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BITUMINOUS COALS AND LIGNITES OF THE NORTHWEST. b

By R. PUMPELLY.

When the Northern Transcontinental Survey was orgavized in 1881 the question as to the existence of good
steam-coal accessible to the Northern Pacific system of roads was of the first importance for the railvoads and for
the development of the mining and other industries of the Northwestern Territories,

A vast amount of lignite was known and in places worked and used by the locomotives, but it was recognized
as of low heating power, and coal was brought {from Pittsburgh to mix with it. Trne hituminouns coal was known ¢
to exist at two or three points, viz, the Chesnut mine, near the Bozeman cafion; on the summit of Mullen’s pass,
near Helena—Doth in Montana; and on Puget sound, notably at Wilkinson and Carbonado, on the western flank of
the Cascade mountains, in Washington territory. Taking these as clues, the survey, represented Ly Mr, Tldridge
and Mr. J. I8, Wolif' in Montana and Mr. Willis in Washington territory, discovered and explored, under cover, the
extensions of these two fields. In the Bozeman distriet the ounteropping of the two or three seams of bituminous
coal was traced and opened along a distance of several miles, while in the Puget Sound region a large number of
seams were explored under great difficulties, along a distance of 24 miles south of Willkeson, through the dense forest
- of the Cascade mountains. In the broad area drained by the upper Columbia river, which was explored for the
purpose by Mr., Bayard T. Putnam, no bituminous coal of any value was found, although beds of lignite attest the
coal-bearing character of the Cretaceous. The great development of the bitnminous coal north of the 45th parallel ¢
is on the western flank of the Cascade, and on the eastern flank of the Rocky mountains, In my personal exploration
of the mountaing and adjoining plaing between the 45th and 49th parallel I was able to define proximately the
position of the line of outerop the coal for several hundred miles from the Teton river south, via the Dearborn and
Sun rivers, around the north end of the Big Belt mountains to the Highwood mountains, and through the Judith
country. The result of this exploration and subsequent more careful examination at various points by Mr. Eldridge
and hig assistants went to show that, with all this immense extent of outerop and correspondingly great area of coal-
seams, it was only oceasionally that the coal was at the same time of desirable quality and in workable quantities.
The great plains are for hundreds of miles away from the mountains underlaid by lignite seams, often attaining a
thickness of 7 and S feet, and in places much more, of almost clear lignite. As we approach the mountains the
lignite disappears as a rule, and, under the action of some cause, apparently, as our results seem to show, by the e
pressure of the enormously thickened overlying cretaceous shales, together with the higher temperature to which
they were formerly thereby subjected, aided perhaps by the pressure of plication, the fuel has parted largely with
its water and oxygen, and become a true bitwninous and quite generally a coking coal, But, together with this
change in the chemical character of the coal, there comes also a less desirable change in the structure of the beds.
The lignite seams, as at Little Missouri, on Sunday creek, near Miles Uity and on Bull mountain, are, as- a rule,
nearly clear fuel, with very little bone or slate partings, and have, consequently, a very low ash percentage. On the
other hand, the bituminous seams lie near the mountains, where the much coarser character of the sediment and
the great thickening of the formation indicate deposition nnder less favorable conditions, and we consequently find
that, with a less thickness of coal-seams, there is very generally combined a high ash percentage, due to the
presence of frequent partings of bone and slate or sandstone. ' £

The differential sampling carried out by the Northern Transcontinental Survey in many hundreds of explorations
made well under cover in the unweathered coal represented several hundred miles of ounterop. The samples taken
in a uniformly systematic manner were all analyzed, and taken in connection with the measured cross-sections of
the seams, they form a very full exhibit of the character of the seams and of their economic value. As will be
seen from Mr, Bldridge’s report, the seams not infrequently attain & thickness of 6 to 10 feet, bub the cross-sections
rarely show more than from 18 inches to 2 feet of clean coal without partings. Although a bed may have an aggre-
gate of fromw 4 to 6 feet of clean fuel, it will generally contain enough boue or slate partings to render the coal
quite dirty. In addition to this comes the fact that as arule the ash percentage of the olean coal, which is very low
in some of the Wyoming coals, is quite high here, reaching 6 and 8 per cent., which makes it necessary to mine much
cleaner than would otherwise be needfal, and also renders it much more difficult to clean by washing.  Still, where
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a the distance from better coal is so great, a coal having a considerable ash percentage—12 to 16 per cent.—may be
profitably used, But at three points very good coking coal in workable quantity was discovered, with a fairly low
ash percentage, which last with care in mining could be reduced still lower. One of these was in the Bozeman field
on See. 24, T. 2, R. 7 B. The extensive explorations of the Bozeman field are described by Mr. - Eldridge,
Another will be found described in Mr, Wolff’s report on the coal of Rock Creek on the Crow reservation. The
third is at a point in the Judith basin. Besides these there were found many points where 2 to 24 feet of clean coal
exists free from partings; and at many other points an aggregate of 3 to 4 feet of clean coking coal can be saved
by exceptional care in mining and hand-picking. '

In the Wilkeson-Nisqually field of Washington territory there is a vastly greater aggregate thickness of coul
than in the Montana columm, but it also is apt to be injured by partings 8f “bone”. Still Mr. Willis’s exploration
b of the country south of Wilkeson discovered workable thicknesses of excellent eoking coal, and notwithstanding
the cheapness of coal imported to the Pacific coast as ballast, it is probable that exceptional care in mining and in
hand-picking will in time lay the basis of an extensive mining industry in this field also. ‘

The extensive explorations of the Northern Transcontinental SBurvey showed that in the great belf formed by
Montana, Washington, and northern Idaho the bituminous coals are practically confined to the eastern flanks and
outliers of the Rocky mountains and to the western flanks of the Cascades. The few ocenrrences of bituminous
coal found between the two great ranges are of insignificant character. The deposition of the coal-making matter
took place on an immense scale in the Puget Sound region, as is shown by the great number of seams of coal,

‘The bituminons coal-fields of Montana eontain but few seams, and these are apt to vary within short distances
¢ in the quality of their fuel. Whether these bituminous coals extend with the Lower Qretaceous beds castward
under the Laramie of the plains i3 a question more of scientific than of practical interest. The region in which
they exist sufficicutly near the surface to admit of mining is in the neighborhood of the Rocky mountaing and their
outliers. Thisis also the region where fuel may be most needed for metallurgical purposes and for Jocomotives on
the higher grades of the mountains. The time may come when the great thickness of bituminous shales will bo of
proportionate economic importance for distillation.

‘While the area of available bitumineous coal is limited, the extent of the lignites is very great, probably
coextensive with the Upper Laramie. The larger part of the great plains is apparently underlaid by seams of
lignite often presenting a thickness of several feet of fuel very low in ash, '

These seams are often exposed in the valleys, and over large areas lie at moderate depth from the surface.

d While these lignites are very inferior for railroad use they will be of the greatest value for domestic purposcs
and for agricultural steam-power, local manufactories, ete., and when the pressure of population shall require it,
the extensive and cheaply-mined seams on the Missouri river may fuornish the power to pump water for the irrigation
of large areas, '

Fach of the greater subdivisions of the Cretaceous, viz, the Dalota, Colorado, and Laramie, bears coal or
lignite in some part of Montana. .

Along the eastern and northern flanks of the Belt range in the Judith basin, on Belt ereek and Sand coulée
and Deep creek, ete., there is only one known coal-bearing horizon, and this is apparently of Dakota age.

In the scetions covering thousands of feet of Cretaceous along the lower cafion of the Yellowstone and at the
Bozeman coal-fleld south of Muir coal occurs at only one horizon—about 3,700 feet above the Jurassic and somo
e distance above fossils considered by Mr. Whitfield to be of Benton or Niobrara age, and yet so low in the great
Cretaceous column as to be apparently below the Laramie. As we recede from the mountains on to the plains wo
find coal in younger horizous in the Lower Laramie. "Where the Upper Laramie has been preserved in high
ridges of horizontal strata, as at Bull mountain or farther eastward, where it forms the general substructure of
the plains, this horizon bears seams of lignite often of imposing thickness and remarkable puiity. We have, a8
yet, no means of knowing whether the Dakota and Colorado groups are also coal-hearing under the great plains.

But nowhere in this fleld east of the Cordilleras do we find the Cretaceous marked by the enormous deposition
of carbonaceous matter that characterizes it on the western side in the Puget Sound region, Iere Mr. Willis’
test-pits, sunk for the Northern Transcontinental Survey, exposed more than 700 cross-sections of coal-seams in the
Wilkeson coal-field alone, representing over.125 separate seams, in a total known thickness of 3,000 feet, undexlying
£ 10,000 feet of barren strata. Although ouly 17 of these seams were of workable thickness, 3 to 15 feet thick, a
vast aggregate of carbonaceous matter is represented. '

The occurrence of these Cretaceous coals and lignites over such extensive areas and under such varied
physical conditions shonld lerd a promise of light on the obscure causes that have resulted in the lignitic eharacter
of the beds in some regions and their Lituminous character in others. Little special attention was given to this
question. In Washington territory Mr. Willis’ explorations showed that the bituminous coals all oceapy flexed
areas, while the lignites have been but slightly disturbed. This is an observation which was long ago made with
reference to the oceurrence of anthracite in the highly-flexed folds of the Appalachians and bituminous coals under
less disturbed areas. Butin Montana coking coals underly the broad plains north and east of the Belt mountaing
in a practically horizontal position. Indeed, in so far as any present inference can be drawn from our present
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data, it would seem to be that height of superincumbent strata, through the consequent pressure and higher a
temperature, is the most important factor if we exclude possible original differences of the plant matter itself.
And this view appears to be beld by Mr, Dawson as sufficient to explain the differences in the coals of British
Columbia. ' ‘ :

Wherever we find the lignites they belong to younger horizons than the bituminous coals, This is the case
in the Green River field of Washington territory and on the plains of Dakota and Montana,

The lignites east of the wountains belong mostly in the Upper Laramie, Sowe beds oceur in the Lower
Laramie near the top, 4. ¢, in the upper two or three thousand feet—the upper third of the Laramie. The coals
north and east of the Belt mountains are of Dakota age, and they have been formerty covered by the vast thickness
of the Colorado and Laramie beds that have been since swept away—a thickness of not less than 9,000 feet, The b
Bozeman coking coals, whether they belong to the Colorado or to the Lower Laramie, dip at & high angle under
more than 10,000 feet ot younger beds.

Mr. Willly section (Plate LXXXTI) shows that the Green River lignites occupy the upper part of the column,
the bituminous lignite coming lower down., The 14,000 feet of Coal Measures in the Wilkeson fleld show no true

lignites, though, as stated farther along, more lignitic beds oceur near the top ; but we know nothing of the thousands
of feet of younger strata that may have been removed,

The capacity of lignites, and to a greater or less degree of other coals also, for absorbing moisture from the
air was found to influence materially, the cconomic value of analyses, made in the varying climate of the seaboard,
of coals mined in the extremely dry plains of Montana.

Tor this reason, as is stated on page 775, water was determined in each sample, both after 48 hours drying
over sulpburic acid and again after a similar exposure to a water-saturated atmosphere. An inspection of the ¢
tables Lrings into prominence at onee the strongly iygroscopic character of the lignites; buf it also appears to show
that much of the large percentage of water contained in lignites may, in some instances, be simply absorbed
moisture. But after making allowances on this score, it will still be found that the samples, after air-drying over
sulphuric acid, contain more or less water according as they are more or less lignitic,

It must be borne in mind that samples from the exposed outerop of a coal seam contain much more water,
accompanying an oxidation of the eoal. Thus, the writer took two samples across the whole thickness, 12 feet, of
the great seam at Blk Garden, West Virginia: A, {from the interior of the mine; B, from the weathered outerop.
The following analyses of these samples, made by Dr, Gooch, show the gain in water as well as in volatile
combustible compouuds and ash, and the deterioration of the coal by oxidation:

d
A, n,
Dercent, | Persent.
AV OT ceeanr e rerennsnnmnnvsurransenns 0.19 6. 62
Volatile combustible matter......... 19,98 27,28
Tixed eorhon «eveescvae i . 4. 66
7 U PN 8. 06 12, 64
T ORL 2eeereenenanaeenienera 160. 00 100, 00
Sulphur cooieiennannamira e aann 1,045 0. 800
I J— e

The following table shows the averages of water contained after drying in the manner indieated, in the
samples of the different felds. These ficlds are here arranged in the order of diminishing average percentages of
water in the samples. They are also arranged in the order of increasing value of the fuel. («)

Water al fer’
dryivg 48 | Carbon (by
Avorages, howrs over | combustion
sulphnric | annlysis).
weid,
) Der cond, Per cent. f
Lignitos of Dakota and eagtorn Montans (Milos 0ity) .- fo s e rmaeusue v crr et 7.3 71,8
Tdgnitag of Bull mountain, Montann....... .| Averago of 56 analyses, vanging from 2.0 to 1041 waler.. L] 73, 8~76. 0 )
Lignites of Greon river, Washington terrvitory Averago of 6 MALYSeH «oun i ci e rren e s 41 b
Noweastlo (Senttle) liguifo .............................. Averggo of 4 analyaes ... 2.8 74, 5-76.8
Bozeman COMl. . oee ciieer it rme e ee i gameea e Average of 78 analyses .. 1.7 70, 7-8L 6
Green RHver €oal cveeveiniiienans [ Average of D analyses ... . .. Lg 78, 0~83.8
TWHlkesom oul . ooviiaes it ey Averago of 60 analyBes cuoveenaiesiiiiiaenr e cae e 0.78 80, 3-003. 4

P

a The quality of the Green River lignites hias not yet heen tested as compared with those of Bull mountain,
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a I have added also a column showing the. range of carbon for the samples subjected to combustion analyses for
cach field, In this colamn the carbon inereases as the water diminishes, and an examination of the table of
combustion analyses on page T 790 shows that the range of percentage of oxygen and mtmg,cn increases with the
water. . '

Trom our present knowledge we ean say that the lignites belong in the younger and the bituminous coals in
the older horizons of each field. The topographical and stratigraphical evidtence goes to show that the bituminons
coals have been covered by a thickness of many thousand feet. Thus in the Bozeman field the coal dips, as alveady
stated, under o thickness of not less than 10,000 thousand feet of existing strata. In the Wilkeson field, on Puget
sound, Mr. Willis? colnmnar section (Plate LXXXI) shows the bituminous coals—those which of all known north-
western Crefaceouns coals are lowest in water and highest in carbon—to belong over 10,000 feet down in the column
B yet represented in that field, while the superineumbent covering must have formerly been materially greater.
And it is interesting and to the pomt that the samples from seam O\\II I, represented near the top of the Wilkeson
golumn, contain from 3.98 to 7.04 per cent. of water.

! ‘11(, analyses of the coals under the plains north and east of the Belt mountains show mueh irregularity in the
amount of water. But those samples which were taken from well under cover in the small mines under the plains
between the Belt mountains and the Missouri——on Belt ereel, Sand coulée, ete.—range below 1 per cent. of water,
and it is probable that the higher average of water in the Judith basin samples is due to the oxidation of the
outerops. Thus at Sand coulde the two samples taken from & mine contained 0.56 and 0.47 per cent. of water,
while the two from near the surface of the same seam contained 4.02 and 4.84 per cent. The samples from the
¢ mines show the coal to be comparable, as regards water, with those of the Wilkeson field. As regards the
indieations of quality as shown by the proximate and combu&tmn analyses, these almost horizontally-bedded coals
range more nearly with those from the Bozeman field. '

All the evidence s in favor of the influcnee of pressure, and of the conditions of temperature, ete., accompanying
it, as the chief factor in producing broad distinctions between lignite and bituminous coals; and while within the
aren investigated by the Northern Transcontinental Survey we have found extensive fields that havebeen subjected
to the eombined pressure of superincumbent beds and of plication of the strata, and other wide areas where only
pressure of overlying beds exists, the action of plication seems to be of secondary importance as regards this
distinetion.

‘While the influence of pressure, with the temperature and other conditions due to the correspondmg depth,
d appears to determine the amount of water which cannot be removed by an absolutely dry atmosphere, it seems
possible that the eapacity of certain bituminous coals and anthracites for absorbing large amounts of water is often
the result of a profound shattering of their texture, brought about by the shearing movement in folds of short

radius, and in the erinkling of trough-ends.

Thus the anthracites of the highly-disturbed and pinehed beds of the Rhode Island basin have ag strong a
capaeity for absorbing water from the air as the most hygroscopielignite from Dakota. A sample of this anthracite
from the mine at Portsmouth, Rhode Island, after exposure for sixty-one hours over water, contained 106.91 per
cent. of water, while after forty-eight honrs exposure over sulphuric acid it contained only 0.53 per cent. A sample
of Pennsylvania anthracite similarly treated varied less than 2 per cent.; and one of Cumberland coal less than 1
per cent.
¢ Considering the coals and lignites as fuels, and taking into consideration all the means of forming an opinion,
they would rank relatively to each other nearly in the order in which they are grouped in the table, the coals of
- the Wilkeson field being the best, and the eastern lignites, rich in water and oxygen, being very inferior fuel. As

compared with the great standard coals of the world, even the Wilkeson coals are at some disadvantage, owing
to their higher contents of ash. DBut in this respect the real difference is undoubtedly much less than appears
from a comparison of the analyses; and this for the reason that while, as a rule, published analyses of coals have
been made from picked specimens of the fuel, the analyses given in this volume are of samples taken either entirely
across the seam or omitting only such portions as would self-evidently be rejected in mining. But while, with
several exceptions, these eoals are inferior for steam-making to. the Cumberland and Clearfield coals, and to the
‘produet of the Pittsburgh seam for coke, they will be of inestimable value to the industries of the northwest.
£ The following table showing the general character of the Oretaceous beds, including the Laramie, and the
position of the seams of coal and lignite in the Wyoming- Utah belt (compiled from King’s U. 8. Geological
Hzploration of the 40th Parallel), in Montana (Northern Transcontinental Survey), and in southern British Columbia

(compiled from Dr. G. M. Dawson’s Report on the Re(/wn of the Bow and Belly vivers, Canada Geological Swrvey,
1885):
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LARAMIE.

(695

Fortieth Parallel,

Montana.,

Coarse white and reddish saudstones, hoavily
badded,  Mavine and  brackish-water fos-
sils. Largoe dovelopment of -conl-seams.
Thickness over 5,000 leot in the Green
River Dagin.

|

British Columbia.

Ul)pm- Laramie,—A. vapidly alternating snccession of

ight-grny and grayish-groen clays, white argillaccons
sandstovos, numerons thin lignite seams, and 10- to
30-foot henches of yollow massive sandstone containing
rowded eoneretions of hrown ivon ove; abundant fossil
leaves. 'Thickness, 1,600 foot ov morant Bull wonntain,
Numorous, often lnrgoe and valuable, seams of lignite,

Lower Laramie,—A succession of white sandetone and
green clay beds near the top, changing below to dark
Dlackish und groen olay beds, thin sandstonoe layova,
A fow thick sanitstones and thin Hgnlte seams,  Dhick-
ness, 7,000 foet, ’

Poreupine Hills beds, —Sandstones  froquontly thiclk-
lmd(}vd, generally somparatively soft, with interealoted
grayish and blackish shales and shaly elays.  Fresh
water, 2,500 feet,

Willow Creek beds.—Soft sandsfones, shales, ¢layn, and
gandy clays generally with o pronounced reddish or
purplish tint, Fresh water, 440 feet.

Saint Mary Liver beds,—8Sandstones, shales, and ghaly
elaya in frequent alternations and gonerally woll bedded.
Fresh water oxcept near base.  Beda of ignite or coal,
capeciatly in lower part, 2,800 feot

FOX TILLS.

Conrse . whito sandstones, heavily hedded.
Marino fosdils.  Thickness, 1,500 (et in the
plaims; 3,000 to 4,000 feet near the Wasateh
wmonnteing, Fow coal seams; east of the
wountains, only 1 seam; favther west, at
Gooper ereok and Roelk vresk, several con-
giderable svams ) £ valuw,

Heavy beds of white and yollow sandstone, forming bold |

" esearpments,

Thickuess, about 400 feot. No coal ob-
served,

In gomo parts of tho distriet well-defined massive yollow-
ish sundstone, but inconsiant and apparently often rep-
resented by a series of brackish-water transition beds
between the Laramio aud Piorre. 80 fvet.

COLORADO.

Moatly Dlue and yellow elays and marls, with
thin sandstones,, tossiliforous. ‘Uhickness,
800 to 1,000 foet ecast of the mountains;
greatest thickness in Uintal and Wagateh,
2,000 feet.  Cond frequent at all Lorizons in
tlmt\V’nsutul\ 1egion, but wanting in the

- aast.

Black, bluish, and lighter colored Inminated shales, with
arenseeons layors, Noar the mountaing theso eharae.
teristics nre lost in the provailing uniformity of coarser
textunl deposits,  Thickness not yet sopuarately de-
terminable near the mounining; on' tho North Mocen-
sin mountain, 1,800 feet, Thoe Bozoman conls possibly
Delong innthe Upper or Fort Plerre bods.

Diovro Shales,—Neutral gray or brownish to nearly blagk
shales inclndoe n zone of pale soft sandstone in the north-
enstorn pavt of Dow and Delly River distriet, and {re-
quent intevealntions of harder sandstono near the
monnfaing,  Muvine., d-foot bed of Iignltic coaX or
lignite (11 per cent, water) ot snmmit of Pierre Dow rivor,
Toour or more seams at base of Dierve nggregato 7 to 10
inghes eonl (one senm 2 to 4? foet) nlong Snint Mary and
Belly vivers.  Appavently tho moat important con) hor-
izom, 7460 foot. . .

Bolly River series,.—Composed of an uppor or “pale” and
lowaor or “yollowiah ™ portion, and consisting of alterna-
}jil%llp oit‘ sandstones, anudy eluys, shales and alays, conls.

vot.

Lower Dark shales,—Gray to nontly llack shales, fre-
quently with arenacoous shales. 800 foot,

DAXOTA.

Sandstones and charactoristic conglomerates.
‘Lhicknoess oeasb of Colovado vange, 200 to
300 fuot, Coal in the Uintuh mountaing,

Chiofly conrge, at times conglomerntic, sandatonoes,
Thickness, 860 foct on Belt creck. Conl Nanking Belk
mounteing je of this ago.




RELATION OF THE COAL OF MONTANA TO THE OLDER ROCKS.
By W. M, DaAvis,

The following desecription of the geology of central Montana is based upon observations made during ten a
weeks of the summer of 1883, when employed by Mr, Raphael Pumpelly, director of the Northern Transcontinental
Survey, to examine the series of rocks below the Cretaceous coal horizon, with special reference to the sequence
and characters of the several formations that might aid in the discovery and determination of the coal-ficlds. The
region examined is included between the lower cafion of the Yellowstone on the south, Fort Benton on the north,
and Cadotte’s pass over the main range on the west, a triangnlar area of 120 to 140 miles on a side. Of course,
only a small part of the district could be studied. Mr. Waldemar Lindgren, assistant geologist, N, I\ 8., and Mr,
I, S, Banker, volunteer geologist, aided me in the work.

The rock series,—The rocks observed make a conformable series from the Lower Cambrian to the Upper
Cretaceous, with a total maximum thickness of thirty to thirty-five thousand feet,

The Archiean was seen only in the neighborheod of Neihart, about the headwaters of Belt ereek in the Little b
Belt mountaing. 1t there consists of dark, reddish and gray gneiss, with folia gencrally at steep angles, cut by
granitic eruptions that were not found to extend into the overlying bedded rocks. («)

The Paleozoic series begins with a vast series of Lower Camwbrian barren slates, at least ten to fifteen thousand:
feet thick al many points. In the Main range, at Cadotte’™s pass, red slates and caleareous luyerns are cominon ;
hard sandstones do not appear. In the Big Belt mountaing and soutbward they are generally of a dull color, drab,
bluish, greenish, becoming bright red and purple near the top, with calcareous beds in the middle and lower part,
and some quartzite layers about the upper third. In the northern part of the Big Belt range, south of: the caiion
of Smith’s river (Deep creek), heavy quartzite with some conglomerates appear. In the Little Belt range, abont
Neihart (and in the Lower Yellowstone cafion, according to Hayden, report for 1871, p. 53), this great division of ¢
the Paleozoic is seriously reduced and almost absent. A diabasic eruption is found at several places, with the
upper members of these old slates. )

The slates are capped by a hard sandstone or guartzite, 100 to 150 feet thick, persistent throughout the area
examined, and of mueh service as a recognizable hotizon in connection with the equally persistent, thin-bedded,
trilobite limestones, 100 to 300 feet thick, that follow after an interval of shales. These limestones are clearly of
Potsdam date,

Another interval of soft shales, seldom well exposed, comes next, and above it the great series of mountain
limestones begins, This is often rich in fossils of Lower Carbouniferous age, but Silurian and Devonian horizons
are not yet established. The strata are mostly heavy bedded, with a small share of shales or shaly limestones, and
near the top include two ov three hundred feet of massive limestones, sometimes brecciated, but seldom showing d
distinet stratification, except in its larger forms, as in lines of blnffs or cliffs, The total thickness of tho limestones
is about 3,500 feet.

In the lower cafion of the Yellowstone the gate of the mountains is ent in a hard, yellow quartzite, 100 feet
thick, that promised to serve well as a mark of the change from Paleozoic to Mesozoie formations, but except in the
Bridger range it was not found again,

The great Mesozoic series of sandstones and shales, with very rare caleareous beds, that rises above the
mountain limestones with a thickness of 15,000, or more, feet, is very imperfectly divisible, as its fossiliferons
horizons are few and far between in the neighborhood of the mountains, The identification of red Lriassic beds is

o The numerous outerops of granitic or metamorplic rocks shown conformably beneath the Carboniferous in all the monntain €
conters on the map accompanying the geological report of the exploration of the Yellowstone and Missouri rivers by Dr, Hayden, in 1859-"66
(Washington, 1869), are essentially incorrect, The “Red beds” (Triassic) are also greatly exaggerated. According to the geologicul
map of parts of Monfana and Wyoming, issued by Dr. Hayden’s survey in 1873, with which onr results agree satisfactorily, so far as they
cover the same ground, Archiman rocks are seen on the western flank of the Bridger range, in the fine Snowy range, east of the Yellowstone,
and about the headwaters of the Gallatin and Madison rivers, On the gencral geclogical map accompanying Dr, Hayden'’s twellth

_annual report, for 1878 (18z3), all the mountainous area north of the Bridger range is extremoly incorrect.
‘ 697
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a very doubtful; Jurassie fossils occur 600 feet above the limestones; marine Cretaceous fossils are found at a height
of 3,200 feet, and Cretaceous coal at 4,400 feet, as determined near the Yellowstone; while conformable sandstones
and shales, with very rare and imperfect plant impressions, extend over 10,000 feet higher. Nothing ean now he
gaid as to the share of these indeterminate beds that belongs to the several divisions; nor can an upper limit e
assigned to the Cretaceous, All the post-Carboniferons strata about the mountains appear to be Mesozoie; with
the exception of the late Pliocene or Quaternary lake deposits in the upper valleys, and of certain strata capping
the Crazy and Highwood mountains, at great altitude above the coal horizon, which may be early Tertiary, although
there is no direct evideuce to prove this.

