisted and gnarled,
and original lime-bearing nodules are converted into hard concretion-
ary masses, often hollow and lined with pyroxene crystals. These
rocks weather purple, gray, and green on the surface. Where the
metamorphism is most marked the pure sandstones have been changed
into hard quartzite. The beds show great shrinkage, and in places
on the ridge where they are exposed to a thickness of 15 feet they
have split into prisms often several feet in diameter. They roughly
resemble basaltic columns and form large blocks in the sharp-edged
and chippy talus. Such shrinkage and cracking of the sediments by
metamorphism about an igneous core may have an influence in per-
mitting the intrusion of dikes into them at a later period.

ENDOMORPHIC CONTACT PHENOMENA OF MIDDLE PEAK STOCK.

The igneons rock, as previously said, holds its full size of grain, as
well as could be told, to the contact, but changes somewhat in tex-
ture. The feldspars become of a more distinet tabular habit and are
arranged more or less roughly parallel to one another and to the con-

- tact, so that the rock splits more easily in this direction. The effect
is somewhat similar to that seen in the well-known syenite from
Plauen near Dresden, and is probably the result of fluidal movements
in the crystallizing magma which tended to ‘‘set” or orient the devel-
oping feldspars. _

EAST PEAK STOCK.

The piled-up masses of flows and breccias that form Arrow Peak are
continued to the south and east by two mountain ridges, inclosing a

@ Weed and Pirsson, Geology of the Castle Mountain mining district: Bull. U. 8. Geol. Survey
No. 159, 1896, p. 94.
~  b'Wolff, J. E., Geology of the Crazy Mountains: Bull. Geol. Soc. America, vol. 3, 1892, p. 451.-
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basin in which arve the headwater tributaries of Davis Creek. From
the open country below, the view of this basin and its encireling
mountain walls is very picturesque. The smoothly modeled slopes of
the foothills are bare of vegetation save for the pale-brown nap of
grass that covers them in summer time. In the stream bottoms is a
luxuriant growth of cottonwoods and smaller trees—masses of vivid
green against the brown. Above these rise the mountains, the dark-
chocolate-brown of their rugged sides and crags softened here and
there by forests of dark pines. The general effect, looking northward
from Davis Creek at East Peak, is shown by Pl. II, B, from a photo-
graph by Mr. Weed. At this point the flows and breccias composing
the ridge are interrupted by a body of granular igneous rock approxi-
mately a mile in diameter and of the general shape shown on the map.

On the mountain slope this mass of igneous rock has been eroded
into massive crags, pinnacles, and precipices that are noticeable at a
considerable distance and from below are very striking. It ascends
nearly to the top of the ridge, and on the northeast and west sides
passes under the breccias which compose the ridge and which have .

been baked and altered by it.. Its exposure slopes to the south and
is terminated by a shallow, narrow valley running parallel to its face.
The low ridge forming the south side of this drain also affords expo-
sures of the massive rock in place in contact with tuffs and breccias.
These latter on the slope to the south are soon replaced by the under-
lying Cretaceous sediments, on which it is clear they form only a
shallow patch, and with which on the south side the igneous rock
must be in contact at no great depth. From this exposure on the
southern ridge was taken the specimen analyzed (760, p. 109). .

A marked feature of this rock is the heavy massive jointing, which
produces hugh angular blocks in the talus, which then weather and
break down into smaller masses. The jointing causes the crags and
pinnacles to have the form of great prisms or nearly rectangular
masses. It gives in places a decidedly columnar aspect to the expo-
sures. The columns are not vertical, but inclined in the same direc-
tion as the general slope of the exposed face. of the mass. . The

-breccias, beneath which the igneous rock disappears, are tilted away
from it, as shown by their rough bedding lines, at angles of 10° to 20°.

