MONTANA COAL-FIELDS.

By Gro. H. ELDRIDGE.

The area comprising the explorations mentioned beyond includes the eastern slopes of the Rocky mountaing
in Montana, the portions of this Territory lying east of them, and what may be designated as the Mouse river
distriet in northern Dalkota. It must not be understood that this entire stretch of country is explored in detail
throughout, but only those portions which at the outset promised the largest and most important coal deposits. ¢
The remainder was only examined in so far as it could be done in the casnal movements of our corps from one
locality to another during the two years spent in the work.

The western boundary of this area is in most instances the front ranges of the Rocky mountains ( vide general
map, Plate LV), though toward the south, in the vicinity of the Bozeman pass, the natural thoroughfare of the
Northern Pacifie railroad, exploration has extended within this limit to the headwaters of the Missouri river.

The ranges constituting the Rocky mountains in Montana reach an altitude above sea-level of from 6,000 to
11,000 feet, the average being nearer 8,700 feet, with the plains at their eastern base coming usually between the
levels of 4,000 and 5,000 feet.

The region drained by the headwaters of the Missouri and Yellowstone rivers, since it has to do more directly
with some of our fields of exploration, needs a little closer attention, At Helena wehave but two 1anges. “The d
Main,” to the west of which the western slopes form a part of the Pacific water-shed, and “The Belt”, just east
and across the valley of the Missouri, on the eastern slopes of which rise the waters of those tributaries of the
Missouri, ‘which drain the prairies farther out, the “Deep” or “Smith’'s viver”, and the northern branches of the
Musselshell. Above Helena the main divide between the waters of the Atlantic and Pacific forma a prominent
and large arc, one end, the northern, lying just west of Gallatin city, the point of confluence of the three tributaries
forming the Missouri—the Gallatin, Madison, and Jefferson rivers; the other end, the southern, lying at the western
boundary of the Yellowstone National Park, the interior of this extensive curve being drained by the Jefferson
river and its tributaries, The Madison and West Gallatin both flow northward from the Yellowstone Park,
geparated from each other and the Jefferson to the west and the Yellowstone to the east by bold and lofty spurs
running down from the main divide. e

The Belt range from the latitude of Helena passes southward in a rather broken line and unites with the
range forming the divide between the West Gallatin and Yellowstone rivers, and by this also with the Yellowstoune
range south and east of the Yellowstone river. I'rom the Belt range, as thus described, extend eastward on to
the prairies several important spurs. The highestand most imposing of these is known as the Crazy range, passing
off from the Belt range at a point about 80 miles north of the Yellowstone and running southward to a point
opposite the Old Crow ageney on this river. It is geologically an independent range, over 11,000 feet high, and
almost wholly a mountain of erosion, while the topography of the Main and Belt ranges proper is generally that
due to the combined effects of upheaval and erosion. Against the eastern slopes of the Belt and Crazy ranges and
their spurs rise the southern tributaries of the Musselshell and the smallest of the streams feeding the Yellowstone,
this river recelvmg the bulk of its waters from streams coming from the mountains lying to the south of it. r

The second prominent range passing off from the Belt mountains is that of the “ Little Belt,” which is continued
eastward in the npheaval of the Snowy and Little Snowy ranges, the three together forming the prominent divide
between the Musselshell and Judith rivers. The first two reach an altifude of over 8,600 feet the last of about 6,000
feet above sea-level, the prairies at their bases being in the neighborhood of 5,000 feet. Still farther to the north
comes the gronp of the Highwoods, another geologically independent height, having an altitude of 7,000 feet, and
occupying the bend of the Missouri river at a distance of 18 miles from it. The Highwoods, with the high country
connecting them with the Little Belt mountains, form the western rim of the agriculturally-important Judith basin,
and the divide between it and the Missouri river, the eastern wall being the anticlinal of the Judith mountains
with the hills connecting them with the Snowies farther south. The two important anticlinal upheavals of the
Moccasins, near the eastern sxde of the Judith basin, should also be noted m passing, The streams draining these
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a border mountains northward, via the Judith basin, all have a fair amount of water, while the southern and eastern
slopes furnish only the slightest amount, most 6f the coulées being entirely dry, the valley of the Musselshell having
all its large streams on the south side, coming down from the Elk ranges, between it and the Yellowstone river.
Owing to the Crow Indian reservation occupying the country south of the Yellowstone, our explorations there were

very limited, but may be regarded as bounded by the bold and rugged heights of the Snow mountains, the front

wall of the Rockies at the head of Olark’s Fork, and by the Big Horn mountains farther east. These ranges
with the mountains and valleys beyond to the south, furnish nearly the entire amount of water of the Yellowstone
river, the streams being numerous and large, while those coming from the north are for the most part dry.

‘ The topographical features of the prairies are very much the same throughout the entire area, consisting as
they do of a general prairie level, on the one hand cut with coulées usually from 20 to 100 feet deep, and on the
B other dotted with buttes or marked by low ridges; one side among these last has often a gentle slope to its
summit, while the other presents an abrupt bluff of sandstone or arenaceous clays, the crest being usually marked
by a scant growth of stuuted pines. Concerning the drainage of this great Cretaceous basin, it is a remarkable
fact that the three large rivers receive the bulk of their waters from the south, the streams from the north being
either dry or of very little importance.

The general geology of the Rocky mountain ranges will be found in the report of Mr. Davis, who has made
their features a subject for special study. Our own explorations were conducted entirely with reference to the
discovery of coal deposits, and we sghall therefore present our notes on the general geology in a manner that will
have a direct bearing on the oceurrence of the coal and its relations to the associated strata. Coal-beds are found
¢ at various horizons in the Cretaceous from the Dakota upward, and we naturally turn first to the identification of
the base of this group. Along the western horder of the great plains of Montana, either forming the foot-hills next

“the higher ranges or occurring on the slopes of the ranges themselves, are to be found the strata of Jurassic age.
On all the subordinate ranges also, the Little Belt, the Snowy, the Moccasins, and probably the Big Horn, great
anticlinal folds, there oceur the same Jurassic rocks, varying very slightly if at all in their characteristics. Noticeably
persistent and uniform is the development of the limestones with their accompanying fossils, rendering them most
easily recognized wherever met, and a most excellent indicator of our proximity to the overlying coal-bearing
Cretaceous strata. The following section (Figure 1 of the geological cross-sections, Plate L.VI) from the lower
cafion of the Yellowstone river ountward onto the prairvie will give an idea of the rocks met with in the Beld

mountains in the southern portion of our field. It is by Professor Pumpelly. The section is numbered from below
d upward, the numbers in the text and figure corresponding.

No. Feet.
1. Heavy Leds of gray limestones, 1,000 to 2,000 feet thick, probably Carboniferous, in part ableast ........ovennnn
2. Drab limestones with red stained fa26. ..o e iiniiirirt i e it trnces drsc cime e smavenarennaan 60
3, Covered, but probably Bhales ..o i ittt i crciriceataraias cmnmet et camaan rumnnn maaanan 158
4. A white quartzite stained BrowWn ... oemileioniiiiiiier ittt terte terer sar s camnar anrnrn anen nene 60
5, A white quartzite with cavernous I&Fer8 «v.eweiint i tiiriticre it cncantcccntrtmrnnn rone e eneman s 48
G. Covered, but Probably & ConglomMerate . ... oumneu e orices caeaaoaaae taaan camnae emne nama e anna ean 36
7,-Drab slaty limestone, overlaid by a quartzite...... cccoccvanee T Yuesmmmne snne 44
8. Conglomerate and white quartzite .... ... it mmin i i i et e s ae e 48
9. Limestones, very fossiliferons ... ...cvermrrimireiiiri i iirre ra i e s nvessen e eeenne tmenus ray 2.

e 10. No distinet outerop, but apparently light quartzites or sandstones weathering with rounded corners....... 818

11. Coarsely orystalline fossiliferous Hmestone ... .veieneerieriioimis tioams ceiie ciciv ceamentaccat canaens 28

12, Covored, but probably o shaly sandstone ... .....ccees iiunieiom i i inanrarios seramre cesssaonmmccansauns 60

13. Sandstone, Slightly ferrnginons . ca. o i e e iieit diic civsbeacesseaes aecaneeaneaans - B3

14. Covered, but probably same as No. 13, excepting that the upper part is more shaly..c.cvcvvevcnreennnant 112

15,16, SandStone . . ccre circe arreetec it cramat e et mnmas nara tasaan senmnnaanans mea muan e evesananaaaaaaann 120

17,18, Bandstone with conglomerate layers.. ... ..o iiaen i i i rer e e e ra e 355

19 and wpward. Generally sandstones with 8Daly 1a4FeI8 .oueveemeen cumaan mvmecmconn acmoiacacescancanncscanranananns
30, A sandstone just below which probably occurs the coal-beds of the Bogeman field..coou oo verivaaaanoo.

No attempt is made to assign the strata to their proper age, as our data are not sufficient. In a general way,
however, the points to be noted are the heavy beds of pre-Mesozoie limestones (No. 1 of the section just given), the
Jurassic limestones (No. 9), and the interbedded conglomerate and sandstone (No. 17), which are probably near the
base of the Oretaceous. Another characteristic not observed at this point but generally present and very prominent,
£ even at great distances, is the presence of beds of shale and sandstone of a very brilliant red occurring beneath
the Jurassic limestones, usually somewhere between 100 and 150 feet, which may possibly rightly be considered of
Triassic age. These features of the strata underlying the Oretaceous are everywhere present, though marked more
prominently at some points than at others. On the east side of the monoclinal ridge of the Bridger mountains,
seen in the map of the Bozeman coal-field (Plate LXII) they are especially prominent.

