
GEOGRAPHY AND TOPOGRAPHY.

The area of country covered by the Livingston 
sheet lies between the parallels of latitude of 45° 
and 46° and the meridians of 110° and 111°, em 
bracing 3,340 square miles. It lies wholly in Mon 
tana, the line of parallel 45° forming the boundary 
between that state and Wyoming. It includes por 
tions of Gallatin and Park counties, and derives its 
name from Livingston, the most important town 
within its limits. It is an elevated region, wholly 
above an altitude of 4,000 feet and mainly above 
6,000 feet, the highest peaks being over 11,000 
feet above sea level.

Immediately south of this area is situated the 
Yellowstone National Park, which, with the ex 
ception of a narrow belt of country in Montana 
and a still narrower one in Idaho, lies in the State 
of Wyoming. The central portion of the National 
Park is essentially a broad volcanic plateau, with 
an average elevation of 8,000 feet, surrounded on 
all sides by mountains with culminating peaks and 
ridges rising from 2,000 to 4,000 feet above the in-

C closed tableland. Mountains and plateau, taken 
together, present an elevated region 75 miles in 

^1 length. Two of the ranges against which the vol- 
o canic rocks of the Park plateau rest, the Gallatin 

and Snowy, extend* northward into Montana.
The principal topographical and geographical 

Vj» features of the Livingston sheet are the Snowy 
$ range,-Gallatin range, Bridger range, Crazy moun- 

. tains and Yellowstone valley.
The Yellowstone river is the main drainage chan 

nel for this region, receiving all the waters except a 
'few small streams on the west side of the Gallatin 
and Bridger ranges. It has its source in Yellow- 
stone lake on the Park plateau. Flowing north 
erly through the Grand canyon of the Yellowstone, 
and thence westerly along the southern slopes of 

^ the Snowy range, it leaves the Park near the bound 
ary of Montana. Thence north to Livingston it 

xkflows through a broad valley inclosed by moun- 
V 1 tains of bold aspect. This valley widens to three 

([miles and is over 30 miles long. Just before reach- 
Livingston the river traverses a narrow gorge 

(ftit through uplifted sedimentary rocks, exposing 
"an excellent section across the Paleozoic strata. 
'Thence, making a sharp curve, it flows easterly 

ross the great plains of the upper Missouri river. 
The Yellowstone valley sharply divides the Gal 

latin range on the west from the Snowy range on 
!* v the east. Beyond the great curve in the river near 
^ Livingston the broad valley separates the Snowy 

range from the long slopes of the Crazy mountains. 
The Snowy range occupies a third of the area 

represented on the map and is encircled by the Yel 
lowstone river. The eastern part of these moun 
tains is characterized by high plateaus and table- 
topped ridges, which differ greatly in origin as 
they do in materials. The surface of the plateau 
of gneiss which is drained by the Boulder river 
and its tributaries appears to have been planed to 
the level of an ancient sea. The streams then flow 
ing could cut no lower than their mouths, but the 
plateau has since been elevated with reference to 
the sea and is being carved by modern streams. 
The flat tops of the volcanic ridges to the south 
of the gneissic plateau are formed by nearly hori 
zontal beds and sheets of lava.

Along the west side of the Yellowstone valley 
the Gallatin range trends north and south with 
peaks and crags rising high above the river. The 
greater part of the range lies west of the meridian 
of 111° outside the limits of the map. Beyond 
the Gallatin range, the Bridger range stretches 
northward for a long distance, and its western spurs 
also extend across the map limits. The western 
side of the range rises grandly above the Gallatin 
valley, but the eastern side falls away more grad 
ually toward the shallow valley of Shields river, 
which separates it from the Crazy mountains. Only 
the southern end of the Crazy mountains comes 
within the limits of the map. They form a some 
what isolated mountain mass standing out promi 
nently by itself and sharply defined by geograph 
ical and geological features from the Bridger and

Snowy ranges. The highest peaks are rugged and 
everywhere present a bold ascent from the gently 
rising plain.

GENERAL GEOLOGY.
The oldest rocks of this region are crystalline 

schists and gneisses, generally regarded as belong 
ing to the earliest rock formations that make 
up the crust of the earth, and designated as of 
Archean age. They present great variations in 
their mineral and physical features, and their orig 
inal character has been altered by movement and 
pressure. Upon these Archean rocks was laid 
down unconformably a series of sediments made 
up of sandstones, conglomerates and slates derived 
from degradation of an Archean land surface. 
They carry no organic remains. This series of 
beds is considered to belong to the Algonkian 
period. On the Livingston sheet they occupy only 
a small area in the Bridger range, but to the west 
and north they form a large part of the Belt 
mountains.

THE CONFORMABLE SERIES.

The Algonkian rocks sank and were deeply 
buried under a great thickness of Paleozoic and 
Mesozoic strata. These deposits are conformable 
from the lowest Cambrian strata to the summit of 
the Laramie coal measures of the Cretaceous period, 
and rest unconformably upon the crystalline schists 
throughout the greater part of the region, except 
where conglomerates, assumed to be Algonkian, 
underlie recognized Cambrian beds.

The Paleozoic and Mesozoic rocks consist of 
limestone, sandstone and shale deposited under 
varying physical conditions. Much of this ma 
terial was laid down in shallow seas, other portions 
in relatively deep waters. Some of the coarser 
beds bear unmistakable evidence of being inshore 
deposits, while portions of the finer material were 
probably deposited farther from land.

GEOLOGICAL RELATIONS OF THE MOUNTAIN RANGES.

Snowy and Bridger ranges. Late in Cretaceous 
time the region was once more elevated above the 
sea, and the horizontal strata of Paleozoic and 
Mesozoic ages were [folded.A The plication and 
folding of strata, as developed in the Snowy and 
Bridger ranges, took place during this period of 
continental elevation. These form a part of the 
system of mountains which stretches across Colo 
rado, Wyoming and Montana, constituting what 
have been designated the front ranges of the Rocky 
mountains. Structurally these two ranges are 
closely related, but they are sharply contrasted in 
the trend of the uplifted rock masses.