The eruptive rocks, that oceur in great vartetym certain districts, have been determined and descubed by Mxr,
Lindgren ; and the bnef mention of them in my report is essentially quoted from Appendix B by him.

B The fossils, of which a list is appended, were determined by Protessor R. P. Whitfield.

The entire Paleozoic and Mesozoic series is perfectly conformable throughout, although important members—
Silurian, Devonian, Coal Measures, and Triagsic—are not yet identified, and probably have no significant thickness.
The lower strata rest uneonformably on the Archman gneiss; the relatively modern lake-beds unconformably
overlie all the other formations. TFrom this, we infer an Archean land-surface long eroded ; a submergence, with

more or less active deposition throughout Paleozoic and Mesozoic time ; a relatively active mountain growth about
'WGMMOfmemewmmLmumﬂmgmmmofmeTmuwmawmmmmuHmdMMWunh&wymwmn,a%amd
and minor disturbance about the end of the Tertiary, forming lake-basing in the upper valleys, and probably
synchronous with the broad elevation that uplifted the plains. Infrusive and eruptive action seems chiefly to have
accompanied the two periods of orogenic disturbance, though some was probably of earlier date,
¢ Attitude of the coal—The horizon of the workable coals near the Muir tunnel, ecast of Bozeman, is without
guestion lower than the Laramie formation to which the lignitie coals of the Rocky mountain region have generally
Dbeen referred; for it underlies many thousand feet of strata that, in certain places, contain Cretaceous fossils, and
overlies Jurassic fossils by only 3,700 feet. But in all the region close to the mountains the divisions that bave
clsewhere been made in the Cretaceous series can hardly be recognized; for the rocks are monotonous, of great
thickness, and very poor in fossils, so that mueh more time than our party had must be given before they can be
satisfactorily classified. It is otherwise, however, with the rocks below the coal with which we were especially
coneerned, The series as already described in brief eulminates in the great group of mountain-making limegtones,
the only one of its kind in the region, and always of strong topographiec importance where it rises to the surface;
" the heavy breceiated masses come near the upper limit of the group, and in the low country outside of the limestone
d ranges, and 4,000 to 5,000 feet (geologically) above them, the first coal horizon may be found. We can, therefore,
say at once that the coal belongs north of the Yellowstone lower cafion, and not south of it ;5 at the east foot of the
Bridger range, not at the west; that it ocenpies several basing drained by Sixteen-Mile creek, all inclosed by
limestone mountaing; that it is quite absent from the Big Belt group, but comes in again in proper order north of
the Little Belt. It is a much more difficult matter to determine the attitude of the coal where the Paleozoic rocks
are not in sight, as about the Crazy mountaing, where only the Cretaceous series or the ¢ coal float” serves as a
guide; and this being beyond the work assigned to us, we did not attempt it. After determining where the coal
need nob be looked for, and where search may be rewarded, there is still mueh work of closer exploration to be
done to discover whether the coal horizon is here coal-bearing or not, and if so, whether the coal is of workable
thickness and marketable guality, This was also beyond our province., Itisnotalittle surprising to see that already
¢ in a territory so recently oceupied as Montana, all of the coal horizons that we determined, and many more out of
our field, have been discovered and examined by local prospectors or by members of the Northern 'l‘mnbcontmentdl
Survey. :

After this summarized statement of results, the greater part of our report must be taken up with descriptions
of the more detailed observations on which they are based.

Measured sections,—Where the structure and outcrops were favorable and our time permitted, the rocks of the
older series were measured by telemeter or aneroid barometer, and their fossils were collected with as much cave as
possible. The results of this work, already presented in summarized form, are now presented in more detail, and
illustrated on Fig. 238, under the following headings:
£ 1. The Yellowstone section ; through the lower cafion and northward, Paleozoic and Mesozoic.

1A. Section south of Muir., Lower Mesogoic.

2, Across the Bridger range at FFlathead pass. Paleozois and Lower Mesozoic.

‘Wall monntain to Deep creek, southern end of Big Belt range, Paleozoic.

Little Belt-range, west of Barker. Paleozoie.

Little Belt range, north of Barker at head of Otter ereek. Palsozoic.

Big Belt range, at Benton gulch., Lower Paleozoic. .

. Big Belt range, at Boulder creek. Lower Paleozoic.

. Cadotte's pass, over the main range. Lower Paleozoic,

These measured sections are supplemented by structural sections of considerably greater length, on Fig. 239.

IS
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1a, 238

Explanatory note,.—The descriptions of local seetions ave numbered to correspond with thestruetural and columnayr sections on Figs, 238

and 239, Localities of fossils are designated by numbers in parentheses in the text and in cireles on theplates. The ordinary conventional

signs for slates or shales, sandy shales, sandstones, conglomerates and shaly or purer limestones are adopted on the plates, and are

sufficiently explained on the columnar sections in abbreviated notes,

The abbreviations there used are—brn.,

brown ;

cale., calearcous;

coug., conglomerate; dk,,dark; gr., gray; grn,, green; li, limestone§ 1., light; qtzt., quartzite; sh., shale; shy,, shaly; sl, slate; sly,,

slaty; ss., sandstone; sy., sandy; vard,, variegated ; vole., voleanic; wh., white.

The scale of the columnar sections is indieated by

small marks on the left of tho column for.every thousand feet ; on the structural sections, by small marks on the base-line for every mile;

the constrnction is careful in the former, but in the latter is only approximate.
when the ontorops are imperfeet the strata are not drawn across to the right of the column.
the measures were made are indicated by a heavy profile line,
our collections of fossils are inclosed in parentheses.

outerops demand them, and in absence of any evidence of thelr attitude they are drawn vemcul

Only the measured sections are given in columnar form;
The parts of the structural secltions where
All formations named on these sections that aro not direetly proved by
No fault-planes were directly observed ; they are simply placed whero the mufuce
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(1) The Yellowstone seotion.—The measures here were made northward across the strike of a great monoclinal, -a
from the lower part of the heavy limestones, at the upper southern end of the lower cafion, along its western side,
across the open country and the ccal horizon near Livingston, and beyond the railroad to Ileischman’s ereek. The
base of the limestone series was not found, and the lower measures are inaceurate from local distortion and change
of strike; the upper part is more satisfactory. Tossils aro rare in nearly all the horizons; enough were found to
show the existence of Lower Carboniferous, Jurassic, and Cretaceous horizons, but the barren intervals are so broad
that the limits and separate thickness of the several formations ean not bo given with any approach to accuracy.
The 100-foot quartzite that makes the ¢ Gate of the Mountaing” may serve as a near indication of the change from
the Paleozoic to the Mesozoie, Oarboniferous spirifers (see list of fossils 3) occur about 700 feet below it, and heavy
limestones are separated from it by ouly 100 feet of red sandy shales; above it, numerous Jurassic fossils (2) are b
found within 200 feet. The base of the limestones was observed by Dr. Hayden in the mountaing east of the head
of the caflon, where gneiss was found at the base of 1,500 or 2,000 feet of Carboniferous, and 100 or 200 feet of
Cambrian sandstones, thus showing the essential absence of thelowerslates elsewlhere found in enormous thickness.(«)

North of the cafion the rocks are often covered; where visible they are sandstones, with a few conglomerates,
sandy shales, and shales, often showing cross-bedding. A few imperfect Cretaceous fossils (1) were found 3;200
feet over the limestones. The important coal-bed explored by Mr. Bldridge, N, T. 8, is 1,200 feet higher, and
above this wo measured 6,500 feet of barren sandstones and sandy sbales to the southern margin of Fleshman’s
creek synclinal, and estimated at least 5,000 feet move, all in perfect conformity across the rolling country
northiward to the synelinal hills beyond Brackett’s creek. There is no divect evidence as to the age of these upper ¢
rocks, They yielded only very rare and indeterminate plant remains, .

(1 A) Section south of Muir—While getiing together my outfit at Mr. Bldridge’s camp, 2 miles sonth of Muir
(where the railroad tunnels under Bozeman pass), I employed seme spave time in measuring the tilted strata, here
well exposed from the coal horizons down to the quartzite that vises on the back of the limestones in the Bozewan
mountains. The result is snfficiently shown in the colnmnar section.  Coal B of this section has been determined by
Mr, Eldridge to lie 10 to 15 feet undoer Coal A of section 1. It agrees satisfactorily with the section on the Yellowstone,
from which it was distant 12 miles to the west, The fault shown in this distriet on Dr. Hayden’s geologieal map
of parts of Montana and Wyoming should be replaced by an anticlinal fold about an axis plunging steep to the -
northwest. _ :

(2) Section aeross the Bridger range at Flathead pass.—The heavy Oarboniferous limestones, which form the a
crost of the Bridger range, aro here overthrown so as to dip 60° to 700 to the west; the pass is apparently determined
by a small transverse fault, of which the limestones show indieation by displacement. Our measures extended
through 3,600 fect of sandy Mesozoic strata on the eastern slope, and through 3,000 feet of Paleozoic limestones and
sandstones on the west. Imperfect Jurassie fossils (6) were found 500 feet from the heavy brecelated limestones;
no Oretaceous fossils wore discovered, but, judging from section 1, the coal horizon must run close along the eastern
foot of the Bridger range. Ileavy timber concealed many outcrops on the western slope, and the narrowness and
numerous turns of the ravine leading down from the pass, as well as our limited time, prevented our securing
acenrate measures or a full series of fogsils from the lower rocks, The limestones of the crest-line are the appermost
breceiated members of the series; Lower Carboniferous fossils were found 300, 900, and 1,550 feet below the
uppermost limestone, Qaleareous beds continue 1,000 feet lower down, and it was prebably in some of these that ¢
Dr. Hayden’s party found Cambrian fossils in 1872.(h) The limestones are succeeded by 1,000 or more feet of
sandstones and sandy shales, strongly overturned, and generally buried under détritus in the foot-hills. Southward
of the pass, on the western flank, Dr. Hayden records the occurrence of Axchaean rocks, Thoe valley of Dry ereek,
which flows south into the Iast Gallatin, is occupied by an arm of the broad lake-beds of the Bozeman-Gallatin
basin, ‘

The part of our structural section east of Shields river is from notes by Mr. Wolff, N. T. S. The Crazy
mountaing are thus shown to be homologous with the Highwoods of section 4. (e)

(3) Wall mountain lo Deep creck, southern end of Big Belt range.~The whole Paleozoic series, with the exception
of its lowest  part, is here exposed in unbroken sequence, giving one of our best sections. It shows a remarkable
thickness of bedded rocks, begining with the estimated 12,000 feet of Lower Cambrian slates, extending upward £
through 4,500 feet of measured sandstones, shales, and heavy limestones, and eulminating in Mesozoic rocks of

a Geologieal Survey of Territories, 1871, p, 535 1872, . 80,30. Sco sleo Dr. Peale’s acconnt of this caBon, 1872, p. 171, and of the
limestones in Rocky cafion, now followod by the railroad west of Muir tunnel, 1872, p. 109,

b Seo Report for 1872, pp. 74, 75, 84, 171, 172; the rango is here called the Gallatin.

¢ Mr, J. BB, Wolff, assistant geologist, N. T. §,, spent the past summer (1883) in studying tho coal outerops around the Crazy
mountains, and kindly allows mo to quote the following general deseription of that outlying range: . ““The mountains consist chieily of
Dbarren sandstones, slates, and shales, lying above the coal, and hence considered Upper Cretaceons and Lower Tertiary; thoy generally
dip with small angle into the mountains, but about the norghern end are more disturbed. At ence, on passing from tho surrounding open
beneh land to the mountain slopes, one meebs with eruptive rocks in great profusion; the rocks are literally honcycombed with large
and small diles running in all diveotions. In places one can see grand displays of dikes in every attitude, cutting o thousand or two foet
of horizontal sandstones and slates from bottom to top. The eoruptives occnr in great variety, and af least three periods of eruption can
be recognized by intersections.” This showa a close similarity botween the Crazy and tlie Highwood mountains.
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a 2,000 or 3,000 feet estimated thickness, The series is well exhibited in numerous and characteristic outerops, and
is perfectly conformable throughout. The oldest slates, cut by broad granitic dikes, form Bald Peak and its
neighbors of the Big Belt range east of Townsend; the beds lhere are chiefly fine gray, bluish, or greenish slates,
well indurated. The middle members of the sevies are gray or bluish, and form high grassy hills with patehes of
timber south of Deep creelk, Near the upper third a number of hard sandstone beds appear. The upper members
become shaly, and at last, after abont 1,000 feet of dark purplish beds, our telemeter measures began on an equal
thickness of red slaty shales, which bung us to the hard sandstone and fine conglomerate ridge encireling the
northern flank of Wall mountain. From this point upward there is the normal fossiliferous series, but with unusual
thickness. The Potsdam seems to have a greater thickness than determined elsewhere from the fossils (16) found
b 500 feet above the ordinary trilobite limestone (17), but the former may belong higher in the series. Itistobehoped
that a more persistent search would discover fossils in the next succeeding limestones, for 1,300 feet higher our
specimens (15) are pronounced by Professor Whitfield to have w decidedly Devonian aspect. The succeeding 2,000
feet of limestones, mostly heavy bedded and brecciated near the top, are proved to be Lower Carboniferous. These
limestones outerop in successive buttresses or walls that encirele the northern end of the mountain, and they are
cut through by a small stream, dry when we followed its channel, that leads into Sixteen-Mile creeck; thus fine
exposures of the rocks are presented. No more interesting fleld was found during the summer’s expedition, and if
studied in connection with the ranges ronning southwest to the upper cafion of the Missouri below Gallatin City,
and southeast to the Bridger range, and thence toward Bozeman, it would form a most instroctive region for areal
¢ and section work.
‘ (&) Little Belt mountains, west of Baﬂrm —This section is as valuable as the preceding, with Whloh it presents
an interesting contrast. It was measured at several bluff outerops of nearly horizontal strata in different parts of
the series, as shown by the heavy profile line on structural section 4, on a line running nearly north and south,
erossing Belt creek abont 8 miles below Neihart and the Dry fork about 6 miles below Barker. The geries includes
the Archwan foundation of gneiss, overlaid by heavy sandstones and sandy shales, with a little white guartz
conglomerate at the base, and with the Potsdam trilobites (22) that elsewhere overlie 10,000 or 15,000 of stratified
deposits, here ocearring at only 1,100 feet from the lowest bedded rock; these are soon succeeded by the even-
bedded Lower Carboniferons lunestones, rich in fossils (21, 20, 19), by the heavy, ragged limestones, and by shaly
‘beds, with calcareous layers containing Lower Carboniferous fossils (18) at a level that we had before thought to be
Mesozoic; these last woere found on the northern side of a fine limestone dome that lies outside of the mountain
d flanks north of Barker (section 4, ~-c). The higher beds continuéin a flattening monoclinal of barren sandstones
and shales, with poor outerops, to the Cretaceous coal of Otter creek, and beyond with great thickness into the
Highwood mountains ; the fossils (30) found on the southern flanks of the latter are Cretaceous, but higher in the
mass they (31, 32) are doubtful, although pointing to the same formation. Interesting eruptive masses of hornblende
andesite or dacite, as determined by Mr. Lindgren, break through the Paleozoie strata of the Little Belt mountains
(section 4, —a, —c), and basaltic and trachytic dikes in large variety intersect even the topmost beds of the
Highwoods in all directions, whicl are thus shown to be strikingly similar to the Crazy mountains, but we saw
nothing of the econtinuous volcanie area, or of the northward extension of the Oarboniferons, shown on the general
geological map of the area explored and mapped by Dr. Hayden.
e (D) Little Belt mountains, Otter creek, 5 miles northeast of Barker.—This section was measured southward up a
small branch of Otter creek, about 2 miles east of the bridle trail leading out of the mountains from Barker. It
wag peculiar in yielding a series notably unlike that of section 4, only about 10 miles distant to the west. The
ragged limesfones are persistent, but the richly fossiliferous hmestones of Belt creek and its Dry fork have here
almost disappeared, and it was with difficnlty that enough fossils (23, 24) were found for the identification of the
Lower Carboniferous. Beneath 1,000 feet of these strata there came 850 feet of firm and slaty limestones, in which
no identifiable fossils were found, and still lower 500 feet of varied slaty shales, in the lower part of which Potsdam
trilobites (25) were found of a genus (Dikellocephalus) different from that commonly occurring elsewhere 1n the
Potsdam limestones (Conocephalites).

(6} Northward from Benton gulch, northeast of Big Belt range~—This section was measured northward from the
stage-road between Diamond City and TFort Logan, a mile before it enters the open country of Smith’s river (Deep
1’ creek), about 5 miles northwest of Fort Logan. 'We here again found a great development of the Lower Cambrian
series below the Potsdam horizon, but nnlike that of sections 3 and 8 in holding a number of heavy indurated
sandstones with some conglomeratic layers. This wounld seem to indicate shallows in the old Cambrian sea on
approaching the long-existing Archaan island in section 4. The top of the section, cut off by a well-proved fault,
consists of limestones and shaly limestounes ; Potsdam trilobites (26) were found in the lower members of this group.
The hard sandstone and the red shales came a little distance below these, as in Wall mountain, section 3, then a
monoclinal series at least 10,000 feet in thickness, unless repeated by faults of which we had no sufficient eVIdence H
the lowest layers were cut off by a fanlt that brought down the ragged Carboniferous limestones, with a throw
consequently to be estimated at 14,000 or 15,000 feet. . The more even.-bedded Lower Carboniferous limestones
then rise to form the Dry range, a subordinate, flaf, monoelinal ridge, with a good variety of fossils (33, 84, 35);
they seemed to be underlaid to the north by rocks of the lower series again, but we had no time to examine them.
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(7) Boulder ereek, Biyg Belt range—~The old Cambrian slates were measured bhere below the Potsdam trilobite &
limestones where Boulder creek Hows out on the open lands of the npper Missounri, up the stream to Diamond Oity.
The measures are of but moderate aceuracy, as the strata are rather nnevenly tilted at several points, besides being
intersected by granitic and other dikes near the mountains. The series consists of barren red and purplish shaly
slates near the top, changing to gray and bluish lower down, and with some hard sandstones near the bottom, the
total thickness measured being about 10,000 feet, and this withont entering the heavily-timbered higher points of
the mountains., The upper part is drawn in structural seetion 7, to show the attitnde of the limestounes that rise in
a low ridge north of the creek, and their problematic relation to a ledge of hard quartzite on the same strile,
half a mile north, The undisturbed attitnde of these two layers over the red shaly slates is shown in section 3.
They scem here to be affected by local fractures. Closely-adjoining limestones yielded fossils from two horizons, I
1’otsdmn and Lower Carboniferous, and from thigs, as well as from structural evidence, we Liave suppoaeﬂ o fanlt

r a torn fold to follow the western foot of the Big Belt range about this locality.

(8) Section across themain range at Cadotlds pass~—This section was disappointing in giving no good determinate
series of rocks for measurement. A wvast thickness of Lower Cambrian slates and shales was exposed in the
synelinal axis of the mountains, and repeated by strike fanlts in the castern foot-hills, but neither the Archwean base
nor the ordinary Potsdam limestones eould be found in proper sequence with them. The Archeean rocks do not
appear in this part of the range, and although limestones that undoubtedly belong to the Potsdam were found on
the Middle fork of the Dearborn river, they yielded us no fossils, and must bo regarded as cut off {rom the main
mass of slates by a fanlt, The most probable sequence of the older slaty rocks that we could put together was ¢
obtained on the Upper Blackfoot river, from the moraines (marked on the section) to the snmmits abont the pass;
it is as follows, from below upward: Dark slates with a few sandstones, 900 feet; red slates and slaty shales, 1,100;
red, gray, and greenish-gray slates and slaty shales, 300; red slates, 300; gray.slates, 900; gray slates with some
red beds, 300; gray slates with scattered Calearcous beds, 1,200; total, 5,000 feet.  The attitude of this mass in the
Cambrian series is not determined, but it is very probably in the mlddle or lower part; its red beds do not seem to
correspond with those near the top of the series at Wall mountain, Boulder creek, or Benton guleh, No fossils
were found, although many beds were carefully searched over. ‘

The upper part of the series, between these older slates and the great fanlt. of ten or more thousand feet, that
brings down the presumably Mesozoic strata of the lower country, is sliown on columnar sootlon §in bufhuenb
detail without further deseription, d

The Mesozoic rocks farther eastward were very imperfectly exposed, and yielded no fossils to our hasty
examination, except close to the coal of Dearborn river, where a few imperfect Oretaceons shells were found (29),
The dark shales east of Sun river were supposed to be of the Fort Benton group, from their relation to the outerops
on the Missouri river, :

Mullen pass, head of Little Blackfoot river. Many eruptives, strongly-marked alteration of certain beds, and

the appearaunce of concealed faulting prevented our determining satisfactorily the relations of the rocks in this
~ district. The tunnel through the pass is eut through a ridge counsisting of members of the Lower Carboniferous
limestone, dipping west, broken by intrusive granites, In the valley west of the pass, coal has been found, but its
relations to the adjoining roeks could nowhere be discovered. A high ridge a little further west, through which
the Little Blackfoot has eub its way westward, is made of indurated slates and sandstones on the east slope, with ¢
the higher parts and western slopes of Lower Carboniferous limestone in typical appearance, overlaid on the west by
Mesaozoic stratn.  In the cross valley, Jurassic rocks were found 2 miles above Logaw’s ranch, but their relations
to the Carboniferous were not fully made out.

Rast of the pass, the limestones are altered for some distance from the granites. Going farther toward Helena,
a considerable breadth of barren slates, shales, and sandstones are found; they are probably Cam brian, but we
could give no time to their examination,

MOUNTAIN STRUCTURE TN OENTRAL MONTANA., !

The reports of Messrs. Haydén and King show that in Colorado and southern Wyoming the Fromt range of
the Rocky mountains rises abruptly from the plains, so that one passes in a breadth of a few miles from the £
horizontal strata of the endless open country on the east, across the sharply-upturned Mesozoic and Paleozoic strata
of the foot-hills to the granitic rocks of the mountains. There is no distincet foreshadowing of this great change at
a little distance out from the range, and intrusive rocks are very rarely found in the younger strata. This
simplicity is lost in going north, and in Montana we find a much more varied and complicated structure in the
several ranges examined between Bozeman and Fort: Benton, from latitude 450 507 to 470 50, In the flxst place,
mesas or heavy dike-ridges of eraptive rocks are not infrequently seen 20 to 40 miles away from the mountains,
80 that the change from plain to mountainons country is generally gradual, not abrupt; in two cases these outlying
eruptives have become centers of short groups, namely, the Highwood and the Orazy mountains, of considerable -
height, without the aid of Paleozoic or Lower Mesozoic rocks. In the next place, there are upheavals of Paleozoic
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a rocks branching off of, or altogether separated from, the main range ; the Black hills make the southernmost, and
perhaps the largest, as well as certainly the best studied example of this type; the Big Horn range(a) probably
belongs here as well. Tarther north, closer to the district we have seen, the Little Belt range branchesto the east-
southeast or southeast of the more continuous mountain front, and other outliers, presnmably of a similar nature,
exist farther north.

Finally, the Front range here loses the pre-eminence, the directness and the continuity that characterizo it
farther south, and hence this name, so appropriate in Colorado, is not used in Montana ; it might, however, be
applied with more technical meaning to the first long, almost continnous esposure of the Paleozoic rocks found
westward from the plains, especially as in northern Montana and in the adjacent British territory it seems to
b regain the simple and dominant form that distinguishes it in Colorado. The term is, however, nunsatisfactory, for
the mountains that certainly deserve the name of Front range, if the name has any apphcahon at all, are sometimes
80 little elevated that the Mesozoic rocks cross over them, as, for example, at the south end of the Bridger vange, (b)
and are not nnfrequently equalled im height by outlying mountains farther to the east.

Throughout this ceutral region of Montana we find scenery that is often fine and pleasing, but, as a rulo, of a
mildly mountainous type. Sharp and rugged peaks are generally absent, and the views from the valleys S, passes
and summits nowhere attain the grandeur found farther south or north.(¢) Permanent snow patohe ‘\10 scarce
and small; even the old glaciers had here a small development,

The descuptlons of mountain structure that follow will show that the entire conformable series of Paleozoie
¢ and Mesozoic strata were uplifted during later Cretaceous and earlier Tertiary time. Throughout and after this
time of mountain growth vast masses of the older rocks were worn away from the new land-surfaces and deposited
clsewhere, chiefly as early and middle Tertiary stiata; some of the earlier erosion may have supplied material for
later Cretaceous beds before the uplifts had become strongly marked. It is on this account that Eocene and
‘Miocene formations are so generally absent here. Bnt near the end of Tertiary time another movement, or a late
phase of the original mountain uplift, disturbed the then established drainage lines by irregular tilting, and so formect
a number of orographie lake-basing gener ally back of the Front range. These were filled to considerable depths
with fine argillaceous and marly sediments of presumably Quaternary date, which unconformably overlie the
eroded rocks of various earlier formations, t hus proving their existence as dry land during the greater part of the
Tertiary, as above mentioned. It is these old lake-beds that form the open, dry bench-lands across broad valleys
among the various ranges of the Rocky mountains of Montana; and it is noticeable that every onc of these areas
d is drained by a stream flowing through a comparatively narrow cafion, the recent work of the lake overflow in
cutting down the lowest part of the old barrier. Examples are secn in P aradise valley, above the lower cafion of
the Yellowstone; (d) the Bozeman-Gallatin-Madison plain, above the upper cafion of the Missouri; the Townsend-
Radersburg valley, above the lower cafion of the same river; open valleys, above the lower and middle cafions of
the Madison;(d) a smaller example on the Little Blackfoot, above Lincoln; and, finally, the valley of Smitl’s river,
above its cafion in the Little Belt mountains, this beibg the only example of a post-Tertiary lake that we discovered
outside of the Front range. Since the filling of the basing and the cutting down of the outlets together succeeded
in destroying the lakes, their deposits have been exposed to denudation proportionate to the decpening of the
caflons below their upper surface; thus the streams issuing from the mountains have, unfortanately for the ranchmen,
¢ sunk their channels 30 to 100 or more feet Lelow the bench-land. If these valleys had been settled a few thousand
years ago, irrigation of the upper fields would not have been so difficult as it has now become., During the later
stages of the lake period, and perhaps continuously down to the present time, a surface-coating or “wash” of coarse
material has been spread over the bench-land, from the adjoining mountain slopes, often m aking it too stony for
cultivation, even if irrigating streams could be led upon it. This “wash? is, so far as we could determine, always
of local origin, and, in spite of the considerable size and angular form of some of the stones, it seems chiefly of
subaerial origin. Ice action was not shown to have had any share in its distribution. Below the lower cafion of the
Yellowstone, in the neighborhood of Livingston, where there was no reason to think a recent lake had existed, the
coarse wash seems to lie direetly on the uoded Mesozoic rocks, smoothing them off to an eveun slope, w1thout the
intervention .of lake-beds. Several interesting problems arose in connection with this, and in relation to the old
lakes among the mountains, but we had no time to follow them to their solution.
£ In spite of their synehronous growth, the mountain ranges within our field of observation show a remarkable
variety and irregularity of structure. The Bridger range is a steep or overthrown monoclinal, with the heavy
limestones for its crest and a strong fault or torn fold bringing up the oldest rocks along its western base. The
Big Belt mountains are composed chiefly of an oval ahticlinal of old slates, with steep dips and granitic intrusions.