The Belt mountains at the head of the South fork of the Musselshell, 5 or 6 miles above its junction with the
North fork, present these same general features (Figure 5, Plate LVI). We have at the base of the section
given the Jurassic limestones (No. 2 of the section), which are underlaid by about 400 feet of red and green shales
(No. 1), interbedded with one or two thin strata of limestone and a thin basal conglomerate, there coming under
all the Carboniferous limestones, The Jurassic limestones are overlaid, as shown, by sandstones which are
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alternately heavy-bedded and shaly, sncceeded at about 400 feet b X " .
: y a conglomerate of coarse and fine pebbles, a
showing an outerop of about 40 feet, and followed at about 200 feet by another bed of much heavier and coa-rzse.r

material, the two beds being separated by sandstones of varying t i i
exture and color. The ent : re
from below upward, would be: e oot © entire sectlon, numbered

1. Red and green arenaceous shales, with lime i i a0
4 g B stone intercalations and a basal conglomerate ........oe....... 400
P R UL TR T T P AN 90
3. Graysandatone..... Cemenamaeee .-....-“. T 90
4. Covered, but probably lile No. 3, perhaps a little more shaly ceveurmeesnnesanceniciennnineans ".-- 75
5. Light-colored and yellowish-gray sandstones forming prominent erests..c.. e ieovs conmeeiacainceanans .32
6. Covered, but undoubtedly like No. 5, though shaly....' ............ Maeamsmmeteeceesavent nae e e nn 60
7. A rusty-gray sandstone, weathering red and forming a prominent ridge...c.cceeriamainiiiniiienarennnn. 27 b
8. Like No. 7, but more thinly bedded. .. veneiceemnrerer vonen ‘emmen e iumes waemeeanenas mesamaeanaennananaas 15 '
9. Conglomerate, pebbles of size of a bean and upward, probably Cretaceous.veann . iaaenr iearnencnonnnnn. 40
10, Light ealeareons sandstone, reddish ab 0P ..uccevu ceenvmvcee o cvmsvnzansacssicauenacenacrnason coennnne 90
11, Covered, probably like Nos. 10 and 12.c e cirii it it ivme i cecnn eanan A 50
12, Heavy-bedded gray sandstones.... ..ccveevsvainonense PR et mmraacan s e e aenn 70
13, Heavy bed of c0nTE0 CONGIOMETALB. .. x veermsncr vmramn secs manssmmars mrs mmmstsmvoa somcsnacas saeamscnas 65

Ag in the Yellowstone section, the actual base of the Cretaceous was not determined, but the strata are all so
clearly defined that no doubt can ever be entertained as to the proximity of the series which is liable to contain
important coal-beds. Though some members of the series are altogether wanting, or at least thinner in this section
than in the first, still the important general features referred to above remain unchanged. c

On the southern slope of the Snowies we meet with comparatively the same section of red and variegated shales,
and Jurassic limestones, overlaid by heavy-bedded sandstones, followed by the coarse conglomerates. In theJudith
Dbasin, in the foot-hills on the north of the Little Belt mountains, we have a variation of the sequence thus far
observed in the conglomerates coming immediately above the Jurassic limestones and not being again met with in
the ascending Cretaceous strata. This same condition occurs in the Bozeman coai-field also, of which the section
(Fig. 2, Plate LVI) is distant from that at the mouth of the Yellowstone cafion only about 10 miles (vide map of the
Bozeman coal-fleld). On the eastern rim of the Judith basin the core of the Judith mountains, to the south of the
mining district of Maiden, consists of the heavy beds of the Carboniferous limestones, Upon these lie conformably
the post-Carboniferous rocks, but there is at this point, as also in the slopes of the Meccasing, a decided departure
from the series go often observed along the main ranges and the belts mentioned above. The following section d
represents the series on the Judith mountains just referred to, numbered from below upward, It is takenata
point about 3 miles southwest of Maiden. .

Feet

1. Corboniferous Jimestones, Very MasBive. «caue ceeues tommsanmmeas sunuascaunronrronansansusses eremeveaanmas 1, 000

9, Silicious Hmestones of a light yellow color, gradually changing £0.c.mvesnmmenrmensseamms s as 111

3, Yellow sandstones, Wenthoring T8GR eeaes savaes svnansanes vurrnssosmemanencecars sansannnssmnunssnnnse ceeen B

4. Yellow sandstones, becoming at top very calcareous ........ocven--e cemmmenanans swescnimmensanamsanaatasas 92

b. Stightly silicious limestones, weathering reddish - .... e mavenesamenciemssbesaontanason seans asn PR .12

6, Covered.....coeaevncnnn e LG LL L SR LLEE LR bt bbb 70

7. Jurngsic imestones, OUtCrOP 0f. ueves oriceas snos snos tcenr somn samu cansusssamntasas snonee s mn s s n e e 10

B, ClOVOICA. cneure cunrnnccucanssammus sssmnesmmmns ssnmnncnasansasmres P T T P Y

9, Thin, laminated, coleaTeous SRAES. ..oeervans rrom anassannass enesarmnsnssrosnsanronemenes e vanaes G L]
10, Limestones; also Jurassic, fossiliferous .....c.ceeroors-ven amemeaeenanes T Cemeneweaean 21
11, SHRLG « o neees vannrorams samunn saamsssammns sasacs cmmmasanee TR
12, Sandstones, of alternate Leavy-bedded and shaly layers; Cretaceous. ..eees-ronesscsnsrmrmnsnmrsromes nons 70
13. Gray sandstones, weathering yellow - ....coceracuroneoonn-ms U PUPMPPPPIP PR O 12
14. Shales, or very argillaceous and thin laminated sandstones, with upper 20 feet somewhat caloareous........ 116
105, SDTLABEONO » vnsn e <eom naemms <oes smmn nome amssamas o taor SasaRESSTosmSSEeTrssonalienTrensnntnanTnnn Ei
16. Ferruginous sandstone, lower 25 feet 1 e 35

17, Ferruginous SARASIONG . .eneuees cemn ansmmsarnssmsass ras smssnan s sarare Tma s eemaressesannannne 12

18. Clays, or arenaceous Shales. oo s coeurenrcmnsanaenmecmtnuane srnsos s s e e ceeemtaemrmaaneennan 4?
10, Shaly BANASLONES.ns nvann sss sesmnre sesssass et ors inmns stss i s SR T S T eeniscnesesnaas 30
20, Lignite, 1} feet to 3 feet ; very poor, divty, and variable ... .ovevern rommer sracasiran sas e de e o - 3 »
21, Ferrngiuoussundstone,’ratheryellow...................--............-............................_..... R f.
92, Ferriginous BARASIONG .oseeessnwecmrssss coraanms nossann Bees Sosn S n g LT 0 B LT ELE 12
23, Red shales and sandstones interbedded, with one or two limestone Strata. cuve vovwrnasmmonnnaaensisennes 420

Tt will be observed that the distance between the Carboniferous and Jurassic limestones, about 300 feet, is the
same in both this and the section from the Yellowstone cafion, and wherever observed the distance was always
approximately the same; but in the section just given the conglomerates at the _base of‘ the Cretaceous have
disappeared altogether. However, the very decided differences between the Jurassic and Cretaceous strata here
enable one to draw the line of union very elosely. ‘ _ o

The section represented in Fig. 4 (Platé LVI) is from the western slope of the North Moccasin, and is & w.lde
variation from the sections met with elsewhere in our area of explorations. Thereis no (19ubt about the un'der]ymg
limestones (No. 1) being Carboniferous, and probably Nos. 5 and 7 are Jurassic, but the distance between toese and
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a the CarboniferBus limestones is greatly increased over that in other portions of. the ﬁelq. Furthermore, there
occurs what are very like granite injections between the strata, but as.much of: the 11}te1'med1ate spaco .was covered
it was impossible to determine definitely their exact character. Notwithstanding this abnormal copdltloxl, the base
of the Cretaceous is as readily recognized here as in other localities, by its relation t9 the underlying }’ocks.

In the region of the Snow mountains, south of the Yellowstone river, the relations between Cretaceous and
older rocks differ from the foregoing cases, in that the Snow mountains, in proximity tf’ the coal-field, ave fanlted
up, exposing the limestones to view, and we do not have, therefore, the same sugcesswn of stram a8 elsewherp.
Within the mountains, on the Upper Yellowstone river, just above the second caiion, and on the Upper Gallatin
above the lower cafion, the usual succession of Jurassie and Cretaceous strata of hn.)estoues, §5111dstonc\t~3,
conglomerates, and overlying shales are met with, and differ in no respect from the typical deposits already
b mentioned. — .

Such, then, are the chief and important characteristics of the rocks underlying the Cretaccous, in reference to
their bearing on the identification of one’s proximity to the Coal Measures.

As already stated, in the Cretaceous of Montana, there occur at several horizons, from the base to the top,
various seams of coal.  The Dakota and Laramie groups are the most important in this respect; the Colorado
has a few seams of minor importance, while as regards the Fox Hills, none have been discovered that could be
absolutely referred to this group. The general character of the Dakota has already been touched upon in
counection with the pre-Cretaceous rocks. It is remarkably barren of fossils, but, as is seen in the sections
presented, usually consists of heavy-bedded white and yellow sandstones, and conglomerates of a varying coarsencss,
perfectly conformable with the strata below. The conglomerates are by no means evenly developed, being much
¢ thicker and occurring in more numerous beds in some localities than in others. The thickness of the Dakota was
nowhere determined, as our labors were necessarily in another direction, and, moreover, in tho vicinity of the main
ranges of the Rocky mountains, the transition from it to the overlying Colorado was very gradual and the exact
1ine of junction very obscure. Out of the influence of the shoreline, howover, on the prairies, the union, had it
been specially observed, would have been very marked, as the lithological characteristics of the Colorado are there
“very decided. There are one or two peculiarities in the northern part of our field that have not been observed

clsewhere in the great rim of the Cretateous that this group forms along the base of the Rocky mountaing and
most of its great spurs., These consist in the thin beds of limestone observed in the sections in the Judith basin
presented in Figs. 3 and 4, Plate LVI, and in a thin bed of red shales oceurring some distance up in the group, at
least in the upper half, I should say. The limestones are very silicious, and, so far as observed, are non-fossiliferous,
d The red shales, if occurring with a sufficiently gentle dip to cover any extent of surface, are very advantageous to
farming, since wherever their materials are washed from the benches formed of them onto the strewm bottoms
_ very productive soil is formed, clearly showing its superiority over the portions of the Lottoms not affected by it, in
the quantity and quality of the crops. This feature of coloring does not seem to bo due to the effects of combustion
of coal-beds, as 1s the case often in the Laramie group, none of the usual results of such phenomena being met with,
Neither the limestones or red shales have been seen in any other part of our area of exploration, bhut form o decided
characteristic of the Judith Basin strata. These features have been spoken of in connection with #ie akota, for
they seem to have a closer connection with that group tlian with the Colorado. The important coal-bed of the
Judith basin and Belt creek is also referred to the Dakota, by reason of its association with heavy beds of
sandstones, which furthermore underlie beds known to belong to the Colorado.
e The Colorado group, comprising the three members, the Fort Benton, the Niobrara, the Fort Tierre, underlios
the entire prairie lands in Montana within the border formed by the outerop of the Dakota. In the valleys of the
Yellowstone, Musselshell, and Judith rivers the Fort Picrre alone is usually met with, excepting in the immediate
vicinity of the mountains, where, in the Yellowstone and Musselshell valleys, by upheaval and subsequent erosion,
it iy exposed in connection with the underlying Niobrara and Fort Benton. In the Judith basin proper the lower
two divisions of the Colorado are much less prominent, and may be absent altogether, which infercnce is drawn
from the section afforded by the Moccasin mounntain on the eastern side of the basin (Mg, 4, Plate LVI) the black
shales (Nos. 18-23, inclusive) there given being unmistakably Fort Pierre.