All this goes to show that the stock or core in its general direction
is not vertical, but-dips somewhat to the north. It extended upward
into previously piled-up masses of extrusive material. Whether it
reached the surface and became in itself a c¢onduit for effusions can
not now be told. If effusive rocks existed at all, erosion has long
since swept them away and has cut down into the stock itself and
the surrounding breccias until on the southern edge they have almost
disappeared. o

The rock composing this stock is medium granular and pearly gray
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to dark gray in color. It containg so large a proportion of augite,
chiefly with other ferromagnesian minerals mingled with its feldspars
and feldspathoids, as to be of rather basic type. In the specimen
analyzed, taken from the exposures of ‘the low frontal ridge men-
tioned above, it contains among the feldspathic components a con-
siderable quantity of leucite, and in the prevailing terminology would .
classed be as a basic leucite-syenite. It is described in the petro- -
graphic portion of this work under the name ‘‘leucite-shonkinose.”

SHONKIN STOCK.

This locality was not visited by the writer, and for the following
notes and the specimens which illustrate the variations in the rock
mass he is indebted to Mr.. Weed, who studied the occurrence after
the writer had left the field.

The Shonkin stock is the largest body of intrusive granular rock in
the mountain area, being about 24 miles long and 14 miles in its great-
est breadth. Itisirregularin shape, being broader at each end than in
the middle. Itisin places in contact with the sedimentary strata—
Cretaceous shales—and in places with voleanic ejections which lie
upon them. The igneous material has been intruded into the sedi-
ments and along the contact between the sediments and the extrusive
volecanic material. All this material is greatly altered by the intru-
sion, and through the hardened rim there depart radially outward a
great number of dikes. The igneous rock, whose average type is a
 rather coarse, dark, granitoid-looking rock, resembling many gabbros
in appearance, from place to place shows great variation in grain
and a slight difference in the relation of feldspathic and ferromag-
nesian minerals. This is most noticeable at the south end, where a
coarse agglomerate of the massive rock in blocks has a cement of
fimer material, the mineral composition of both rock and cement being
the same as that of the main type, but showing great textural varia-
tions. This is supposed to be the actual locus of voleanic activity—
the throat, in fact, of the former volcano at this place. The mass is
so eroded and weathered that it seldom forms heavy outerops, acting
in this respect like many coarse-grained stocks which readily break
down. Conspicuous exposures may be seen near the contact, but the
rock is apt to be hidden by the talus-like material which results from
the breaking down of the mass. The jointing is platy at the contact,
but massive elsewhere.

The rock composing this mass is made up mainly of dark ferromag-
nesian minerals—augite, olivine, biotite, and iron ore—but a consid-
erable amount of a light-colored mineral is present. In some places the
latter is alkali feldspar, forming shonkinite (shonkinose); in other
places it is leucite, forming missourite (missourote), described on page
115. These two minerals, both white, formless and granular, look so
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much alike in the hand specimen that it is almost impossible to distin-
guish between them, and therefore betweéen the two rock types, by
mere inspection. Moreover, there are intermediate types in which
alkali feldspar and leucite are intermingled in the white portion. As
these facts were unknown when the area was mapped, and as the types
could not be discriminated by ordinary means inany case, it is impos-
sible to say how much of the Shonkin stock consists of missourite and
how much of shonkinite. In the specimens collected by Mr. Weed
over a large portion of the stock the shonkinite greatly predominates,
and it is therefore inferred to be the chief type. At some places in
the Highwoods where intrusions occur near the contact, the rock
mass, which consists of shonkinite, is filled with large, coarse pseudo-
leucites, as large as the end of one’s thumb, which contain many
grains of ferromagnesian minerals. This fact renders it uncertain
how much of the shonkinite in this area may be original and how
much may be pseudoleucitic after missourite. This uncertainty also
is all the greater when one takes into account the rock forming the
neighboring Arnoux stock, whose white mineral, describéd on page
85, consists mainly of pseudoleucite. )

Occurrence of missourite.—The pure unchanged leucite type (mis-
sourite) of this stock has been already described by the writer from
Mr. Weed’s specimens. The rock is of importance on account of the
place it fills in the prevailing systems of classification, and because
until this occurrence was known, unchanged leucite had never been
found in an intrusive granular igneous rock, a fact of great impor-
tance in theoretic petrography. It was supposed that the whole mass
of the Shonkin stock was made up of this type, but since subsequent;
study has shown that this is not the case, the exact locality where
typical missourite occurs will be described. For the accompanying
sketeh map (fig. 2)-the writer is indebted to Mr. Weed. The type
specimen was taken from the talus blocks at the foot of a low cliff
of a reddish color above the ranches on the east side of the stream,
which is the head fork of Shonkin Creek. It will be noted that the
place is at the southwest foot of the mouantain between the main upper
mountain forks of Shonkin Creek, and is on the border of the intruded
masses of the stock. The leucite of the rock at this place is a pale
greenish-gray on a freshly broken rock surface, while in those places
where it is replaced by feldspar the latter is white to pale pink, if one

can judge from Mr. Weed’s specimens.