« Hayden (Report for 1868, p. 70 of reprint of 1873) deseribes the Big Horn range as containing the same series of granitoid and
stratified rocks found in the Black hills, but connected with Wind river section of the main range by a very rugged area of eruptives,
b Hayden, 1872, p. 30,

¢ The Crazy mountains, an isolated outlying range of Mesozoic strata (see p. 701), secemed to offer finer scenery than the otherranges
of central Montana, but we saw them only from a distance,

@ Compare Dr. Hayden’s Report for 1872, p. 33, and geologlcal map of Montana and Wyoming territories, above headwaters of
Madison, Gallatin, and Yellowstone rivers (187-).

2



RELATION OF COAL OF MONTANA TO OLDER ROCKS. 705

The main range, at Cadotte’s pass, (a) consists of a flat synclinal of old slates, with heavy strike-faudts on either g
side, The Little Belt mountains, in the Barker distriet, show a broad, flat anticlinal or platean structure, with
oxposures of the Archxan where strongly eroded about Neihart, but with o continnous cover of limestones farther
west.  The Highwoods and the Crazy range have already been mentioned as consisting of remmnants of late
‘Cretaceous strata locally indurated by numerous dikes. Hence, whether we consider the Front range alone or all

the ranges together, there is sumll oppmtumty to generalize on their structure. They may now be deseribed more
in detail.

THE BRIDGER RA.NGE. *

Structure.~This range presents a comparatively simple topowr wphic form, as it consists essentially of asteep b
north and south monoclinal of Paleozoic rocks in which the heavy limestones form the crest-line, while the older
series even down to the Archean appear on the west toward the Bast Gallatin plain, and the newer formations
outerop on the east toward Shield’s river.(d) The range beging at Bridger pass, near Bozeman, where the older rocks
rise from beneath the Mesozoie, (¢) and extends with remarkable directness 20 wiles to the north, when it ends very
much as it began., The several lines of elevation farther north, about Sixteen-Mile creek, arve of irvegular strueture’
and belong between the Big Belt and the Bridger ranges. Dry creek, a branch of the East Gallatin draining the

-northern half of the range on the western side, follows a broad valley between the Archwman and low Paleozoic rocks
of the Bridger on the east and hills of Paleozoic and Mesozoie strata on the west. These latter outerops-are the
northerly continnation of the beds exposed in the excellent section along the Gallatin river a little above Gallatin ¢
city, described by Drs. Hayden and Peale, (d) Their connection with the Bridger range is obscure. Dr. Hayden
says there are several local anticlinals and synclinals in the interval between the Flathead pass and the Missouri,
and to these wo are inclined to add a heavy fault as well, for it is difficult to explain the valley of Pry ereek as an
anticlinal alone. There is no western dipping monoelinal that corresponds in height to the eastern or Bridger hall
of a simple arch; and ab the northern end of the range, where the heavy limestones lose their steep dip and roll
down to a normal altitude as they descend northward under the Mesozoie formations, the hard, ridge making rocks
do not continue westward across the basin of Dry creek, but end abruptly at its eastern margin. Ifar south the
fanlt may be absent.

At IFlathead pasgs, and probably at other points toward Bozewan, the rocks of the mountain erest are overthrown
past the vertical so as to dip 700 or even only 60° to the west, and here the Mesozoi¢ strata of the eastern slope d
apparently underlie the Carboniferous of the ridge-line, The eastern foot-hills are separated from the range by a
comparatively low valley drained by Bridger ereek at the south into the Tast Gallatin g farther north by Brackett’s
and Cottonwood creeks that flow eastward into Shield’s river; and finally by o branch of Sixteen-Mile creek, This
loug strike-valley follows beds that cannot be far from the coal horizon, unless unseen folding or faulting complicates
the relation between the upper and lower rocks; and farther, it marks in general the line between the steeply-
inclined old strata of the range and the less tilted newer strata of the foot-hills and lower country. No fossils were
found to show the age of these bhills, but they are probably of the same lorizon as thé synelinal of Fleischman’s
creel, north of the railvoad, between Livingston and the Muir tunuel, deseribed in the Yellowstone section. At
that point they are all evidently conformable with the known chtaceous below ; but here Dr, Peale, who considers
them of Mertiary age, has deseribed them as unconformably overlying the Bridger uplift. (¢) Wewould find no €
sufficient proof of this, Thereis very evidently, as our section shows, @ marked change of dip between the range and
the foot-hills, and of strike as well at many points; but all this change could very well vesalt from the great erushing
by which the overturned, monocljinal was produced. At the northern end of the range, the Mesozoic strata follow
the Carboniferous in simple succesion, Wo therefore conclude that the Dridger uplift was contemporaneous with
that of the other ranges in central Muutaua, somewhere iu the long aurepresented interval after vepresented epochs
of the Cretaceous age.

THE Big BELT RANGE.

Structure~The Big Belt range, from bmteul Mile ereek northward beyond Diamond City, is essentially a long,
elliptical antielinal, measuring 30 by 20 miles, composed of a great mass of low Paleozoic slates, cut by granitic
dikes, and reaching elevations of 9,000 feet; t:l.ll;lb rising 800 or 400 feet above the timber-line, and Tetaining some £
small patehes of snow in o few of its upper ravines through the summer, Its distortions arve of a very broad pattern,
and folds of small carvatme were rarely fonnd within its limits; in the finer layers an inciplent cleavage of steep
dip is very common. The old slates, dipping irregularly near the middle of the arch, and with steep outward dips
on the east and west sides, oceupy nearly all the mountain area; the granitic intrusives cover but a small share of
the burhu,b, near the center, and the old quartzite and the great limestones ave not to be found before reaching the

o And for o long distance northward, according to observations by Mr, Pumpelly.
b Compure Dr. Hayden’s Report for 1871, pp, 45,46 ; 1872, pp. 29, 30,74, 75, 84,171, 172, The statement concerning the Archwan is taken
{rom Report for 1872, p. 76. ’
o 1d., 1872, p. 30.-
d Report for 1872, pp. 72, 172,
¢ Hayden’s Report, 1872,
VOL XV——uodd
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a margin of the mountains. The eastern flanks were mostly beyond the route of our party, but where visited or
when seen from a distance were safely recognized as the old glates dipping away from the central axis to southeast
or northeast, and presumably retaining & similar or easterly dip ‘all along this slope. The western flanks, from
Boulder creek south to Deep creek, seem to be of similar structure, with opposite dip, but are broadly covered on
the lower slopes by a smooth “wash?” of recent date; the fow ridges that rise through tliis even surface being outcrops
of the hard sandstones that occur in the slates about 4,000 feet below their top; the same hard layers are woll
ghown in the cafion of Deep ereek, just above My, Cavpenter’s vanch; about —— fniles east of the Missouri.

In goify southward from the mountains one may follow the slate anticlinal past the cafions of Deep and
Greyson creeks, and well beyond toward Sixteen-Mile creek, where the dip of the anticlinal axis finally carries.
B the slatesunderground. This part of the middle lineis not marked by notable elevations, and Deep and Greyson
creeks heading to the east of it flow westward across it.  The Dbills of slate are, as a rule, bare of forest growth,
and especially in the upper part of the series show their structure, when viewed {rom a little distance, in grass
lines following the Lelts of more fertile strata, while the ravines give ample outerops for detailed study. Bastward
of this distriet a synclinal is formed by the slates rising with westerly dip from théir eastern plunge, and thus they
extend beyond the npper basin of the North fork of Sixteen-Mile creek, in barren, rolling hills that are crossed by
a road leading to White Sulphur Springs. This synclinal holds summits that attain a commanding height, and, on
following its axis as it descends gently to the south, we are brought to Wall mountain, east of the calion of a dry
fork of Sixteen Mile creek, a wonderfully fine series of curved, rampart-like outerops of the old quartzite and the
¢ greatlimestones; it may beregarded asresembling the prow of a flat-bottomed boat, and is more like Pennsylvanian
structure and topography than anything else seen in Montana. Going still farther south, this opens out into the
Lower Mesozoi¢ basin of Sixteen-Mile creck, and its eastern rocks are eut by the cafions of this ereek and its North
fork before they rise into the limestone range that runs to the Missouri, just north of Gallatin City.

Crossing to the western side of the old slate anticlinal, the lower quartzite and some of the lower limestones,
with.southwestern dip, cap a ridge to the south of Greyson creek; they continue with narrowing area across Greyson
creck, near which the quartzite makes a pronounced ridge, and beyond to Deep creek, but thereafter are hidden
under the bench-land—if continuing farther north—until they reappear north of Boulder creek, 16 miles farther on.
The doubt about their continuity across this interval comes from the absence of intermediate ridges and outcrops.
through the bench surface, and even of ledges in the stream channels that are here frequently sunk 70 or 80 feet
d Delow it; and still further from the appearance, at several points along the ridge from Greyson to Deep creels, of
an eastern dip implying a change from the anticlinal of the mountains to a synclinal or torn fold having its axis

. along this line, If this were the case the absence of the old quartzite would be the simple result of erosion to a
little lower level than where it was turned up or broken off.

‘ The reappearance of the quartzite and limestone north of Boulder creek repeats many of the conditions of their
disappearance south of Deep creek, with the additiorr of rather more marked irregularity of position, suggesting
that the supposed synclinal has here especially been torn into a fault; and, indeed, so it may have been for the
greater part of its length. "he narrow wedge of old quartzite and trilobite limestones between the high hills of
red slates on the east and the open, low bench-land on the west, widens to the north, where the appearance of the
ridges in the distance suggested the presence of a large part of the great limestone series. Going up the
e unsymmetrical valley of Boulder creek, we descend obliquely through about a mile’s thickness of the slates,
which dip to the northwest with moderate regularity before the cafion is reached at the mouth of Confederate guleh.
Turning here to the south, nearly as much more slate is passed through before coming to an anticlinal, beyond
which the strata dip for some distance rather irregularly or obliquely toward the mountains, instead of away from
them, as elsewhere.  Dikes become rather common heyond the change of dip. 1If, instead of ascending the cafion
of Boulder ereek, one follows the stage road past Diamond City and over the divide to Benton gulel, which leads
eastward down toward Fort Logan, the shaly slates are found dipping northward, and when near the low country
of Smith’s river (Deep creek) they have turned still farther, so as to dip northeast. The oceurrence of a well-proved
fault of strong throw near the month of Benton guleh suggests the probability of others between this valley and
the mountain ecenter by which the otherwise vast thickness of the slates here may Le redunced at least within the
£ not very moderate measure of three miles. The fault alluded to runs nearly along the strike of the rocks, on the
northern side of Benton gulch, and brings the trilobite limestones down opposite the caleareous Leds of the old
slates—a throw of perhaps 8,000 feet. The beds are flexed upward on either side of the fracture, but most distinetly
on the south, where a synclinal is produced, 2 or 3 miles wide, near the mouth of the guleh, narrowing westward.
Un the northern side, the limestones are upturned for only a-small distance, but the appearance of a torn synelinal
is given by a great mass of the old guartzite, which stands nearly vertical, and which must mark very closely the
position of the fault-plane, Farther north there is an apparently unbroken monoclinal, with moderate, constant
dips to the south for about b miles, the greater part of which consists of the equivalents of the old slates, here much
sandier than usual. The series is very well exposed, and unless faulted gives a trustworthy measure of over 10,000:
Teet of rocks below the old quartzite. On the north it is cut off by a fanlt of enormous throw at the-foot of the Dry
range, which brings the heavy, ragged limestones of the Upper Carboniferous down opposite these old shales. This
displacement must be in the ‘neighborhood of 15,000 feet. There is a very striking revelation of strncture in the
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grass-lines already mentioned as eharacterizing the upper slates.on the northern slope of the valley next beyond a
the quartzite; broad and narrow bands of gray and green can be traced along the surface for half a mile at a stretch;
and show & surprising number of cross and oblique faults of small throw. _ In this increasingly persistent easterly

-strilkke we have the transition from the structure of the Big Belt to that of the Little Belt mountains; and although
the latter is represented on the maps as only on the east of Smitl’s river, while the former is marked as extending
northward to the Missouri, it seems advisable to transter the description of the Dry range, which comes next beyond
the monoclinal of old slates and sandstones, to the next section,

Igneous rocks.—In the central and ligher parts of the Big Belt antielinal of old slates, dikes ahd irregnlar
masses, chiefly of intrusive granitic roeks, are very connnon., They seem to have had much influence in hardening
the rocks about them, as the fragments of argillaccous, calcareous, siliceous slates on the upper slopes ave of firm, b
almost crystalline, texture, and give a sharp, ringing sound when strnek. They may also have aided in dislocating
the strata, as irregularity ot dip increases toward the center of the mountains,  Some of the intrusives of the sonthern
part of the range, within the drainage of Deep cereck, are distinguished by quartz-crystals in double pyramids, while
the large granite boulders bhrought out from the northern massive, by the old glacier of Boulder creek, commonly
contain coarse felspar erystals, often an inch in length, Besides these and some other ernptives on upper Boulder
cruek, there should be mentioned the diabase, weathering into a char acteristie, yellowish-brown, gravelly soil, found
in the upper shales, near the old quartzite, and consequently on the margin of the mghntains, It oceurs in a similar
position in several other localities, Here it appears near Greyson and Boulder creéks, just before they flow out on
the beneh-land, ¢

- Drainage.~The streams flowing from the Big Belt range all seem to be consequent upon its uplift. It is true
that Deep creck rises well to the east of the old slate anticlinal axis, but it fails by o still greater distance to cut
acrass the range.  The present position of its source may result from a backward cntling of its headwaters.

A former lower elevation of the mountains is indicated by high, level benches, of not uncommon occurrence,
in the basing of Deep and Boulder creeks. At several places their surface i3 remarkably sinooth and nearly level
although quite independent of the roek structure below.  South of Diamond City there is a strongly-marked bench
of gravel with heavy boulders, in which gold-washing has Leen attempted, and is still continned with moderate
success; bub the present.channel of Boulder creek is eut sharply down through this wash and into the slates, 50
to 70 feet below., The channeling of the open bench-land west of the mountain toward the Missouri hag alveady
been mentioned., The unsymmetrical form of the valley of Boulder ereek—a long slope toward the mountains, €
and an abrupt slope on the opposite side—is the result of the northward dip of the slates. A gimilar form is found
on the North fork of Deep creek for the same reason,

Glacial action—After the great Dlocks of granite on upper Boulder creek had excited our surprise and
suggosted the possibility of glacial action here, we saw a well-preserved lateral moraine stretehing across a small
side ravine farther up the valley. It was about 400 feet above-the valley Lottom, and a small marsh was inclosed
behind it. No terminal moraines or seratches on boulders or ledges were found, but the lower limit of probable
glacial action was estimated at 6,000 feet. Several small'lakes are reported farther in toward the high mountain
centers.

THE LITTLE BELT MOUNTAINS. ‘
’ e

Structure~—~The Little Belt range Legins, according to our maps, on the eastern sida of Smith’s river (Deep
ereek) and extends 50 miles to the cast-southeast, with an average breadth of 20 miles. Our observations were
confined to its western part, about the mining towns of Clendenin and Neihart, in the Barker and Montana mining
districts, and here the trend of the range is much more nearly cast and west than is usunal among the Roeky
mountaing, . For this reason we are disposed to Dring the northern part of what is commonly called the Big Belt
range within the structural limits of the Little Belt, and thus give it an extension of 10 or 20 miles west of Smith’s
river toward the upper Missouri, This mountain group scems intermediate, in character as well as in position,
between the external and front ranges, and, at our line of erossing, presents several points of resemblance to the
Black hills, as may be seen by comparing .our structural section 4 with the figure in the report of the lamented
Newton. About the upper branches of Belt creek the restored structure would show a broad arch, with the axis £
nearly east and west, flattened on top into plateau form, and having dips of 5° to 15° on either ﬂa,uk. Mesozoie,
as well as Paleozoie, strata were probably once continnons aeross this region, but erosion has now foreed back the
front of the more yielding Cretaceous layers southward beyond Sheep ereel, and northward to the broad valleys of
Otter and Arrow creeks, and worn away the great limestone series to Sheep creek on the south, and across Belt
ercek at the Park below Neibart on the north. (To the east or west of our section the formations have somewhat
altered positions.) Between the limestone bluffs the old quarzxtp is exposed, lying almost flat, and, at places, is
cut through to the underlying gneiss. In addition to the plateau structnre, there is another equally characteristie,
produced by the extrusion of heavy oval igneouns masses through the stratified rocks, sometimes even to the
top of the Cavboniferous series, causing a strong but local uplifting of the beds immediately around the central core,
and giving strong topographie forms, as will be deseribed below.
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a Section 4 and its relations to the districts east and west may now be described in more detail. The valley of
Sheep ereck, where followed by the road from White Sulphur Springs to Neihart and for several miles farther up
stream, is as drawn in the seection on a monoclinal of gentle southward dip. The stream has cut the middle
Palpozoic strata down to the old quartzite, which rises slowly to the platean benches on the north, while the opposite
and bolder slope contains part of the great limestones. This limestone range is heavily wooded, and no good -
outcrops were scen from the valley; but from its sequende above the old quartzite, from its form and altitude, and
from the occurrence of Carboniferous fossils in the stream, the above inferences seem safely based. Before going
farther north, we may consider the western extension of this monoclinal. The quartzite ridge is its most persistént
element; it reaches Smith’s river in good strength, but disappears just beyond the southern flank of the Dry range of
b Carboniferous limestones, the two evidently being separated by an oblique fault, with heavy downthrow on the
north, (See Big Belt range, p. 706.) On the way here, the quartzite is three times cnt throngh by streams flowing
against its dip, but toward the downthrow side of the fault—namely, Sheep creek, Smith’s river, and a small stream
between the two. The monoclinal valley rises into two high grassy “cdls” on the back of the quartzite between the
three streams just mentioned. The limestone ridge loses its continuity opposite the quartzite cafion of Sheep creek;
south of rhe second “col” it reappears in normal position for a short distance, but south of the first ¢ col” there is
an unexpected and unexplained batte of gquartzite. When the monoclinal crosses Smith’s river, it must be cut off
on the south as well as on the north by a fanlt, for all the broad area from the Dry range nearly to Benton gulch
is occupied by the old slates, W@ have supposed, although without final evidence, that these two faults converged
¢ to the west with a narrowing area of Upper Gambrmn rocks between them, and meet just beyoud Smith's river
where the strata of this age are absent.

Returning, now, to the seetion line and crossing the pass, we follow the guartzite so far that its repetition b3
faulting becomes very probable, especially as it has only a moderate thickness between the Archsean gneiss and
the Potsdam limestones on Belt creek a little farther north, The oceurrence of faults, as drawn on section 4, is
further confirmed by the reported occurrence of what was called syenite by a local expert, just north of the first
quartzite ridge; and a fault here would very probably be continuous with the northern of the two already mentioned,
its throw increasing to the west. The quartzite distriet is not one of easy observation, as it is closely timbered or
richly grassed to the concealment of most onterops, to say nothing of the ¢“terrible torment of flies” which makes
summer work in the pine forests of the ridges almost unendurable, Where the nearly horizontal quartzite and
d overlying shaly sandstones lie at a moderate altitude, they often form open, grassy parks, of which the most
notable is a beantiful plateaun, beginning about 3 wiles west of Neihart and extending westward 6 miles with gentle
slope, until covered hy the limestones about Tillinghast ereek. The absence of trees here seems quite independent
of fires, and is doubtless inherent in the conditions of soil and surface. Pines of good size are plentiful on the
rocky slopes below and above.

On descending from the pass and the glades on its northern side, the road leads down the narrow gorge of
O'Brien’s creek to Belt ereek at Neibart, The quartzite is well exposed at several bench outerops on the way, and
a mile or more from Belt creek includes some 300 feet of soft, gray shales between its upper and lower members.
The lower quartzite is two or three hundred feet thick, and lies directly on Archman gneiss in marked
unconformity, but the exact contact was not- seen at any point. As the road descends with the stream deeper
e into the gneiss, the quartzite rises gently, and around Neihart it caps several of the mountains 800 or 1,000
feet above the valley bottom, giving a broad example of nearly horizontal strata resting on the highly Jndmul
gneiss. The lower layers here contain some white quartz pebbles, but the greater part is of fine texture. (The
moderate thickuess of this basal formation from the gneiss to the Potsdam limestones has already been mentioned,
and has led us to suppose that we are here in the neighborkiood of a Cambrian shore-line, as will be further stated
below.) The gneiss is sometimes reddish, with faint foliation and of granitic appearance, and again dark,
hornblendic, and well baunded. Some blocks found in talus slopes showed the occurrence of intrusive red granite,
not seen in place; probably of pre-Cambrian intrusion, as we could learn nothing of the granite rising into the
overlying quartzite, althongh sueh an occurrence would doubtless have been discovered Ly some of the numerous
prospectors who have searched the region for leads. The leads thus far found are in cither gneiss or quartszite,
£ and yield lead and silver ores. .

The broad, tlab structural-arch of the range rises to the east, and, consequently, the Archaan rocks are exposed
over a wider area in that direetion; and this increase is furch(,r dldb(l by a local upturning between Neihart and
Barker, To the west we found the gneiss only in the narrow cafion of Belt creek, where it cuts the guartzite ¢ Park?,
A few miles farther dowun-stream the quartzite itself passes below drainage level, and the great limestone series,
now uorth of the arch axis, forms the fine bluffy along this creek and on itg Dry fork, It was from these bluffs,
opposite the “Park” on Belt creek, and at the poinﬁ where the stage-road from Fort Benton enters the valley of
Dry fork, that we obtained our best measures of thickness and series of fossils; the exposures could hardly be
nnpxovud Farther west the base of the series is not revealed; farther east it is largely removed by erosion or
broken by eruption. Here it is exhibited in full strength, in s1mp]e and unbroken succession, and_in namerous
and easily accessible outerops. On the Belt Oreek Dbluffs we measured from the Archean gneiss up through
the Cambrian quartzites and limestones, past the barren, shaly, and sandy liméstones,~ up to layers with lower
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Carboniferous fossils, 2,300 feet above the creek. Then crossing about 2 miles to the north, the brown sandy a
limestone, that was 1,800 feet above Belt creek, was found to have descended to the bed of the Dry fork, while the
bluffs above it rose 800 feet to the heavy ragged limestones near the top of the Carboniferous. I‘mn,lly, near the
“summit?, where the stage-road passes oub to the open country, the ragged limestones run uwnderground, and are
overlain by the even-bedded barren limestones and shales and sandstones which lead up to the Mesozoic formations.
The structure has all the simplicity and distinctness that one can desire, and there remains only to regret the lack
‘of definite termination of the Paleozoic series. Carboniferous fossils were found 500 feet above the limestones
which we had considered the top of the older formations, and beyond these 800 feet of sandy shales and sandstones
were measured, and 3,000 to 4,000 feet more estimated, in which no fossils ‘whatever were seen. These latter
measures were taken from the northern side of an interesting dome-uplift outside of the mountain’s margin, north b
of Barker. Itissurrounded by what we considered Jurassic and Oretaceous roclks, but shows the ragged limestones
of the Upper Carboniferous over a circular area 2 or 3 miles in diameter at the ecenter, Asin the mountains
themselves, the dips are steepest where these limestones run underground, but are moderate, not exceeding 10 or
20 degrees, unless close to the eruptives. A similar dome structure is reported by Mr. Eldridge, N. T. 8., for a
- ¢rater-liké elavation farther southeast, near the margin of this range. In a region where orographic displacement
is generally in the form of broad, flat arches or long, straight fanlts, we are disposed to attribute these local
disturbances to the effort of incomplete massive eruptions, of which the complete form is described in the next
section.
_ Igneous rocks.~—Intrusive granite in the gneiss, probably of pre-Paleozoie date, has already becn mentioned ; c
besides this, several other intrusives of equal antiquity were suspected, but opportunity was wanting to examine
them. In the stratified rocks the intrusives had two forms—one in the massive outbursts of dacite, the other in
dikes in the “Park?” quartzite and shales on Belt creek. The latter have o thickness of 10 or 20 feef, and stand
about vertical. They stand out in well-exposed walls in the side ravines of the Belt creek cafion; the adjoining
rocks are not visibly distorted by them. The dacites form mountaing of 1,500 to 2,500 feet altitude (above the
surrounding country) and of considerable area. West of Tillinghast ereek a mountain of this origin has cross-
measures of abont 1} and 3 miles, and is notable for the oval form of its eruptive rock as well ag for the small
disturbance it produces in the adjoining rocks. It seems to be a vast chimney or “neck”, from which the former
filling of stratified rocks has been forced out by the thrust of the eruption; and where examined on the south, east,

and north, the adjoining Cambrian strata were, with an insignificant exception, found to change abruptly from ¢ -

the nearly horizontal position in the surrounding country to dips of 30° to 70° away from the contact—the breadth
of this disturbed belt varied from 100 feet to one-quarter of a mile or more. A similar relation of the igneous und
stratified rocks was noticed on the northern slope of the range that extends from the ““summit” of the Fort Benton
and Barker stage-road to the bridle-trail leading northward fram Barker. The Upper Garboniferous limestones
stand in steep triangnlar patches against the slopes between the ravines leading down from the marginal range of
the Little Belt mountains; but here we were unable to define the shape of the igneous area. The date of the dacite
eruption is certainly post-Carboniferous, and very probably agrees with that of the mountain uplift. There was
nowhere any sign of eruptive overflow.

Drainage.~The streams in the mountain region generally flow away from the higher part of its arch, so far as
examined, and may therefore be considered consequent; but Sheep ereek and Smith’s river have alres ulv been ¢
referred to as flowing across the old quartzite ridge against its dip, and as the latter crosses the entire range and
empties into the Missouri on the north, it especially may be of antecedent origin.. Another interesting case, bub of
mueh smaller size, is seen on the southwcbtcrn side of the dome uplift of ragged limestones above mentioned, where
a little stream from the higher range runs on the limestones from the south, cuts a cafion 100 to 200 feet deep across
them, like the chord of a 60° are, and flows out and away on the west.

No signs of glacial action were found in this range.

THE HIGHWO0OOD MOUNTAINS.