The middle member of the Colorado, the Niobrara, was nowhere in the arvea of our explorations positively
identified. The Tort Benton is typically developed along the Missouri river north and west of the Highwood
- F _mountai-ns, and especially opposite the town of Fort Benton, from which the name of the sub- group is devived. In

this vicinity it underlies a large extent of the prairie on both sides of the river. There is also an excellent oxposure
of the Fort Beuton, though slightly different from the typical beds, in the Belt Butte on Belt ¢reck overlying the
1-‘;1‘1ge ]coal-seam found there. The section is given in Fig. 6, Plate LVT, as follows: [Numbered {rom younger to
older. .

(1) Sandstone; thin laminated, fine-grained, gray weathering brown.
{?) Bandstone; heavy-bedded, fine-grained, white,

(3) Sandstones and arenaceous clays,

(4) Black shales,

(6) A granitic sandstone.

(6) Shales; very dark blackish-gray, :

(7) Sandstone; yellowish:gray, upper 2 feet ferruginous,
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(8) Clays; roed and ysllow.
(9) Clays; red, arenaceous. a
(10) Four interbedded and alternating layers of red and green clays. Layers are of equal thickness.

(11) At the top a concretionary layer of red arenaceous clays, underlaid by 15 fcet of greenish-gray sandy clays, these succeeded in
turn by more red clays, similar to the upper ones.

(12) Concretionary clays; yellow and drab, Conoretions are ferruginous,
(13 and 14) Sandstone; gray. No. 13 is fossiliferous.

(15) Shales; red, purple, and drab, with thin intercalations of drab saudstones, It isseparated by 10 feet of gray sandstone from (16)
(16) Shales; red and purple.

(17) Sandstone ; moderately fine-grained, white to gray, weathering buff in most places. Upper part usually softer ang more pliable
than lower pumbers.

(18) Coal. The large seam of this field,
(19 ¢t s6g.) The section in the southern part of the Judith basin shown in Iig. 3 (same plate) aud regarded as Dakota.

The thickness of the strata above the coal, 1,349 feet, would indicate that perhaps much more of the Colorado
thau the Fort Benton is here exposed. Hayden puts its thickness at 800 feet where typically developed, which
fact would place the upper portion of this section in the upper part of the Colorado. 7The heavy sandstones above
wnight by chance belong to the Fox Hills group.:

In other prairie localities than those already mentioned, and especially in the Judith basin proper, the Fort
Benton sub-group seems to be far less prominently developed. In the southern part of our area of exploration,
near the Bozeman coalfield, it is recegnized by its fossils, together with the Niobrara, but lithologically it is
totally unidentifiable with the typical Fort Benton of the Missouri river. This distinction between the prairvie ¢
beds and those at the eastern bage of the Rocky mounntaing characterizes the entire Colorado group. Where at &
distance of a few miles out from the mountains we meet with the dark-gray and black shales and clays 80 universally
characteristic of this group in like positions, along the bage of the mountains they ave replaced by very arenaceous
light-gray and whitish shales, coarsely laminated and interbedded with numerous layers of sandstone from 15
to 70 feet thick. This is particularly noticeable in the section taken at the Bozeman coal-field (Fig. 2, Plate LVI),
where the lIower members of the Colorado are reco gnized by their fossils, and also in the strata overlying the section
at the head of the Musselshell (Fig. 5, Plate LVI), where the same features predominate. But the Colorado, with its
typical characteristics, does oceur within the mountainous area, for in the Cretaceous areas on the Upper Yellowstone
river, near Cinnabar mountain, and on the Upper Gallatin, above the lower cafion, the dark-blue shales of the
Colorado are again met with, underlaid by thin, laminated, avenaceous sliales, undoubtedly belougmg to the same
grouyp, all overlying the Dakom and underlying the upper members of the Cretaceous. d

As these latter localities were comparatively unimportant from an economic point of view, but little attention
was paid toward deciphering the complicated problem of the local geology, rendered very d1ﬂ1(,u1b by the alstmbed
condition of the rocks over this entire mountainous country.

The Colorado group is remarkable for the abundance of gypsum occurring in thin scales throughout the strata,
especially in the dark deposits of the prairies, while in the vicinity of the mountains, in the more arenaceous beds,
it seems to be less abundant, Here, however, the strata that wounld reasonably be included in this group, especially
the shaly sandstones, are caleareous, oftentimes showing a slight effervescence with dilute acid.

The thickness of the Colorado was not measured, but at Billings, by artesian Dorings made by the Northern
Pucific Railroad Company, it is proved for at least 900 feet. e

The Ifox Hills group in the region of the mountains was not identified owing to its gradation into both the
underlying and overlying members. of the Cretaceous. Rastward, in the Yellowstone valley near Billings, and in
the Musselshell valley north of the river, and in the Judith basin, 5 or 6 miles west of the Moccasins, it was plainly
observed in its bold and unchanging outerop of heavy beds of white and yellow ferruginous sandstone, overlying
the Fort Pierre, the union of the two groups showing fincly, owing to their decided lithological differences.
‘Wherever observed it oceurs in long, low, but prominent ridges, comprised of & bluff on one side and either a smaller
Dlnft or a gentle slope, generally the latter, on the other, and invariably having its crest-line marked with a growth
of stunted pines. The entire group seemed to Le rather barven of fossils, but our searches for them were not
prosecuted untiringly. Its thickness in Montang is probably a little under 400 feet. The only loealities in which
a special study of the Laramie group was made were those of the Bull mountaius, forming the prominent buttes
northeast of Billings, on the divide between the waters of the Yellowstone and Musselshell and Missouri rivers, and-
the area between this point and the Snowy wountains, 50 miles northward across the Musselshell. The localities
ot its occurrence in the northern part of the Judith basin were not wsxtcd and for this section of country reference
must be had to the writings of others,

Of the geology of the Laramie, which covers nearly the entire area of the localities referred to, a careful study
was made by My, Lindgren, of our party, in connection with the general exploration for coal occurring in the
Bull mountains, and on Swimming Woman and Careless creeks, north of the Musselshell. My, Lindgren’s notes
are here inserted, with one or two additions by way of comment by the writer. .

"The first and rather surprising result of the examination is the immense thickness of the Laramie stratn, While it was generally
supposed till now that the formation had a maximum thickness of from 4,000 to 5,000 feet, (a) it is now shown to have a total thickness of

a Geological Exploration of the Forticth Parailel, vol, I, p, 335.
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a about 8,600 feet, The sections on which these gonclusions are fonnded are perfectly continuons, and as far as ascertained, contain ne-
fanlts, certainly no large ones, Moreover, the difference between the subdivisions in this large series is very distinet and wounld permit a.
" larger repetition by faulting to be easily discovered.

The sections are—

No, 1. From Big Coulée nerthward to the Musselshell river and Careless creek, 8 or 9 miles, exposing a small portion of the Fort:
Pierre, Fox Hills, and the Laramie, to a thickness of 3,000 feet. (Plate LVIL) : )

No. 2. From the mouth of Swimming Woman creek northward to the Big Snowy mountains, exposing the Fox Hills and 7,200 feet. ‘
of the Laramie. (Plate LVIL)a ‘

No. 3. From Billings northward across the Bull mountains to the Musselshell river, exposing 8,600 feet of the Laramie. (Plate LVIIL)
This section §s composed of two parts: (a) A monoclinal 24 miles long with a constant3 degrees dip comprising the strata up to the Bult
b mountain series, 7,060 foet thick ; (b) a series of horizontal strata, 1,550 feet thick, comprising the Ball mountain series and extending:
down to the Musselshell river. : e

No. 4, (Not drawn.) From the Bull mountains westward along the Musselshell river to Olden, about 19 miles, exposing the Buill
mountain series, the Lower Laramie (measuring Aagzninv7,000 feet), the Fox Hills, and the Fort Pierre, i

If wo want to subdivide this enormous series, it must be done with reference to petrographical distinctions, for the fanua of the
series remains essentially the same throughout. Precisely the same fossils found at 2,000 feet above the Fox Hills we see again at 7,000
feet above the same. Petrographieally, however, the difference between the various parts is very distinet, and they retain their character
very well throughout the district. Suech a division is very useful, as it greatly facilitates the determinations of the horizons of the
different lignite seams found in this formation. The 8,000 feet of Laramie strata divide very naturally into two distinet parts.

1. The Lower Laramie; about 7,000 feet thick, which is easily further subdivided into at least four petrograpically distinct parts.
General characteristics: A succession of dark, black, and green clay beds, thin sandstone layers, a few very heavy sandstones, and thin
lignite seams. Generally speaking, no valuable lignite beds oceur in the Lower Laramie. The upper part shows a rapid suecession of
¢ white sandstones and green clay beds,

2. The Upper Laramie, or Bull mountain series, containing the more valuable lignite heds. Thickness, abont 1,600 feet, characterized
by & succession of light-colored clays, white, soft, argillaceous, saundstanes, and, heavy henches, of a thickness of from 10 to 30 feet, of
yellow massive sandstone, with rounded corners and faces, and generally earrying round nodules of brown iron ore. Abundant fossil
leaves, and plant remains generally. .