The structure of the Snowy range is that of a 
broad anticlinal fold whose axis trends northwest 
by west, accompanied by minor folds and modified 
more or less by profound faulting. The uplifted 
axis of this anticline is exposed in the high plateaus 
and mountains of Archean gneiss and crystalline 
schist situated in the center of the area that termi 
nates abruptly in the mountains along the Yellow- 
stone valley between Deep and Elbow creeks. On 
its northern side the gneiss passes beneath Pale 
ozoic, strata dipping steeply northward. South of 
Mount Cowen, at their western end, the Archean 
rocks are bounded by a profound fault which has 
a steep hade to the south and dies out to the east 
where the area of gneissic rock broadens and ex 
tends southward; it finally passes beneath slightly 
inclined Paleozoic strata dipping south.

South of the profound fault already mentioned 
the gneiss reappears, but it has been dropped sev 
eral thousand feet. The southern part of it rises 
high again in the mountains along the Yellowstone 
valley. Near the fault it passes under Paleozoic 
beds dipping southward, which form the remnant 
of one limb of a synclinal fold that has been dis 
located by a[ fault trending southeast by east. This 
latter fault bounds the gneissic axis on the south 
and, extending beyond the southern boundary of 
the map, is lost beneath lavas. The small area of 
Cretaceous rocks south of this fault represents the 
other limb of the synclinal fold.

In the northern half of the Livingston sheet the 
folding of the Paleozoic rocks presents several 
features of interest. Along the northern flanks of 
the Snowy range the Paleozoic beds, instead of 
passing directly beneath the great accumulation of 
Mesozoic beds at their base, are crumpled in the 
common(S-shaped fold.^ This is frequently faulted, 
but with differential throw, so that three distinct 
areas of the Archean schists are brought up en 
tirely surrounded by Paleozoic rocks.

West of the Yellowstone river, as well as east of 
it, topographic relief expresses geologic structure; 
the mountain ridges are (anticlinal folds] of the re 
sistant Paleozoic limestones denuded of the soft 
Mesozoic beds. The intervening synclinal valleys 
are cut in the soft Cretaceous shales. North of 
the Gallatin range this structure prevails in Canyon 
mountain and the low mountains to the west, which 
show three parallel folds lying en echelon and 
trending north-northwest. As has been found to 
be the case elsewhere in the Rocky mountains, 
these folds, lying en echelon, show a much steeper 
dip on the west than on the east side a pushing 
over of the folds to the west with an abrupt and 
sometimes overthrown dip of the beds westward.

The Bridger range presents the eastern slope of 
a long anticlinal uplift which is overthrown at the 
south end where schists and gneisses rest upon in 
verted Paleozoic strata. The Paleozoic beds form 
ing the crest dip steeply, with the overlying Meso 
zoic strata, beneath the sharply folded conglom 
erates and clays of the Livingston beds. These 
flatten out in the valley of Shields river and form 
the broad benchlands about the Crazy mountains.

After the region was uplifted at the close of the 
Laramie the surface of the country was greatly 
modified by erosion, valleys and mountains being 
carved from the newly formed land. Subsequently 
a vast amount of volcanic and other igneous rocks 
were erupted, modifying still more the earlier con 
figuration of the country. In a few instances vol 
canic action was contemporaneous with the fold 
ing of sedimentary rocks. The material derived 
from the degradation of the land rests unconform 
ably on the Laramie coal measures and forms the 
Livingston beds, in which fragments of many ear 
lier rock masses may be recognized. The earliest 
outbursts of volcanic breccias furnished a large 
amount of material for the steadily accumulating 
Livingston beds, which near their base carry broad 
masses of both coarse and fine material almost 
wholly derived from volcanic sources.

Volcanic eruptions that began in late Cretaceous 
time, as shown by the accumulations in the Liv 
ingston beds, attained their greatest activity in the 
Tertiary age, continuing, with longer or shorter in 
tervals of rest, throughout the Neocene period. In 
a number of localities large masses of igneous rocks 
are known to penetrate the upper beds of the Liv 
ingston, and in others to overlie the formation. In 
the Yellowstone valleys the latest eruptions of 
basalt overlie late Pliocene strata.

Crazy mountains and Gallatin range. Only the 
southernmost peaks of the Crazy mountains are in 
cluded within the limits of the map. The moun 
tains do not form a part of the system constituting 
the front ranges of the Rocky mountains, but lie 
to the east of that system. They stand out as an 
isolated mountain mass and are of later age. The 
central portions of the mountains consist in part of 
igneous rocks that have broken through the Liv 
ingston beds which lie in a broad synclinal trough. 
This syncline extends from Shields river on the 
west to the eastern limits of the map, and south 
to the Yellowstone river. On the steeply inclined 
slopes that rise from broad terrace levels, the strata 
are baked and hardened by the intrusion of in 
numerable dikes whose sources are to the north. 
The beds dip at low angles into the mountains 
from every side, but approaching the center the 
inward dip becomes less, and about the border of 
the volcanic masses they dip outward at steep 
angles as a result of the intrusion of volcanic sheets. 
Volcanic rocks and the baked and hardened shales 
and sandstones resist erosion so that the range

presents the highest strata of the continuous sedi 
mentary series to be found in the region.

The Bridger and Gallatin ranges are closely con 
nected. East of the meridian of 111°, the latter 
range is almost wholly made up of volcanic rocks.* 
At the northern end of the range, breccias and lava- 
flows of andesite and basalt rest against the up 
turned edges of sedimentary rocks. From about 
the parallel of 45° 30' these volcanic rocks extend 
southward into the Yellowstone Park. They are 
roughly bedded and lie inclined at about 5° to the 
east. They are evidently of great thickness, as 
deeply eroded canyons at the northern end fail to 
expose any underlying rocks. It is only at the 
southern end of the range that the sedimentary 
rocks again appear at the surface, along Yellow- 
stone valley near Cinnabar mountain.

DISTRIBUTION OF VOLCANIC ROCKS.