The adinole zone of contact-metamorphosed shales is largely ﬁlled
with intrusive sheets of varying thickness. These sheets are com-
posed of types of leucite-basalt—dense dark rocks spotted with pheno-
2rysts.of augite and whitish ones of pseudoleucite, similar to those
types which occur in the sheets around Square Butte and the Shonkin
Sag laccoliths and whose petrographic characters are described on
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page 166. The sheets and dikes are deseribed on page-30. - It should
be remarked in conclusion that the edge of the stock is cut by dikes,
one of which is a light-colored feldspathic porphyry (syenite-porphyry
or trachiphyro-borolanose). '

ARNOUX STOCK.

The Arnoux stock is afsmall, rudely circular mass of granular
intrusive rock perhaps a mile in diameter. It is about 2 miles north-
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F1a. 2.—Sketch map showing locality at which missourite was found.

west of the large Shonkin stock. It is intrusive in the previously
ejected basaltic breccias, which have been altered by it as at the
Shonkin core. It has been cut into by a northward-draining tribu-
tary of Shonkin Creek, and although the exposures are not marked,
they are.good in places. While there is some variation in the rock
composing it, the main type, as shown by Mr. Weed’s specimens, has
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a very interesting composition and consists chiefly of pseudo-léucite
and a smaller quantity of augite. The rock is fully described on
page 83 under theé name fergusose (fergusite), as it-is a new and
distinet variety of igneous rock. ‘

At some places this rock contains a larger proportion of the ferro-
magnesian minerals, and at others, near the contact, the outline of the
pseudoleucite may be lost, and the rock has then the appearance of
the shonkinite of the other localities in the region.

This stock is entirely isolated at the surface, and as it was not
visited by the writer he has no suggestions to offer concerning any
possible connection with the near-by larger Shonkin stock, although
this naturally presents itself as a possibility.



CHAPTER III.
GEOLOGY OF THE SHEETS, DIKES, AND EXTRUSIVE ROCKS.

INTRUSIVE SHEETS.

In the region of active volcanic outbreaks in the Highwood Moun-
tains intruded sheets of igneous rocks do not form a prominent feature
of the geologic structure. Only in the eastern laccolithic area are
they important. They are not entirely wanting, however, for they
have been noted in several localities—in the foothills or lowest slopes
and in the open country surrounding the mountains where the trench- -
ing of the streams has revealed them, and in the altered strata sur-
rounding the Shonkin stock. In the highest parts of the mountains
they seem to be wanting among the sediments, éxcept in one or two
rather doubtful cases.

Near the Thornton ranch, on the head of the South Fork of Williams
Creek, a sheet of iminette of Highwood type (phyro biotitic shonkin-
ose) is intruded into sandstones. It is about 12 feet in thickness,
the upper portion. being of coarser grain than the lower, has a brown-
ish 00101, and weathers to a coarse sand. The lower, denser portion
~ has a very massive parting, giving rise to large blocks which tend to

* weather to rounded bowlders. The sheet is full of large, well-
developed mica phenocrysts, sometimes half an inch in diameter,
which are more or less parallel to the general plane of the sheet and
tend to cause parallel fracturing or lamination in its upper portion.

Several similar sheets were noted in the bench lands to the west of
this occurrence. They commonly determine the position of the upper
surface of the bench, forming, together with the baked sedimentaries,
a hard layer in the soft Cletaceous strata. In one case the rock, on
" weathering, has developed a pronounced onion structure of concentric
shells. The inner kernels may be lifted out, leaving bowls an inch or
s0 in thickness and smooth and regular in appearance. In this
instance the rock is badly weathered and the structure was evidently
the result of concentric cooling, aided perhaps by a previous rolling
and kneading of the viscous intrusion, which has been brought out
by weathering. In other cases the sheet may have a thin platy part-
ing at top and bottom, so that at a short distance it resembles a slaty
" sedimentary bed.