Before beginning to discuss the different parts of the formation, a few words may be said about the fossila,

Fauna.—~As before remarked, the fossils from nearly all parts of the formatlion indicate a deposit in fresh and brackish water, The
same or similar fossils oceur in very widely-separated parts of the series and consist mainly of fresh-water gasteropods, and fresh- and
brackish-water bivalves, such as Ostrea, Corbula, Corbicula, Anomia, Unio, Helix, Physa, Bulinus, and Goniobasis. A few of the
Gasteropods helong, according to Mr, R. P. Whitfield, to new species. A few indistinet vertebral remains were found in the clays some.
hundred feet above the ¥ox Hills sandstones, ' :

In the Swimming Womonn creek section (Plate LVII) there is o most remarkable exeeption to the general rule, As it may be seen
from the section the Fox Hills sandstone is exposed nearthe mouth of Swimming Woman creel; & miles farther up, 2,360 feet vertically, above-
(] tho Tox Hills, ave the coal-beds of Swimming Woman, surronnded by fresh-water olays.(b) Fifty fest above the coal and 120 feet below,
aratherheavy white sandstone with Ostrea glabra, Corbula and Corbicula, a caleareous sandy layer wasfound by Mr, Eldridge, containing a
perfect Placentacerns placenta, var. intercalaris M., a Baculites, young specimen, and a Mactra Warrenana, These are all purely marino-
forms, indicating Fort Pierre or Fox Hills. A fault is hiardly possible, for the general sequence of the Iayers coincides very well with that
of the ofler sections, and the conspicnous Fox Hills would certainly have been seen if repeated above the mouth of the creek. The only
. plausible explanation is that a temporary influx of marine water with marine forms took place in the brackish Laramie sea. The case is-
of very great importance as showing that, during the deposition of the Laramie, the Cretaceons marine forms had by no means yot
disappearsd, and, consequently, proving the Cretaceous age for at least the lower part of the Laramie.

Flora.—Plant remains are found thronghout the series, but most abundantly in the wupper part, .

Lower Laramie, No. 1.—Thickness about 1,200 feet. It is composed of dark, often qitite black, soft, and erumbling fresh-water clays,
very different from the dark shales of the Fort Pierre. Nowhere did I succeed in finding any distinet fossils,” Sometimes thin sheets of
harder sandstone are intercalated. Wherever this series is exposed it has a tendency to form ‘‘bad lands,” Near Billings, it is well
€ oxposed on the south side of the Yellowstone in the Crow reservation. The sequence of the Fort Pierre, Fox Hills, and Lavnmie is.
beautifully seen from the bluffs on the north side of the river, Another very good exposure is on Painted Robe creek, some miles south.
of the Musselshell river. It here forma bluffs of black clay 300 feet high, and in the wider part contains the worthless lignite of Painted
Robe. Thisis geologically the lowest coalin the region, 400 feet or 500 feet above the Fox Hills. The corresponding strata also crop out.
around Big Coulée and on Swimming Woman creek. These clay-beds are always covered by a hard, slaty sandstone, sometimes with:
peculiarly twisted and oblique lamination. It is seen on Five-mile creek, near Billings, and on Painted Robe creek,

No. 2. At about 1,700 feet above the Fox Hills group a very remarkable heavy sandstone occurs; it is abont 200 feet thick, heavy-
bedded, massive, and yellow, and has the peculiarity of cropping out even on the level plateaus in sharp peaks and rugged outlines.
Well exposed 7 miles north of Billings, the sharp peaks are seen from far away. It is also well exposed beyond the black clays at Painted:
‘Robe and on the southern side of the Musselshell opposite the mouth of Careless creek, ‘

No. 3. The next portion, abount 600 or 700 feet thick, is a succession of dark, soft, sandstones, black clay beds, thin white sandstones,.
and worthless lignite beds, It comes ashort distance above the sandstone of No. 2, and forms dazk bluffs with a tendency to the formation:
A of “‘bad lands.” Ifisvery well exposed at the mouth of Careless ereek in dark bluffs capped by vermilion-colored sandstone, resulting
from the burning out of some lignite seam. The same series is exposed in Spring butte north of Billings. In the dark clays at the mouth
of Careless creels thers are found plants, fruits, a large Spharium, Goniobasis, and Bulinus. Closely above this group we have the coal of
Careless creelt immediately coversd by a perfect oyster-bank containing also chips of coal. The fossils found in this bank are Ostrea.

) aMr. Lindgren states elsewhere that his horizental distances in passing over the Swimming Woman section were in part estimated..
A previous casual examination, in which the distances were all paced or measured, was made by the writer, and his resnlts give to this.
section a thickness of 6,570 feet, necessarily the more correct. [Eldridge.]

b The overestimation referred to in the above note, of the thickness of the Swimming Woman section of Mr, Lindgren, seems to-
lie at the base of the series, for the coal lies at the most only 1,000 feet up in the Laramie, if the sandstones at the mouth of the Swimming;
Woman are indeed Fox Hills, instead of 2,350 feet a8 stated in the text above. This decrease in the thickness would also very closely

harmonize the sections of Mr, Lindgren and myself. Regarding the thickness of the Lower Laramie elsewhere, Mr. Lindgren’s sections
are taken asthe authority. [Eldridge.] ‘
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glabra, M. & H.; Anomia micronema, M, & H.; Anomia gryphorynchus, White; Corbicula ecytheriformis, M, & H. ; Corbula perundata, g
H.; Unio Couesii, M, & H.; Melania or Goniobasis, and above the coal on Swimming Woman creek there is a rather heavy-bedded white
sandstone with Ostrea glabra, M. & H.; Anomia micronema, M. & H.; Anomia gryphorynchus, White; Volsella laticostata, White;
Corbula subtrigonalis, M. & H. ; Corbicula cytheriformis, M, & H., and Goniobasisa. (a)

No. 4. The lowest part of this series seems to bo characterized by some heavier white sandstones (12 miles from Billings) in which
Sphmrinm subellipticum, M. & H.; Bulinus longiusenlus, M. & H.; Physa Bridgerensis, Meek; Viviparus Conradi, M. & H., and Helix
vetustat M, & H., were found. Theupper part, comprising a series of about 3,000 feet, is & rapidly varying succession of white sandstones.
and green clays. The appearance of this part on the platean between Billings and the Bull mountains is very uniform. A series of small
ledges of the harder white sandstone, gonerally weathered brown, protruding as low reefs, the soft clay beds being eroded and leveled.
Sometimes a heavier bench of the same sandstone appears. 'The green clay between the sandstone strata is well exposed in the numerous.
dry, broad gulches which the creeks have cut in the level platean., Numerous fossils were found in the clays in the Billings series—
Spherium formosum, M. & H. ; Goniobasis tennicarinata, M. & H.; Goniobasis Endlichi, White; Bulinus longiusculus, M. & II, ; Viviparus
Conradi, M. & H. ; Physa felix, White, ? and Helix. In the Swimming Woman Creek series, in the sandstone, Corbula subtrigonalis, M, Ty
& H., and in the clay and near the monntains, plants, fruits, Spherium formosnm, M. & H. ; Sphmrium subellipticum, M. & H.; Corbula
undifera, M. & H.; Gouiobasis tenuicarinata, M. & H.; Tulotoma Thompsoni, White, and Colemeatores, M. & H.?

The uppermost part of No. 4, just below the Bull Mountain series, represented on a Jarger geale in the section of the latter, shows.
some peculiarities. Thin lignite seams here abound. Several layers of a sandy coal or coaly sandstone, from 1 foot to 10 feet thick, and.
not found elsewhere, appear. Above these coaly layers we generally find a deep brown, very soft, mgxlluccous sandstone. This is
seen on Razor creek, on the road from Billlngs; at the mouth of Wildhorse creel, where we find o disturbance with 6° to 80 dip, just
beyond the horizontal Bull Mountain series; farther up on the Musselshell, at the mouth of Golden creek; and equally 3 miles eastward:
again at the mouth of Denis creek. At the Iast place the coaly sandstones come approximately 700 or 800 feet Lelow the Bull Mountain
geries, and, furthermore, sometimes change into atreaks of pure coal, alternating with sandy 1ayers, but never having a predominance of”
the coaly layers sufficient to be of economic value, except, perhaps, locally.

About 100 feet below the last heavy sandstones of the Bull Mountain series some more important lignite seams are found, At the ¢
mouth of Wildhorse creek is a seam 6 feet thick, of good quality, but thinning ount laterally or separating, for at Fisher creek, farther
down the Musselshell, we find, just below the sandstone, two seams of 2 feet each, and still lower, 3 miles up Fisher creck, n bed of 3 feet

2 inches, I am not, however, quite certain of the position of the last-mentioned eoal. At Razor creel, all thicker seams have disappeared.
or thinned ont.

UPPER LARAMIE (BULL MOUNTAIN SHRIES).

The upper part of the Laramie, ocecupying the center of the distriet, that i, the high mesa and-surrounding hilly and wooded countiry,
is a well'defined and distinet series, The map (Plate LXIX) shows its extension by the run of the lowest sandstone bench, a conspicuous.
Dbed of yellow sandstone, 50 feet thick, presenting a mural face, seen for a long distance of about 30 miles, near the Musselshell river, and
also well exposed where the road from Billings crosses Razor creek. The thickness of the suries, measured repeatedly from the top of the
Bull mountains down to the Musselshell, and to Razor ereck is nearly 1,660 feet ; the largest lignite seam of the Bull mountains being found
in the middle part of the series, ngmte beds are found in great numbers, although by far the most of them are practically without nny ¢
value. The character of thé series is shown in the section of the Bull Mountain strata. Itis o rapid sueccession of light-gray and grayish-
green clay-beds, white argillaceons sandstones, numerous thin lignite seams, and 10-foot to 30-foot benches of ‘yellow, massive sandstone in.
rounded outcrops, These sandstones often contain numerous small, rounded cuncretions of brown iron ore, The clays become somewhat
darker near tho bottom of the series, Numerons sections were uncovered in different parts of the mountains, all showing a great constanecy
in the sandstone benches. Indeed, the most important of these can Dbe traced all. around the mountaina, The highest white sandstone-
bench is capped by brick-red layers, sometimes attaining a thickness of 150 feet, of hardened yellow and red sandstone, purple, black, and
brick-red fritted clay, perfectly jasper-like, with sometimes n layer of blnck, porous scoria. The above peculiarities are undoubtedly due
to the burning of = large lignite seam near the summit of the mountains, Thus the section given is a general one. The distribution of”
the coal-seams may best be seen by reference to the section (Plate I.X), '

Flora,—The whole series is very rich in impressions of leaves and other vegetable remaing, the elay-beds especially abounding in them,
Leaf impressions are fonnd all threugh the Laramie, but nowhere in such number as in the upper series.