Structure and rocks—The Highwoods preseht a good example of one type of the external ranges. They stand
completely isolated in a surrounding of nearly horizontal late Mesozoic rocks which make a dry, open, somewhat €
broken country, above which the peaks rise 8,500 feet. The group is about 15 miles long east and west, and 12
miles wide. It consists, where wo crossed it at Highwood gap, near the middle, of slates or slaty sandstones,
nearly horizontal or irregularly tipped to a moderate dip which seldom exceeds 259, cut and indurated by numerous
dikes of varied composition, running in all directions, standing in all altitudes, and frequently intersecting one
another; 5 to 10 feet is a common thickness for the smaller ones; 100 or more feet for the larger. No massive
eruption was found on our line of observation, though such may occur among the higher mountains. The dikes
often resist weathering less successfully than the adjoining slates that they have baked and hardened, and
consequently are not always well exposed ; indeed we found it difficult to obtain proof of their relative ages, so
generally are the ihtersections covered. In some cases they stand out like walls, then making serrated ridges if of
large size, but more generally their position is marked by faint outerops, of by lines of greener grass than on the

w
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a neighboring slates. Looking from the peaksnorth of the pass the grass-lines on the foot-hills reveal very clearly
the great number and varied attitude of the dikes. About two miles southeast of the pass there is a mass of
volcanic conglomerate 200 or 300 feet thick, composed of rather coarse cobbles of dacites, nunlike the many eruptives
of the range, but allied to the massive eruptions of the Little Belt monntains,

The shales and slates present no notable features; they run throungh the common varieties of color and
composition, the colors being gray, bluish, and brown, and the impurities consisting chiefly of fine sandy material.
There are no well-marked layers serving as indices to faults and folds, so that little can be said of their position..
They apparently overlie the Cretaceous south of the range and the dark (Benton) shales which soon appear in the
couldes to the north,

b Drainage~On account of the absence of strata of effective hardness and of mastel dikes there seems to be no
system or regularity in the form of the mountains or in the arrangement of the valleys. The former cnlminate in~
ridges and rounded peaks, from which serrated spurs wander out to the lower country. The upper valleys are all
steep-sided, \/-shaped, and withont benches; evidently the processes of deepening and widening are here going on
together, and there is no evidence that these upper streams have ever reached a base-level of erosion. The lower
valleys—for example, that of Highwood creek—show on the other hand a distinet flood-plain between well-marked
benches or terraces that are quite independent of the roelk structure, and thus prove a former relatively lower level
of the mass, preserved long enough to allow the streams to cut down their channels close to the then base-level of
drainage, and accomplish something of the widening of the valleys by lateral' cutting; all this followed by a general
¢ uplift which restored the deepening action of the streams and enabled them to cut cafion-like clefts in their old
flat bases; now succeeded in the oufer valleys by o second period of lateral entting. Where Highwood vieek leaves
the mountaing it has already widened this newer cafion into a flat-bottomed valley broad enough for cultivation.
The higher benches also yield good grain-crops wherever water can be carried over it from the upper streams.  The
elavation indicated by these benches is in the neighborhood of 100 feet.

THE PLAINS AND THE MAIN RANGE.

The journey from Iort Benton, on the Missouri, westward across the plaing and over Cadotte’s pass, on the

main range of the Rocky mountains, gives a beautiful example of the gradual change of structure and topography
encountered in going from one of these great geopraphie types to the other.
d The plains from Fort Benton to Stn river consist of essentially horizontal Cretaceous strata, with gently-rolling
surface, Iixcepting near the rivers and couldes the local relief is seldom more than 30 to 50 feet in a wmile, and this
ouly in undulations of great breadth. The drainage lines are of older and newer origin. The older are seen in
the broadly-open, flat depressions extending with curvature of long radius for miles across the country, followed
by insignificant stréams, or sometimes sinking into faint basing for very shallow alkaline lakes or sloughs. All
these we consider the work of & river system now extinet, a system that, when in activity, cut and carried away
an unknown thickness of overlying strata and brought the original surface down near its base level of drainage,
thus producing the comparative smoothness of the existing plains. But later, and very probably at the time when
the intermontane lakes were formed, the rivers of this old drainage system were turned from their flat courses by a
tilling and elevation of the country, and then the second and still-existing system of drainage was instituted.
e The large rivers, such as the Missouri, have eut deep, but comparatively narrow and steep-sided trenches, often
in soft rocks, to 400 feet below the old level; but the work thus far accomplished in this new altitude is a very
small share of what can be done if the existing elevation above the level of discharge be maintained. On the
Missouri there is evidenes of o pause in the assumption of the present altitude in the existence of a broad bench—
which seems to be a temporary “base-level” held during the chan ge of altitnde—=250 to 300 feet above the river;
but on the Teton, where seen, about 25 miles from Fort Benton, this intermediate beneh is not visible, Keeping pace
with the deepening of these larger channels, the small lateral streams have cut ramifying ravines in the river
banks, making a very rough, almost impassable country, from 1 to 3 miles wide, known as “the breaks”; and still
smaller streams, probably following new directions since the last tilting of the country, have cut distinet, narrow,
but shallow channels on the steeper slopes of the old eroded surfaces. In general the vew drainage hucs have
T channels proportional to the volume of their wet-weather streams, while the broad old channels are either dry or
swampy, or are followed by streams of comparatively small size. Where they hold shallow lakes the basing may
plausibly be aseribed to the obstructive action of new streams depositing their alluvial deltas in the old channels.
The thickness of strata destroyed in earving out the present general surface of the plains can only be inferred by
an extended study of the Cretaceous strata over a broad region; ahd this we have had no opportunity of making.
But the Highwood and Crazy mountains probably give a minimum measure of 3,000 to 5,000 feet of erosion on the
couniry around them, and the plains are therefore to be regalded as plaing of dcnudatlon cut down to an old
base-level of erosion,

The drift of pebbles and boulders that occurs plentifully over the plains is of peculiar interest. We
encountered it first on the plains north of the Highwood range to the Missouri, and again on-the way from Fort
Benton nearly to Sun river. It may be subdivided into two classes, of which one consists of smaller, well-rolled
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stones, 6 to 8 inches in diameter, commonly of hard gray, yellow, or purple sandstones, or sometimes of gneiss, a
generally associated with 5 or 1() feet of fine (yellow), apparently bedded clay, and spreading over the lower bench
(250 feet over the Missouri), as well as on the higher level of the plains. The other class of drift includes the
angalar and subangular and occasionally seratehed stones and boulders of all sizes, up to 2, 3, 4, and even 5 feet
in diameter, mostly ot red or gray granite and gneiss; also of fine, firm sandstones, lying, so ﬁu‘ as fourd, on the
surface of the ground. Section exposures. were uncommon, and henee we have not full assurance of the constancy
of these characters. It is noteworthy that the drift does not extend across the higher, rougher country west of
Sun river to the foot of the moeuntains, and that the sonrce of the large granitic boulders, at least,.is not to be
looked for in the mountain ranges of central Montana, They come from the north or northeast, not from the west,
aud should e associated with the numerous heavy boulders of the plains west of the Missowri at Bismarck; with
the boulders described by Dr. I. C. White on the Yellowstone; and with the drift along onr northern boundary B
“as described Ly Mr. G. M. Dawson. In view of the thinness of the drift-deposits, and the absence of those forms
of drift commonly. found farther east where wo suppose land:-ice has acted, we must ascribe this drift of the plains
to the action of running water from the west and toating ice-bergs from the east, not fo o land ice.sheef. This
implies great changes of level since the dritt period.

The plains are absolutely treeless; but on the flood-plains of the larger streams there is u plentitul growth of
Jarge cottonwoods and small willows, wild cherries, and various bushes. Grass is generally excellent, but there
are broad areas where it cannot be pastured on account of the distance to water, ITay is cut by machine for the
stage-stations at $12 a ton, ,

The strata maintain a nearly horizontal position beyond Sun river, and the first clear sign of disturbance is ¢
the appearance of eruptive rocks—chiefly basaltie—about 6 miles sonthwest of Sun river crossing, or Fort Shaw.
They oceur as sheets and ag dikes, and frout both a minimum measure of the erosion suffered by the plaing here
wan be obtained, The sheets form typieal mesas, as in Table and Twin buttes, between-Sun river and Bird Tail
creek. The hard strata of basalt heve are 200 or 300 feet thick (600 to 800 feet above the surrounding country),
and seem to lie conformably on their pedestals of horizontal Cretaceous beds, as if of contemporancouns overllow
origin, a supposition econfirmed by finding a Leavy bed of basaltic conglomerate in the Sretaceous series some 15
miles farther west. W may, therefore, believe that Cretaceons times witnassed voleanie aetivity in the neighborhood
of the mountains. ‘

The dikes of basalt arve of all sizes, and exert all grades of inflnence on the topography. Being, as a rule,

“distinetly harder than the adjoining strata, they stand up in ragged, servated ridges, most commonly with a d
northwesterly trend, and a nearly vertical attitnde when their dip is determinable, They are very numerous east
of the Dearborn river crossing, and have their finest development in the Bird Tail butte and several other similar
sharply outlined ridges south of the Fort Benton-Helena stage-road, where their width may be at least 1,000 feet,
their heighit above the adjoining valleys 800 feet, and their visible length about a mile. Four of these buttes arc on
a straight line, about five miles long, and seem to be points of stronger outbursts on a single fissure of varying
width. All the submountainous topography of this region is due to the presence of the eruptive rocks; the
sedimentaries still lie essentially horizontal until near the Dearborn river, and the smooth surface of the plains would
undoubtedly extend 10 or 20 miles southwestward of its present limits if its erosion here has not beeu locally retarded
by tha hard dikes and sheets. When the erosion began the Oretaceous strata must have been at least as high as,
and probably higher than, the present summits of the buttes and mesas; so we may infer a subsequent denndation e
of at least 1,000 feet over all the neigliboring plain country. The contemporancous erosion over many of the
adjoining mountain ranges must have been certainly vastly in excess of this measure, the difference in the two
amounts being most likely due to their different altitudes above the level of drainage discharge.

The relation of the several features of the plains now deseribed is of importance. Their comparatively smooth
surface is not a form of original deposition, but results from the denudation of a broad sheet of strata, as is shown
by the attitude of the mesas and dikes. There is overy reason to think that this denudation is the work of rain
and rivers; but in order that these agents should produce a smooth surface they must perseveringly aet until ‘their

valleys mden and consume the intervening hills and reduce the surface nearly to the base level of erosion. It thus
follows that the present elevated surface of the plains stood for a long period through Tertiary and early Quaternary
time close to the level of drainage discharge. The same conclusion is suggested by the broad distribution of ice- £
rafted boulders of northeastern origin, Subsequent to the general erosion and to the importation of the boulders,
the plaing gained their present elevation. We are, therefore, led by two independent lines of evidence towaxd the
same series of events iu the history of the plains,

After passing the main stream of the Dearboin river, the eruptive 1ocks decrease in strength, and their
topographic foree is replaced by the tilting of the bedded rocks. Cross-section 8 shows some moderate dislocation
before reaching the river; but on crossing the Dearborn anticlinal, a distiuet westerly dip is maintained almost
without interruption 15 miles across strike, up the Middle fork to the divide at Cadotte’s pass. If there were no
repetition by faulting, the beds lere seen would measure 40,000 feet. DBut repetition by faulting must necessarily
oceur, {or the coal horizon is passed at the Dearborn, and Cambrian slates occur in the main ranges; the difficulty
in the case lies in determining the lines of fracture. Nearly all the beds are without fossils, and, before reaching
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a the mountains, broad areas of flat bench land are covered over with stony “ wash” in which outeroppings are very
rare. We have, therefore, to offer only a very general explanation of the mountain strueture. The Upper Cretaceous,.
probably repeated by faults, may be considered as reaching up to Gillette’s winter ranch, 6 miles beyond the strike
of the coal cuterop. Here a projecting spur, sontheast of Middle fork (not shown in section 8) is found, capped with
hard sandstone, shales, and thin limestones, and flanked with greatly shattered masses of heavy limestone, in which
the dip is very indistinct. This we have interpreted as marking a fanlt of enormouns throw, by which the Cambrian
quartzite and trilobite limestones are lifted up against the Upper Cretaceouns; the uplift must measure 15,000 feet
or more. The shattered limestone is probably Upper Carboniferous, caught in the fissure. The line of dislocation
marking the separation of newer and older rocks does not, at this point, run with the prevailing strike of the
b district, but bears obliguely to the west, for the quartzite spur does not reach the Middle fork, and a ridge of the
same quartzite, repeated a little farther southwest by a strike-fault of moderate throw, is ent off a little northwest
of the stream. This quartzite ridge (see section 8) is overlaid by the same shales and thin-hedded limestones as
. were found on the spur; and although no trilobites were found here, even after much searching, the strata may
pretty safely be regarded of Cambrian age. No higher rocks are found, for another strike-fault, again with aplift
on the west like all the fanlts of this side of the mountains, brings up the variegated slates of the Lower Cambrian,
which continne with fanlt-repetitions to the snmmit of the range.

An easy and well-marked Indian trail leads over Cadotte’s pass, a continental divide, at an altitude of about
7,000 feet, and then descends south and southwest to the headwaters of the Little Blackfoot. The surrounding
c momntains reach a height of 9,000 feet or more, and are all composed, from valley bottom to smnmits, of the
~ Cambrian strata. A mile or two after erossing the pass, the beds lose their southwest dip toward the axis of the
range, and become horizontal, and a little further are elevated so as to dip northeast. Going down the Little
Blackfoot the exposures soon become very poor, but when seen the northeast dip is still maintained, and the rocks.
could be better referred to the Cambrian than to any other formation, even beyond Lincoln, twenty miles from the
divide. The upper part of the Little Blackfoot eafion, just below Lincoln, our farthest point southwest from the
pass, still retained the mortheasterly dip, and was still of slates and slaty limestones without fossils, The main
range may therefore be regarded as a broad, flat synclinal of the oldest bedded rocks, repeatedly broken by fanlts
generally parallel to its axis, with downthrow on the outer side. This structure is in marked contrast with that of
the Big Belt mountains, and indeed is quite opposite to the conventional structure of & mountain range; butaccording
d to Mr. Pumpelly’s observations, it persists for several hundred miles to the north. Within the mountain region
eruptives appear but seldom, the Cambrian diabase being noted only in a few places.

Drainage—The streams are here abount square with or parallel to the strike of the rocks, and the eross-s{reams

flow away from the synclinal axis on cither side of the range. It may therefore be supposed that a longitudinal
elevation was first formed on the mountain-line, determining the water-courses, as well as giving the Cambrian roclks
here their considerable elevation; and that, at some later time, lateral uplifting and faulting produced the well-
marked synclinal structure, but withont sufficient violence to displace the streams.  Old base-levels, cut by narrow
stream-channels at many points, mark recent massive changes of elevation,
, Local glacial action.—On descending the southwestern slope of Oadotte’s pass and joining the upper waters of
the Blackfoot, we passed the meadow of an extinct lake, now occupied by many beavers, and camped on.a moraine
e Darrier, about 6 miles from the pass. The moraine had numerous quartzitic stones that we had not seen in place,
and many of them were well seratched. Good exposures of unstratified dritt were seen in some fresh stream-cnts.
It was at first supposed that the glacier which formed this moraine had come from the neighborhood of the pass;
but further examination of the distribution of the drift, and its absence from the valleys near the main divide,
showed that the ice-fields had been to the northwest instead, where the main range rose higher,and whence the glacier
had followed Iateral valleys down to the Blackfoot. Other moraines were seen near Lincoln. About Cadotte’s.
pass there was no snow on the surrounding mountalns in August; zmd on the eastern slopes no local glacial action
wag observed, .

£
APPENDIX A—REMARKS ON THE FOSSILS IN THE FOLLOWING LISTS.

By R. P. WHITFIELD,

There are four prineipal horizons represented among the following lots of fossils, namely, Potsdam or Primordial,.
Lower Carboniferous, Jurassic, and Cretaceons. The species of Potsdam fossils represent only one horizon or bed,
so far as can be determined from the imperfect material. There are probably not more than three, or at the mosb
four, species present in the whole, and I think most likely not more than two good species, as some of those marked
as new () may possibly be the young of the larger forms. Still, with nforé critical study and eomparison than is.
possible by looking over a single lot at a time, as I have had to do, there is much ehance for error from recollection..

The Lower Carboniferous may be all of one horizon or bed; but there are evidences of more. In some of the
lots there are forms which more properly characterize the Keokuk horizon than others. Of this kind Spirifera
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striata may be said to be the most marked one. Spirifera pseudolineata, Hall, is another, and is present in only a @&
very few lots. A second horizon is very much better represented in forms which are the same as those which are
-found in the Spergen IHill beds of Indiana and Illinois. These beds hold a position higher than the Keokuk heds,
and as represented here would be equivalent to the Warsaw and Saint Louis horizons of the Mississippi River-
region. Many of the lots which contain several of the Spergen Hill species also contain forms which are more
characteristic of the Chester limestone horizon. These contain the Productus pilciformis, McChesney, and Spirifera
setigera, Hall, though it is possible, and even highly probable, that in this set of localities these forms all exist in a
single bed or in a series of beds withont zo6logival unconformity. - A third set of lots I would call attention to, viz,
those in which Strophomena rhomboidalis oceurs. This series possesses features that would seem to ally its horizon
more distinctly with the real Waverly group—Xinderhook group of Illinois Geological Reports. These beds b
appear tb lie at the base of the Lower Carboniferous series, and it wonld be interesting to know if at these western.
lJocalities they hold a similar position, or if the Strophomena passes entirely through the Lower Carboniferous
formation.

There are a few of the fossils in these Lower Carboniferous layers represented which need ])H.I‘tl(}lﬂdr mention
in consequence of their peculiarities. Among these the Streptorhynchus, found in so many of the lots as to be nearly
universal, is a most.puzzling one. Among the individuals represented in the collections there are specimens which.
might be classed under several names. But as the forms of this genus are 80 very variable wherever found, I have
not considered it of sufficient importance to indicate them Ly specific names in many, other than the first examined
lots, and I think it more than probable that if the lots from each locality were collected together it would be ¢
found that all the forms are present from each of the distinet localities. The forms to which I refer represent 8.,
(Orthis) cquivalvis, Hall, and inflatum, White & Whitf,, S, (Orthis) Keokuk, Hall, and 8. kaskaskiense, McChesney,.
and 8. (Hemipronites) crassum, M. & W. The first two are from the Waverly of the Iowa seetion, 8. Heokul from
the Keokuk limestone, 8. kaskaskiense, McChesney, from the Chester limestones, and 8 crassume, usnally found in the
true Coal Measures, though recognized by Meck as common in the Chester beds both in the Mississippi valley and
in West Virginia. Spirifera centronata, Winehell, is also a form which rans through most of these lots. . In the-
Mississippi Valley region it characterizes the W werlv, and is seldom found above that horizon, but here it seems
to be common everywhere, and I have found it to be the same in the Black Hills collections both from Captain
Ludlow’s expedition collection 'md from these brought back by the expedition under Henry Newton and W P.
Jenney. d

There secms to be a remarkable absence of forms wlngh characterize the Coal Measures of other regions of the
Rocky monntaing, This is more particularly ﬂm case than among any collections which I have ever examined from
thiz range of mountains.

The Jurassic species fmpefu' to be all from a single horizon, and might be supposed to have come from a single:
locality as far as any diversity of character among them is concerned. An absence of the sandstones so abandant
among the Black Hills Jura is a remarkable feature.

The Cretaccous fossils are apparently all from a single horizon, and wonld be classed as No. 2 generaily,.
although they partake somewhat of No. 3, so that I am inclined to think thaf both horizons are here blended
together.

List of fossils from central Montana, determined by R, P. Whitfield. e

[Tho numbery of sections and fossil Joealities hore given agreo with those on Mr. Davis' Figs. 238 and 239.]

Section, ) Deseription. Formation,

Number.

1. Yellowstone Lower cafion......... 1 | Cast of Oatren or Gryphen coeeeviiiniiranncsens Crotaceous, 2 or 8,
TImprint of Inoceramus undabundug ...ouavn.nn.
2 | Camptoncotes extonuatus, M.?.......... .| Juraasic.
Camptonectes bellistriata, M. & T
GervilliaMontanen sia, B3 L) @

Pinna, sp. nov
Grammatodon inornatus, M. & H ......
Lucing, 8p. n0v.........-
Tanoredin? sp, undes , .
Pholadomya Kingi, Mt'rk 1 .....................

Ammonites cordiformis, var, distans; and afrag-
ment.

Mytilusg Whiti, Whith f.o.eoenvnnnanin oo
Tomomyal 81, BOV cvvvee ivimnrvnneiacisesrsaren
$ ,like Tellina; gen, and 8p. 1OV ... .vvvuenn
Ostren strigitoenls, WHitG v vvecas vt ireerannn.
Plenromyn subeompressa, Meelk; M. & H ......
? ,liko Perna; gen. and sp. DOV, ereerennne
Pinna? fragments. ..cooeeiiiiiiinierinnennaaes
Volsella subimbricata 3 M
Pecten ? fragment of o large costated 8p veuen--.
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List of fossils from cenlral Montana, determined by R. P. Whitfield—Continued.

Section.

Deseription.

Formation.

1. Yellowstons Lower cafion ........

1 A, South of Muir............

2. Flathend pass, Bridger range.....

3, Wall mountain......cveaeuan ...

] Number.
o

i

[

=1

o0

=

1

=

n

| Trigonia Mountanensis, M. 7; fragment ..........

Trigonia, 8D. NOV...uuuunnnne N
2 , Bivalve; gen, and sp B0V .cveneviiiennns
Covbula, sp.1...... eneevaeaner i raaans s
1 , two new forms; gen. and sp. nov
Gonionya Montanensis, MoK «.o...o.....oeenes
, allied to Gondomya ; 8P 0OV +ucevenannne.
-, allied to Goniomye; gen,and sp.nov ....
yallicd to dstarte Paokardi, White. ...
! Naticops, sp. ?; internal castue. ...ocveuven. ..
i Echinold, new f0rn. .vvu'ueeeessienns ceeeannnes
SYPIDGOPOrE «ovvs i ini i et

Conuphyllum, like ¢ Sedaliensis, Whito .......

Spirifera Roekymonfanat .ccvvvevieann.von .-
One specimen with Grammatodon inornatus, M 4§
Streptorhynchus, fragment very large .........

Spirifera ecentronata, Winchell. ... ..........
Pinna Lakesi, W, .. euinniinin P
Tuogeramus umbonatus, A, & W9 ...
Inoceramus problematious ..o.o..coevveeiin on.
Inoceramus undabundus..oeeeeereiaanmnnnanan.
Tnoceramus, fragments . ...... e penens
Ostrea congesta, Con, ?; poerhaps a Gryphma ..

s resembling Moetre Stouxensis, Meek . ...
Ostrea strigilecula, WhHito vovees overiinnen o

Ostrea or EXogyra, 8p.? .ovavevnenn. ..
Natica, sp. ?; imperfoct casts ....co.vvviiiinne,
) like Tun:itell:\, [ch11:11: S
Exogyra, sp. ?; possibly young of Ex. costata. . ..

Gryphea, probably like @. vesieularis, Lam.
(Meek.), but move likely an undeseribed spe-
cios, as it i3 not vesiculogo,

T

|, Gyrodes depressa, Conr.....ooveeeiivviiienss

Ostren congesta, CONT ..covmmevvrencnunn Cemdal
Pteria, sp. ¢; Yke Pt. Unguiformis..........- e
Pholademys Berthoudi, White........ .
Naticopsis (Gyrodes) depressus, M, & I.......
Glycimeris Berthoudi, White...............c....

Panopea or Glycimeris, possibly young of GL
Berthoudi.

Bivalves, indeterminate ..ooooiiiin. oL s ..
Spirifera Rockymontana, Marcou
Athyris subtilita, Hall

Crinoidal fragments ...... .
Syringopora, as in (3).
Fenestella, 8p.8..coiiiii it iin,
Stictopora, as in {18), (34), (83)
Spirifera centronata, W.._..
Spiritera, like Rockymontana
Athyris, sp. indet.........
hynchonelln mutata, B
Platycrinus, sp. like (10)
DBryozoans

Spiviferina spinoga, fragment ..
Platyeeras, ap.?; like P, qeutirostris,
Protueins Rogersi, N. & P.
Syringothyris. ... oL
Zaphreniis centralis, Td, & I 7 . ..
Streptorhynchus, as in others
Spirifera siviata, Sow.... ... ocoii oLl
Streptorhynelns, as in-others
Productus, like 2, hirswtus, ..o ooeo . ...
Productns, lile P. elegans, N, & P
Spirifera centronata, Wineh
Spirifera setigera, B ... ..o L. beman
Spirvifera lincata, Mart. ...
i Orthis Michelina. .

Loose fragments; Lower Carbonifor-
oug, with last spocimen Jurassio,

Lower Carboniferons,

Cretaceous, 2 or 3.

.| Jurassie.

Horizon of Coal Mensures, lut in
Rocky Mountain vegion often in top
of Lower Carboniterous.

Lower Cdrboniferous.

Should be Coal Measures,
Lower Carboniferous.,

Base of Lower Carboniferous. Waverly.

Lower Carbouiferous.

=




RELATION OF COAL OF MONTANA TO OLDER ROCKS.

List of fossils from central Montana, determined by R, P,

Whitfield—Continued.

Section.

Nupmber.

Description,

Formation,

8. Wall mountain. cueeunaveee... cames

Section 4. Little Balt, west of Barker-

12

)

16

17
18

19

Chonetes, sp.? .-........, g tmeremembiinasyeenans
Productus, email sp., as in (19), (20), (18)........
Productus, like P. Nebrascensis, Owen, but flat..
Tenestelln, asin (34), (35), (28), (19), (18)...uener
Stictopora, as in (34}, {35), (18)....
Tramatopors, sp. undeser ..
Crinoldal remaing
Productus, sp. nov,, as in (19), (20)..
Productus, like P. Nebrascensis, Qwen..
Spirifera centronata, W, ..
Spirifora setigera, IT . .oooeviiiiiiienaeiciann
Orthis, sp. ¢ young of O, Mickelina? ..vcvenrnen.
Streptorhynchus, ag inothera.... ..ol aens
Chonetes, liko Oh. planumboneg, M. & W ........
Lumetria Vormeniliana, ... .oeeneann.. POV
Rhynchonelln wutata? ool Cremmesmnn
Terebratuln turgida, H..oeooiantians [P
Lithostrotion? ...... J Ceeemrreneaan
Cyathoxonia, 8p, undeser v e
Productus semirctienlung ¥.....oooonoil.
Produoctus semiretienlatus ¥ Mart, variely......
Iroductus, like P. Indianensis, . ........ tevman
Athyris sublamellosa, TL$....... eearecareina
Platycoras, hke P. symmelricus...... .. PR
Tlatyceras acubirostiis, L V. oooeencicioniiun
Orthis, spaindet o oovee veeniiiiiiii i
Spirifera contronata, W..iverrianvenanai, veeenee
Sp. pseudolineats, H.ovveiinniiiiiiiiiiimnanen
Sphrfern strinta, Mart...ooviniiienniiaininne
Sp.sétigern, L. vl aees prsnemanan [ inane
Eomotria Vernceniliana, H....... [ vens
Rliynehonella mutate, H.....oo. e P
Terebratuln turgida, X .............. PPN
Crinoldal remaing...oovvenniinanan s, Nevarusnnas
Stictoporn, sp, undeser ........
Glavceonome, as in other lots, ..., reavemamna,
Orthis, small, like O. Micheling....c.coooen oont
Strophiomenn rhomboeidalis, Wahl.we.eooooon.s.
Retzin punctplifera, Shum ... ...... ceas
Aviculopecten, ap,bovae-eiiiiiiinannns
Allorisma, 8p, ¥ ..ol conns eeree eveeeiaans .
Schizodus, 8D 4 ceiee it e iareaeaaes
Zaphrentis, sp.¥....o..... e mmees

:Orthis, imperteet, like 0. Micheling, D K.......