One of these.sheets is cut by the long dikes crossing the bench
lands north of Mann, on Otter Creek. In this area the beds at times
show small local anticlinal dips, suggesting that they were disturbed

30
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below Dby intrusion of sheets or small, flat laccoliths, which erosion
has not yet exposed at the surface.

~ The rock forming the sheets is the minette of Highwood type (phyro
biotitic shonkinose). Sheets of feldspathic porphyry so common in
the Little Belt Mountains to the south are seldom found in the High-
woods. These basic sheets break down into coarse soil and rotten
rock, in which the mieas turn to greenish plates of chlorite. An
excellent example of this may be seen on the little hill in the open
country south of the mountain slopes a few miles east of the Curry
ranch, which is situated where Avrow Creek debouches from High-
wood Gap.

Sheets of such rock in the black shales occur above Fitch’s ranch, on
Little Belt Creek, near its upper forks. They were also observed by
- Mr. Weed in the adinole zone around the Shonkin core at the head of
Shonkin Creek, where they reached 8 feet in thickness. A heavy
intrusive sheet found by Mr. Weed on the creek between Alder and
Birch creeks, on the eastern side of the mountains, is about 20 feet in
thickness and produces a waterfall in the course of the stream; a
5-foot dike runs into it and is thought to be the feeder of the sheet.
The main rock of the sheet is a shonkinite, full of rather automorphic
augites, while that of the dike is a much denser- basalt.

Specimens of fine compaet shonkinite or basalt collected on Alder
“reek above the ranches were derived from intruded sheets in the
‘retaceous beds above and were mapped later by Mr. Weed.

The most striking instances of intrusive sheets in the IHighwoods,
however, are those found in connection with the laccoliths of Square
Butte and the Shonkin Sag, and will be descmbed in connection with
these laccoliths.

DIKES.
INTRODUCTORY.

‘Beyond question there is no feature of geologic structure in the
Highwood Mountains of greater interest than the systems of dikes.
Except, perhaps, the laccoliths on the east, which are so well dissected
~and exposed for study, the dikes are the most striking and character-
"istic phenomenon of this voleanic area. They were noted by Lind-
gren and Davis,® and their systems and character were mentioned in
previous works of Mr. Weed and the writer.

RADIAL DISPOSITION OF DIKES.

The most characteristic feature of the dikes is their general radial
disposition around the mountain mass. This is clearly seen by a
glance at the geologic map, but further study shows that the great

aTenth Census of the United States, vol. 15, Mining Industries, Washinéton, 1886; Relation of
the Coal of Montana to the Older Rocks, by W. M. Davis, p. 709; Eruptive Rocks, by W. Lind-
gren, p. 724.
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majority fall into several distinet systems; that they radiate not only
in a general way about the mountains, but also about distinet loci,

and that each locus is a body of granular igneous rock—the former

canal of a volcano and a center of upward force and eruption. These

facts are shown on the accompanying map (Pl. III), on which the

actual directions of the exposed dikes are shown by the colored lines.

Most of the dikes cluster about the Shonkin and Highwood peaks as

centers, especially the former. Around the outer flanks of the moun-

tains the radial arrangement of the dikes was noted as they were

mapped, and the existence and character of the Shonkin stock sus-

pected and its place located by Mr. Weed and the writer before it was

visited by Mr. Weed, who was then able to prove the correctness of

- the supposition. It has long been known that dikes radiate about

eruptive centers, especially on the dissected flanks of the volcanoes.

The value of this arrangement as a means of locating efoded eruptive

centers was shown by Iddings in his work on the Crandall and Hay-
stack ¢ areas of the Absaroka Range to the south.

A radial arrangement of dikes and the principles of magmatic dif-
ferentiation which have been evolved in recent years may be useful
instruments in determining the geologic structure in certain cases.

If all the dikes in the Highwoods could be carefully mapped on a.
large scale this arrangement would be much more pronounced than it
appears on the map. On account of the small scale of the map, the
limited time available, and, more especially, certain reasons connected
with the exposures to be mentloned later, only a palt of the dikes
actually existing are shown.