The fauna i soxceedingly searce. Above the Mammoth seam no animal remains were found, in spite of very close examination, I @-
am told, thongh, that two gasteropods Lhave been found in the mines of the Northern Pacific Coal Company. No trace of brackish-water
bivalves could be found in the sandstones. Seven hundred and fifty feet below the Mammoth seam I sneceeded in finding a Bulinus.
subelongatus, M. & H., and a Goniobasis tenuiearinata, M. & IL

It is clear that, in a sevies of such o thickness and extent as the Laramie, the resnlts necessarily must show several gaps and the
aceuracy be limited, especially as the calculations are based on slight dips, not to be measured with less probable error than 30 minutes,
However, I do not believe the inaceuracy to be greater than estimated at each calculation,

In connection with the Cretaceous strata of Montana there are two other localities worthy of special note—that of the Highwood
mountains (Plate LX.I), in the north, and that of the Crazy mountains, in the south, a short distance northeast of the Bozeman coal-field.
The former mountains attain an altitude above sea-level of 7,604 feet, and above the prairies at their base of 3,000 feet, The latter range
attains an altitude above sea-level of 11,178, and above the prairies at their hase of 6,000 feet. Both ranges are made up of horizontal
strata of chocolate, gray, and ywhite sandstones, and a few thin-bedded, fine conglomerates. Evidently these ranges are far above all of”
our known coal horizons in the immediate vicinity of the Roéky mountains, and therefore will be found to be either Upper Cretaceous or £
Tertiary. They have been preserved from erosion by reason of their being traversed by innumerable dikes, oceurring in elose proximity
to each other, which, here and there, slightly alter the sandstones, especially next the line of contact. 'The dikes are not only vertical,.

a Owing to Mr. Lindgren’s overestimation in the lower part of the Laramie, a note of explanation is here also needed. (1) The coal
on Swimming Woman creek and Careless creck is undonbtedly at1hesame Jorizon. (2) It wounld therefors come lower down in the Lower:
Laramie series than is assigned by Mr, Lindgren on the preceding page, unless a thickening of the underlying beds had oecurred in the aren
from which the section between Billings and Bull mountaius was taken’ Sinee Mr. Lindgren places the strata at the mouth of Careless creelc
in his No. 8, Lower Laramie, the argument is that the measures helow the coal must be thickened in the area just mentioned above, for
the Careless creek coal comes only about 300 feet above that part of No, dexposed at the water-level at the mouth of Careless creek, The
only other alternative by which this coal can occupy this position in No. 3 is that Mr. Lindgren may be mistaken in asslgnm g the
sandstones at the month of Swimming Woman to the Fox Hills, They may indeed come higher up, [Eldridge.]
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. @ or at high dips, but alse extend in floors between the sandstone strata, and thus, by their own hard texture and that which they have

-imparted to the strata through which they have passed, have enabled these lofty ranges to resist the erosive powers which have held
sway on all sides since the elevation of the lands from beneath the Cretaceous and Tertiary seas, In a few instances only do the dikes
-extend outward outo the prairies, and then for but a few miles, say from 5 to 15, Here and there also do we find a dike eutting the
prairvies or mountains many iniles apart from any of the great areas of eruptive phenomena. :

Finally, from our explorations, we draw the following conclusions as to the least probable thickness of the
. Cretaceous of the prairies of Moutana, From the section given in Fig. 6 (Plate LVI), which includes that of Fig. 3.
if we regard as Dakota all below the top of the first sandstone above the coal on Belt ereek (No. 17 of the figure),
we have a thickness for this lower group of the Cretaceous of 860 feet. In Fig. 4 (on the same plate) we have a
:thickness of at least 1,800 feet for the Colorado, which is clearly overlaid by 400 feet of the Fox Hills sandstones
“Jp as exhibited in a prominent bluff a few miles west of the North Moceasin in the Judith basin, From Mr. Lindgren’s
_explorations we are led to ‘assign 8,600 feet as the thickness of the Laramie group, which together give a.total
:thickness for the Cretaceous of 11,660 feet.

THE BOZEMAN COAL-FIELD,

This field lies in the midst of the Belt range, 12 miles east of Bozeman, the leading town of the extensive and
“most fertile Gallatin valley. The Belt range here forms the divide between the waters of the Yellowstone and
Missouri rivers, and is eonstituted of two subordinate ranges, (1) the Bridger and its continuation southward, the
Bozeman range, fronting on the Gallatin valley and forming its eastern wall, and (2) the much lower main range
.¢ proper just east of the meridian of 1100 45/, with its continunation in the mountains which border the Yellowstone
river on the west,and finally cross and find their fellows in the lofty Yellowstone range south and east of the river
It is this second range that contains the low Bozeman pass, only 5,565 feet above sea-level, and 800 feet above the
“Yellowstone and Tast Gallatin rivers,over which the Northern Pacific railroad passes on to the Upper Missouri
‘river after its long course up the Yellowstoue. The interior basin formed in this manner by the two parallel
subordinate ranges mentioned is drained by numerous small creeks of the clearest water, the chief being Bridger
-creek, along the castern base of the Bridger mountains, and Middle creek, heading against the Bozeman pass, and
having its outlet into the Bast Gallatin through the wild and picturesque Rock cafion, On the' eastern: slope of
‘the main range we have but one important creek, within the area of our map, called locally Fleischman creek,
receiving numerous small tributaries from the. mountains south of it, but few from the hills at the north. At the
.d northeast extremity of our map (Plate LXII) lies the mouth of Shields river, draining the wide valley between the
main Belt range and the lofty Crazy mountains farther east. A

There is nothing intricate in the general geology of the Bozeman coal-field. In the southern part we have
“three anticlinal folds, which as the effects of erosion, have exposed on their flanks the pre-Cretaceous rocks, indicated
"Dy the colored portions on the map. Their axes lie normally a little west of north, with a downward curve at their
northwest extremities, but in the easternmost anticlinal another influence has been brought to bear, causing its
_axis 2 miles south of its northern end to be deflected to the eastward, which strike then continues with minor
unimportant curves across the Yellowstone river for at least 30 miles. The westernmost anticlinal js also connected
-with other folds to the southwestward which join it to the high ranges forming the southern wall of the Grallatin
valley. As these did not promise good results in the way of coal explorations, their geology was left unstudied
@ for more immediately important fields, A peculiar feature of all these anticlinals is their ends being cut by deeply
“eroded cafions, not one of the leading upheavals escaping. The influence of these folds, with their inclined axes
al their northern ends, and their subsequent erosion, upon the line of onterop of the successive strata may be seen
in the line of outcrop of the coal as represented on the map. In the northwestern corner of our map we have one
-other pre-Cretaceous area, that of the Bridger mountains, which are an enormons overthrow with a reversed dip to
the westward, the older measures lying on top of the younger. The line of coal outerop is approximately represented
with its dip in toward the mountains., A short distance farther out from the range, toward the southeast, we find
“the rocks normally dipping to the southeast. In the eastern portion of the map area the folds are more numerous,
‘but of minor importance and very gentle, with a general direction west of Shields’ river to the westward. A few
miles beyond the northern limit of our map the disturbances have been much more irregular and less studied, as
f but slight exploration proved them praectically worthless for coal deposits. There is, however, a connection with
-the geology of our region in a gentle southerly dip over a small area and away from the influences of more poywerful
-disturbances northward. From what has been said, we now see that the Bozeman coal deposits oceupy a large
_synclinal basin, oftentimes covered with from 3,000 to 4,000 feet and more of superimposed Cretaceous strata, as is
well represented in the high hill constituting a geological outlier cut by the weridian of 1100 45/, and lying just ‘
-porth of the Northern Pacific railroad, and also in Another similar eminence west of this iu 1100 523/ ’

The only important development of coal lies along the southern edge of this synclinal basin, becoming quickly
-covered in its high dip of 45° and over by an enormous thickness of strata rendering it unavailable for mining
beyond a certain depth, however valuable it may be. This vein of coal undoubtedly connects with that just

southeast of the Bridger, and again appears in unimportant seams in the region just beyond the northern limit of
Zhe map. : g
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Referring, now, to Iig. 2 of our plate of geological cross-sections (Plate LVI), we find here represented the chief a
stratigraphical features of the rocks occurring in the coal-tield. We have represented at the base of the Cretaceous
the Jurassic limestones, No. 6 of the figure. Immediately overlying these, and perfectly conformable, comes the
basal conglomerate of the Dalkota in the figure.

(7) A vory massive conglomeraté passing through (8) a transition hed to (9) n fine- glamed sandstone.

(10) Covered, but undonbiedly a sandstone like (9), perhaps more shaly.

(11) A very massive, fine-grained millstone grit.

(12) Covered,

(13) A fine white sandstone.