Streptorhynelius, large, sp.f... oo ooiaiia
Strophomena rhiomboidalis, Wahl .........cu.e.
Produetuos, lico P, spinulicosta, H . ... ... e
Produetns scmiretienlatus, Mart ooveee el

Spiiifern centronate, Winch......... e reaesines
,like young of Atrypa retioularis, cast ...
Euompualus, sp. indet..caeeioiaian caae
A single shell, liko Obolella,ooveen .t oiuianaens.
Fragments of trilobites...oovovniee iiinils
Conecophalitea ... .. N revvareaan,
Lingulay,sp.f.aeiiiieien [ feeiaes PR
Productus tenunicostatus, IL9...... P
Fenestolln, sp. Nog, Land 20000 covveivnnnes
Stictopora, like Spergen Hill, sp ...........

Rhynchonella mugatn, oo, .. yaens .
Productus tenuicostatus, ...l
Athyris trmueleatn, IL.ova oo i ceeaean S
Euwmetria Vernenilinna, 11 . .
Rhynchonella mubate, ILE.........0 O,
Tarebratula turglda, ...l Ceems
Allorisma, sp. undes. ¥; allied to A. sinuata,

MeCh,

A Dold limestone blut on Dry Fork, Belt creel,
G miles below DBarker, yietding fossils, col-
lected in groups, as follows:

Ahont 360 fcet nbove bage:
Michelina expansa, White ..........coe...

Orthis Michelina, L'Eveille. . ........ e
Productus, sp. clogely resemb. > hirsutus, Iall.

Lower Carboniferons, probably low
down, but containing evidence of
higher beds aa well,

Probably very base of Lower Carbon-
iferouéa, but hasa decidedly Devonian
aspeeb.

Potadam 1

LoworCarboffiferous, Some of theso are
marked like Spergen Hill beds, In-
diana, and Warsaw and Saint Louis
Hwmestones,

. -1 Lower Carboniferous, with a decidedly
Streptorhynchus, resemb. 8. O hemunyensis, Con |

Whaverly aspeot in some of the lots,
n¥prouu ing Devenian, whilo many
of tho fossils indicate o Keokuk and
Warsaw limestone horizon,

715
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MINING INDUSTRIES OF THE UNITED STATES.

List of fossils from central Montana, dete%mincd by B. P. Whitfield—Continued.

Section.

Description.

Formation.

Seetion 4, Little Belt, weat of Barler.

— } Number.!
L]

Productus, sp. 79 small species, probably nnde-
acribed.

Spirifern centronata, Winchell
Crinoid stems and plate, Platysrinus?. ...cooenen

About 220 feet above hase:

Streptorhynchus, a8 above.ev. . cvaniiieeneaa,
Chonetes Xlinoisensis, M. & W . ..coooiieiianns
Spirifera centronata, Winchell ......ooo.. .o wan-
Spirifers setigera, Wall....Lo.......... veneemsans
Spiriferina spinosa, N. & P ..ooiveiiiaes cenan
Abont; 200 faet above hase:
Plates of Crinoides, Platyerinus®........ ... vens
Streptorhynchus, as sbove....... Ceiresasana .
Chonetes Tllinoigensis, M. & W..... Ceneemes .
Spirifera centronata, Winchell.... ....c.v.eenen

Eumetria Verneuniliana, Hall. ... ......... .
Rhynchonella mutats, Hall? ...

Prodnetus semiretionlatas, Mart, ... Cemean
Productus, small apecies ns in No. 1........ veans
Bellerophon, sp. 7; internal castonly............
About 170 feet above base:
Streptorhynchus, aa above ......oeeniiaat.
Chonetes Tllincigensia, M. & W._.ooooiiivniiane
Spirifera setigirn, Hall.......oooiivriiniinaanns .
Spiriforina spinosa, N. & Poooivnieaniaaien .
Athyis, sp. too peor for determination ........ .
Teoreliratula formosa, Hall ... ...cevrnanne -
Zaphventis, 8p.; Z. centralis, B, & Haime? ...
Crinoid coltmNE .vrvvverintiniciavrcaivurnonnns

Streptorhynchng, somewhat resembles 8, cras-
sum, M, & W,

Productus semiretienlatus, Marb. coaveenns vennes

TProductus pileiformis, MeChes. ... oo -

Productus, sp. allied to P. Nebrascensts, Ovwon ..

Spirifera centronate, Winchell. ... oo v,

Spélri{’i:«x-m sotigera, Hall, ves, 8p. pseudolineata,
all,

Athyris hiranta, Hall ... cossamnnd
Tumetria Verneullinna, Hall ..._....... Srevasue
Rhyynchonells, sp, 5 new form....ooavans.n R
Platyeerts, 8D 1. cvvenricndoercinnrenes

Plenrotomaria, 8D, NOW . coiii i iiieivn vaannras
About 180 fect abova hase;
Streptorhynehus, as in fleat ..., ... S
Chonetes Illinoigenais, M, & W.__.....
Productus semiretionlatus, Mart .......
Spirvifern setigers, Wall ... ...l
Eumetrin Vorneailinna, Hall
Fifty to 100 foct: .
Zaphrentis, sp. resemb., Z, centralis, BQ, & H ...
I’ll%ttrycrinns, 8p. new; simeo as plates in other
8.

Polypora, 8P.? cooere i e [N
Fenestelln, sp. . oo il cols e etraaceean
Glaneonome, 8D veee e temmanraenarannes ey,
Strophomena rhomboidalis, Whal...o.oo.aa.....

Productus pileiformis, McChes -.veeivaas: canass
Productus semiretieniatug, Mart ....... ..o,
Prodnetus, sp. t resownbl. P Nebrascensiz, Owen.
Spirifering spinesn, N.o &P .. i aas
Bumetria Verncuiliana, Iall ......ccovveeanan..
Athyris hirsuta, Hall®o ooooiiviiiina.
Terebratula formosn, Hall ... . .coooooo..L.
Euomphalus laxus, White
Loxonema, sp. ? -
Chonetes, sp.? resemdl. €L planumbona, M.&W ..
Streptorhynchus crassum, M. & W, 7 ...
Productus Nebrascensis, Owens.......

Prodnectus Prattenanus, Norwood? ..
Spirifers centronata, Winchell.......... ...,

Spirifera (Martinia) lineata == ?
Sh.

This lot always appeared to me fo have
been mislabeled, us it aocords so well
in its Bryozoa with lots from a dif-
ferent locmlitk Otherwise it agrees
with these, P. W.
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RELATION OF COAL OF MONTANA TO OLDER ROCKS.

List of fossils Jrom central Montana, determined by E. P. Wiziﬁ/c‘eld——Gontinued.

Seotion,

Number.

Descripiion,

Formation,

Section 4, Little Belt, west of Barker..

5. Little Belt mountains, Otter oreck.

6. Big Beltmountains, Benton gulch. .

7. Big Beltmountains, Boulder creck.

20

21

22
23

24

25

26

27

| Ruynchonells mutatn, H..

Athyris, sp, liko A. subfilite, Hall ....cooviueuan
Athyris, sp. 1 liko A, planosulcata, Phil.........
Syringopora, 8P, F..viiiii i iarrraaaes
Chonetes plannmbona, M. & W7 o oiveomiienn.
Produetils, 80 ? eeneer cieet it iiiresie e na-
Spirifera, like S. striata, Mart ... ee coevn-vennns
Spirifern Rockymontans, Mareou veueeeeerennns
Rhynchonella, sp.%.cenesaee...
Tervbraiula formosa, Hall ...
Platyceras reutivostris, Hall
Zaphrentis, sp. $ like Z, centralis, d. & H......
Cyathophylloid coral, genus undetermined .....
Lithostrotion, 8. ¢..ceremuieenrermniiasnennnaes
Spirifors, sp. 1like S, Rockymontana, Marcou. .-

Spivifera? possibly dorsal value of u Syringo-
thyris, sp. ¢

Naticopsis or Eunomphalus, very imporfoct. .....
Streptorhynchus, as in other lot8...cc.ooeiuaens
Chonetes Illinoisensis. .. coovennrvaaatans Cennean
Chonates, like 0. pl b
Productus, lke P. Nebrascensts, id, like (19)....
Productus semiveticuldtuy, Mary
Spiriferina spinosa, N. & P......
Zaphrentis ceniralis, Bd. & M. 'I
Tenestellofds ..oocvnoiinnn.nan
Trematopore, like Bryozoans .
Stictopora, agin otherlots. .....vveneeiiinnnuas
Tergbratula formosn, . (1 littlo doubtfal)......
Spirifering sentronuta, W._. o iiiiiernnniiane.

Atlyris hivsuta, H., very large, approaching 4.
. sublamelloss, 1.

Zaphrentis, 8), UNKNOWI .o cinvvennermnnesannus
Fenestolla, sp, undet ccveeevaen. [ PR
Spiriforn, like S. e2ntronbes « coeeaeensnescaneaons
Spivifering, perhaps 8. Kenduekensiy .
Spiriferius, perbaps 8. splnvsa ..
Athyris, like 4. subtilite ...._..
Rhynchonella mutatn, 13..
Orthin, 1tke O, Micheling ........loocoee
Favosites, or Chntetos, small oully, sp. 7...
Streptorbynchus .........
Conoesplialites, tWo BD . v eavnnevrri i cicannsnenn-
Fenestellth oo v iiinas cvnn e i aiiinenes
Pragt. Zuphrentis. ...... fneee Neamereseananannn
Spirifera contronaia, WINOL ./ veeeearncanniannne
SRR ITGYITI) o PP Nrrresannus
Zaphrentis.. ... e rmsreerannaciesan peneemaseanas
Streplorhynehus, as in other lots. .
Orthis dubia, T...coooovveiannn
Splvifora strinta. caeen. ..
Chonetes, frogments, .
Athyrls, feagments . ......
Terebratuly, = T, turgidat..

memmssmenaramnnne

Bellerophon .
Dikelloeophalus, sp. nov,, like D, Minnesolensis.

Conocephalites, B DOV, .coviiimioit vacccncecans
Conocephalitos, sp. ROV, coiievmnnen. hetenananas
Conocephalites, like O minor, Shum ... ..ol
Hyolithes, primordintis, Hall? .........._......
Iyolithes, lilse I gregurius
Cropicephalus, 8P, URAEHET - ovevtcavevsvrannans
Trilobite fragments. ..-v.. ...
Orthis Micheling. . S ven
Chonetes I)lmmsen:sm, M & W .....
Chonotes, swmall, ke O setigere, 1.,
Platyerinus. .ooveoiiiiiaianann.
Spirifera centronata, Wineh .......

[These ave from a disordered region but wo
supposed them to be all one formation, W, M,D.}

Lower Carboniferous.

Sowewhat the aspect of Upper Carbo-
niferous; may be top of Eower Car-
‘boniferous, orpossibly CoglMeasures,

Potsdam, .
Lower Oarboniferons,

Potadnm; probably higher than other
Potsdam rogks,

Potadam.

Totsdam.

.| Lower Carboniferous.
£ -
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a’ List of fossils from central Montana, determined by K. P. Whitfield—COontinued.

[
LY

Section. E TDescription. ) Formation.
]

8 Main range .oeveeiiiiiiaarnnienaen 20 | Fragments, apparently of an oyster............ Indet. Mesozoie.
4, Highwood mountains ............. 80 | Ostren, fragments, may be 0. congesta, Conr ...| Cretaceons.

‘ OStron CONFEESIN vov.omveanrerres ianasvaamenannns
TInocornmus, doubtful BD .oovvnvevnaneeiiinns .
o Trish-bones and seales .......... Generraraeaereas
INOCOranIus, 8P DOV cvvvevrrosnn inanannnssnasan
81 { Fragment of bivalve shell, like Unio........... .

~_, possibly Oxytomn mueronats, M, & H,;
|1} ] if so, i3 Jurassig.

Plants .coitivmneieiiii ittt ca e
82 | Cast of Bivalve,like Spheeriolaf....cc.coe.......| Crotaceous?
Ostrea congesta, Cont, ? -oeirnivnniiennnnennts
D ; ] ? Imprint of Ammonite?. ..ot
0. Dry range ..ocovomeeniininooo. 83 | Clieteles OF 8POTUED. cacevrvirece e icnsnsensens Lower Carboniferous.
Tragments of Zophrentisf..oveeiiiininna o :
Droductus pileiformis, MeChoavannvineoioanns.

Productus semireticulatns, Mart., form like P, |
bimesialia, H, | |

Spirifera centronata, W ... ... e
Sphifern striatn ..o ol
Spirifera, ke S Hneate, Mart ... ....... P
¢ Rliynchonella mutats, Hoovesrrrnaanenarranennn.

Rhynchonella, sp.? new to Lower Carl,, very
elosely like Silurian form,

24 | Zaphrentis, Imporfoot .o..oivereeeiaeeeniinsann. Near baso of Lower Carboniferous or
N Waverly.
TFenestollt cov e vnamiciainciirrnrsanaanrenannas

Streptorhyncelius, like S, erassum, M, & W.....
Productus, like P. bimesialis, Tooooeenen cannan
Spirifern contronnta, Wi econeeracinancnen,
Spirifera psendolineata, 1., or setigera, H-.....
Spirifera planoconvexs, Shum, T voeenecnsnonnnnn
Athyria hirsuta, Bl .coeein i iiiinaniiiiinn..

Rhynchionells, 8p. tndot, cverrvernaaa...
Tuomphalusg, like 1. laxzus, White
d : ’ 85 | Fonoestella, as in (34) ; Glanconomo, ns in (34)...| Lower Carboniferons.
Streptorhynchus, very smallsp ...ovocvnnnae.n. '
Strophomena rhomboidalis, Wahl ccooouianie.n.
Producius, a form of P, semireticulatus, Mart..
Productus, like P, Shumardi, W .oueaveraaan,onn, )
Spirifers setigera, H.ooeevaeivaiinnininenirnnn.
Spirifera, sp.  like 8, scobinata, Meck . .........
Spivifera centronata, W. (young)..cccevvenen...
Athyiis or Nucleospiva ..oovvvenreciinencneann.
Rhynechonella mrutate, M. o oovieiuaniiivnn
Rhynchonolla, sp. nov., remarkable form.......
Terebratulu sp, ¢ large form, like 2V inornata,
. MqaCh,, bot truncated in front; not T, tur-
e gida, H. .

Terebratula formosa, H ..............
Platyceras, like I, gmmon, W, & W . ..

— Mullen Pass cuveeeerinieiinrniecc]ianen. On pass, Spirifera centronata, W........vvaoe..
01[11 limestone range, 8 miles west, Spirifora stri-

N
In valloy of Little Blackfoot river, 2 |...... Ostrea strigileenln, White ...... ..., ——— :
miles above Logan's ranch. Cxl\l{}})lptc)ipecttrs, indistinet, like "¢, ewlenuatus, | Jurassic,
@ 1l '

Pectenoid shell, like Emtolivon, but probably
new genus, possibly & Syncycionema.

P, meléugrinell& curla, M, & I, 8p..vnesvannn,s
Taneredin b uo e e v i ricrns
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-APPENDIX B.—ERUPTIVE ROCKS,

By WALDEMAR LINDGREN,

Engaged as assistant geologist to the Northern Transcontinental Survey early in the summer of 1883, I was a
assigned to the party of Mr, W. M. Davis, sent out to study the lower strata of Paleozoic and Mesozoic age and
their relation to the coal-bearing series on the eastern slope of the Rocky mountains in Montana. Tho eruptive
rocks in the districts traversed being of great interest and importance, I found time and opportunity to give some
attention to them. The field-notes relating to them, accompanied by the results of the microscopal and chemical
examinations, are added here as an appendix to Mr. Davig’s report on the general stratigraphy and paleontology.
To Mr. Davis I am greatly indebted for many valuable field-notes. The short time at my disposal and the great
diversity of rocks may perhaps be an excuse for the often incomplete and cursory character of the examinations.

At first a few remarks on the general topography and geolegy: ‘ N

Topography.—The Rocky mountains occupy the western part of Montana, with a general trend to the b
northwest, or somewhat more to the north; the eastern slope runs between longitude 1090 W. (Clark’s TFork
mountains) and 1140 W., where the chain crosses the frontier of Dritish Columbia. In their southern and middle
parts, however, they do not form a continnous range or straight line of uplitt, but ave broken up in many detachied
mountain groups, separated by the numerous rivers which have their headwaters in this region. Thus, the main
divide between the Pacific and gulf of Mexico does not run, parallel to the castern slope of the mountaius; it
crosses the Idaho boundary line at 1140 W. again, but runs very irregularly in the southern part of its course.

In the south, toward the Wyoming boundary-line, the Snow mountaing and Olark’s Fork mountains rise to
from 10,000 to 11,000 feet of altitude. Pryor and Big Iorn mountains streteh far ont eastward and braneh off into
Wyoming. The lower ranges of the Snow mountains cross the Yellowstone river at its sharp bend southward ¢
from the pass of Spring or Rocky eafion, through which the Northern Pacific railvoad runs, and now trend northward.
as the well-defined Bridger range, the divide between the Yellowstone and Gallatin rivers. In frount of the Bridger

“Fange, and separated from it by the broad Shields River valley, stands the rugged group of Crazy mountains, with
their peaks 10,000 feet Ligh, and which continue northward in the lower Elk mountains, Westward lies the fertile
~and extensive Gallatin valley, with the three forks of the Missouri and the lower ranges across the viver; sonthward,

along and glittering sky-line of snowy peaks toward the Idaho line.

The Bridger range is continned northward in the mountains of Sixteen Mile creek, and these in their turn
by the Big Belt range (maximum altitude about 10,000 feet), which at last flattens and disappears above the
easteriy bend of the Missouri, Bast of the Big Belt, and not very distinetly separated from it, we have the Little
Belt range, stretehing out for 50 miles, sloping down northward toward the great plains south of the Missouri d
and connecting in the south with the Blk mountains, In front of the Little Belt range there are the isolated masses
of the Big Snowy, Judith, and Moccasin mountains; north of the Missouri, again, the lonely group of the Bearpaw
mountains,

From the bend of the Missouri, from a northerly to an easterly course, however, the character changes; the
outlying sentinel mountain groups disappear, and instead we have one continuous chain, at the same time forming
the main divide, rising boldly and abruptly from the great plains. This main range runs far north into British
Columbia, with a general trend of north-northwest; its peaks and summits toward the British frontier are covered
by snow- and ice-fields.

General geology.—It is difficult to sketeh, in brief outlines, the complicated and diverse geology of Montana,
espeeially as our knowledge of it still is in a very imperfect and rudimentary state. What we know about it, up e
to the present time, is chiefly due to the explorations of Messrs. Hayden and Peale, and this knowledge is mainly
confined to the southern and castern portion of the mountains. Of the northern and western parts ouly a fow
dominant and general features arve yet discovered. The geological maps of Montana, published in the reports ol
the survey of the territories, only indicate the structure in a very general manner, and parts of them are exceedingly
incorrect. 'The time to construct an approximately accurate map has certﬁinly not yet arrived. )

As cverywhere on the eastern slope of the Rocky mountains, we find in Montana a perfectly conformable
series, extending from the Oambrian, resting upon unconformable Laurentian gneiss, up to the Cretaceous, including .'
the mugh-disputed upper member of that group, the Laramie. Near, and in, the mountains, presumably close to
the old shoreline, the Cretaceous and Laramie attain an enormous developient.

It must be remembered that Mr. Hayden’s Bocene is equivalent to the Lazamie or coal-bearing formation.  #

From the plains in front of the mountains where, in a few places, the Laramie is exposed, with a thickness of
8,000 to 9,000 feet, it can e directly traced up toward the monntains, The sediments there growing coarser and
thicker, and very poor in fossils, it naturally becomes difficult to recognize and trace the subdivisions in the
Cretaceous group elsewhere established.

Tar out in the plains we notice the first slight disturbances in the Oretaceous, As wo come nearer to the
mountains they grow larger and more pronounced, till they finally appear as those cuormous synclinals and
anticliuals, now deeply eroded and cut, which constituté the predominant feature of the mountains. Often the larger
folds arc suddenly cat off and fanlted, showing the lower strata in direct contact with the yonnger Oretaceous.
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A Thoe Carboniferous limestone is laid bare by erosion on a large scale, and the task of the geologist to trace this
great limestone sheet, with its complicated wrinkles and folds, is not always an easy oue,

The Big Horn, Pryor, and Clark’s Torks mountains are all more or less clearly anticlinal uplifts. The latter
group, as far as our knowledge of it goes, is considerably fanlted toward the northern edge, and the center occupied
by older slates, Azoic rocks, and granite.

The sheet of Carboniferous limestone, with Jurassic and Oretaceous strata above, forms a portion of the foothills
of the Snowy mountains, crosses the Yellowstone above Livingstone, and runs northward, forming the well-
proubuuced Bridger range, here having changed to a nearly vertical -position. The valleys on both sides are
-occeupied by Laramie layers, Northward again the limestone fattens, forming the great syneclinal of Sixteen-Mile
-creek, with the Cretaceous in the middle of the basin, swelling up westward to the remarkable anticlinal of the
b Three Forks of the Missouri, rising also northward and mantling the southern end of the gigantic, compressed
anticlinal of Big Belt mountains, composed of Cambrian slates. North of Diamond City this anticlinal submerges
again under theé now slightly-inclined limestones of the lower Missouri and Smith’s River cafion.

Somewhat north of the great bend of the Missouri the limestones sink in their turn under the Cretaceous
strata of the great plains. The broad valley of the Missouri, between the two cafions, is now filled with the
dccbomts of a quaternary lake.

Topographically and geologically closely connected with the Big Belt is the Little Belt mnge Geunerally
speaking it is an-anticlinal uplift. Northward, around the Barker mining district, the sheet of Carboniferous
appears soon to sink as usual with gentle dip under the Mesozoie strata of the plaum. The interior seems much
fanlted, and to great extent made up of Silurian sandstones; even the Laurentian gneisses are exposed at one place.
¢ Andesitic eraptions play an important part on the northern slope, and probably, also, on the southern; the far
extending eastern slopo is little known, but presumably also has the Carboniferous and Jurassic strata exposed
.aloung the border.

»  The free-standing groups of the Judith, Moccasin, Bear-paw, emd Big Snowy mountains are all anticlinals,
generally dome-shaped elevations, The 1a,tter opposite the Little Belt, is broken on its southern edge by o
fault-line, bringing the Laramie in contact with the Carboniferous.

The isolated groups of the Highwood and the Crazy mountains are of partially volcam(, origin.

TFrom the point, though, where the Missouri leaves its limestone cafion and changes its northerly course to
northeast, making a bend of about 1009, we notice a most marked change in the geological structure, In traveling
toward the now sharply-defined main range, the Cretaceous strata are seen steadily dipping to the west, and cut
d by numerous dikes of younger eruptive rocks. At the base of the mountains we find a large fault, bringing up,
Cambrian slates, and sometimes a zone of Carboniferous limestone on a level with the late Cretaceous deposits.
This remarkable and Jong fault-line has been found by Mr, Dawson in British Columbia, by Mr, Pumpelly at Marias
pass, and by our party at Cadotte’s pass. . ’

LRUPTIVE ROOKS FROM LITILE BELY MOUNTAINS.
(Hornblende dacites and mica-augite-trachytes.)

The interior part of Little Belt around the sources of Belt ereek is extemsively covered by Silurian sandstone
e equivalent to the Potsdam sandstone. This at Neihart is seen unconformably covering the Laurentian gneisses ;
the gneiss is traversed by a number of granite dikes, with coarse structure and flesh-colored feldspar, 1 have
nowhere seen these dikes exteud up into the overlying Silurian sandstone, and their age must consequently be
fixed as pre-Silurian., Small fssure veins with silver ores traverse the goeiss-and the sandstone.

Following Belt creek down some miles northward we come to & beautiful plateau or park, formed by this same
sandstone, in which the creek lLas cut a cafion 500 feet deep with steep sides. The west side of the park is
bordered by Tillinghast creek, flowing into Belt creek some miles farther down.

The Paleozoic limestone appears liere again on a grand seale. It forms the mountains wests north, and east of
the park, coveriug the country as a 3,000-foot, heavy, slightly inclined sheet, in which the (,l'ceks lmve cut down

“deep .cafions with abrupt, fortibss- hke walls,
©f  This region is characterized by numerous and lcug,e eruptions of a quartziferous hornblende-andesite or -
Lornblende-dacite. The dacite breaks through Carboniferous limestone, and appears, not as dikes, but as large,
compact bodies, pushing up and disturbing the immediately surrounding strata. Dikes of dacite probably appear
besides these massive eruptions, although I did not succeed in finding any.
- The first great massive is the mountain closely west of Tillinghast creek. Seen from the Park it looks like
-a long, broad elevation, rising about 100 feet above the creek. Themassis 2 miles long, and perhaps 1 mile broad.
The contacts are well exposed, and show very clearly how the eruption affected the surrounding Carboniferous and
lower limestone; the whole can be compared with nothing bubt an enormous “plug? driven up through the
sediments. It does not disturb the sedimentary rocks to a great extent; its ouly action has generally been to turn

up, perhaps even reverse, the edges of the surrounding, g,enu‘all; uezuly horizontal, strata for a distance of one
thousand or two thousand feet, '
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Close to one contact on the eastern side a black, somewhat metamorphosed Silurian (2) slate was seen dipping a
150 toward the eruptive; actual contact not scen. ,

. —Daeite, b.~-Limostone, c.—Limestone, (horizontal))

.