CHARACTER OF THE DIKES.

In many cases the dikes have proved more resistant to erosion than
the Cretaceous beds they have penetrated, and now protrude as rough -
stone walls or ¢‘reefs.” This is more especially conspicuous in the
outlying foothills and open bench lands, where there is no vegetation
to obscure them save a_nap of short yellow-brown grass. An espe-
cially noticeable locality is near the head of Byrnes Creek, north of
Mann on Otter Creek, and south of the mountains. Here a dike with
a north-south trend toward Highwood Peak runs across the open
country for miles. It is divided into massive blocks 3 to 4 feet on a
side, which have the regularity of placement often found in dikes,
which gives them an appearance of artificial construction, like masonry.

“Although only 8 to 10 feet wide, the wall often has a height of 10 or
15 feet for some distance. The rock is an extremely dense and heavy
Highwood minette (shonkinose).

Similar dikes forming heavy projecting walls are found on the

bench lands south of the mountains, in the basin of the south fork of

aGeology of the Yellowstone National Park: Mon. U. S Geol. Survey, vol. 32, pt. 2, 1899, pp
224-231.
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Aspen Creek, and on the grassy slopes of the divide in Highwood Gap,
where they constitute the chief geologic feature. Other excellent
examples are the great wall dikes east of the Shonkin Sag laccolith
and near the stage road from Fort Benton to Lewistown and the great
reef dike running from Palisade Butte to Square Butte. The greatest
number are found on the open foothills and bench lands and upper
slopes east of the Shonkin stock, where they were studied and mapped
by Mr. Weed. From the top of Palisade Butte 70 are in one view.
. In all the cases mentioned the rocks composing these dikes are black,
heavy traps of various kinds, as described later. The width of the
dikes in these cases is usually 6 to 10 feet. It is rarely so great as 20
feet.

In some cases the dikes have weathered more rapidly than the sedi-
ments, and the courses of a few are shown by shallow trenches.
In these instances the soil produced by weathering is often richer
than that of the adjoining sediments, appears to hold moisture better,
and supports a heavier, greener growth of grass or a different kind of
vegetation. The course of the dikes is then marked on the open,
brown hill slopes or level bench lands by greener bands. To one
looking down from the height of South Peak they appear like long
green pen lines on the surface of brown paper, and their radial trend
ig clearly seen.

These dikes are usually composed of mica traps or Highwood min-
ettes, which are less resistant to weathering than the other varieties
of the rocks found in dike form. They have produced a greater or
lesser degree of metamorphism, depending on their size and number.
In some cases, as in a weathered dike near the Thornton ranch on

. Williams Creek, the sandstones have been altered in narrow zones to
quartzite, which resists erosion so that it gives a line of two parallel
outcrops on either side to mark the course of the weathered dike.
The same phenomenon was seen also in the dikes cutting outward
through the adinole zone surrounding the Middle Peak stock, where

- trenches or gaps in the metamorphosed rocks mark the site of the
weathered dikes. .

On the upper mountain slopes there are undoubtedly great numbers
of dikes which could not be mapped with certainty. Their occur-
rence is marked only by small rock heaps and outcrops here and
there. Since the exposures of the dense rocks of the extrusive flows
are so nearly like those of the dike rocks that the difference between
them can be told only by careful field study and comparison of hand
specimens, the" accurate plotting of a network of these dikes would
have taken an amount of time which would not have been warranted
by the results to be attained. This refers especially to the dikes of
analcite-basalt (monchiquose) occurring on the slopes covered by
breccias and flows of similar rock. Even in many cases where thé

Bull. 237—04—3
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dikes oceur amon;:, sedimentary rocks they are often mingled with
small patches and remnants of flows.

It is certain, however, that the greater part of .those occurrences,
which are clear and undoubted, have been mapped, and they are so
numerous that the addition of even a considerable number could add
nothing more to what is -already known concerning their chamcter
and geologic 31gn1ﬁcance

ROCKS COMPOSING THE DIKES.