The most extensive areas of volcanic rocks are 
found in the southern half of this region. Here 
they consist of tuffs and breccias with lava flows. 
Volcanic centers of eruption may be recognized 
in at least five localities by the arrangement of 
dikes that radiate from various places within or 
near ancient conduits. This is the case at Electric 
peak, Emigrant gulch, Haystack peak, the head of 
Deer creek and the Crazy mountains, and the coun 
try surrounding each of these localities. Bodies 
of diorite and gabbro occupy what were once vol 
canic conduits at Electric peak, Haystack peak 
and in the Crazy mountains. A great body of 
porphyrite fills the conduit at Emigrant gulch. 
These have hardened and altered the character of 
the rocks surrounding them. Other large bodies 
of porphyrite occur in the southern portion of 
the region. Their form is irregular, as in some 
instances they have forced their way between sedi 
mentary bedsj and in others through volcanic brec 
cias. Where they were injected between beds of 
limestone or sandstone they form thin sheets that 
may be traced for long distances, usually follow 
ing layers of shale. A prominent example is Sheep 
cliff, 12 miles east of Livingston.

After the country was eroded almost to its pres 
ent form there were eruptions of rhyolitic and 
basaltic lavas that flowed over the low ground 
and down valleys. Remnants of basalt flows occur 
in the Yellowstone valley at various .places from 
Gardiner to Fridley.

TERTIARY LAKE BASINS.

In the folding of rock masses that accompanied 
or soon followed the continental elevation after 
the deposition of the Laramie coal measures, de 
pressed areas were formed between sharply defined 
mountain ranges. In some instances these basins 
became fresh water lakes that gradually filled up 
during Tertiary time with material derived from 
both sedimentary and volcanic rocks, washed down 
from the surrounding mountains. These areas 
have been designated as the Tertiary lake basins 
of the Rocky mountains. On the Livingston sheet 
they occur only in limited areas, being found along 
the eastern edge of the Gallatin valley and again 
in the broad valley of the upper Yellowstone. In 
the latter locality the loose marls and conglomer 
ates that make up the deposits have for the most 
part been carried away by erosion, only small areas 
being protected here and there by overlying basalts, 
the latest volcanic lava-flows of the region.

GLACIATION.

The glaciers that covered the greater part of the 
mountains in Pleistocene time and forced their way 
down into the lowlands, though of large size, were 
local in character. In the Snowy range the rocks 
were scored and polished by ice sheets and the 
canyons deepened and broadened. A large con 
fluent glacier filled the gorges of the Boulder, 
leaving a great accumulation of morainal debris 
upon the hill slopes. In the valley of the Yellow- 
stone the magnitude of the glacier which flowed 
northward from the Yellowstone Park is every 
where apparent. Local glaciers from the high
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peaks eastward have left imposing morainal em 
bankments at the mouths of tributary valleys and 
in the Bridger range and in the Crazy mountains 
local glaciers existed whose moraines of angular 
debris are prominent among the lesser features of 
the foot-hill slopes.

Since the melting of the glaciers the rivers have 
deposited fine gravel, sand and alluvium in beds 
that now form the valley terraces and fertile flood 
plains.

DESCRIPTIONS OF THE SEDIMENTARY 
ROCKS.

Sedimentary rocks cover nearly one-half of the 
3,340 square miles of the Livingston sheet, and 
they embrace a total thickness of 20,000 feet in 
which all the grand divisions of geologic time since 
the Archean are represented. The most striking 
feature of the various strata deposited within this 
region is the great development of Cretaceous, or, 
to be more exact, of the latest Cretaceous strata, of 
which there is a thickness of 12,000 feet above the 
Laramie coal measures, while the formations of the 
Paleozoic age attain a total thickness of but 3,500 
feet.

The Paleozoic strata, which are in general the 
mountain-forming rocks of the series, occur up 
turned at steep angles against the crystalline schists 
or in sharp anticlines. The lowest bed is a quartzite 
long recognized in the Rocky mountain region and 
generally regarded as the base of the Paleozoic 
system, overlain by shales and limestones of un 
doubted Cambrian age. The Silurian period is 
represented by a few feet of limestone whose fos 
sils furnish a doubtful criterion for its determina 
tion, while the Devonian period is clearly defined 
by its sediments, though they average but 450 feet 
in thickness, as well as by the evidence of fauna. 
The Carboniferous is more conspicuously repre 
sented than the other periods. Its massive beds of 
limestone, averaging 2,000 feet in thickness, form 
the crest of the Bridger range and the summits of 
many of the peaks of the Snowys.

The Trias is recognized in the red sandstones of 
Cinnabar mountain, but thins out northward and 
can not be discriminated in the northern part of the 
sheet. The Jurassic also varies through a wide 
range of character within this region. The com 
bined thickness of deposits of the Juratrias period 
is 500 feet.

The rocks of the Cretaceous period compose 
more than half the entire thickness of sedimentary 
strata. At the base of the series is a conglomerate 
known as the Dakota which is a readily recogniz 
able horizon throughout the region. The marine 
Cretaceous, as often elsewhere, is not typically de 
veloped so near the mountains, the beds alternat 
ing rapidly and containing much sandstone.

The conformable series of strata ends with the 
Laramie. This formation is about 1,000 feet thick 
and has proved coal-bearing throughout the region. 
The Laramie is succeeded by volcanic tuffs and 
sandstones of the Livingston beds, recording ash 
showers deposited in shallow waters. These are 
succeeded by massive conglomerates whose pebbles 
were produced by erosion of a land surface at no 
great distance from the place of their deposit. The 
highest beds assigned to the Cretaceous have been 
preserved in the Crazy mountains by local hard 
ening and the intrusion of volcanic rocks.

Neocene rocks are represented by strata depos 
ited in two interinontane lakes which occupied the 
upper Yellowstone and the Gallatin valleys re 
spectively. Pleistocene deposits, though in many 
parts of the area a prominent feature of the present 
scenery, are not generally indicated. Chemical de 
posits formed by hot springs occur at four locali 
ties, but are important only near Gardiner.

STRATA OF THE ALGONKIAN PERIOD.

.Belt beds. The sandstones, conglomerates, slates 
and arenaceous limestones called the Belt beds, 
which are provisionally assigned to the Algonkian, 
occur only upon the western flanks of the Bridger 
range within the limits of this sheet. At this 
locality the beds are conglomerates and are gen 
erally reddish and quite massive and dense. They 
rest unconformably upon Archean schists and are 
overlain by the Flathead quartzite. The beds are 
distinguishable by their rough outcrops, generally 
densely wooded with pines and forming a chain 
of detached knobs upon the western spurs of the 
range. A thickness of about 2,500 feet has been

observed at this locality, but this is very much ex 
ceeded farther westward and in the mountains of 
the Belt range.