Trom here upward to the coal we have at various horizons prominent outcrops of sandstones very much like
No. 13, portions of the same or different Jayers, perhaps, containing a little more iron than others, as shown by the
yellow and rusty weathering. Interbedded with these sandstones, and forming by far the larger part of the b
Cretaceous strata, are the characteristic shaly sandstones, very thinly laminated and usuvally uniformly breaking
down under the weather, unless by chance the arenaceous constituents of the rock happen to be somewhat in excess
‘of the nsnal amount or the argillaceous portion below the average amount usually present, Wherever this is the
case we are liable to find a reef of sandstone standing out for a distance of from a few feet to half a mile,
Midst these shales, and the heavier-bedded sandstones also, there appear to be layers decidedly ealcareous, even
efferveseing with dilute acid, but, nevertheless, true fine-grained sandstones. As we approach the horizon of the
coal we meet at about 600 feet below it & sandstone (No. 22 of the figure) forming a very prominent bluff in the
eastern part of our field, but which in the western part, across the divide, has changed to one of the thin laminated ¢

-variety, and no longer shows as a distinet outerop. The sandstone, No. 24, just below the lower seam, acts in the
game manner, and not until we come to the sandstone immediately nnderlying the principal bed do we find any
persisteney in the behavior of the strata in this particular,

Near the horizon of No. 14 or 16, probably the former, numerous fossils, characteristic of the I'ort Benton
and Niobrara divisions of the Celorado, were found by My, W, M, Davis, They were—

Lnoeeramus wmbonatus, M. & H,
Inoceramus problematicus, M. & H,
Tnoceramus, sp. 1 fragment of large sp.
Inoveramus undabundus, M. & H, :
Ostrea congesta, Con, ' d
Ostrea strigilecula. "
Ostrea, or possibly
Grypheo vesicularis, M. & H. j cast only.
Gryphea, sp. T This is what Meek called P, vesicularis, It is probably an undescribed species, as it does not seem to be
vesiculose. )
Gryphea, sp. ¥ shell resembling Mactra Siouxensis, Meok. -
Kxogyra, sp., possibly young of Zwx. costata.
Gyrodes depressa, Courad.
- Nalticopsis (gyrodes) depressq, M. & H.
Panopea, or Glycimeris, sp, ? too indistinet.
Glycimeris, Berthoudi, White,
Pinna Lakem ? :
Pteria, sp., P. linguiforamis, sp.? pmlmps new. e
Pteria, sp.?
Pholadomya Berthoudi, White.
- Cast of Gasteropod like Turritella.

Mr. Whitfield makes the remark that ¢ the Cretaccous fossils are appfll‘@nth all from a single horizon, and
would be classed as No. 27, (Fort Benton) generally, although they partake somewhat of No. 3 (Niobrara), so
that I am inclined to think tl.mt both Lorizons are here blended together,

About 50 feet above the prinecipal coal-bed we find a heavy bed of white sandstone showing an outerop of 20
feet in thickuess, though in plases broken down and disappearing-altogether. At No. 29 in the fignre there is a
small outerop of o chocolate-colored conglomerate, and indeed from here upward we find thin beds of conglomerate
-of fine composition, interstratified with coarse sandstones of the same color, with here and there in the series the £
usual gray and ferruginous sandstones similar to those oecurring below the coal, the latter at times shaly and
very argillaceouns, and at times forming bold outerops 30 to 50 feet wide.

The sandstone No. 30, about 400 feet above the coal, is usually exceedingly characteristic and persistent
throughout the entire field, forming the first prominent and high ridge above the coal. It is of a dark chocolate
color, rather coarse-grained, oftentimes containing small pebbles of the size of o Ifreneh pea, very hard, and
breaks uniformly into small and very sharp angular fragments of an inch or two in diameter, and usually forms a
broken-down but prominent outerop of fine pieces, strewn over a width of 30 feet or so, upon which very little
vegetation grows—mostly cactus, a few tufts of bunch-grass, and a few low-flowering plants. It consists largely
of voleanic materials. It is most peculiar, is easily rccognized, and has the appearance at times of having
undergoune the early stages of metamorphism, though the cause still remains undiscovered. No. 32 is o fine-
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a grained yellow sandstone overlaid by more shaly varieties. Above this, even to the summit of the high outlier
on the meridian, north of the railroad, comes a succession of arenaceous shales, gray and ferrnginous sandstones,
weathering yellow, and forming numerous reefs of rocks in the ascent of the hill, and interbedded with these every
now and then we find the dark chocolate, coarse sandstone, much harder than that of any other variety, and
invariably forming bold combs, while at several horizons are to be found local beds of conglomerate with pebbles,
from the size of a walnut down. As we reach the summit of all these outliers, the rocks are naturally more horizontal
and across the synclinals are seen the same strata having an opposite dip.

The section taken at the lower cafion of the Yellowstone (Fig. 1, Plate L'VI) may also be taken as representative
of the coal-bearing Cretaceous strata, though outside of the limit of the field proper, which embraces only such
b an areaas covers the paying portions of the coal-beds. In thissection the coal has been found near the horizon of
No. 80, and crosses the river and continues eastward at about the same distance from the limestones of the Jurassic.
It is obzerved that much of the upper portion of this section was covered, but the unfilled spaces are undoubtedly
oceupied by the arenaceous shales seen in the section of the coal-field proper.

The strata in the vieinity of the Bridger range were too broken to admit of a valuable section being secured
toward the determination of the horizon of the coal. In general, the suceession and lithological characteristics of
the beds were the same as met with in the Bozeman field proper. There are to be found at several points throughout
the area covered by the map dikes of eruptive rock, of never more than from one-quarter to one-half a mile in
extent and usually under 6 feet in thickness. They have not given rise to any serious displacement, though faults
¢ having a small throw oceur at other points, to be noted beyond, but without any accompanying eruptive rock.

The coal-seams.—In the Bozeman field there are three distinet beds of coal of noticeable size, with ‘several
insignificant layers of an inch or two, occurring in the midst of a brown argillaceous shale, containing an abundance
of impressions of deciduous leaves, Of the more important ones the upper two, styled the A and B seams, will
best be considered first, and, as they are separated from each other by only a few feet (from 10 to 15 feet) of
interposed rock, they have been indicated on the map by the single ‘continuous line. The outerop of the seam
pursues a very irregular line from the Yellowstone to the East Gallatin, bending around the depressed northern
ends of the three anticlinal axes and extending well into the intervening and elevated ends of the two corresponding:
synclinal basins. Just south of the westernmost synelinal basin, and barely touching the map limits, on the road
to the Yellowstone river via Trail creek, the field is continued in a small synclinal remnant of the original deposit,
separated from its fellow north of it by reason of the inclination of its own axis in the opposite direction to the one
d at the north, and a subsequent erosion of the strata to a depth sufficient to carry away the entire coal-beds for a
distance of 3 or 4 miles between the two areas. 'This second area, which may be called the Trail Creek field, is of
too small extent for large enterprises, is much pressed into subordinate folds, and is in a position qccess1b1e toa
railroad only at the considerable expense always accompanying the overcoming of steep grades. The nature of
the coal is precisely that of the Bozeman field, and hence it will be hereafter referred to only casually. In addition
to the greater curves of outerop due to erosion of upturned strata, there are many minor ones, which are the result
of actual ernmpling of the strata by forces acting laterally, but only in two cases was actual faulting observed. In
one of these, on the northeastern dip of the western anticlinal, the throw is between 200 and 300 feet, while in the
other, on the eastern side of the middle anticlinal, the throw is but 30 or 40 feet. Generally these snbordinate
curves are of too small extent to permit of representation on the seale adopted for the map.

e The dip of the Leds varies throughout the field. In a.general way, east of the range it is from 37° to 45°, and
weast of the range it varies from ‘57° to 80°; the folds being more abrupt and frequent. This field has Deen
- prospected by pits and tunmels quite extensively, and it is found that while the general dip remains as described,

the beds are subject to slight variations in depth in all parts, and, of course, also where the strata contain minor
folds caused by gentle lateral thrusts. In these cases,an incline or tunnel, will necessarily take in a portlon of the
wall—sometimes on one side, sometimes on the other.

There is another most important peculiarity in the behavior of the principal coal-seams, noticed in the eastern
portion of the field. The surface of the ground on which the coal-bed was originally laid down is most irregular.
Tor a length of 2 miles at least, and for an undetermined width, but presumably covering quite an area altogether,.
the surface was covered with gentle undulations in the form of knolls, of varying and irregular dimensions.
£ oftentimes extensive, oftentimes a few feet only either way, with no definite arrangement of the axes, In the
hollows of these, overtopping some and only coming up on the sides of otbers, the material subsequently to be-
converted into coal was laid down, and finally came the roof of sandstone, capping the whole. These irregularities.
have furthermore been increased by disturbances in certain.parts which have caused both rock and coal to be
glickensided and rendered it extremely friable. To both these caunses, but in this eastern part of the field especially
to the former, is attributed the variation in width of the coal, while in other portions the variation is due more to-
the latter canse. The topography of the beds underlying the coal hence causes frequent rolls in the foot-wall, and
has a most important bearing on the determination of the field. It naturally acts in depth as well as in horizontal
extent along the outerop, causing an ever-changing variation in the width and amount of coal. In fact, it was most
satisfactorily proved that wherever such a condition of variation exists along the surface the same variation will be
met with in sinking upon the deposits, It is by no means safe to be attracted by a large showing of coal in any

'
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part of this field without a corresponding knowledge of the surroundings. A most excellent example of this is a
given in Figs. 49 and 50 of the Bozeman coal-field sections (Plate LXV), each 148 feet down the incline, the section
in Fig. 49 being taken 30 feet east of the point at which 50 was taken. Within 40 feet farther east the coal entirely
disappeared, there being in its place nothing but a brown lignitic shale, the ends of the shale and coal being
dovetailed in together. In passing down tbe incline which opens this locality, there ave several places where
within 20 feet of an excellent thickness of coal there exists either none or only a few inches. In the other portions
of the field the thickuness of the bed is due to the usual causes effecting the deposition of the material, excepting
where the coal is pinched ont by a small fanlt or slip in the inclined bed itself, This frequently happens where
slight movements have taken place, and is especially noticeable around the ends of anticlinals. The extent of the
barren space is never over 20 or 30 feet, and usually under the former figure, The term “pinched out” is hiere used b
merely to convey an idea of the appearance of the bed, and not as it is used in reference to metallic veins. The
constitution of the two important seams of coal is well represented in the sections from different parts of .the field.
So great is their variation in their component parts that it is in places most difficult to determine which is the A
and which the B seam, and it is especially so because where the one is developed to a large extent the other is often
apparently of little consequence. Throughout their entire length the beds are composed of strata of coal separated
from each other by layers of sandstone and arenaceous clay, which are at times perfectly free from all carbonaceous
matter, and at others contain a very large percentage of such material, rendering the stratum j»t black in color, but
with the texture and appearance of sandstone or clay, as the case may be. Between these two conditions we have
every gradation, but between the coaly sandstone or clays and the coal itself there seems to be no gradation ¢
whatever. In other words, the Bozeman coal is remarkably free from what is ordinarily called “bone”, and it may
be noticed here that this is rather an advantage than otherwise, since should it be deemed desirable at any time to
wash the coal, the difference in the specific gravity of the coal and sandstone wonld probably permit ready separation,
which operatlon would be more difficult were the sandstone and clay replaced by bone and the various gmdatlons
between coal and a very coaly sandstone.