For field purposes and mapping the dikes may be considered as
composed of rocks of two main groups—light-colored feldspathic
rocks, feldspar porphyries (salic type), and dark-colored basaltic
ones, ‘‘traps” or basalt porphyries (femic types). Under each of
these groups there are several distinct varieties, whose petrographic
- characters are given in detail in a later chapter, but which are here
briefly noticed as an aid to their recognition in the field and to an
understanding of their geologic relations. 2

LIGHT-COLORED FELDSPATHIC (SALIC) -DIKES.

As in the intrusive sheets, the light-colored feldspathic dikes are
few in number, not of great size, and, except from the petrologic point
of view, of relatively smallimportance. Near the Curry ranch, where
Arrow Creek debouches from the mountains, and in the basin of
Aspen Creek they are composed of pale-brown rocks of trachytic
character with hornblende phenocrysts. They occur also on the ‘edge
of the Shonkin stock on the main divide between Highwood and
Shonkin ereeks, where the north ridge of T'win Peaks begins, on the
pomt above the Arnoux stock, on the slopes leading up from High-
wood Gap to the Highwooden-South peaks ridge, and at the edge of the
Middle Peak stock. These are light-gray ot brown porphyries with
embedded phenocrysts of feldspar, usually large, flat, tabular in shape,
and with small black augite prisms. They are syenite-porphyries,
largely composed of alkali feldspars. The dikes vary from 6 to 10
feet in width. o ‘

The most important feldspathic dike is the great wall dike in the
valley of upper Highwood Creek, about a mile below the divide. This
dike is gray, and although somewhat variable, averages about 12 feet
in width. It trends toward Highwood Peak. It is massive but some-
what plate-like in structure, and has a sort of contact-like crust com-
posed of very short, small prisms, under which the rock is somewhat,
crumbly. It contains numerous inclusions of dark-colored rock an
inch or so in diameter, brought from below, and cuts dark basaltic
breccias which are considerably indurated. At a distance it appears
as a great light-colored wall running down the eastern slope to the
stream, and is a very noticeable object. The rock is a light gray-
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green with numerous small white feldspar phenocrysts. It is a pecul-
iar tinguaite-porphyry (highwoodose).

DARK BASALTIC (FEMIC) DIKES.

For field purposes the dark basaltic dikes may be divided into three
classes according to the character of the prominent phenocrysts. In
each case the base or groundmass is more or less dense and ranges in
color from dark stone gray to black. The first class contains promi-
nent phenocrysts of biotite up to half an inch in diameter and is com-
posed of mica traps or minettes of Highwood type (phyro biotitic
shonkinose). - The second class has prominent phenocrysts of rather
large, well-formed black augites and is composed of augitophyres or
augite-basalt-porphyry. The third class contains prominent pheno-
crysts, showing round, octagonal, or hexagonal cross sections of a
white mineral which may be altered leucite, but in some cases is anal-
cite, which is held to be often of primary origin.¢ This type may be
termed, in accordance with Lindgren’s suggestion, analcite-basalt.
It is monchiquose. - ) )

-There are few feldspathic dikes, as previously stated, and their
occurrences have been given. Inthissection whatis saidof the dikes
in general refers to the basaltic dikes, which are found in such num-
bers that it would be useless to try to give specific details of particu-
lar occurrences. In so far as individual occurrences present matters
of petrologic interest these are treated in the petrographie portion of
this work.

RELATIVE AGE OF THE DIKES.

There have undoubtedly been several periods of dike intrusion, and
the different centers have had their own periods of formation. This
renders the relative age of the dikes more or less doubtful, but in
general it may be said that the feldspathic dikes cut basic breccias;
that in one instance on the west side of Highwood Gap an acidic dike
is cut by a basic one, and that the basic dikes cut flows and breccias
of all periods and also one another, as at Highwood Gap, as shown
in the accompanying rough sketch map (fig. 3). Ancther excellent
example is seen in the bluff on the east side of Highwood Creek below
the mouth of the branch creek which drains the north slopes of Arrow
Peak. The dikes here cut basic (femic) breccias and one another.