STRATA OF THE CAMBRIAN PERIOD.

The Cambrian rocks constitute readily recogniz 
able formations in the region of the map. They 
include a considerable variety of quartzites, shales 
and limestones whose characters are persistent over 
large areas, rendering the recognition of horizons 
comparatively easy. Fossils are abundant in the 
upper of the two divisions into which the series 
has been divided, and they show an undoubted 
Cambrian fauna. In the Bridger range near Flat- 
head pass the rocks of this period rest in apparent 
conformity upon the Belt beds, assigned to the 
Algonkian, but elsewhere they lie directly upon 
the crystalline schists and gneisses.

The Flathead quartzite and shales form the base 
of the Paleozoic series recognized in this region. 
The lowest bed, a quartzite, is a compact rock 
varying from white to yellow or red, occasionally 
mottled, and often grading into conglomerates at 
the base. Resting upon this bed, is the heavy 
shale belt 200 feet thick, topographically distin 
guishable from a distance by the sag or ravine that 
often marks this horizon. The shales are green or 
purple, finely laminated and micaceous. The over 
lying limestones are very thinly bedded, somewhat 
impure, and carry fragmentary fossils indicating 
the middle Cambrian. The shales at the top are 
black and friable and generally barren of fossils. 
Good exposures occur in the Bridger range, on 
Deep creek and in the canyons of the Boulder 
river.

The Gallatin limestone forms the upper portion 
of the Cambrian series, with a thickness of 500 
feet. It consists of massive and of thinly bedded 
limestones separated by beds of purple and green 
shale. The uppermost beds are pebbly limestones 
containing fossils which may be of Silurian age; 
the thinly bedded limestone conglomerates alter 
nate with crumbly earthy shales. These conglom 
erates rest directly upon a persistent stratum of 
shale that overlies the most prominent bed of the 
Cambrian series; this bed is a massive limestone, 
characteristically mottled with buff and black 
spots, which forms a well defined escarpment 240 
feet high. At its base this mottled limestone 
grades into thinly bedded limestones and con 
glomerates, speckled with green glauconite grains 
and carrying an abundance of fossil remains of 
upper Cambrian types.

STRATA OF THE DEVONIAN PERIOD.

The rocks of the Devonian, having a total thick 
ness of only 450 feet in this region, are inconspic 
uous. They embrace two divisions, an upper thinly 
bedded group of shaly strata, and a lower massive 
limestone series, sandy at the top.

The Jefferson limestone includes at the top 
arenaceous beds 75 feet thick, the rocks being drab 
and possessing a fetid odor. Next beneath is a 
massive bed of limestone 125 feet thick that forms 
a persistent and very prominent bluff wherever the 
rocks are well exposed. This limestone weathers 
with a peculiarly rough surface and has yielded 
few fossils.

The Three Forks shale consists of very thinly 
bedded impure limestones alternating with thin 
beds of shale, the whole being 250 feet thick. At 
the top the beds are often red or purple; the lower 
strata are earthy shales in beds a few feet thick, 
alternating with limestone layers of equal thick 
ness. The fossils contain characteristic Devonian 
species.

STRATA OF THE CARBONIFEROUS PERIOD.

The rocks of the Carboniferous consist of two 
formations, lithologically distinct, the uppermost 
being essentially siliceous. The main body of 
these rocks is of massively bedded limestones that 
weather into rough and rugged masses forming the 
peaks of the Bridger range and the crests of the 
chain of summits on the north end of the Snowy 
range. The great resistance offered by these rocks 
to erosion brings them into relief, in strong con 
trast to the overlying Mesozoic formations.

The Madison limestone consists of about 1,800 
feet of limestone separable into two divisions. TJhe 
upper 600 feet of beds consist of very massive lime 
stones which rarely show bedding-planes. They 
are light gray, seldom contain fossils, and weather 
into most rugged and precipitous masses. The

lower limestones are more thinly bedded and 
darker and are rich in fossil remains. At the base 
there is a rather abrupt change from the sandy 
beds of the Devonian, (rood exposures occur in 
the canyon south of Livingston, the picturesque 
gorge known as Rocky canyon, and along the forks 
of the Boulder river.

The Quadrant quartzite consists of white or 
pinkish, compact beds with intercalated drab or 
cream-colored limestones. These beds average 300 
feet in thickness, and are the uppermost of the 
mountain-forming rocks. In the lower strata the 
beds grade into impure arenaceous limestones fre 
quently characterized by a large amount of earthy 
magnesian rock weathering into red clay. In the 
southern part of the region the series is capped by 
an impure, dark brownish drab quartzite, carrying 
concretions of chert.

STRATA OF THE JURATRIAS PERIOD.

The Ellis limestone. These beds consist of an 
overlying sandy limestone underlain by the Mya- 
cites beds, which are impure fossiliferous lime 
stones with sandstones at the base. The aggregate 
thickness is about 400 feet. The uppermost bed 
is a very persistent horizon that is sometimes a 
granular calcareous sandstone passing into a com 
pact, coarsely crystalline white limestone, and is 
always characterized by an abundance of shell 
fragments. The underlying Myacites limestone is 
a grouping of soft, earthy calcareous beds, dark 
gray, and generally weathering into narrow de 
pressions between the Dakota ridges and the steep 
mountain slopes. These limestones contain an 
abundance of fossils, Myacites subcompressa being 
especially prominent.

At Cinnabar mountain the Myacites beds rest 
upon a massive, cross-bedded, ripple-marked sand 
stone, underlain in turn by a bright red sandstone 
which may be the equivalent of the Red-bed sand 
stones of more southern localities.

STRATA OF THE CRETACEOUS PERIOD.

Rocks of the Cretaceous cover the northern third 
of this sheet, and by far the larger part of the area 
occupied by sedimentary beds. The highest rocks 
are those forming the Crazy mountains where the 
strata have been preserved by induration. In gen 
eral Cretaceous beds form the foothills and the 
lower open country. They embrace 16,000 feet 
of strata, or the larger part of the sedimentary sec 
tion, and are divided into five groups, of which 
the Dakota is the lowest member and the Livings- 
ton the highest.