Of these bands of sandstone the thicker are of the greater persistency, oftentimes extending for a mile or
two, while most of the thinner ones, of from one-eighth to one-half inch thickness, are of much less extent. All
these hands vary in their thickness, narrowing and widening from point to point, but never entlre]y disappearing,.
for a thin paper-like leaf separating two strata of coal always remains. Tt must not be understood, however, that
the stratification has no regularity whatever, Quite the contrary; for oftentimes the strata coutinue for several
hundred feet with the greatest regularity. Inm illustration of what has been said in this conmnection, notice the d
series of sections Nos, 14 to 19, inclusive, Plate LXIV, of the Bozeman coal-field sections, taken in a tunnel at the
north end of the middle antlclmal where the dip is 520

Fig. 14 is a section of the A seam at the mouth of the tunnel; Fig. 15 is 60 feet in from the mouth; Iig. 16
is 195 feet in from the mouth; Fig. 17 is 220 feet in from. the mouth; Fxg 18 is 232 feet in from the mouth; I‘Jg 19 18
from a surface-pit a few hundred feet south of the tunnel.

Again refer to the series Nos. 21 to 24, inclusive (on the same plate), representative of the workable seam on
the east side of the middle anticlinal, and about one-half a mile south of the tunnel from which the sections above
were taken, ;

Fig. 21 is a section of the seam at the mouth of the tunnel; Fig, 22 is 200 feet in from the mounth; Fig. 23 is e
800 feet in from the mouth; Fig. 24 is from a surface-pit 600 yards farther south.

This serves to 111ustr'\te the persistency, variable in width though they be, of the larger bodies of interbedded
sandstone and clay, and the changeability of the smaller strata. Notice the increase in width of the central band
of sandstone in section 23 over that in section 22. This would undoubtediy, at a distance farther in, have come
down to its normal thickness as shown in section 21, as not only does no trace of its greater width appear in section
24, but also in driving the tunnel just such a change was encountered at a point somewhere about 100 feet back
of this one. In that case, howcver, it was of only 25 feet duration altogether. As an illustration of variation in
depth, notice sections 25 and 26, 20 and 33 feet, respectively, below the surface of the ground, at a point half a mile
south of the last series of sectlons The thin stratum of sandstone next the upper benclh of coal has become very
important, only 13 feet below, and another equally important one has come in in the meauntime. Still another f
variation is seen in sections 30 and 31, 80 and 71 feet down an incline in the bend of the synclinal between the castern
and middle anticlinals, where the d1p is northward. As a final illustration in variation in the composition of coal-
Dbeds, notice sections 44 to 51 (Plate LXYV), excluding No. 50, which has already been referred to above. Here
- the variation in width has confined itself to the coal, and is asmgnable in a great degreé to the original topogmplncal
© features of the underlying beds; whereas, in the other cases sighted, it has been due to the regular causes ordinarily
influencing the thickness of deposmon of strata, and which i in such cases in this field confines itself apparently to the
sandstone and clay partings.

Sections 44 to 51 of the B seam are representative of the deposit about 23 miles east of the central mm;dmn of
the field, at the following depths in the incline sunk for prospecting purposes: Section 44 represents the seam at
. the surface; section 45, at the depth of 53 feet; section 46, at 60 feet; section 47, at 70 feet; section 48, at 80 feet;
section 49, at 148 feet ; section 51, at 280 feet.
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a Between the depth of 80 and 148 feet, I think, the coal entirely disappeared, as already previously described,.

and on either side of this deposit, at varying distances of from 5 to 40 feet, for the entire depth of the incline, not a
sign of coal existed. This state of affairs, alternate rich and barren portions, probably exists for a distance eastward

from a point 13 miles east of the central meridianal line of 2 or 3 miles at least. On the west of this, from the

meridian eastward for 14 miles, we find the strongest persistency in the width of the coal-beds, as shown in sections

36 to 40 (Plate LXV), which ‘IISO undoubtedly holds for the depth, as section 37 is at a point 40 feet down an incline of”

which section 36 was the surface-pit. The same uniformity was observed at a depth of over 70 feet in the same pit.

The few places at which both-the A and B scams are exposed are represented as follows: The A seam, in the
eastern part of our field, is seen in section 52, the B being the one already discussed. The A seam, near the central
b meridian, is represented by sections 33 and 34 (Plate LXIV), the B being those already referved to, with one or
two possible exceptions nundeterminable. In the syneclinal contour between the middle and eastern anticlinals, the
A seam, of very short duration in its horizontal development, is seen in section 54 (Plate L\V), sections 27 to 29
(Plate LXIV) being of the B seam, each about one-half mile from the other,

{Plates LXV, LXVI).

Sections 1 to 10 (Plate LXTII) were taken along the outcrop on the eastern side of the western anticlinal, sections.
A most remarkable change in the bed is noticed in sections.
The coal of this anticlinal

6, 7, and 10 being south of the railroad, the others novth.
4 and 5, in all probability of the same seam, at points 300 to 400 feet from each other.
¢ south of the railroad is rendered less valuable on account of the severe and frequent erumpling it has experienced,
while at the north end of the same anticlinal it is of no value whatever, having almost entirely disappeared.

There is a third seam occurring some 300 feet below the two seams already described, which is only now and

"then of noticeable thickness. It cannot be considered workable as it is variable. Tig. 52 (Plate LXV) would be a
fair representation of it where it oceurs. The only localities where it has been observed are a quarter of a mile
east of the central meridian and on the east side of the western anticlinal,
middle and eastern anticlinals is a thick pocket of coal (section 55, Plate LXV), no trace of which is found 10 feet

on either side. The clay overlying it was remarkably abundant in deciduous leaves, which were too tender to bear
transportation,

This rather lengthy reference to the varions sections in the different parts of the ﬁold has been made ag the
experience gathered from these first explorations on the slopes of the strong upheavals of the Rocky mountains.
d proper cannot but be of the utmost advantage in the future to those conducting explorations in other similarly-.

situated fields.

The physical characteristics of the coal in the Bozeman field divide it into two dxstmct varieties: a solid block

or dicey coal coming dowun, if necessary, in pieces as large as the width of the seam will allow, and withstanding
weather and transportation excellently; and a friable chippy variety coming out in lenticular masses, which, upon
being allowed to remain on the dump or upon being transported, crumble into minute fragments an inch or so long
by half an inch wide, and of a thickness of about one-eighth of an inch. Examination of these small pieces usually
reveals & mass of thin, leafy lamin of-coal, one on the other, their edges overlapping. But at times instead of
this we find a piece to be composed of infinitesimal pieces of the dicey variety, and when broken these small particles
grit over the hand in the same way as does the ordinary dicey variety.
e The friable variety occurs at times where any sharp fold appears, thongh the dicey coal may also appear in
likke position, and also in the eastern part of our field from 2% miles east of the meridian of 1100 45/ eastward to
beyond the Yellowstone river. In this latter part of the field there are numerous slight folds, but it seems
1mpossxble that since we find the dicey coal, the usual coal, in positions quite as disturbed as this, this cluppv
texture shounld be due alone to disturbances in the inclosing stmta,

Both varieties are bifuminons and make a fair coke, though perhaps the friable coal gives a more uniformly
excellent result, o the eye it appears more fatty, oily, and resinous, and of a miore brilliant luster than the dicey
variety, and soils the fingers mueh more. It is not at all uncommon to find short, thin, -inch streaks of resinous
matter in it, seattered about over the face, which is not so uniformly the case with thejointed variety., On exposure
to the atmosphere its oily luster gradually disappears. The streak is sometimes black, but nsually a decided brown,
£ and after a few days exposure much of the coal has taken on a distinet brownish-black color. Here and there,.
however, it, as an exception, retains its black color, though it loses its oily luster. This i especially the case toward
the western limit of its occurrence, in proximity to the coal of a jointed structure. As we go eastward we find.
the brightness, and oily luster, and black streak giving place to a dead and dirty brown variety.

The dicey coal, of much the i
averywhere west of the divide, or west of the meridian of 1100 45/, It can Le mined in excellent shape for
transportation, being very hard and solid, aud consequently not only coming out in large blocks, but being eapable
also of easy separation from the sandstone aud clay layers already referred to. The luster of the coal is bright and
black, and the fracture perfectly regular. The coal thronghout the entire fleld is very uniform in its physical
characters, according to which of the two varieties it belongs.

found in any greater visible quantity than a small nodule of pyrite, or a few spangles of gypsum. There is.

Around the end of the middle antielinal,
the A seam is represented by the sections 12, 13 (Plate LXIII), and 59 (Plate LXVI), the B by sections 56 to 53

In the synelinal basin between the

same appearance as the ordinary bituminous coal of the east, is met with ’

Nowhere are the compounds carrying sulphur to be -
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therefore in this particular a vast difference between this coal and that of every other field in Montana that has a-
been explored, for elsewhere the sulphur-bearing constituents occur in conspicnous quantities, both in the direction.
of the lamination and in thin laminge in the vertical joints and cleavage planes.

Both varieties of coal are most excellent for all blacksmithing purposes, but the dicey alone is superior for -
locomotive use. Its combustion is rapid and steam is quickly made, In giving the analyses, it may be said that
the samples were most carefully taken with reference to both proving the practical value of the coal, and to-
bringing ount any peculiarities likely to develop in the analyses as judged from its physical appearance. As
necessity demanded, it was sampled bench by bench, or by the entire seam, excluding, of course, such portions.
as would be excluded in mining and shlppmg By reference to the sections the exact meaning of each sample and
analysis will be gathered. b-

The northern eoal-field.—This fleld may be considered as composed of twe distinet areas, but of identically the
same bed of coal throughout, though it has not been proved continuous, nor is it indeed probable that it is between
that portion known as the Judith coal-field in the southwestern part of the Judith basin and that lying to the -
west, between the Missouri river and the Highwood and Little Belt mountains, and comprising the coals of Belt
creek, Sand coulée, and Deep creek, The extent of neither field has been proved, consequently what is given
beyond is merely the resnlt of superficial exploration, superficial in both geology and topography. Our examinations .
have always been regarded in the light of preliminary work toward proving the presence or absence of valuable
coals in these localities,and the results here presented will serve only as an excellent basis for further examinations
in the future. The sketch (Plate LXVII) of the small area covered by our work in the Judith shows in the ¢
Southwestern part the northern slopes of the Little Belt mounntains, and northward the edge of the far-reaching
prairie-lands extending beyond the Missouri river.