FIc. 240,—CONTAGT OF IORNBLENDE-DACITE AND CARBONIFEROUS LIMBESTONES, Tmrrscnast Creek, Lirrry Berr MOUNTAING,
: MONTANA.
Contact at southern end 590 feet above the creek (Fig. 241): At the contacs very steep-dipping limestone, d
decomposed where it touches the also decomposed eruptive; in a few hundred feet distance the dip has flattened
out again,

v

First Lontact. Soulle Side,

L 4]

L kT
;*fv"f’;’;* A
IR LEREA

& Dactte, b Heayy Limestone, o Blach Shale,
d. Samly Litmestone, (Devoniont)

Tie, 241, ' - [
Contact at northern end (Fig. 242):  Actual contact not seen ; near it, however, a steep-dipping, red-weathered
Silurian (7) limestone and conglomerate; a few hundred feet from this place only a slight dip northward shown by
the heavy Carboniferous limestone, Tig. 240 is a view ab the north end showing the beautiful eurved form. of a
‘heavy lmestone beneh near the eruptive. Nowhere are there signs of intrusive sheets or overflows, The whole is
doubtlessly very much eroded , and we have here only the nuclens—the lower interior part of a perhaps originally
far move extensive eruption. Asto its age, the strata here only give cvidence of its being post-Carboniferous ;
there is, however, abundant proof—Dbeside the microscopic diagnosis—ifor pronouncing the eruptive of a La ramie
or later age. (See beyond under Highwood mountains and Dearborn district.) '
VOL XV—-o"=10
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a Farther west, beyond this eraptive, there seems to be others of the same character, but the time did not allow
our exploring of that region. At Belt creek, on the other side of the Park, a similar rock, but quartz free,
consequently hornblende-andesite, was fonnd loose; the dike or massive from which the pieces have come could
not be found. » '

Second Corctuct: Norith Side,

B .

&. Pecite, b. Bed Weathering Limestane, (Sibarier)
e Blurskh Shkale, & Heavy Limestone, Carbonifirons)

. Fra, 242,

A dike of apparently typical mica-angite minette crosses Belt creek about 6 miles below the mining town of
Barker, and protrudes like a sheet in the ravine leading down to the creek.

‘ Hornblende-dacite~(1) Tillinghast eruptive. Yellowish-gray color; porphyritic habitus. Crystals of a glassy

feldspar, and a smaller variety of a yellow color. Throunghout the mass, evenly but not copiously distributed,
brown mica and hornblende needles 1 to 2" long and 0.2"™ thick ;" a few small quartz erystals; all embedded in a
@ grayish groundmass. The guantity of hornblende and mica varies somewhat, and oceasionally, in some parts of
the eruptive, goes so high as to impart a greenish color to the specimen. Sometimes the glassy feldspar is absent.

Thin seetion: In a grey groundmass are embedded sanidine; few, but larger, fresh erystals, mostly rounded,
showing the cracked surface and zonar extinetion of the sanidine ; these are the glassy feldspars. In order to prove
them concluosively as sanidines a small portion was isolated, powdered, and the angles of extinetion in the faces of
OP and & P &, measurved on the thus-formed microscopic cleavage. They were found to be 0° or 5° to 6O,
consequently corresponding to sanidine, '

Plagiaclase is the predominating feldspar jsgeneral form, short rectangular or prismatic; striation, very narrow;
often two systems crossing each other; colors of polarization, dull grayish. Angle of extinction between two
adjacent, hemitropic bands in zone perpendicular to « P &, measured up to 349, or 1704170, This feldspar is
¢ consequently most probably oligedlase. ‘

In some scetions besides this there also ocours a small number of another kind of plagioclase, presumably more
approaching the labradorite, Leng rectangular form, always very decomposed, and always, at usual thickness of
seetion, shows the colors of polarization~light brown, deep blue. Polysynthetic twin structure often missing;
when oceunrring, very fine, ‘

Quartz in irregular, rounded grain, clear as usual, and carrying a great number of fluid inclusions with moving
Dubbles, and also gas-pores. Glagy inclusions rare. As to the quartz and its relation to the groundmass, see
farther down. The micais brownish-green, very fresh, with strong absorption. . Hornblende often very decomposed
into viridite and filled with opacite; when fresh with splendid cleavage and not very strong absortion: ¢ > 0 > a;
¢, grayish brown ; b, yellowish brown ; @, yellowish green.  In some sections horublende, in others mica, is prevailing.
£ Augite oceurs in two sections sparingly, in small, light green, {resh prisms. Apatite, with its nsual characteristies,
is also sometimes present. ' - . , . ’

All these minerals are imbedded in a micro- to erypto-crystalline groundmass of quartz and feldspar; sometimes
it is almost impossible, even with high power, to resolve it ; sometimes it appears alveady under No. 4 Hartnack
as a clear micro-crystalline aggregate. Between the single grains some very small remains of glass may occasionally
Dbe observed, This variety of dacite is to De referred to Doelters “porphyritic daecites” in his classification of the
Hungarian rocks. In.allof the specimens quartz is largely represented, and always has a tendency to granophyric
gtructure. ‘ ’ _

. I donot know that this structure has been noticed before in dacites. In some sections the quartz-grains
appear, so to speak, crushed, all the fragments being perfectly parallel in their optical orientation. The intervening
space is filled by feldspar, From this we notice transition down to a complete granophyrie structure of the
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groundmass. The groundmass contains a network of quartz, with included feldspar, and is divided into irregular a
portions, in which the quartz crystals extinguish simultaneously. In one section all of the larger quartz crystals
have the same structure,

A determination of 5i0, in one variety, rather rich in hornblende, gave 8i0, = 64 per cent.

The age of this dacite.is sufficiently proved by the occurrence of precisely the same rock in Laramie conglomerate
of Highwood mountains, and as dikes in Larawie strata near the main range.

In Little Belt, this type is furthermore 1‘01)1‘(3::(;11'%(1 by a large massive eruption, 8§ miles north of Dry fork of
Buelt creek, near the Summist stage-station, on the road from Barker to Fort Beuton. It here cnts through the edge
of the Carboniferouns limestone just before it disappears under the flat, Mesozoic strata of the plains and shows,
only not quite so clearly, disturbances at the contact analogous to what we already have described from the W
Tillinghast eruptive.

Another type is the above-mentioned rock found loose on the slope of the hills near Belt creek. Muacroscopically
a greenish gray, fine granalar substance, showidg thin hornblende crystals in a white feldspar groundmass,

Lhin section—Long crystals of the common, green hornblende, few biotites and rare quartz grains in o
perfectly erystalline mass of plagioclase, sometimes with prismatic outlines. Sometimes, however, glass remains
ara pressed in between the erystals. This variety would seem to approacl, in Mr, Doelter’s classification, the
granitophyvic dacites. ’ o

Mica-augitedrachyte dike on Belt creek (appearance of a mica-minette).—Dull, brownish-gray colored rocl,
weathering brown, an apparently homogeneous groundmass with numerous, nnbedde biotites and occasionally a ¢
reddish, nnpelleotly-dunned feldspar erystal. Rather porons; the cavities occupied by small amygdaloid noduales

or secondary quartz,  Upon closer inspection it appears that the uniform gray groundmass gives a slight reflection
ay if from large cleavage faces. ‘

Thin section: A perfectly erystalline rock of irregular, Jarge feldspar individuals; no groundmass or perceptible
glass between the crystals; these are generally cracked and show absolutely no polysyunthetic twin structure, the
general characteristics pointing decidedly toward orthoclase. Asno good optical measurements could be ol)tdmed,
some powder of the crystals was submitted to microscopical test. The thin laminw parallel to co P do always show
an extinetion of 5° to (0, counting from the edge 0 P, 0 P do. The feldspar is consequently orthoclase (sanidiune),
A cloud of microlites of the snbstances mentioned below fills parts of the feldspars, making them appear opague;
other parts are clear; little or no decomposition. d

Quartz in small quantity, probably secondary, sometimes fills a space between feldspar erystals.

Next to the orthoclase, the biotite is the most important mineral; it occurs in larger sheets, down to the s allest
microlites, always as an inclusion in the feldspar.

The isclated hornblende is very doubtful, being much decomposed, and filled with apatite.

Much more common is a clear, light-green aungite, also embedded in the feldspar in irregular granules or small
prisms, There is about as much angite ag miea, and it also goes down to the smallest dimensions.

No titanite; some apatite and magnetite throughout the mass, Thus, products of first cousolidation, angite,
brown miea, apahte, magnetite; second consolidation, orthoelase.

- We lmvc here a rock, consisting principally of orthoclase, mica, and aungite, which, ]udgmg from macro- and
microscopical diagnosis, most undoubtedly is to Le referred to Mr. Rosenbuseh’s family of the mica-syenites or e
nminettes (Mikr, Physiogr., p: 121), the large amount of angite making it approach the augite-syenites. Trom its
geological position we can infer nothing more than a post-Carboniferous or rather post-Silurian age, Thus far there
is nothing umarhable but its relation to subsequently-described eruptives makes it more than probable tbat thig
typical minette of a dcudedl‘y old appearance in reality is a very young Tertiary rock, and younger than the large
dacite eruption in the neighborhood.

v The first evidence toward this conclusion comes from the study of a large dike near Otter creck, north end of thtla
Belt, 6 miles north.of Barker. e are here east of the formerly-mentioned large limestone sheet, in a region of
more marked disturbances. The strata swell up and form several anticlinals, On the western flank of snch an
anticlinal, in layers considerably above the Carboniferous, and doubtlessly of Jurassie age, the dike in question
appears, forming a high ridge on the west side of the creek., In a snow-white mass of small feldspar granules or £
erystals are imbedded a great number of biotite foils, perhaps 4 in maximum diameter. They do not lie parallel,
but intersect the feldspar in all directiens, thereby often obtaining an icienlar appearance.

Thin section: An esseutially erystalline mass of long rectangular, but also irregular, large feldspars. A few
individuals are plagioclase, but the predominating number show all the characteristics of orthoclase; rather milky,
filled with interpositions, but uot decowposed; many Qarlsbad twins. On account of the irregular form and
absence of cleavage no reliable stauroscopic observations could be made, and it was found neeegsary to establish
the species of feldspar conclusively by means of an alkali determination; and sueh was made in the laboratory of
the survey by Mr. Whitfield and gave: X,0=5.5 per cent.; Na,0=4.1 per cent. .

The alkali, contained in the biotite and the glass (see below), might influence these numbers, but considering
that these constituents only make about 10 to 15 per cent. of the mass, it becomes evident that they would not change
the result very notably., Making due allowance for the small quantity of plagioclase, we come to the conclusion
that the feldspar in question is an orthoclase or sanidine, rich in Na,O. '
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a Biotite, embedded in thc feldspar as irregular sheets or baullm very fresh, and showing strong absorption.

Augite, light grass-green, perfectly clear, no diehroism; mostly in form of irregular granules between the
{eldspar erystals, but not dispersed through them as microlithes. - ‘

Apatite, in long needles, traversing the feldspar. Small quantity of magnetite. ' -

Thus, products of first consolidation, biotite, angite, apatite, and magnetite; of the second, sanidine (and
plagioclase).

The generally trianguolar interstices between the feldspar erystals are filled by a-clear, almost colorless glass
without any interpositions, but oceupying ouly a small part of the section, Sometimes it is seen filling the interior
part of & prismatic feldspar crystal, making the impression of a corrosion of the sanidine in the yet liguid magma.
b In afew places, with crossed nu,ols, faint bluish spots appear in the glass; this seems to bu due to polarization by
pressure.

Here again we have a Diotite, angite, orthoclase rock, in which, however, the feldspar does not fill the space
completely, but containg remains 01 glass, It bears decidedly the charlcter of a younger rock, and must be referred
to the mica-augite-trachytes, the younger equivalentsof the mica - augite-syenites. In discussing Highwood eruptives
we shall find the augite-trachytes on a large scale again, and there they can be proved being of a post Cretaceous
age.

Their analogy, microscopicilly, with the pseudo-minette of Belt ereek is so great that I have no hesitation in
prouonneing both varieties to belong to one period of voleanic activity. TFurthermore, the time between the Silurian
¢ and Oretaceous periods was in the west of Ameriea comparatively quiet, and only disturbed by a few granitic
cruptions in some places. Thus we have here an instance of a younger rock appearing to perfection like the
corresponding ¢ old” form,

“This illustrates how unsatisfactory the prevalent division of eruptive rocks in pre- and post-Cretaceous
really is. ‘
HIGHWOOD MOUNTAINS.

The Highwood mountaing form a completely isolated group, ahout 15 miles south of Fort Benton, occupying
14 miles from cast to west and 12 miles from north to south. From their highest peaks the great plains of the
upper Missouri may be seen extending, arid and brown, in all divections; southward the hills of the Little Belt
mountains break the monotony of the horizon, and in clear weather the snowy peaks of the Main range are
d visible toward the west.

Tho slightly inclined Carboniferous limestone of the northern Belt mountains dip, as one proceeds northward,
nnder Triassic and Jurassic strata, which in their turn are covered by flat Cretaceous strata, here forming the surface
of the great plains and gently sloping down toward the Missouri. Standing on o platean of an averago altitnde of
4,000 feet, the mountains attain a maximum height of 7,600 feet. Their base is covered by a scant vegetation,
above Whlch the higher ridges, sometimes wonderfully su'ra.tul stand out brown and barren.

The Highwood mountains are mentioned in Dr. Hayden’s l‘mal Report on the Bxploration of the Upper Missouri
and Yellowstone, 1872, Dr. Hayden remarks having seen from the road from IFort Benton to Judith basin some
sharp peaks, indicating volcanic origin to the south or southwest, He undoubtedly refers to the Highwood
¢ mountains. On the map accompanying Hayden’s veport they are marked as an (mtlchlnl with Carbouiferous
and older strata, none of which could be found at the time of our -visit.

The strata extending close up to the first hills are almost horizontal, and can be 1(1ent1ﬁcd as the IFort Benton
black slate (Cretaceous No. 2), which also appears, according to Hayden, on the north and west side of the
mountains.. Approaching the slopes isolated voleanic dikes are encountered; they increase in number as one
advances, and finally form a complete network; the sedimentary rocks m(,luded between them are highly
metamorphosed and hardened, often morve or less disturbed, but, perbaps, as frequently retaining their horizontal
position ; the highest parts of the mountaing are often formed of these horizontal and hardened stiata. Nowhere
were any evidences found of the upheaval of any roeks older than the Oretaceous.

To explain the genesis of this remarkable group, it must be horue in mind that nowhere in the surrounding -

1" country are any strata higher than Cretaceous No. 2 found. The question naturally arvises, why the rest of the
marine Cretaceons ('lboub 1,000 feet) and the enormous Laramie deposits (8,000 feet on the plains and over 20,000
feet near the mountains in Montana) are not represented—and the answer is, that they once did cover the pl(unb
and that the 4,000 feet of the Highwoods are the only remaining remnant of the heavy sheet.

Since the end of the Tertiary erathe untiring erosion has eut away thousands of feet of sediments, but the dikes
and the metamorphosed strata of a Tertiary voleanic district resisted the destructive power far more than the softer
sundstones-and shales, and thus the Highwoods have been chiseled out and left standing alone as a monument of

voleanic force. 'We have laid bare to our eyes the nucleus, the inbound structure of a Tertiary voleano or group of

voleanoes.

Thus far only dikes, but no intrusions or laccolites, hcwe been found. That such eruptive forins may cxist,
however, is quite probable.

35
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The Highwoods do not stand alone in Ameriea as a type for this peculiar form of mountains resulting a
from the combined effect of volcanic and erosive agencies; the Spanish peaks in Colorado, for instunce,
evidently belong to the same class—nor do they stand aloue in Montana., The beauntiful group of the Crazy
mountains north of the Northern Pacific railroad ave, according to Mr, J. I8, Wollf, essentially similar; also, the
Birdtail monntaing west of the Highwoods, near the main range, on the road from Helena to Fort Benton.

The dike eruptives of the Highwoods subdivide into two clearly distinguished but intimately connected groups,
trachytes and basalts ; the former are nearly all angite-trachytes, the latter andesite (noseane) basalts. They
<~onhequently belong to class of voleanie rocks; which, in Awerica, has generally heen regarded as late Tertiary,
and there is indeed in their oceurrence nothing to contradlct such a supposition, They certainly traverse strata,
mueh higher than the Cretaceous, and on the other side they manifestly date before or shortly afterthe beginning b
of the erosion. Of the two groups the basaltic seems the older; only one intersection, however, was noted, o

_trachytie, highly feldspathic dike entting o dark basaltic one.

Before entering on the discussion of the dike cruptives a brief mention may be made of a remarkable voleanic
conglomerate, apparvently forming a part of the strata snrronnding the dikes and occurring about 1 mile east of the
road across Highwood gap, about 5 miles south of the divide. Ttisinteresting because the peblles are composed only
ot dacite and hornblende andesite, probably derived from once existing now obliterated massives, similar to those
of Little Belb mountains, The position of this conglomerate can not be more than 1,000 feet above eretaceous
No. 2, exposed at the foot of the mountaing; that is, it must be placed in the Lower Larume. That the andesitic
ernptmus in Montana began in the later Cretaceous period ov in earliest Lurawie, iy an inference to be drawn from
this occurrence and confirmed by other facts to be mentioned later. ‘ ¢

The pebbles are rather large, up to 10°™ in diameter, and are composed of hard grayish or brownish porphyritic
racks; in a brown or light-gray groundmass are imbedded small hornblende prisms and a great number of white
feldspar crystals, generally less than 2" Jong., A few larger feldspars resemble orthoelasc.

Thin scetion.—The feldspar appears predominatingly as plagioclase, while same supposed to be orthoclase could
not be distinetly proved as such. The same two varieties of the plagioclase mentioned in the diseriptiow of the
Little Belt dacites, we meet here again: (Ist) Short, prismatic erystals, with polysynthetic striation, dull colors of
polavization and symmnetrical extinetions indicating oligoelase. (2d) Longer, prismatic u‘ystalﬂ w1th no or few
polysynthetic bands and dark blue—light-brown colors of polarization.

Quartz does not oceur as larger porphyritie crystals, but is common in the groundmass of some slides,

Green hornblendo erystals and a fow*foils of brown mica are to be observed. d

The groundmass is in some varieties clearly miero-crystalline, composed of feldspar and quartz; in othens,
crypto-crystalling ; in others again, glassy, with sometimes miero-fluidally amranged plagioclase nuuohtm, and
without quartz,

There is a great mnn](mty between these rocks and the ddutus of Little Belt and Dearborn districts, and I feel
but little hesitation in classifying them as hornblende dacites and hornblende andesites, and belonging to the same
time of eruption.

Trachytes—The trachytic rocks are quite abundantly vepresented, and of a great varicty of appearance, Ouly
one instance of a pure sanidine rock, or sanidinite, has been found. Augite, or sometimes biotite, but as far
asobserved, hornblende never enters. From varieties poor in these constituents, but rich infeldspar (orthoelase and
oligoclase), the series rans down to dark, heavy rocks, composed of equal quantities of angite and sanidine, or with
predominating aungite. The Dbiotite never holds such a prominent place, but in most cases accompanies the e
augite. Sometimes, but seldom, the olivine appears.

The ocenrrence of such a variety of undoubted trachytes in the Umu,d States is in’itself quite remarkable.
Very few, 1 believe; of the supposed trachytes of the Fortieth Parallel have borue the test of renewed examination,
and it appeared as if this group of Tertiary eruptives were compartively rare in Amerlca. Tuture examinations
willy I think, discover quite large trachytic districts in Montana, '

The occurrence, ou the other hand, of such large gnantilies of augite entering in the composition of 1hese
rocks is quite nnusual; so much so, in fact, that Rosenbusch (Mass. Gest., p. 179), after giving the definition of
trachyte, makes the 10110w1ng important restriction: ¢ The quantity of the micaceous, augitic, or hornblendic
constituents isalways limited, and not even mieroscopically prominent (autfallend)” Ou page 200, while discussing
the difficulty of classifying the trachytes, Rosenbusech refers to the probability that eventually trachytes richer in
miea or bisilicates may be found which would allow the establishiment of subdivisions ranning parallel with those
of the syenites. ‘

It seems, indeed, as if here such & subdivision had been found, 4. e., that (Jomebpondlng to the angite syenites.

The rocks may convcmeutly be described in the following ordcr (1) Sanidinite; (2) angite (biotite) trachytes.
Bqnivalents: Augite syenite. (a) coarse granular ; () porphyritie, groundmass mainly feldspathic; (¢) porphyritic,
groundmass augitic, glassy.

(1) Sanidinite—A dike of about 50 feet thick of tlns rock was found in the southern foot-hills, near the road to
TFort Benton. A yellowish-gray, somewhat porous aud rough roek, with large (1 to 2¢v) yellowish : cracked sanidine
crystals. An alkali determination of tle rock, made by Dr. Gooeb, gave, Ku:0 : 11.82 per cent., NayO : 2.5 per
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a cent.; consequently an almost pure sanidine rock'. T]‘b'l'-’)l §eclio9z: Large sanidine cry.stals, O‘f]' t}m,}lfi,]:.lmj]]?; ‘
habitus, in a groundmass of smaller sanidines; much limonite in the groundmass; no plagioclase observed; trace o
i ic glass; biotite isolated. : ' i
]’Otr?gli;;g.zrachytes (often with Dbiotite).—(1) Crystalline: On both slopes of the Highwood 1.1‘101111‘13511113 we' ﬁlllul Q@
light-colored, predominantly-feldspathic rock closely related to the one just clespr.lbecl. Light gray or yfz 0\\:,
coarsely crystalline; cleavage planes of the feldspar up to 8 long; no porphyritic or well-developed crystals.
Augite in small grains, sparingly; very few biotites. . o |

Thin section: Small, irregular green, augite grains, as before, imbedded in a perfectly crystalline mass of
feldspar individuals, irregular or prismatic with broken ends. - '

There are probably three feldspar varieties: (1) Orthoclase (sanidine) irregular granules w1tlh' bluish-gray
b colors of polarization. (2) The large prismatic individuals which seldom, if ever, show polysynthetic structum};
only exceptionally a few very thin bands were noticed. Colors of polarization grayish brown, deep 1)1ue.. It is ,
undoubtedly plagioclase, but of what variety I am unable to say. (3) Small quantities of auo‘tln'o.r plagioclase
{oligoclase) with exceedingly fine striation, often grown into and curionsly interlaced with the sanidine.

Decisive optical measurements being impossible, an alkali determination was kindly made by Dr. Gooch, and
gave Na,0=17.88 per cent., K;0==5.66 per cent. An oligoclase with such a quantity of potash can hardly bo assu wmed,
-while on the other hand the sanidine may contain a considerable quantity of soda; this in connection with tho
optical observations will render the assumption probable that here are present about equal quantities of sanidine
aud plagioclase.

The perfectly crystalline development and the total absence of any basis or groundmass is remarkable.
¢ (b)) Porplyritic feldspathic groundmass.—On the northern side, a few miles from the divide, a heavy trachyte
dike intersects the road to Fort-Benton.  Here the augite begins to appear in more prominent quantities,

Greenish-gray fine-grained rock, porphyritic by a large quantity of parallel, thin lamellar, white sanidine crystals
(maximum, 510" x 1™=), In the groundmass numerous small feldspar grains; dark green, often perfectly developed
augite erystals up to 3™ long, and numerous small biotites. The sanidine crystals were determined as such by the
method of Boricky, and also by an alkali determination by Dr. Gooch, which gave K,0=11.36 per cent., NayQO==
2.14 per cent. ' .

Tlein section; The groundmass is fine-grained, and composed of sanidine, angite, and biotite with traces of
glass; farther opacite and a few small, clear apatites, proved as such Ly micro-chemical tests.

The feldspar microlites are undoubtedly of the same nature as the larger crystals, and in fact & gradaal transi-
d tion from the porphyritic down fo the smallest individuals ean De unoted; the sanidine is generally lamellay
and clongated in the direction of the clino axis; somewhat opaque so that no accurate measurements ean he made.

Biotite appears frequently as small fresh-brown laming from 1 down to microlitic dimensions. The oceurrence

of mica as constituting part of a trachytic groundmass is to be noted as something very unusunal, :
. The angite is the same variety, which we find in «ll Highwood dike eruptives, trachytes, or basalts, and.which
scews also to be largely represented in other Tertiary eruptive districts'of Montana. In this rock it appears both
as perfect erystals and as irregular grains. The crystal form is generally long prismatic of the combination oo 1.
P %. o P &, P. OP, the first three forms often equally developed. Color dark green, in thin section, clear grass-
green; pleochroism very seldom appreciable, generally very {resh, showing great resistance to decomposition,
Good prismatic cleavage. Twins, not observed macroscopically, are frequent in thin section, the twin plane,
€ generally with some interposed hemitropie bands, cutting the direction of cleavage in prismatic erystals with an
angle of about 190, Beautiful zonar structure by inclusions of groundmass or by alternating darker and lighter
zones is common. Extinetion, maximum 40° to 450, Thig important variety should be examined chiemieally.

The angite increases in the trachytes, now to be described, and the sanidine gradually disappears,

A specimen from the southern slope has the same structure as the one just mentioned, bat the sanidines are
much smaller (maximum, 3*) and thinner; as much angite as sanidine is present, appearing as porphyritic erystals
and as grains in the gronndmass. The main part of this is formed of short, milky feldspar microlites, donbilessly
also sanidine; isolated, somewhat doabtful plagioclase microlites. Small quantities of biotite, opacite, and apatite.

Another very similar &pecimen shows some glass in the groundmass ; no plagioclase; all the short feldspar

microlites appear with extinetions from 00 to 50, .
' Tinally,inn series of specimens the porphyritic sanidine disappears and the angite takes its place in lon g, dark
green, well-developed crystals; the groundmass is also dark-greenish or gray, and consists of Jarger uugite‘gmins
in a waze of small, short microlites; a few polysynthetic plagioclases may be noticed. Generally, howevéi‘, the
extinetion, when measurable, ranges from 0° to 5°. Trom this and from the shape of the microlites we must class
them as sanidines. '

It is not to be denied that g separation of the feldspars here would be very desirable in order to ascertain the
Dercentage of plagioclase contained in the rock. The transition from larger sanidines to the mier
can e so elearly noticed that but little do ubt as to the nature of the latter can be entertained.

Spec}m'en No. 42 is a dark-green roek, in which with the naked eye only the larger porphyritic augite erystals
can be distinguished, ' g )

olites, however,
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"l‘hin section : Larger and smaller angites in a sanidine gronndmass with doubtful glass remaing ; rather much a
opacite a:ll(‘l hematite. Itappears as it these opacites resulted from originally-formed but later destroyed hornblende
erystals,  Tew biotites,

Specimen No. 41 ig similar, and shows augite crystals up to 4 to 5" long. Groundmass composed of’ short, clear
sanidines, slightly reddish from fine hematite dust; larger augites and small quantities of biotite and opacite.