T.he Dakota sandstone. This formation consists 
of three members: sandstones with conglomerates 
near the base, reddish clays above, and a thin bed 
of fossiliferous limestone and massive quartzite 
on top. The formation is conspicuous topograph 
ically, as the siliceous beds form the crest of long 
nionoclinal ridges parallel to the base of the moun 
tains. The quartzite capping is a very dense 
massive bed 60 feet thick. The shale beds are often 
red or purple and they vary rapidly in character. 
They are generally capped by a drab limestone 
carrying fresh water fossils. The conglomerate is 
the characteristic feature of the formation and is a 
readily recognizable horizon; it consists of well 
rounded, vari-colored, firmly cemented, siliceous 
pebbles, which break with the matrix. The con 
glomerate forms but part of the basal sandstone, 
its position in the bed varying at different ex 
posures.

The Colorado. This group embraces the two 
subdivisions, the Benton shales and the Niobrara 
limestone, aggregating 1,800 feet thick in this 
region. The line of separation is not readily recog 
nizable, lithologically, although the general charac 
ters of the two horizons are quite unlike.

The Benton shales consist of thinly laminated 
black shales generally covered on the outcrop by 
soil and vegetation. The exposures at Cinnabar 
mountain and the northern flanks of the Snowy 
range show shales differing but little from those 
characteristic of the formation in general, while 
the strata along the northern flanks of the Gallatin 
mountains are much more sandy. Marine fossils 
and indistinct vegetable remains characterize the 
beds.

The Niobrara limestone contains much clay and 
and frequently grades into shales with interbedded 
clayey sandstones. The beds weather easily, but 
do not crumble into the black earths characteristic

of the underlying Benton. Good exposures occur 
at Cinnabar mountain, near Cokedale and in the 
bluffs along Boulder river.

The Montana. This group of the Cretaceous 
embraces the two subdivisions known as the Fox 
Hill sandstones and the Pierre shales, attaining a 
total thickness of 1,800 feet. There is a transi 
tion in character of sediment and in forms of life 
between the two formations.

The Pierre shales are leaden gray and often 
sandy, and they resemble the overlying Fox Hills, 
from which they sometimes differ little save in 
being softer and darker. The beds carry occasional 
lenticular bodies of impure limestone and sand 
stone and contain alkaline salts and gypsum.

The Fox hills beds are quite earthy and impure 
in this region and the characteristic sandstone cap 
ping is not generally recognizable. The rocks are 
usually thinly bedded, and frequently weather in 
long lines of slabs resembling tombstones. They 
are gray and not readily distinguished from the 
underlying shales.

The Laramie. This formation consists of light 
colored, cross-bedded sandstones with interbedded 
clays and coal seams, and is economically the most 
important of the sedimentajy formations. The 
upper beds are characterized by abundant con 
cretions resembling cannon balls. The strata are 
readily distinguished from the leaden gray Mon 
tana shales beneath and the dark brown beds 
of the Livingston above. Good exposures occur 
along Boulder river and in the disturbed region 
west of Livingston, where the coals are mined. In 
the Bridger range the rocks are generally con 
cealed by glacial material and the later accumula 
tion of mountain debris, but they are well exposed 
in Bridger canyon. In the southern part of the 
sheet the Laramie is seen in fine exposures in the 
cliffs of the long, northeast spur of Electric peak, 
the coals being mined at Horr. Plant remains 
have been found in the shales overlying the coal 
beds and fresh water shells in the sandstones. The 
average thickness is about 1,000 feet, estimating 
from the top shales of the Montana to the base of 
the Livingston grits.

The Livingston. This formation consists of a 
great thickness of conglomerates, sandstones and 
clays, with local intercalations of volcanic agglom 
erates and breccia near the base. The rocks rest 
upon the white sandstones of the Laramie coal 
measures, from which the lower beds of this series 
are readily distinguishable by their sombre color. 
By far the larger part of the area occupied by 
sedimentary beds is covered by these rocks, in 
which are provisionally included those strata 
which form the Crazy mountains and may prove 
to be of Fort Union age. These upper strata, 5,000 
feet in thickness, consist of light earth-colored or 
white sandstones, leaden clays and shales, with 
small lenticular bodies of impure limestone; they 
contain fresh-water shells and plant remains.

The lower portion of the series of beds belong 
ing to the Livingston horizon differs materially 
from those just described. In a thickness of 7,000 
feet there is a shaly upper portion resting upon 
grits and sandstones that become coarse conglom 
erates in the high hills east of the Bridger range, 
and a basal division of dark, poorly assorted grits 
and sandstones characteristically composed of vol 
canic material and containing abundant fossil 
leaves. An intercalation of true volcanic agglom 
erate occurs in this part of the series, in the region 
drained by the Boulder river. The conglomerates 
of the Livingston are best exposed in the foot 
slopes of the Bridger range and the high hills east 
of that range. The pebbles are well rounded and 
consist chiefly of a variety of volcanic rocks, but 
include gneissic and quartzitic pebbles together 
with others of Paleozoic limestone and Cretaceous 
rocks. The lower beds are well exposed above 
the coal at Cokedale, Timberline and the valley of 
Billman creek. The long railroad tunnel across 
the Yellow stone-Missouri divide is cut in the shales 
of this series.

STRATA OF THE NEOCENE PERIOD.

JSozeman lake-beds. The conglomerates, sand-, 
stones and clays deposited in the waters of a lake 
that once occupied the Gallatin valley, receive their 
name from the town of Bozeman. The rocks are 
loosely cemented and consist of a variety of ma 
terials derived from the adjacent mountain slopes, 
with marls and layers of volcanic dust. The thick 
ness exposed within this area is about 1,200 feet,



but it is greatly exceeded in other parts of the 
Gallatin valley. The beds are slightly tilted, dip 
ping at angles of 2° to 3° westward, and rest un- 
conformably upon Archean schists and all sedi 
mentary strata, including the Livingston. Fine 
exposures occur in the bluffs along the north bank 
of the East Gallatin river, near Fort Ellis.