Other examples of the intersecting basic (femic) dikes are found
in many places, as on the southern slopes of South Peak, where three
intersect at one point and form a star. It is evident that the dikes
not only occur, in the main, radially disposed around the centers of
eruption, as previously described, but that locally also they may

aLindgren, W., Eruptive rocks from Montana: Proc. California Acad. Sci., ser. 2, vol. 3, 1890.
Pirsson, L. V., Monchiquites or analcite group of igneous rocks: Jour. Geol., vol. 4, 1896, p. 679.
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trend in different directions and intersect in a variety of ways:
Further conclusions regarding their origin and relations are deferred
until the general history of the district is discussed. ‘
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Fro. .—Sketch map of dikes at Highwood Gap.
EXTRUSIVE FLOWS AND BRECCIAS.

- AREAL DISTRIBUTION.

In a very rough way the lower limit of a major part of the piled-up
extrusive material is defined by the 5,000-foot contour around the
niountains. Above this, with the exception of Highwood Peak, all
of the highest summits and ridges of the group are composed of flows:
and breccias. The ridges, such as Pinewood Peak on the west and
the great main mountain mass running northward through Lava and
Arrow peaks and terminated at its northern end by Twin Peaks
and North Peak, are almost entirely made up of these ejections. In
some places, however, they reach down to 4,000 feet, as at the
debouchment of Highwood Creek on the north side and in the valley
of Davis Creek on the southeast. The sedimentary strata are found,
however, also in the higher mountains, as in South Peak. These
facts are of importance because they show that the eruptions have
taken place over a country of irregular relief and that a great amount
of erosive dlssectlon has taken place.
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FELDSPATHIC EXTRUSIVES OF THE FIRST PERIOD. -

Voleanic activity began by the extrusion of heavy flows and explo-
sive breccias of feldspathic type. These flows are petrographically
between trachytes and andesites; in fact, they are trachyandes-
ites and are described on page 160, under the name of adamellose. -
They occur not only in the flows as firm, dense rocks of felsitic char-
acter, but also as explosion breccias made up of angular lapilli with
cement of finer material, and as tuffs and compacted volcanic ash.
The greater part of this feldspathic material is found around High-
wood Peak. A particularly prominent flow of it occurs on the north
side, its lower part forming a marked bench. Highwood Creek just
before it debouches out into the wider valley, cut in the soft Creta-
ceous beds, cuts through the lower end of this low and forms a small
canyon, through part of -which the road passes. Other excellent
exposures of these heavy flows are found on the north side of Pinewood
Peak, especially on the slope leading down into the valley of North
Willow Creek, where was collected the material which has served for
the analysis of this type. Feldspathic flows and breccias occur also
" on the south side of Highwood Peak, in the basin at the head of Little
Belt Creek. These rocks are light gray to brown in color, dense and
felsitic in appearance, with small phenocrysts of mica or hornblende;
sometimes by oxidation of the iron-bearing components they are of -
a deep mahogany red. The breccias are in part explosion breccias
and in part, as shown by their structure, low breccias. The finer
materials produced by explosion—the tuffs—are found in the
higher ridges; for example, on the ridge between Middle and High-
wood peaks and on the ridge around the heads of Davis and Aspen
creeks. )

The natural deduction from the distribution of the trachyandesite
(adamellose) lavas and breccias is that the center from which they
were ejected was at Highwood Peak. The arrangement and dip of
the flows and heaviest material immediately around Highwood Peak
‘and of the finer and thinner at a distance point clearly to this
conclusion.

Succeedm(r this peuod of eruptive act1v1ty came one of quiescence
and erosion, during which the core that had undoubtedly been
formed was largely cut away. This is shown by the fact that the
succeeding basaltic ejections fell upon a country of irregular relief,
spotted here and there with patches or erosion remnants of the
trachyandesitic lavas and breccias. For instance, at the north foot
of Highwood Peak, on the north side of Highwood Creek, the basaltic
extrusives rest difectly upon the Cretaceous beds, while a short dis-
tance to the south, across the creek, are heavy flows of the trachy-
andesitic lavas. The latter and the breccias and tuffs could not have
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extended so far in other directions and not have covered the surface
so mear the center of activity. If the basaltic outbreaks had imme-
diately succeeded the earlier feldspathic ones the feldspathic rocks
should Dbe found in this locality under the basaltic flows. The feld-
spathic rocks are absent, however, and consequently they must have
been removed by erosion before the outbreaks of basaltic material
~took place. The same is true in other localities.