In two specimens.of this highly augitic trachyte has olivine been noticed. One, from Highwood mountains, is
perfectly similar to the varieties just described; carries large augite with beantiful zonar structure, besides biotite,
maguetite, and small olivine erystals with a yellow fringe. Sanidine groundmass, with some glass as usual. The
other, closely related to the Highwood rocks, is found Ly Professor Pumpelly near the head of the Musselshell
river, 80 to 100 miles seuth of the Highwood. Macroscopically, a grayish-green rock with porphyritic loug (maximum,
10mv) and slender augite prisms, in a groundmass of augite, biotite, and a white mineral. b

Thin section : The common Highwood augite in larger and smaller erystals, here more decomposed than usual
to chloritic products; in the Highwood rocks the augite is almost always perfectly fresh. Few fresh olivines,
rather mueh biotite, some opacite, and an exceptionally large quantity of apatite, proved as such by microchemical
tests, ;

The groundmass is composed of a network of larger and shorter feldspar- microlites, with some glass. Undoubtedly

- mueh sanidine (extinction, 09 to 5°), but also considerable quantities of plagioclase. Tt seetns rather doubtful where
this rock should bo referred. In spite of its basaltic constitution it certainly belongs to the natnral group of the
Highwood trachytes. Pure, unquestionable plagioclase basalis, belonging to the same eruptive epoch and with the
same augite variety, do exist in Montana, in the Birdtail mountains, west of Highwood mountains. ‘

1t now only remains to describe the last subdivision (e), that of porphyritic augite-trachytes with angitic, glassy ¢
groundmass, ‘

Specimen No, 10, found on the southwest slope, appears as & dense dark green or greenish gray groundinass in
wlich ave embedded lamellar, thin, and perfeet sanidine erystals, clear or slightly reddish ; no parallel distribution
of the porphyritic crystals is noted ; maximum size, 3™ long and broad by =™ thick.

In thin section the large feldspars are perfectly fresh and clear, ‘beautifully contrasting with the green
groandmass, Genevally appearing as Carlsbad twins and showing all the characteristics of sanidine. Longer
individnals are crossed by irregular cracks; zonar extinction is comwon; thin sections about perpendicular to
@ P & extinguish parallel to the edges; on broad erystals, cut approximately parallel to o P o the angle OP.
@ I % was measured to 1160, One axis of elasticity makes an angle of 50 with the clinoaxis. Tarthér embedded @
in the groundmass, and sometimes in the sanidine, are smaller, irregular, slightly dichroitic augite grains (grass-
grecn to olive-green), and a small number rounded or hexagonal isotrop sections clear or slightly brownish, Taking
into consideration the results obtained from the basalts, they must be regarded as nosean or analcite. ‘

Under immersion objectives the homogenéons groundmass is resolved, and shows a colorless glass in which are
embedded numberless, thin augite needles, often with beautiful microfluidal stracture. There is a series of specimens
very similar to these trachytes, but génerally moreor less decomposed. Thelarger augite graius oceur sparingly and
show o peculiar bacillar struetare.  The microlites of the groundmass extinguish here with an angle of 10° fo 200 and
appear to have been changed to hornblende; the glags basis shows irregular faintly polarizing sppts.

That this group of trachytes is nob limited to the Highwood mountains is proved by a specimen colleuu‘:d by
Mr, &, 1f. Bldridge in the Judith mountaing abowt 80 miles southeast from the former. Itshows la.rge and perfect e
(ap to 3o long) reddish sanidines prismatically elongated parallel to the clinoaxis embedd.e('l in 2 green, dense
groundmass, which, hastily examined, appears very decomposed and consisting of much viridite, small feldspar
microlites, and some glass. ' ‘ ‘ _ .

Analeite (nosean) basalts.—The second, and perhaps the larger, group O‘F ‘fhe H}glfwood dxke_ grupt}v_@, i
somposed of these remarkable rocks. Their constituents now are v'auglte, ohvu.xe (biotite, magnetltetapat.lte in
subordinate quantities), and analeite—absolutely no plagioclase, lencite, or nepheline can be found. It is probable
that the analcite has resulted from the decowposition or the molecular 9ha,ngc of o 1)1'1.111ary nosean, It cm.mot be
denied, however, that there is much in the microscopical appearance which only with d]fnczulty can b.‘e e.x?}am.ed b;
this supposition, and often the appearance would lead the observer to reg:'wd ,ﬂ}e nnalcl.te as & pm'n(u V rnlrigxt‘)ll-f.'
The presence of pure 108ean has, indeed, not been proved, but o small qm'mtlt.y of sulpht,}rm acl.d{alwayis. plfe‘S(Ju
in these rocks, together with other facts, reuders it very probable t_,hat this ml}lgral Wa.s in rfmhm the pmni: vi ‘

The basalts appear as dark-green to greenish-gray rocks, w‘xth porphymtlc’ z?ug}te-cl:yst‘gl? up to 10“ o O[I;gl ,
generally presenting the combination «P.«P ce. cni[)'do. op. P. Cll:e mass ‘contmmn{; the duglﬁs 1; tgenelitils 1;:
grained and consisting of augite-grains, brown olivines up to 0.‘_.)mnx’ andr ‘rom.)d 01‘ he;X.a:‘gO;‘ld whi i {31"13 ﬂ ‘7 o
analeite (nosean) up to {mm, Mica is Dot generally seen wacroscopically. The fresh 1901; is oltebuj exceel ‘11:7 i,mz Jae
and compact. Specifie gravity 2.4 to 2.6. When decompoged, the basalts become soft and browi, ¢ ,,

3 ¢ lled mainly with stilbite. .
formﬁ?‘tﬁi geci?on the general aspect of the rocks is that of larger augite- and OlVll‘le-cryStiLIS a‘n(? “clusters (_’[f »
angite, Diotite, and opacite microlites, cmbedded in > white mineral Whl(‘zh' some.(tll?alem1 S,l,”f’f.ly ;lil)lziﬁi 1;1;. OaJC f:;;ﬁl
mass, but more generally also is distinetly erystallized as a pumber of rounded, hexagonai, 8 a . )
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v

a sections, ranging from 1™ to 0.1*", with sharp outlines, or dissolving into the general gronndmass. In short, the
mineral in question behaves as does the lencite in the leucite-basalts. Very fine grain, however, such as is seen in
many of these has not béen observed here. . Generally objectives 2-4 are fully sufficient. This white groundmass
and these crystals now consist mainly or exclusively of analcite.

The first variety examined is apparently perfectly fresh fine-grained rock in which the smali white erystals can be
clearly seen with the naked eye. In thin section the white mineral forms numerous rounded or iexagonal individuals
and a small amount of groundmass. It is clear and nearly colorless, only slightly Drownish-as from finely-divided
dust—mno inclusions of zomnally or otherwise arranged microlites in the crystals; no cleavage; only in a few places
is the mineral slightly milky and opaque. Between crossed nicols, perfectly isotropic only with an occasional bluish
b spot often eoinciding with the milky portions. In very few places decomposing to an aggregate of desmine.
neodles—the other constituents, and especially the olivine, ave perfectly fresh and intact.

The mineral was separated by means of the solution of Thoulet and analyzed, Speeific gravity, 2.2, Dissolves
easily in HO] 8i0,, separated as slimy powdér,

P Ant}l{cij_e
. rom Kaiser-
Highwools | gph (Welt.
zion ). (@)

Per cents Per cent.

LV 54,90 64,02
28. 30 22, b4

Trace. 1.85

1.00 2,81

0. 70 0. 67

10. 40 10, 14

1.60 0.7

7. 50 8 03

100, 80 101, 17

wSee Dann's Mineralogy. '

A small quantity of sulpburie acid is present, but was not determined ; also trace of chlorine. The mineral
d has nnquestionably the composition of analeite. ‘

The second basaltic variety is macroscopieally quite similar to the fist; the constituents of the grouundinass are
perhaps not quite so easily recognizable with the naked eye. In thin section, with reflected light, it again appears
structurally quite similar to the first; in transmitted and polarized light the groundmass and the rounded crystals
are observed to behave differently, They are. generally white and milky as if decomposed, not uniformly so,
however; irregular patches and spots ave of ideal clearness and purity. No cleavage or interpositions can be noted
in the crystals, Between erossed nicols peculiar phenomena of polarization are noticed, the clear parts often, not
always, remain isotropic; the largely predominant milky parts are double refracting, and show dull, blnish-gray colors;
neither the groundmass nor the,crystals have an aggregate structure; every one of the latter is to be regarded as
one individual. Most of them show irregular larger spots, alternately dark and light, when the stage is revolved,
€ but in & number, apparently where the section has a certain erystallographical orientation, a peculiar division of
cach crystal into triangular areas with their apex in the middle and alternately dark and light is seen. The most
common is u division in 4 sectors, but in some I have observed 6 or 8, I know of no other of the here possible
minerals but the analeite which presents saeh phenomena.  Dr. A. Ben-Sande, while examining the optical properties
of the analcite (Neues Jahrbuch, 1882), came to conclusions closely corresponding with the here observed facts.
Some analeite varieties are gquite isdtropic; otlifers, when cut in an arbitrary direction, present irregular alternatingly
dark aund light spots; cut parallel to a crysmllon raphical surface he noted a division in triangular sectors, 4 when
parallel with oo O oy 8 when parallel with mO, and so on.

 Here, too, a separation was effected, and the analeite (very impure Irom want of material) subjected to analysis.
it contained-—
i §

Por cent.

24,16

15. 50
2,10 -
2,12
2,42

6.79

4. 50
41, 00

08, 59
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Small gquantity of sulphurie acid noted but not determined ; very little K; the separation of 8i0, dnd insoluble &
residue was made with KCH, and is consequently not to be regarded as very accurate.

Assuming that the Fe,0, is present as hematite or magnetite, {further subtraeting a quantity of SiC, necessary
to form Mg,Si0, (dissolved olivine), we obtained, by recalculation—

Per cent. B

43,59
30,24
4.18

13.26

8.78

Total cvvsraann. 100, 00

This is a vesult such as may be expected from a decomposed nosean; the SI0, is too low for analeite (noxean
has 8i0, 38 per cent.) and the ALO, is too high. That on the other hand pure analeite exists in the rock can be
but little doubtful from the results of the optical examination; we may perhaps regard the white mineral as a
mixtare of some primary nosean and predominating secondary analeite.

The olivine and angite here, as in the first variety, are entirely fresh and clear.

The third variety is a dark-green rock of very fine grain, and with but few porphyritic augites. In thin section ¢
fresh angite crystals and sharp-edged intact olivines are imbedded in a perfectly clear—only exceptionally milky—
mass, showing no tendency to erystallize in separated sections; the mineral here apparently plays the same part as
does the nepheline in certain rocks. Between crossed nicols parts remain dark; other irregnlar patehes light up
with faint. blnish-gray colors; even here a division of the mass in triangular sections can occasionally be noted.
This variety has not, been analyzed, ‘

Let us now rapidly review the results obtained :

The mineral which, with avgite anil olivine, mainly constitutes the rocks has sometimes exactly, sometimes
only approximately, the composition of aualeite, and shonld perhups properly be regarded as » psendomorph or
analcite after nosean; the hexagonal form of the seetions is also a proof in favor of nesean as the primary mineral;
sodalite and lencite cannot with any degree of probability be regarded to have ever entered into the constitution e
of these rocks.

It remains a very remarkable thing, indeed, that snch a radical change could take place without effecting the
augite or the olivive in the least, lmd SO as to give the, analeite in many cases absolutely the appearance of a
primary mineral.

No instance is known to the writer where the analeite plays n part such as in the rocks here deseribed ; it
either, as in Kaiserstuhl, fills former leucite crystals as an aggregate, or as in the plagioclagse basalt (the

.“analeimite?) of the Cyelopean islands fills cavities in the otherwise also very decomposed rock. '

As helping toward an explanation of the Highwood occurrence, the not very constant composition and the
great tendency to decomposition of the nosean should be takeun into eonsideration,

The first stage in the decomposition of a nosean with 36,1 per cent. 8iO0, + 24.9 per cent, Na,O,and 8 per cent. e
S0, - 31 per cent. Al,O; would be the removal of sulphates of sodinum and aluminum, with addition of water and
some silica, No change in the accompanying minerals.

The second stage is in contrast to the first characterized by ageregate dccompomhon of both the analeite and
the accompanying minerals,

In fine fissures or in the middle of an analeite crystal brilliuntl.y polarizing isolated zeolithic needles and small
aggregates appear; they extinguish parallel to their larger axis, and hawve, parallel to it, a splendid cleavage in oue
direction; it is without doubt stilbite; macroscopically the stilbite ocears in larger quantities, filling cavities in
decmnposed rocks, The aggregates grow rapidly, and at last the analcite crystals are totally replaced by a maze
of desmine needles in an opague brown mass. The olivine is decomposed, the very resistant augites attacked, and
cliloritic produects formed. From a chemical point of view the remaining alkali is dissolved, the percentage of £
A0, lowered, and the quantity of water doubled, A certain quantity of Ca presentin the nosean and analeiteis
not extracted during these changes, but appears rather concentrated in the last stage.

Average composition of stilbit

Ler cent,
57.4

Such, if corvectly interpreted, would be the history of the chemical changes in these rocks.
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a  In the described varieties the other constituting minerals retain the same appearance, and can be described
together.

Augite—Only one variety, thwe same oceurring in all Highwood rocks, has been abserved, and for the description
the reader is referred to the trachytes (p.725). The larger are often perfectly developed crystals up to 10
long; the smallest are imbedded as clusters of long mierolites or small grains in the analcite mass.  Sometimes a
peculiar grouping of the small analeite crystals around a large and somewhat corroded augite crystal is seen,

Olivine.—~Clear, sharp-edged crystals traversed by irregular eracks, generally ranging in size from 0.5
to 0.1™,  Probably very rich in Fe, which may account for the energetic resistance to decomposing agents.
Often surrounded by a thin fringe of brown biotite. Small inclusions in form of brown crystals (spinel) were
P noted. The decomposition, beginning along the cracks at the same time as the formation of stilbite, procecds
rapidly and results in o brown, ferrnginous mass.

Biotite~Almost always microscopical, embedded as fine f01ls in the groundmass; color, brown; clear and
{resh ; cspeeially clustering aronnd the olivine,

Magnetite.—~Irregularly distributed in the mass in form of small graing. At Deginning of decomﬁosition the
lhiematite appears, :

Apatite.~—~Small, sometimes rather short, slightly dusty, but clear prisms aud bL(,thU&, often as inclusions in
augite. Proved to be apatite by mierochemical tests.

It is certain that these Highwood rocks deserve a close and attentive study, much more extended than that
¢ which my time and material allowed me to undertake; especially are chemical investigations necessary.

The collection wag comparatively small, and does by no means include all parts of the wountains; future
examinations will doubtlessly reveal rich havvests for the petrographer in the Highwoods and in the mountains of
the Upper Musselshell river.

ROCKS FROM LINE OYF ERUPTION IN FRONY OF MAIN RANGE, NOR'IIIERN MONTANA, SOUTHWEST OF FORT
BENTON.

[Feldspar basalts, Leveitoide basalt, Liparite, Dacite, Hornblende andesite, Diabase.]

Sun river, Birdiail, and Dearborn districts.—Far 50 miles sonthwest of Fort Benton the great plaing streteh out
their monotonous, slightly undulating surface with nearly horizontal layers of Oretaceons shales and sandstones in
d or above Hayden’s No. 2, The first slight disturbances we notice neéar Sun river with its fertile and well-

* onltivated valley, doubly beautiful after the dreary, brown alkali plains., A few miles after crossing the Sun river
we see the first eruptive rocks, o the right a long ridge appears, evidently a dike, and to the left a large, square
butte (Table butte), rises to several hundred feet high, with steep sides, and a diameter of about a mile. This is
clearly an overflow or intrusion, covering the softer Cretaceous sandstones. The ground is covered with debritus
from the mountain; it is a dark, nearly black, dense rock with a few larger, prismatic angite crystals ot the same
characteristic appearancs as those in Highwood eruptives.

In thin scction.—TFew large, clear, green augites, same variety as the Highwood augite. Olivine in smally
decomposed grains; occasionally a small, single feldspar crystal, resembling sanidine. Groundmass composed of
augite and magnetite microlites, imbedded in a colorless base. The microlites are often arranged so as to divide up
¢ the colorless mass more or less clearly in round sections, always very small; these are isotropic or very faintly
polarizing. The whole recalls decidedly a leucite basalt, but it may be difficult to prove whether the colorless base
is glass, leucite, or analeite; a specific gravity separation and analysis should have been made, but unfortunately
the Lime at my disposal did not allow it. A strong instance in favor of its being a lencitic basalt is that the powder
Adissolves easily in HO, leaving the augite, of course, and the silica as a powder. The optical characteristies of
leucite-—the striation—one can hardly expect to see when the questionable crystaly attain so small dimensions as
the case is here. '

Tollowing Mr. Rosenbusch’s nomenclature, I refer the rock to the leucitoid basalts, used when the leucite

could not be conclusively proven as such.

‘ A mile or two farther on a dike of a similar rock crosses the road, standing 20 to 50 feet high as aun
£ irregular, rough wall, and running out in a southeasterly direction; and now a whole mountain group with serrated
and sharp outlines appears near the horizon., They are the Birdtail mountains. To the sonth some regular, low,
truneated cones; probably overflows or intrusions; southeasterly in front of us five large, steep cones.or cupolas
with a nambey of smaller peaks before and behind. ' The conntry around us begins to show Lmdul.xbmg hills, the
rocky wall of a dike traversing the sandstones occasionally, :

The sandstone becomes coarser, more friable, and soon assumes & southwesterly dip of 100 to 150,  After a 17

miley’'—from Sun river—uride we arrive to the stage station, Bagle Rock. TFollowing a 20-foot broad dike, with soft,

.very decomposed mass up to ahigher hill near the station, a good view is soon obtained of this wonderful landsca pe.
Closely northward two square buttes again, called Twin mountains, an overflow or intrusion, showing columnar
Structure and resting on the sandstone layers. Southward dikes run everywhere, rising one behind the other with
outlines never smoothed into curves by erosion, but sharp, torn, and irregular. Behind them rise the cupolas of
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the Birdtail mountains, at a distance rather resembling the basaltic cones of Bohemia and Auvergne. The a
laminated sandstones surrounding us are cut and worn by erosion into peculiar forms, resembling chairs, pillars,
pulpits, and so on. .

This landscape, surprlsmg in itself, grows stlll more 50 by the uniform, dreary, brownish.gray color and the
misty baze suffusing it. It is a volcamc landscape par cxcellence.

A few miles from Bagle rock the road runs close to one of the largest cones, the Birdtail mountain, so called
from the peculiar curve its ontlines present when viewed from the northeastern side. The name hag be(.u extended
to the whole group. The height seems to be about 800 feet or 1,000 feet. Passing by it, however, it changes form,
and now, seen from the west or northwest, appears narrower and sharper, showing in fact that we here have to do,
not with a regnlar basaltic cone, but with a part of a large dike nncovered by erosion, b

The sandstones, heing of so much looser texture than thie eruptive, are very easily eroded, thas leaving the dikes
carved out like monuments. Without a doubt, all the other cones of the Birdtail distriet are of similar structure.

The main difference between this eruptive center and that of Highwood seems to be that heve the erosion has
progressed more rapidly, no such marked metamorphisms as in Highwood having hardened the surrounding rocks.

- In most cases the disturbances of the sandstones caused by the eruptives are very unimportant, and sometimes
not to be perceived. "

A {ew miles from the Biy (1ta11 mountain we ¢ross a small divide and come to the Flat Oreek valley; atthis divide
a thick sheet of @¢dark, basaltic rock covers a voleanic conglomerate of the same substance. It does not seem as
if the conglomerate were contemporanecus with the Oretaceous sandstones; those have, in the neighborhood, a ¢
steeper dip, while tlie eruptive sheet and the coarse conglomerate only are slightly iuclined ; it has the appearance
of being formed after the beginning of the disturbances and erosion. From this center dlleS composed of the same
material radiate, one catting the road a few hundred feet below the divide.

From here to Dearborn river, about 9 miles, we notice few indications of eruption along the road. Southward
several dikes are seen. Between Dearborn river and Flat creek the Cretaceous, now coarse sandstones, form a flat
anticlinal. This eruptive region, along the Missouri, from Table butte to Flat creck, has an extension of about 18
miles, its center being in the dikes of the Birdtail mountains. It is a late eruption, most probably approximately
of the same age as the Highwood group, and, as far as my knowledge goes, only composed of basic augitic rocks,
mainly feldspar-basalts. No complete collection was secured, only specimens from more prominent points,

Birdtail mountain (53 et al)—A dark-brown, dense rock with slight resinous luster. Porphyritic augite d
crystals of the common Highwood type.

Thin scetion: Large, light-green augites with inclusions of glass and magnetite; olivine throughout, but not
abuandantly, all more or less decomposed into a brown, opaque mass. Much magnetite, few apatite prisms.
Plagioclase in large, irregularly bordered, prismatic crystals; all with polysynthetic twin structure, very decomposed.
Groundmass consisting of few augite, predomlmmng magnetite and feldspar microlites, probably exclusively
plagioclake, mostly showing twin structure. The rock is rather decomposed, and oxide of iron is abundant.

Conglomerate, dikes and overflow, from Flat creck (54).—A dark gray groundmass with the usual avgite crystals.
Thin section: Tresh, light-green augite; very few olivines, decomposed; larger, tolerably fresh plagioclase;
groundmass very glassy, with augite grains, irregular pieces of viridite and plagioclase erystals. ‘Some magnetite
and hematite distributed through the mass. ‘ ¢

These eruptives must conseqnently be classified as plamoelase Dasalts. - In many points,-for instance, in the
green, fresh angite, characterized by long prismatic form and about equally developed pinacoids and prisms, these
rocks resemble those of the Higliwood group. There, however, the sanidine prevailed, and probably no plagioclase
as microlite, certainly none as larger crystals, could be found in the examined basaltic rocks.

DEARBORN DINTRICT.

Altogethier different from the Birdtail is the Dearborn ernptive region. The Dearborn river has its soarces in
the Main range, the Middle fork in Cadotte’s pass, and flows into-the Missouri after a course about 30 miles long.
A good idea is obtained of the geological structure of the main range.(briefly mentioned in the mtroductlon), and
of the eruptives in front of the same, by traveling up to the mountains along the river. £

The large fault of the main range here throws up the Cambrian slates and a part of the Carboniferous and
Silurian rocks in contact with the (Laramie) coarse sandstones, dipping constantly toward the mountains. The
dikes do not; rise with n"regulcu' serrated forms as the basic eruptions of Highwood and Birdtail, bat form lower
ridges with softer ontlines, or are not visible in the configuration of the ground, They further are confined to the
Cretaceous strata, and do not seem to continue in the Paleozoic layers, They finally, with few exceptions, run
approximately parallel to the general strike and the fault of the rocks; that is, have a nort'hwesterly or somewhat
more westerly trend, and this would, perhaps, suggest the idea of the dikes being really overflows, contemporaneous
with the deposition of the Laramie sandstones, So much seems certain, that the dikes are older than the fanlt, and
date from & time when the Laramie was in its original position, or at least only in an ineipient stage of disturbance.
We find, indeed, no younger basaltic rocks among the eruptives, but only hornblende-dacites, andesites, and liparites,
the formereruptions, as proved elsewhere, baving atleast commenced already in Laramieformation, Astotheliparites,
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o the granular ov porphyric varieties are intimately connected with the dacites. The glassy variety, also found at
the Dearborn, we again find as overflow or intrusion at Sixteen-Mile creck ; the date of eruption is not certain, but
would seem to be rather to refer to the age of dacites and andecites than to the basalts and trachytes.

Liparite: Dike near the town of Dearborn (59); a light yellowish-gray rock, with rough fracture, many small
quartz grains, and reflecting, white feldspar erystals. Brown miea very scarce.

Thin section: Quartz granules in great number, mostly rounded or irregular; only glass and groundmass
inclusions, no flnid inelusions. Feldspar of two kinds: (1) By far predominating, presenting all the characteristics
of sanidine; extinction measured on some smaller prismatic erystals; maximum, 5° along the erystals; few sharply
defined individuals. (2) Smaller, scarcer erystals of rather decomposed and milky trielinic feldspar; variety,
b impossible to determine; groundmass, microcrystalline; composed entively of sanidine and quartz grannles. This
is econsequently a typical liparite of granular porphyritic development.

(64) From @ 300 foot broad dike near the fault line of the main range on the Dearborn ; has the appearance of
a brown porphyry with glistening faces of small feldspar crystals.

Thin section : Porphyritic plagioclase, most likely oligoclase, in perfectly fresh crysta’s, carrying few inclusions.
Most of them have a rounded or corroded form, By far the greatest number sh:ow twin striation, but not regularly,
so that sometimes one-half of the erystal is simple, while the other shows very fine striation. Zonal and undulating
extinetion is common, even among the polysynthetic individuals. The few simple erystals doubflessly also belong
to the same variety as the striated. In most cases the rounded form and abscnee of cleavage permitted no rigorous
¢ optieal examination, but in some instances an extinetion of 20 to 32 along the larger simple crystals was measuared.
Extinction of hemitropic. bands of the plagioclase was remarkably small, 1094102, and never higher, being
repeatedly measured. The simple microlites extinguish abont parallel to their length extension. Most of the
feldspar is consequently oligoelagse. No larger quartz granules. A few decomposed brown mieca crysbals.

Groundmass, glassy, characteristically liparitic. In a brown, microfelsitic mass, perfectly isotropic, are
imbedded a great number light or colorless streaks and stripes, bent, twisted, and folded in the characteristic
way. The white stripes have a micro-erystalline structure and are composed of feldspar and quartz,

Were it not for the large amount of plagioclase, I would, withont hesitation, place this rock among the liparites.
Strietly speaking, it should be classified as an acid, glassy porplw rite..

Hornblende-andesite : (62) and (63) are both qpcclmem from dikes very near the great fault, and of a type which
seems to be largely represented. (63) is a'dark gray, very fine, granular rock; with naked eye small erystals of
d hordblende, mica, and felspar visible.

Thin section : Large, but searce, biotites; few larger plagioclase crystals. Groundmass a maze of feldspar
microlites of long prismatic form, some showing striation; single crystals extinguish from 0° to 8°; the feldspar is
consequently oligoclase; besides hornblende very decomposed and with faint absorption. The microlites are
embedded in a clear glass; (62) is similar, bnt more altered.

Thig andesite seems to be more related to the varviety of dacite found ou Belt-creek, Little Belt mountamq than
to the typical hornblende-andesite.

Hornblende dacttes :  Also largely represented, and of a striking similarity with the Little Belt dacites. (60) are
beantiful specimens from two large dikes at a small alkali lake, about 2 miles from Mr. Gillette’s ranch, The rock
presents a somewhat porphyritic habitus, with snow-white felspar erystals up to 8™, occasionally rounded qunartsz
¢ grains up to 27 ; smaller hornblende needles and some dark mica in a yellowish.gray groundmass, with granular
fracture.

Thin scetion : Large, rounded quartz grains, curiously enough without fluid inclusions. Grass-green, long
hornblende erystals, with no very strong absorption; cleavage very well pronounced; maximum extinction about
180, Biotites few and decomposed.