A smaller area of lake-beds assigned to this age 
occurs near Fridley, in the upper Yellowstone 
valley. The rocks consist of light cream-colored 
marls, becoming conglomerates near Fridley. Upon 
these streams gravels were deposited and these 
were subsequently covered by a basaltic lava flow. 
These beds were formed in an independent lake 
occupying this part of the Yellowstone valley.

SUPERFICIAL DEPOSITS OF THE PLEISTOCENE PERIOD.

Glacial drift. Gravel, sand and boulders of a 
great variety of crystalline, igneous and sedimen 
tary rocks cover the surface of a large part of the 
valley from Chicory southward. Occurring gen 
erally in a confused assemblage of hillocks, five 
to twenty feet high, they form the terminal mo 
raine of the glacier that once occupied this part of 
the valley.

Assorted drift. Sands and gravels assorted by 
water form broad terrace levels in the mountain 
valley of the Yellowstone near Chicory and along 
Mill creek. They consist of the deposits of glacial 
streams and form the old overwash plain of the 
glacier that once filled the valley. The material 
varies from fine sand to coarse gravel, is more or 
less water-worn, and is coarsest near the moraines 
of glacial drift.

Alluvium. The fluviatile deposits classed as 
alluvium consist of the clays forming the river- 
bottom lands, together with the sands and gravels 
that form the river benches in the mountain valley 
of the Yellowstone. In general the alluvial de 
posits have not been indicated upon the map; they 
are usually found in all the wider valleys.

Travertvne, a calcareous tufa or limestone formed 
by the waters of hot springs now extinct, covers 
part of the basalt bench east of the river near 
Gardiner, and caps a butte opposite the mouth of 
Bear gulch. The rock is generally compact, white 
or light yellow in color, and retains the peculiar 
characters of a spring deposit. It is from 10 to 
30 feet thick. A few small hot springs at the 
mouth of Bear gulch are now forming deposits of 
this rock, and others opposite Cinnabar mountain 
were formerly calcareous and deposited a small 
amount of travertine about their outlets.

DESCRIPTIONS OF THE IGNEOUS 
KOCKS.

A large part of this area is covered with igneous 
rocks. They also enter into the composition of one 
of the conglomerate formations that make up the 
Livingston strata. They consist of sub-aerial brec 
cias or agglomerates with tuffs and lava flows, and 
of intrusive bodies such as dikes, sheets, laccolites 
and stocks or necks. At the southern end of the 
Gallatin range these breccias rest directly upon 
crystalline schist. Similar breccia and lava flows 
extend across the southern portion of the region 
flanking the area of gneisses and schists, continuing 
southward into the Yellowstone Park. Another lo 
cality of volcanic agglomerates or breccias is on the 
eastern border of the area between the parallels of 
45° 30' and 45° 45'. These rest unconformably 
upon Montana, Laramie and Livingston strata, and 
extend some distance east of the area of the map. 
With these accumulations of volcanic material are 
associated bodies of intruded rocks, some large and 
irregularly defined, others in thin sheets or narrow 
dikes. The large bodies occur scattered through 
the region south of the gneissic area and are con 
nected with dikes and sheets. They are associated 
with the breccia north of this area. In the Crazy 
mountains they occur without surface lavas of any 
kind.

EXTRUSIVE BOOKS.

The andesitic breccias or agglomerates present a 
variety of characters, the most typical being that 
of angular fragments of all sizes cemented together 
by finer material of the same composition. The 
fragments differ often in color and appearance, but 
are usually closely allied in composition. These 
masses of breccia are in places roughly bedded 
and alternate with layers of lava that have poured 
out over the surface during the accumulation of the

breccia. In places there is a distinct bedding in 
the breccia, especially where ,tuff or volcanic dusl 
is abundant. This is the result of successive show 
ers of dust and stones during volcanic eruptions, 
and is more noticeable at some distance from the 
actual source. It is also occasioned in certain locali 
ties by the action of waters in streams or lakes, 
which have rounded the rock fragments and as 
sorted the material to some extent.

The breccias are usually light and in some locali 
ties brightly colored, as on the Boulder river and 
at the Point of Rocks, four miles south of Dailey's 
on the Yellowstone river, but they are occasionally 
dark and sombre, appearing at a distance chocolate 
brown, as in the Gallatin range and in the moun 
tains about the valley of Hellroaring creek. The 
light colors are in some cases due to decomposition, 
but they may be the natural and unaltered condi 
tion of the rocks.

Acid andesitic breccia is generally light colored, 
though not always, and consists of hornblende-mica- 
andesite for the most part. It is usually variegated 
and is accompanied by very light colored tuffs. In 
this region it underlies basic breccia, and is there 
fore, older, as may be seen at the base of Sepulchre 
mountain, south of Cinnabar and about the head 
of Boulder river.

Basic andesitic breccia is generally dark colored, 
and consits of pyroxene-andesite, hornblende-pyrox- 
ene-andesite, or basaltic andesite. It occurs in much 
greater quantity than the acid breccia and consti 
tutes the bulk of all the breccia in this region.

Where both kinds of breccia occur in conjunction, 
a distinction between them is sometimes sharply 
marked, but often they merge into one another 
gradually with no line of demarcation. The. upper 
portion of the basic breccia becomes more and more 
basaltic and is accompanied by flows of true basalt.

Trachytic rhyolite, in the form of surface lava 
flows, is intimately associated with the basic brec- 
ia and occurs interbedded with it in a few locali 
ties as on Buffalo plateau and Sunset peak. This 
rock resembles the rhyolite of the Yellowstone 
Park in general appearance, being both lithoidal 
and glassy, with marked flow structure, and carry 
ing phenocrysts or porphyritic crystals of sanidine 
and plagioclase, but none of quartz. It also carries 
a little biotite, not found in the rhyolites of the 
region. The lithoidal varieties are light red, and 
}he glassy ones almost black, but they are more 
like pitchstone than obsidian. These lava flows 
are not of great thickness, and usually include 
small fragments of andesite. Their chemical com 
position places them between rhyolite and trachyte, 
while in physical aspects they resemble rhyolite.

Hhyolite appears to a very limited extent on the 
southwest edge of the region, where it is evidently 
:he margin of the great rhyolitic flows of the Yel- 
Lowstone Park. It is light colored and lithoidal, 
with phenocrysts of quartz, sanidine and plagio- 
slase.* Isolated patches of it occur west of Bear 

gulch in the extreme corner of the map. It over- 
Lies all other volcanic rocks in this region except 
ihe most recent basalts.