BASALTIC EXTRUSIVES OF THE SECOND PERIOD.

The second and last period of eruptive activity gave rise to material
very differeut in character from that ejected in the preceding period.
‘While there is a great difference between the types of this period, due
partly to mineral composition and partly to texture, they have com-
mon features which sharply distinguish them from the feldspathic
lavas and breccias of the first period. They are dark, heavy rocks,
‘rich in ferromagnesian components, in augite and olivine especially,
. and sometimes in biotite. They belong distinetly to the basaltic group
of rocks. They vary somewhat in feldspathic components, but none
possess plagioclase feldspars and none are of the type of common
basalt. Commonly, when they are compact rocks, there are embedded
in them more or less rounded white phenocrysts, which often have
more or less distinet octagonal or hexagonal outlines. In such cases
they appear like the dike and sheet rocks previously mentioned, and
indeed in many cases it would be impossible to distinguish the two -
rocks. They have also a very striking resemblance to the leucite
rocks from Italy and from Lake Laach, in the Eifel district in Ger-
many. In some cases the white component is a very fresh analcite,
and these rocks are analcite-basalts, like those in the dikes. But in
many other cases the white portion is composed of variable white
minerals of feldspathic nature, and the rock may then be pseudo-
leucite-basalt. A very careful search was made for unaltered leucite
in these rocks, but with the exception of one or two doubtful cases
it could not be found. It seems most probable from the shape of
the crystals and their general relationship to these magmas, rich in
potash, that they were originally leucite, but further consideration of
this question is deferred until the petrography of the basaltic lavas is
taken up.

Like the intrusive rocks, the extrusives of this period generally
. CATTY numerous phenocryéts of well-formed black augites and olivine,
the latter often altered to a red pseudomorphous mineral.

The breceias and tuffs of this group are dark, chocolate colored, or
brown rocks running into distinet dark-purple shades in the finer
tuffs. They carry fragments of basaltic rocks and are generally

. greatly altered and the iron-bearing components oxidized. The frag-
ments are sometimes green, sometimes purple, and mingled with themn
are pieces of black shale occasionally hardened to slaty forms. In



PIRSSON. | EXTRUSIVE FLOWS AND BRECCIAS. 39

some cases the fragments are angular, true lapilli forms; in others
they are rounded, producing volcanic«conglomerate. In the localities
visited there was no evidence that they are water-laid.

Slaggy scoriaceous forms were found in the lavas, especially on the
higher crests, as at Lava, Arrow, and ‘Pinewood peaks. On the Lava-
Arrow peaks ridge great quantities of very vesicular lava and of
rounded ‘‘bread-crust” bombs were observed. Amygdaloidal forms
are also common, the amygdules reaching half an inch in diameter in
some occurrences. The amygdules are usually compact, with fibrous
structure, consisting of various zeolites, natrolite, stilbite, etc. Some-
times, as on Pinewood Peak, the vesicular rock is full of the pseudo-
leucite mentioned above, and the vesicles are filled with small

~amygdules of about the size of shot. In such cases it is not easy to
distinguish them; the rock then appears crowded with white minerals.

Distribution of basaltic extrusives.—As may be seen by reference to
the geologic map (Pl. IIT), most of the higher peaks and ridges are
made up.of basaltic extrusives. Highwood Peak and’ the ridge run-
ning south to South Peak are practically the only exceptions to this
rule. In Arrow Peak the basaltic extrusions reach their highest ele-
vation. They form two large areas, one on the east, the other on the
west of Highwood Peak, and at these places rest on trachytic (feld-
spathic) extrusives of the former period. They form the great central
area of the mountain group, resting in part on the earlier lavas and
breccias and in part on Cretaceous strata. They have been greatly
eroded and are also found to the north in isolated patches of con-
siderable size. A view of the mountain masses at the head of Davis
Creek, composed of these volcanic ejections, is shown on PL II, B,
which is reproduced from a photograph by Mr. Weed.

SOURCES OF THE EXTRUSIVE ROCKS.

In considering the possible sources of the various flows, breccias,
and tuffs of the two periods, there are certain general facts which
must not be lost sight of. In a voleanic<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>