© Feldspar mainly if not exelusively plagioclase, of those two varieties alveady deseribed at the examination of
Little Belt eruptives and Highwood conglomerate. (1) Shortrectangular or square sections, often zonar structure,
very fine striation, gray colors between crossed nicols. Maximum extinction of hemitropic bands here again
measured to 100 +10°; doubtlessly oligoclase. (2) Larger prismatic crystals, with scarce and oft-missing striation;
colors between crossed nicols light brown, deep Labrador blue. No sanidine noted, Groundmass, very fine micro-
F crystalline of granular feldspar and quartz,

(65) from a dike several miles farther up, shows macroscopically large yellow sanidine crystals in a groundmass
of smaller feldspar grains, decomposed mica, and quartz,

Thin section: Smaller and larger rounded quartz grains, with numerous fluid inclusions with moving bubble;
also glass inclusion, Small decomposed crystals of hornblende and black mica. The feldspar crystals of medium
size are all a somewhat decomposed plagioclase (oligoclase), When a part of the larger sanidines is cut by the
section it appears with the usual characteristics of that mineral, Groundmass micro-crystalline, not resolved by
low powers, composed of quartz and irregnlar simple feldspar granules {plagioclase or sanidine?); no hornblende
in the groundmass. The quartz, especially in the gronndmass, is characterized by a pronounced granophyric
structure, recalling again the Little Belt dacites. [Every quartz grain of the groundmass appears as if scattered
around a certain space in smaller grains, optically wnth parallel orientation.
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The sanidines. k e it . . . . . Lo
_ 1 ¢.1 dines, L_nowu,»lw with smaller dfﬂ elopment from Little Belt connect this dacite with the liparites; a
the line of demarcation between the two species becomes difficult to draw distinetly. '

wy 3 3 PO 3 o 0 TN o . . PO .
= .&»tlll m(iw largely the sanidine seems to be developed in a dike of similar material on the North fork of Dearborn.
Professor Pumpelly has collected from that loeality a quantity of larger perfect orthoclase crystals up to 3,
extended along the clino-diagonal and generally presenting the combination O~P .0 P &2 .0 P. They do not appear
ay sanidine, but resemble typical orthocelase. The rock carrying these crystals I have not seen.’

A tgw dilses (')f a typical diabase, in the Cambrian: slates near the divide, will be mentioned farther on, in
connection with similur roeks from the Big Belt mountains, )

MULLEN PASS AND JEFFERSON COUNTY ERUPTIVES. b

Lornblende-granitite, Liparites—The geology west of the Missouri is but little known. The first range on the
west side of the broad Missouri valley, between the two cafions, is reported as composed of limestone and other
sedimentary rocks. Soon, however, going west, we come into an extensivefield of an eruptive granite. '

One interesting point is the contact at the pass Leight of the Northern Pacific, Mullen tunnel; from there the
line of contact runs southeast, passing close to Helena and Jefferson City, The granite contains mineral lodes in
areat number and indeed some of the most valuable mines of Montana. The study of the age and qualities of this
suptive, to which I shall vefer in the following as the Jefferson granite field, is of great iuterest. 1 shall first
deseribe ib as it appears at Mullen. : c

Phe west slope of the main range, opposite Cadotte’s pass, seems to belargely composed of Cambrian or Silurian
guartzites and slates. They also appear 10 to 20 miles north of Helena as green and red slates, Coming down from
the hills into the valley of Little Blackfoot, 8 miles from Mullen pass, broad dikes of a dark, porphyritic ernptive
appear, cutting a series of sedimentary rocks., 1Lt appears on examination that the dikes iutergecn Jurassic strata,
identilied by fossils, underiaid by some Carboniferous limestone; and that farther on the rocks are considerably
disturbed, and consist of large masses of a hard, gray hornstone or quartzite, unknown to snch an extent in the
general series, This quartzite seems to follow below the comparatively small quantity of limestone. In this
quartzite, a few miles from Mullen, is a dike of a granite identical with the one of the large ‘eruptive; 4 mile west
of divide is & large dike of a black, dense eruptive,

In the valley between this ridge and the divide there is a formerly-worked coal-seam ; strike north 10° east,
dip, 200 west.  About a quarter of a mile southward, at the tunnel, we are already in the typical granite. At the @
divide, west side, theve is a dike of a light-colored, porphyritic eruptive, probably a liparite. On the other side, we
suddenly come to a series of sedimentary rocks striking northeast and dipping southeast, the lower part of which
consists of quartzites and the upper part of Carboniferous limestone (Spirifera centronate and Bucrinites ab the road);
the highest part at the contact with the granite shows alternating bands of black and white limestone, the latter
erystalline, saccharoidal, and very metamorphosed, without fossils. The granite at the contact is coarse granular,
Tor several miles going east the creck runs exactly on the contact line between the granite and the always crystalline
white limestone, To the right the eruptive field extends, a rough and broken conutry, with high, rounded cliffs,
showing the characteristie ¥ woolsack? structure of the granite. ‘ :

A few miles Delow the divide, always following the railroad, we leave the granite and pass over a 4-mile long
monoeclinal dipping east, similar to the one of Little Blackfoot, with gray Carbobiferous limestone, a series of harc.l e
flinty quartzites, and finally a snccession of gray and brown slates ent by dikes of a light-colored eruptive similar
to the one from Mullen no fossils. Approaching Helena, the ground is more covered and the structure nob
so casily ascertained. Near Helena, Jefferson City, and Clancy the line is continually marked by a zone of
metamorphosed limestones or dolomites; portions of the limestone seem gometimes to be included in the granite. .

From all theso stratigraphical facts we may draw a few conelusions: (1), that the granite is eruptive, am} that it
cuts strata at least as high as the Carboniferous limestone, and that in the series intersected we find Jurassic rocks
(Logan’s ranch, Little Blackfoot); (2), that the phenomena of metamorphosis at the contact very closely resemb}e
those which clsewhers have been found to mark the boundary line of eruptive granites; (3}, that, .probably in
Cretaceous or Tertiary time, eruptions of liparitic and andesitic rocks have again intersected 'tlfe district. )

A very puzzling question, however, is the oceurrence of a coal-seam of probably para}me age at Mullen .[
tunnel; possibly the greab eruption is of Jurassic age, and the Cretaceous strata .(1e130s.1ted inan ll'm.ula‘ted .basm
anconformably on the older rocks, disturbed Dy the granitic outbwst, have since in th'cu.' turn part.mlpated in the
general great post-Cretaceous movements. The prollem is very mueh in I}Eed of further investigation.

In many points the petrographieal examination confirms these conelusions. . ‘ ' .

1 had at my disposal specimens of the granpitite {rom  Mullen tonnel, and from Gregory mine, 16 miles
southeasterly in the same-cruptive.  The same description can be used for poth ocenrTences, o

Macroscopically, it is o fresh, coarse, granwlar rock, in which can bq distinguished quartz, hm?x.te, much green
hornblende, and a white feldspar, and can conseguently at once e cla.ssqied as & hornblende-granitite.

Thin section : Numerous irregular quartz granules with many fluid inclusions j 9.1115' the smaller w1t}1 moving
bubble; a greenish-yellow biotite, not very fargely represented.; green hornb}endgm 1rregu.12:r crystals with strong
absorption, sometimes decomposed to viridite, and often associated with grains of maguetite. :
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. a Feldspar—~Orthoclase scarce, plagioclase by far predomirmfring, with splendifl stylflfttle)l? zlzllfl ﬁgl@?]{y \‘:1\)11(1
colors. Maximum extinction of hemitropic Lands, 220 4 220, It is consequently a feldspar approaching Labrador.
Few inclusions. Apatite in long thin, needles, and some titanite. N

The above-mentioned granite dike near Mullen pass is exactly simila_r, but rather fl@(:@ﬂﬁ)()&téd. s e

The similarity to Zirkel’s ¢ Jurassic granite” from Nevada is immefhate}y and clearly pereeived, and thus the
microscopical investigution confirms {he results obtained from observations in the field, ’ n | -

A specimen from the large, dark dike one quarter mile west of the pass was also examined. It isa black, hard,
‘ fect 1se rock, )

mld‘ 2’215: e:;gz‘ag:ix (JV(?t‘y decomposed, and apparently containing much calcite.. Irreg.ulur- pieces of, & g‘x:t}(m,
b somewhat dichroitic chlorite, presumbably decomposed hornblende, imb.edded in a _(bl;*ystnlfl‘ne mass (‘rl u-rc-gt}lar
feldspar erystals, mostly plagioclase as far as can Le seen on account of (100()11]])()S}t]()11. lllm dike is thexretore
composed of an aphanitic diorite, and probably contemporaneous with the great granite oru];)t"lon. ‘

Near this dike Mr. Davis found some crystalized garnet, a mineral very often appearing at the contact of
diovitie and granitie rocks with gedimentary, calcareous layers. ) '

In the interior of the field the pure granular structure of the granite does not seem to be continuous 3 it changes
suddenly or more gradually to o denser dmk-gray or dark-green porphyritic facies, \vi.t'h less quartz and }1:11(.elx
decomposed hornblende. In sowe of {hese varieties I have also found a light-green angite, very decomposed and
with imperfect cleavage. .
¢ The above-mentioned white or light-yellow, hard, porphyritic rock, ocenpies considerable room in the intoerior
parts, for instance at the Gregory mine, where it covers an area of 1 or 2 square miles ; 16 has all the (,'hm'uc-t(jrs
of an overflow it connection with dikes; in fact the upper levels of the Gregory mine are in this eruptive, while
lower down the granite and peculiar facies of the granite suddenly appear again.

A complete exawination of this younger eruptive has not been made; from the few scetions prepared it
appears that part of it is a mica-andesite containing porphyritic plagioclase with zonar structure, brown mica
searce, and a ground mass of miero-crystalline strueture, with swmall, often polysynthetic f{eldspar microlites.
Predominatingly, bowever, a light yellow liparite occurs, with a great amount of sometimes large grannles of
quartz, and a generally porphyritie, micro-crystalline structure.

The ore-veins cut through both lipariteand granite, and are in their turn eut by several minor faults or “broaks™.
d We must, consequently, attribute to them a Tertiary age.

One facies of the granite found in a cross-cat in Gregory mine is of peculiar interest as compared with (he
eruptive dikes of Big Belt mountains; macroscopically dark gray, dense.

Thin section: Small but sharp and perfect quartz erystals (double pyramid), few augites decomposed {0 o pale-
green substance, often preserving the short Drismatie erystals of the pyroxene, Numerous swall, frregutinly
rectangular, somewhat opagque and decomposed plagioclase crystals with broad polysynthetic bands—all imbodlded
in a very fine, crypto-crystalline gray groundmass. This peculiar mode of development may be designated as a
Guartz-angite porphyrite. .

DISTRICT OF BIG- BELT MOUNTAINS.

[Quartz-augite porphyrite, Diabase, Quartz-diabase, Hornblende-andesite and Dacite, Augite-andesite, Liparite,]

¢ Itisinteresting to note the recurrence of those older, acid exuptions in the Big Belt on the apposite side of the
Missouri, about 30 miles east of the Jefferson field. ‘

The large anticlinal of Cambrian, more or less metaphorized, slates, constituting the main chain of Big Belt, is
cut on its eastern flank by several minor dikes, and also contains a massive eruption or very large dike. The old
celebrated diggings of Confederate guleh contain numerons boulders of a hornblende granitite, very similar ter the
one already described; going upward, we find that all thege boulders come down the narrow cafion of Bounlder
ereel, branching off southeasterly into the wooded and not easily aceessiblo mountaing; although following the
cafion for several miles we did not succeed in finding the source of the granitic boulders. They doubtlessly come
from a smaller eruptive near the headwaters of Boulder creek, :

A marked increase'in the metamorphism of the dark slates was noted, going up Boulder creek; soft and
I laminated at Confederate guleh, they, higher up, become hard and glistening.

Fifteen miles southward we visited the interior bart of Big Belt again, going up Deep ereek toward Bald
mountain, the highest peak in the range (about 10,000 feet). We still are in the large slate anticlinal,” High up,
ou the slope of Bald mountain, or rather of the peak next to it, we noticed several dikes of a porphyritic rock,

The first dike—lowest down—a very weathered, white rock, with large, perfect quarts erystals—the double
pyramids, so characteristic of the porphyries. .

Thin section ; Large, ver:y decomposed plagioclase erystals; somé irregular feldspar erystals without striation—
may be orthoclase. Quartz in angular sections, with numerous flnid inclusions. TFew Drismatie, light green, and
fibrous crygtais; decpmposcd augite; very few clear unaltered granules of pyroxene, markedly dichroitic—grass-
green to Ifmnb ye]l?msh-green. No good extinetions could be measured, Some thin stripey of .a brown subs.tauce
fm(l opacite, possibly altogether decomposed hornblende; groundmass predominating, light colored; crypto- to
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micro-crystalline, very decomposed. The rock must be classified as a quariz-porphyrite. Farther up again, at an &
altitude of about 8,000 feet, there is another dike with a similar, but differently developed rock, with beautifut
porphyritic stroctore. In a gray or greenish-gray dense groundmass are imbedded round guartz grains up to 1
in diameter, and equally large gray or light red plagioclase in rectangular or square seetions. Sometimes a feldspar
erystal is exposed Ly weathering and then shows the form of albite, @ T and O P being about egually developed.

Thin section: Very decomposed, feldspar and groundmass being filled with kaoline. The large feldspar shows.
polysynthetie structure, with generally vivid colors; maximum extinction of hemitropic bands, 2004200, Large
rounded quartz grains, sometimes fissared and the cracks filled with groundmass; numerous fluid inclusions. A
few irregular grains of pyroxene; here also dichroitic. All imbedded in a decomposed, gray, micro-crystalline
groundmass of feldspar and quartz. It is consequently a quartz-porphyrite. This rock, although coarser I
porphyritic is exactly similar to the one described from the granvite ficld near Gregory mine; and thuos the age of
these dikes is established as pre-Cretaceous and post-Carboniferous, probably Jurassie, and contemporaneous with
the hornblende-granitite. Still farther up, near the summit, the greenish slate contains another dike with & dark
gray, dense rock, without any erystals visible.

Thin scctwn. This also appears very decomposed, but similar to the already-described dark eruptnefrom
Mullen. Irregular pieces of decomposed hornblende, beside some long, fresh erystals; opacite throughout, Some
larger, decompoised plagioclase crystals; groundmass very micro-crystalline; constituents hardly discernible, hut
probably feldspar and quartz. As the presence of the quartz is not proven, we must call it a hornblende porphyrite.

Thus we see that, although the Jurassic eruption of acid magma mainly took place west of the Missouri, it was ¢
also extended castward to the Big Belt range, in form of dikes and smaller massives. Themagma is quite differently
developed, for instance—(e) as hornblende granitite (plagioclase predominating; (b) as quartz porplbyrite (large
quartz crystals, some augite); (¢) hornblende porphyrite (with quartz presumably in groundinass).

We notice that the pyroxene is never developed in the coavser, crystalline varvicties; only—and sparingly—in
the porphyritic and aphanitic varieties. These rocks can Lardly be mistaken for younger, liparitic or dacitic
eruplives. The feldspar, for instance, is very different, showing broader striation wifh vivid colors, and doubtlessly
approaches labradorite.

Besides these dikes of an older, acid magma, there are others of younger age. A large dika of typical
hornblende-andesite can be traced for several miles from the place where it cuts Boulder cafion. It is dark green,
with small white feldspar erystals, dd

Thin section: Green, fresh hornblende, in prismatic erystals; square and rectangular plagioclase erystals with
ronav strueture.  Little opacite; groundmasq mostly feldspathie, micro-crystalline.

Ab the mouth of Confederate guleh, 5 miles lower down in the foothills of Big Belt, composed of steep, dipping
Silurian quartzite and limestone, girding the Cambrian anticlinal, there is an andesitie, double dike, ranning about
parallel to the strike, about N. 700 W, It is about 200 feet wide, and consists of u dark green and & brown rock
between which there is a breccia, showing the green eruptive to be the older, pieces of it being included in the
brown, )

The former is a (hornblende) dacite of a very different appearance, however, from the dacite of Little Belt.
and Dearborn. Composed of numerous small clear, quartz crystals, somewhat decomposed plagicclase in
rectangular cryatals, and a green viridite (probably decomposed hornblende) filling the greater part of the room e
between. Some erypto-crystalline groundmass.

The latter is a pure andesite, with clear, sharp plagioclase crystals with /mmr structure; extinetion maximum
between hemitropic bands, 2304230, Small amount of decomposed hornblende. Some smally violet-brown doubly-
refracting crystals. All included in a glassy and micro-feldsitic groundmass, with some fe]dspur microlites.

Here I will also mention a diabase appearing as dikes most constantly in the red, Cambrian, or Silnrian slates.
It is purely crystalline, heavy, and dark. Macroscopically, white feldspar faces and granules of a dark mineral aro
scen. I have seen it at Cadottes pass, at the mouth of Confederate guleh, near Deep creck; also in the foothills ol
Big Belt; finally, 20 miles southeast of Deep creek, near the North fork of Sixteen-Mile ereels, always in the red
slate, never in high strata. The dikes are about 50 to 100 feet wide, and always easily discernible on the surface
by the deep-brown rusty color it imparts to the ground. £

A specimen from Cadotte’s pass is composed of fresh triclinic feldspar, irregular granules of a violet-brown
angite, and much magnetite mostly surrounding the augite. '

.The dike from Deep créek, although macroscopically similar to this, presents on microscopic examination a
most pecaliar and interesting feature. It is a quartz diabase and a quartz diabase with granophyric stracture of”
a rarely-seen beauty. : ' '

Teldspar.~Irregular granules and long crystals; generally gray colors and very fine striation; a few withontr
striation, but from general appearance they must also be plagioclase. A few crossed strintions. Not striated,
rectangular sections extinguish obliquely. Tew inclusions; rather fresh appearance, :

Augite—Irregular granunles, nearly colorless or very pale-brown or green; now very decomposed, often only
showing a remaining nucleus of fresh substance. Decomposes first into hornblende; then the hornblende gradually

" changes to chlorite, and the chlorite to brown or dark ferruginous products. Somelimes the augite changes
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4 direetly to yellow and brown produets. The hornblende often appears as the direct continuation of an augite
crystal, the cleavage extending from the latter to the former. The whole proeess is exactly similar to the general
"~ decomposition of diabasic augite as stated by Rosenbusch, Apatite in long needles. Magnetite abundant,

Quartz in large guantity, showing the most beautiful granophyrie structure; the {ragments of oue individual—
often regularly triangular in shape—are dispersed through the feldspar; very often also forming the threads of a
perfect network ; the large quartz granules are on the whole poor in inclusions, but carry some fluid pores with
moving bubble.

Quartz diabases are of very rare occurrence, but a quartz diabase with granophyric structure 1 can safely
claim as new to science,

The country south of Big Belt mountains, including the Bridger mountains, Sixteen-Mile Creek mountains,
b and the Bozeman district is on the whole not very rich in eruptlve rocks, the limestone-sheet and the Laramw
sandstone covering most of the region,

On the headwaters of Gallatin and Madison rivers the ernptives must occnr again on a large scale. Not having
visited these districts, I can unfortunately say nothing of their character. At Bozeman and in the Gallatin valley
pebbles and small boulders of a very porous and vesicular black lava oceurs, indicating large eruptions, probably
recent overflows. ‘

The Cretaceous basin of Sixteen-Mile creek, above the limestone cafion, presents some interesting points.

Along the river there is u good exposure of Cretaceous rocks. Near the crossing of the road from Dry creek
of Bridger mountains to White Sulphur Springs I noted the following section : 25 feet light-gray coarse, (Laramie)
sandstone; 60 feet dark greenish-gray sandstone, resembling a tufa, With obscure plant remains; 12 feet coarse
¢ volcanic conglomerate of dark, often glassy eruptives. A few miles down the creek the same section, practwa]ly

is observed, but here a sheet, probably 20 feet thick, of a Lrown or yellow porphyry-—a liparite—covers 1he
conglomerate, The sandstene belongs most undoubtedly to the same Laramie formation, so enormously developed
on the eastern slope of the mountains. The conglomerate and tufa occurring in it are of interest as indicating the
age of the eruptives. Now, thin sections of the boulders in the conglomerate prove them to be prevailingly pure
augite andesites; therefore the ageof these coincides with that of the Laramie deposits. The andesite appears as
& dark-green rock, with somewhat glassy luster and small glistening feldspar crystals,

Thin section : Feldspar very fresh, of rectangular form; all plagioclase, with fine striation and gray colors of
polarization. Presnmably oligoclase. Very few, but clear and fresh light-green augites (not rhombie pyroxene),
in irregular granules. Groundmass prevailingly glassy, with few feldspar and augite-microlites. The glass is filled
d with opacite or hematite dust, sometimes micro-fluidally arranged in strings.

The exact position of these conglomerates in the general series of the Laramie I am unable to fix.

The second eruption in time is that of the red liparite. I ean not venture to decide whether we here have an
overflow contemporaneous with the sediments or an intrusion. If the former, the time of the liparitic eruptions
would be placed much farther back than has been generally assumed. It is a salmon-colored, or yellow, dense
roek, without any porplyritie erystals.

Thin seetion : Light-colored, irregular, round spots, bent and twisted str:pes of a mwicroerystalline mass of
sometimes clearly discernable quartz and feldspar; thin fissures, ranning irregnlarly and filled with chalcedony,
the light-colored stripes are imbedded in a brown wicrofelsitic groundmass; hematite granules microfluidally
arranged, often surrounding the lighter parts, It is a typical, liparitic grounndmass.

‘¢ That not all angite andesite is necessarily of Laramie age is shown by & dike, as far as I could ascertain,
culting the sundstones near Shields’ river, east of the Bridger range, about 12 miles from Livingston. It isa
typical, somewhat decomposed augite-andaesite.

Aunother Luramie conglomerate, of which, however, I am (Lble to fix the pomtlon more accurately, occurs near
Bozeman coal fields. Mr. J. Ii. Wolff, of the Northern Transcontinental Survey, kindly furnished me material for a

rapid examination.

The total thickness of Laramie series at the coal-fields, as measured by our party near Livingston, exceeds
30,000 feeb; at a certain point above the Jurassic strata fossils are found, identified by Prof. R. P, Whitfeld as
belonging to Hayden’s Cretaceous No. 2; 2,000 feet above these the Bomman coal-beds appear; 200 feet above
these we find the conglomerate, consisting of hornblende-andesites, which, consequently, must be of Lower Laramie
& age.

Macroscopically, the pebbles appear as a dark-green or gray rock, with white feldspar crystals.

Thin section : Only (riclinic feldspar, with large extinction; mostly regularly rectangular crystals, with zonar
structure by inclusions. Hornblende readily to be recognized, but very decomposed to opacite; groundnass brown,
microerystalline, with some glass. Another specimen has the hornblende decomposed to viridite. _

There is o great similarity between these andesites and those deseribed from Big Belt mountains at Boulder
crecli. ‘ _ ' '

Trom all this it may be seen that we must not attempt to limit the periods of the eruptions too much from
inclination to systematic division. Probably the andesitic eruptions began early in the Laramie period M)d L\bt&‘ﬂ
wuh different intensity till or after the end of the same.
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CRAZY MOUNTAINS.

Bvery traveler on the Northern Pacific must have noticed the rugged and majestic group of the Crazy =
mountains north of Livingston. Their perfect similarity to the Highwoods—only on a larger scale—is a fact which
1 could nof but observe when seeing them from a distance. I believe Mr. Hayden mentions them in his before-
mentioned report on the Yellowstone and Missouri as the ¢ Crazy Woman’s mountains”, and suggests their being
“tan anticlinal uplift?. M. J. B, Wolff, of the Northern Transcontinental Survey, who has visited them, gives an
account which altogether proves their perfect analogy with the Highwoods. They are formed of a very shallow
gynelinal of Oretaceous sandstones, nearly horizontal even at the highest points; the layers are highly metamorphosed,
and cut in all directions by a maze of eruptive dikes, Mr. Wolff collected some specimens from these dikes, but as
yet no examination of them has been made(a); a large field, promising rich returns, is here open.

RESUMIL, b

’

I shall now attempt to condense, in a few wards, the more important conclusions derived from the study of some
of the eruptive rocks in Montana.

The oldest eruptive is without doubt the granite with red orthoclase, found as dikes in the gneiss at the
headwaters of Belt creek, Little Belt mountains, The second eruption of Cambrian or early Silurian age is a
diabase, sometimes appearing’ as a quartz-diabase, in which the quartz has a- granophyric structure (quartz
pegmatoide, Levy), During the rest of the Paleozoic era complete calm appears to have reigned here as well as in
-other parts of the Rocky mountains.. _

In the Jurassic period, presumably, & large and extensive eruption of acid magma took place, developed in ¢
massives or dikes as dioritic granite and gquartz porphyrites, the latter dividing into augitic and hornblendic
porphyrites. .

The most remarkable and varied part of the history of eruptions is that comprising the Laramie and Tertiary
series. The order of succession is not always easy to prove, especially as no sedimentary rocks younger than
Laramie are found in the districts in question. One definite conclusion is that the andesitic eruptions commenced
TJate in the Cretaceous period or in the Laramie.

‘While Mr. Olarence King pronounced the hornblende-andesites as pre-Miocene, we can here more definitely say
that at least a part of them are of Laramie or even pre-Laramie (marine Oretaceons) age. ‘

Acecording to the elsewhere established sequence, the next younger eruptive wonld be the hornblende-dacites
(sometimes approaching liparites) appearing as massives in Little Belt mountains, and as dikes in Laramie in d
front of the main range. I have no direct evidence of their age compared with that of the andesites. In the
Highwood mountains we find them together with andegites in a Laramie conglomerate.

No augitic dacites, and only few augite-andesites were found,

Liparites are found in front of the main range as dikes in Laramie strata.

No liparitic or basaltic overflows or lava-fields were met with ; they doubtless exist, though, in southern Montana
toward the Idaho boundary line.

The most recent of the eruptives appear to be the trachytes and basalts, They occur generally intimately
associated, and doubtless belong to one and the same period of eruption. They are post-Laramie, presumably of
Pliocene age. The trachytes are nearly all developed as augite-trachytes, and some are amazingly rich in augite,
The basalts are in part plagioclastic; another part consists of the new group of the analcite (nosean) hasalts, e
originally composed of nosean, angite, and olivine, but with the nosean extensively changed and metamorphosed
into analeite. These eruptives generally occur as dikes, sometimes crowded together in great number; the trachytes
appear to be younger than the basalts,

a Mr. J. E. Wolff has’ described the Crazy mountains and their rocks in the Neues Jahrd., 1885, I, p. 69, and in a more exiended
paper printed for the Northern Transcontinental Survey —Notes on the Petrography of the Orazy mountairs, ete., Heidelberg, 1885, Andesites
(propylites), tephrites, diorite, and some metamorphic sedimentary rocks are found there.—R. PUMPELLY. )
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