Basalt in sheets that have been lava flows occurs 
both in association with basic breccia and as inde 
pendent bodies of more recent date. The latter 
are specially indicated on the map; the former are 
not distinguished from breccia. The later basalt 
is dark colored and dense, with variable amounts 
of porphyritic crystals of feldspar, augite and oli- 
vine. It is often columnar. It forms prominent 
[edges in certain localities along the valley of the 
Yellowstone, especially west of Fridley, in the bluff 
opposite Dailey's, and that opposite Cinnabar and 
3rardiner. These are the latest volcanic lavas in 
;he region.

INTRUSIVE ROOKS.

The intrusive igneous rocks are intermediate in 
age between the andesitic breccias and the rhyolite 
and latest basalt.

The gabbro and diorite occur as stocks, or bodies 
occupying channels through which extrusive lavas 
tiave beejf. erupted. The most prominent instance 
is at Hayftack peak. Here the gabbro is medium 
grained and consists of plagioclase feldspar, augite, 
biypersthene and biotite as the most essential min- 
irals, the amount of the dark colored minerals 
being equal to that of the light colored ones. The 
gabbro grades into a lighter colored crystalline 
rock, which is diorite, and consists of plagioclase, 
hornblende, augite and biotite as the essential min-

erals, the lighter colored minerals predominating 
This rock resembles certain fine grained granites 
in general appearance, but has a different minera 
composition.

A similar occurence of diorite is at Electric peak 
Here the rock forming the stock varies consider 
ably in grain as well as in composition.

TheraUte occurs only in one locality within the 
area of the map, at the southwest base of the Crazy 
mountains in a butte north of Pine creek. It forms 
a massive sheet, 150 feet thick, intruded between 
sandstone strata. The rock is dark, almost black, 
and is dense and aphanitic, with abundant pheno 
crysts of augite-and biotite; the feldspathic con 
stituents, plagioclase and nepheline, are confined 
to the groundmass.

The basic porphyrites and andesites include the 
larger bodies of intrusive rocks that are basic in 
composition. They vary from crystalline masses, 
such as the diorite-porphyrite of Sheep cliff, to 
rocks but slightly crystalline that would properly 
be classed as basic andesites. Some of these basic 
andesites form intruded sheets in the neighborhood 
of the Crazy mountains and several varieties have 
been included in one group on the map. On account 
of the small map-scale the very narrow bodies of 
intrusive igneous rock, of whatever nature, are 
indicated by one color. This includes all dikes and 
thin sheets. They are specially numerous in the 
Crazy mountains, in the neighborhood of Haystack 
peak and at Electric peak.

Acid porphyrites, andesites and dacites are 
grouped together in the legend, and embrace all 
large bodies of intrusive acid rocks. They range 
in composition from dacite to hornblende-mica- 
andesite and include some hornblende-andesites. 
They exhibit a small range of crystallization from 
that characteristic of andesite to that of porphyrite. 
In general they are light colored, aphanitic rocks, 
with variable amounts of phenocrysts. Some are 
full of crystals of plagioclase, hornblende and bio 
tite, with or without quartz; others have these 
minerals with the exception of hornblende; and a 
small number have very few phenocrysts. The 
large bodies of these rocks vary in composition in 
different parts of the same mass, so that no attempt 
lias been made to distinguish their differences on 
this small scale map. The principal localities for 
these rocks are: the head of Emigrant gulch, 
Mill creek, Sunset peak, Slough creek, Electric peak 
and Sepulchre mountain.

THE CRYSTALLINE SCHISTS.
Granite, gneiss and crystalline schists constitute 

a part of the southern half of the region. They 
form the high mountains and , plateau drained by 
Boulder river, and the mountains on the north side 
of the Yellowstone river from Yankee Jim canyon 
to the boundary of the Yellowstone Park.

Mica-schists and phillites predominate in the 
southwestern portion, especially in Sheep mountain 
and in the vicinity of Bear and Emigrant gulches. 
With them are associated gneiss and granite, which 
predominate to the east and form the main body 
of Boulder plateau. Veins and dikes of crystalline 
rocks, many of which are distinctly eruptive or of 
igneous origin, traverse the gneiss, granite and 
schists. Much of the granite is eruptive and car 
ries angular blocks of other rocks. Gabbro, diorite 
and diabase also occur and exhibit the effects of 
metamorphism by pressure.

ECONOMIC GEOLOGY.
GOLD.

Gold-bearing gravels. The gravels derived from 
ihe wearing away of the auriferous rocks of the 
Snowy range have been worked at Emigrant gulch 
and at Bear and Crevice gulches. At Emigrant 
gulch the gravels were brought down to the main 
valley and deposited by the waters of Emigrant 
:reek. They have yielded large amounts in the 
past, but have been generally worked out. The 
gravels of Bear and Crevice gulches have been de 
rived from the quartz veins in the crystalline schists 
and gneisses; in Bear gulch they have been covered 

a basaltic lava flow and are firmly cemented. 
The Crevice gulch gravels are worked on a small 
scale; the Bear gulch mines were worked by the 
lydraulic process for a number of years. Placer 
ground is also located on the forks of Slough creek 
and the flanks of Haystack mountain.

Gold veins. Three mining districts are em 
braced within the limits of the map: the Emigrant,

Crevice and Boulder mines. Outlying prospects 
of the New World district also occur within this 
area.

The Emigrant gulch mines are situated on the 
flanks of Mineral mountain and occur in an igneous 
rock (porphyrite); a fair grade of ore has been 
taken from a number of openings.

The Boulder mines are located on the flanks of 
Haystack peak, at the headwaters of the Boulder 
river. The ores carry free gold, sulphurets and 
galena, and occur wholly in the gabbro and diorite.

The Crevice mountain mines are quartz veins in 
gneiss and schist. One mine is being worked, a 
number of veins are located and exploring work is 
being done.

COPPER DEPOSITS.

Copper ores have been found in the region about 
the head of the Boulder river and in the mountains 
at the head of Slough creek.

CLAYS.

The chief source of brick clays has thus far been 
the alluvium of the valley bottoms about Livings- 
ton, which burns to a very fair quality of brick. 
The clays of the Bozeman lake beds have been 
very successfully used for brick-making. Other 
clay deposits of value occur in the Cretaceous rocks, 
but they are not yet utilized.

LIMESTONE.

The limestones of the Carboniferous afford a 
satisfactory quality of lime and they are quarried 
and burnt at two localities, Bridger canyon and 
the canyon of the Yellowstone south of Livings- 
ton. The limestones of the Cambrian yield a mag- 
nesian lime. The travertine near Gardiner is a very 
pure carbonate of lime and has been used for lime- 
making.

BUILDING STONE.

The sandstones of the Laramie coal measures are 
quarried for building-stone in the vicinity of Liv 
ingston and in Bridger canyon. They are easily 
quarried, occurring in beds 3 to 5 feet thick with 
interbedded shales, and when fresh are readily cut 
and dressed. They are largely used for founda 
tions and for ornamental work in the newer build 
ings of Bozeman and Livingston. The grits of the 
Livingston beds are also quarried for building pur 
poses. They afford a considerable range of color, 
and are worked near Livingston and on Boulder 
river for the town of Big Timber.

COAL.

Two important coal fields are embraced within 
;he limits of this sheet the Cinnabar field in the 
south, and the region north of the mountains west 
of Livingston to which the name of the Bozeman 
field has been applied. At both these fields the 
coals occur in Laramie strata. The fuels vary from 
father light, dry coals with a high percentage of 
volatile matter and water, to fairly dense coking 
coals, like those of Horr and Cokedale, yielding a 
arge output of coke. The thickness of the Laramie 

strata or coal measure sandstones, estimating from 
he top of the sandstones to the leaden gray Mon 

tana shales at their base, varies in different parts 
of the region, but is estimated to average 1,000 
:eet. The sandstones are light colored and cross- 
redded, and the individual strata vary rapidly in 
;hickness and character. The lowest seam occurs 
in both fields at 3,600 feet above the Juratrias beds. 
The number of coal seams varies greatly at differ 
ent localities, there being at some places as many as 
iwenty, of which several are each more than 5 feet 

in thickness. In general, however, only three seams 
lave proved to be of workable thickness and ex- 
;ent. Their aggregate thickness varies from 12 to 
[8 feet. The coals vary considerably in character 
n different seams, and even in the same seam, and 

as the beds occasionally thin out in a short distance 
or are cut out by sandstones, the expense of mining 
may be considerable.

The Omnabar field. This comprises the area 
>f coal-bearing strata in the vicinity of Cinnabar 

mountain in the southern part of the map. It em- 
xraces the block of Laramie strata capping the 
.ong, northeast spur of Electric peak that termi 
nates in Cinnabar mountain, together with the nar- 
 ow belt of coal-bearing rocks east of the river 

opposite Gardiner, and the area between the Gard 
ner and Yellowstone rivers. The coal has been 
opened at a number of localities, but the only pro 
ductive workings are the Bowers and the Horr



mines. The How workings yielded an annual out- 
put of about 23,000 tons in 1889. Three seams 
are worked, their total thickness being 13 feet. 
The coal is a bright bituminous fuel yielding a 
fine coke. The block coal meets with a ready sale 
and the screenings are coked in ovens near the 
mine.

On the east bank of the river, at the Bowers mine, 
the coal measures form a narrow block, faulted 
against the gneiss at the mouth of Trail creek and 
covered southward by a basaltic lava cap. The 
seams dip into the mountain at an angle of 40° to 
60°, the bed now worked showing 3 feet of clean 
brilliant coal.

The Bozeman coalfield. This embraces a part 
of the great belt of coal-bearing, Laramie strata 
that follows the front of the Rocky mountain sys 
tem throughout the state. Although the Laramie 
rocks extend eastward from Livingston, but one 
opening is worked, all the other mines of the field 
being west of that town. In this part of the field

the coal measures upturned at angles of 40° to 90°, 
being folded about the flanks of the three anti 
clinal ridges of Canyon mountain, Timberline and 
Rock canyon.

At Cokedale the coal measure sandstones are 
about 900 feet thick, light colored, with the more 
massive beds forming prominent outcrops of yellow 
sandrock characterized in certain zones by darker 
concretions a foot or two in diameter, resembling 
cannon balls. In general the field has three work 
able seams, but the fuels vary more than those of 
the Cinnabar field. At Cokedale the highest of 
the three seams is worked. Average sections show 
from 4 to 7 feet of clean coking coal, in three to 
four benches with sandstone partings of half an 
inch to six inches in thickness. These partings are 
variable in thickness, but quite persistent through 
out the seam. The two lower beds of coal show 
from 5 to 7 feet of firm clean coal separated by 
similar partings. The output at Cokedale was 
49,400 tons in 1889. West of Cokedale the coal

measures are nearly vertical and the outcrop is 
S-shaped as the strata curve around the end of the 
Canyon mountain anticline. There are no pro 
ductive workings westward until the Yellowstone- 
Missouri divide is crossed, beyond which the Tim 
berline mines are located. The strata here dip at 
45° north into the hill. Five seams have been 
worked at this place, but the output is now almost 
wholly from two. The upper of these two seams 
is 4 feet thick, separated into three benches by 
partings. The coal is hard, little broken in the 
seams, and bears handling well. The lower of the 
two seams worked is 6 to 8 feet thick and rests 
upon a poorly defined floor of bone and shale. 
The coal is much crushed, very soft, crumbling in 
the fingers, quite bituminous, and can be lighted 
with a match. It is used for blacksmithing at the 
mines. The output from this seam is mixed with 
the harder coal of the seam above for the market. 
The output was 44,000 tons in 1889.

The same seams are worked at the Mountain

side and Chestnut mines, though tne coals change 
somewhat in character.

A small synclinal basin of the Laramie coal- 
measures occupies the valley of Trail creek a few 
miles south of Timberline. Two seams have been 
worked.

West of Chestnut the coal-bearing strata curve 
about the anticline of Rocky canyon, reappearing 
in Bridger canyon where one of the seams has been 
worked. Although the coal strata extend north 
ward along the east front of the Bridger range, no 
openings have been made there.
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