The area southwest of the light dotted line, and also the center of the dome, a geologieal inlier at the western
end of our coal field, are oceupied by the pre-Cretaceous rocks, the Cretaceons strata occupying the remainder of
the sheet. In this part of Montana the pre-Cretaceous rocks consist of Carboniferous limestones and Jurassice
strata, without the development to any great extent of the quartzites met with beneath the Bozeman coal field, the
effect of which is to bring the Carboniferous and Jurassic imestones in close succession,

In the Judith basin, at the southwestern edge of the map, there ocecurs,in addition to the stratified rocks
already mentioned, a narrow belt of granite, width undetermined, accompanied by a band of magnetic iron ore, the
relations of which to the stratified rocks were, for various good reasons, left undetermined. The ore is steel-gray,
strongly magnetic, unless, as in few instances, exposure to atmospheric influences has altered it to limonite. It
outerops in heavy masses, from one-half ton to 20 tons weight, the onterop varying in width from 2 feet to what
would seem from the float to be at least 15 feet, though perhaps this may be too great a width. The question of
width could only be solved by systematic prospecting. The trend of the ore-body is, as nearly as could be
determined, about north 700 west. - In the vieinity of the iead of Wolf creek it was traced by float for 2 miles, but with
an intervening space of a mile where it could not be found, owing perhaps to a cover of soil andl débris. At one point
on its course it was traced continuously for 3,000 feet. The guide who was with the party, and in whom every
confidence as to truth in this matter can be placed states that he has traced it for from 3 to 6 miles farther to the
westward, or midway between the head of Wolf creek and the Barker mining district, seen on the general maps of -
the survey. Magnetic iron ore is also reported on good authority in the Barker mining district itself. e

The only other points at which iron ore was observed on the lorder of the Judith basin were in the Judith -
mountaing, north of the Maiden mining camp, where is found also a limited amount of magnetic iron ore, together
with & mass of bog-ore (limonite), resulting from the breaking down of the magnetite, which occurs higher up on
the mountain.

The Oretaceous strata underlying the coal in the Judith basin are seen in the accompanying section(Fig. 3, .
of the geological cross-sections, Plate LVI).

(1) The Jurassic limestones.
(2) A rather coarse basal conglomerate, not over 5 or 6 feet thick,
(8) A thin-bedded yellow sandstone,
(4 and 5) Heavy beds of ferruginous sandstone, weathering a rusty ¥ ellow,
(6) A white sandstone, lower portion heavily bedded and forming an outerop of 20 fest; upper part more shaly. |
(7) Gray and drab limestone, about 10 feet thick.
{8) Gray sandstone.
(9) Thin bed of coarse calcareons sandstone overlaid by red clays forming the top of the knoll; theso overlaid at
(10) by a 2-foot bed of limestone.
(11) Bandstone, thin laminated, fine-grained, weathering Dbrowa,’
(18) A white calcareous sandstone ovelliud ab
(13) by a heavy bed of yellow sandstone, weathering in huge blocks, and succeeded by a gray limy sandstone,
(14) The coal.

As already stated, the limestone (No, 10) with the thin bed of underlying red clays forms the most eharacteristic -
feature of this section, and in a general way this section remains the same, with perham local developments of.
interstratified clays toward the top, both in the Judith and Belt Creek areas.
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A4  This section is referred to the Dakota on the ground of the unmistakable Colorado overlying it, but no fossils
were found oceurring in it in any part of our area of exploration. Furthermore, it is composed of the strata nsually
going to make up this group in the west, a basal conglomerate and heavy beds of ferruginous sandstone.

The line of outcrop of coal in the Judith basin is represented by the heavy black line. It lies out on the prairie at
least a mile or two from the foot-hills of the Little Belt mountains. The portion of the outerop traced, represented by
‘the solid line, has a strike of north 56° west, the coal dipping to the northeast about 10°; but from the probability of
the coal-opening on the Judith river being on the same seam, the outcrop evidently bends around with the mountains
and takes about the direction of the broken line, with a corresponding dip to the east-northeast. At the western
end of the line of outerop, owing to the local upheaval of the small dome in that vicinity, the onterop bends around
b this inlier to the eastward, with o corresponding dip to the southwestward, and the basin therefore receives its
limit at the west by this disturbance. The prairies to the northward were not explored, owing to the lateness of
‘the season, the press of still other field-work before the snows came finally, and the fact that it would not be well
‘then to take any definite steps for the further development of a field which promised so brightly in the future.
But from the large size of the coal deposit, from its general appearance of permanence, from its topographical -
position on the prairies away from the more distnrbed regions of the mountains, from its continuance farther
westward in the region of Belt ereek and Sand coulée, there is every reason to expect at this point a coal deposit of
-at least fair extent. That the coal-bed suffers variation in its thickness, there is no doubt, as is shown by reference
to sections 2 and 3 (Plate LXVIII), the former taken at the eastern end of the solid line, on Sage creek, the
‘¢ latter at the western end of the outerop, near Wolf creek. This much knowledge, theretore, of the behavior of
the bed guides us as to our expectations regarding the unexplored portions. From its slight dip the field can be
most easily prospected, and the limits of its available coal well defined by drilling. The bed apparently thins out
to the eastward, as is indicated from the onterop on the Judith, given in Fig. 1, of the section of the northern coal-
fields (Plate LXVIII), ' )

The partings in the seam in this locality are much the same in general characters as those in the Bozeman field,
but they contain much more argillaceous material. Where in the former field the partings, especially the larger
-ones, were composed of sandy constituents, producing a genuine sandstone, here the argillaceons materials largely
predominate, forming a genuine slate, usnally rather thinly laminated. The coal of this field also is bituminous.

The one variety of jointed coal alone appears, the friable, chippy variety, noticed in the Bozeman field, being
nowhere found either in this or in the Belt Oreek field. The jointed coal of the Judith is of a bright, jet-black luster,

.4 oftentimes oily in appearance, having usually a brown streak, sometimes iridescent in spots or in layers, with a
-decided tendency to lamination, the laminse being of variable thickness, but none over 1} ineh, the thinner Jaminse
having a fibrous structure, the thicker being more compact and homogeneous in texture, and having a very
prominent conchoidal fracture, and generally occurring in a certain part of this bench, with coal of the fibrous kind
both above and below it in the same bench. There is met with in this area, in the section from Sage creek (Fig. 2,
Plate LXVIII), near the bottom of the seam, in the next to the lowest band of coal, opposite the figures 1.3, and
-constituting the lower 4 inches of it, a peculiar substance resembling a muddy coal, having a leaden or bluish
-color, cutting like graphite somewhat, i. e., sectile, and decidedly heavier than the other coal of the bed. The
-analyses show it to contain from 10 to 26 per cent. more of ash than the other coal of this locality, the ash running
from 22 to 37 per cent. The sample giving the latter figure (37 per cent.) was an extreme one, while that giving
€ the former (22 per cent.) was in appearance much nearer the ordinary coal, and only had & slight bluish color on
being freshly cut, and, furthermore, was not nearly as sectile as the other specimen. This peculiarity was again
met with at the Eilis pit, near Mann’s ranch, on Otter creek, of which Fig. 4 (same plate) is a section, The coal
-at this pit was of no value. The coal of the Judith gave no evidence of coking qualities upon analysis, but this
may have been due to the fact that the samples were really surface samples, being nowhere taken at a depth
beneath the surface of over 10 feet.

The sampling in this field was conducted on the same plan as that already pursued in the Bozeman field, and,
indeed, in all the fields examined. ‘

It may be remarKed here in passing that Desides the coal-field just described in the southiwest corner of the
-Judith basin there are found wholly unimportant beds of coal in the eastern part, near the Judith and Snowy
£ mountains, and in the high and much disturbed country connecting the two ranges ; also on the eastern flanks of
the Judith mountains.

The general geology of the region of Belt creek, Sand conleé, and Deep creek has already been noticed in a
-casual way. The coal is at the same horizon as that just discunssed, underlaid by much the same succession of
strata, and overlaid by the strata represented in Fig. 6 of the geological cross-sections (Plate LiVI), and given in
-detail on page 742. Asin the Judith field, the coal lies on the prairie, a little farther out perhaps from the region
of upheaved strata, and overlaid at a distance still more remote from the mountains by the dark shales of the
‘Colorado group ; but there has also been preserved, immediately overlying the coal on Belt creek, a landmark of
-erosion extending some 1,300 feet up into the Colorado.

The outerop of coal has a general east and west course, with a northern dip, and skirts the edge of the prairies
%o the Missouri river, though at a point not determined, between Deep creek and the river, it probably runs nearer



Plate LXVIIL

1 Seale Yi=2
)
kX g
2.25
57
8
&,
02
V67
125
pid
g »
w33
37
22 26
16
785 142
N 2. o4 12
£ 183
o 59 . ) © aas
N4 v .:9.1 )

13 ‘ 12
#.93
<02
E
233 :
238
285 A2
22 &2

From unpublished MS. material of the Northern Transcontinental Survey. »
SECTIONS OF COAL-S8EAMS IN THE JUDITH COAL-FILLL. By Geo, H, Eldridge.




DERARTMENT OF THE INTERIOR. PLATE IXIX.

TENTH CENSUS OF THE UNITED STATES .

0o W

CRAZY MTS MAP

108"W

iy

§ i i,

¢ ST

Musselshell BE "2 ..
.

i
G,

g A

N &£
.S‘p,-ilg(/&{tl:;‘ . &
I

-

.
H\_\(
“2Ro,
™~
('2-
t
|
k3
705
W
. a
S L -

e — 46

it

Pompey's Pillar
CROW INDIAN
RESERVATION

WaJ ernar Lindgren 1884

From unpublished M S matorial of the Northearn anscontinental $uwvary.

BULL MOUNTAINS AND ADJACENT TERRITORY

Julius Bien &CaLub

=

(1

C ]

T Pierre

FoxHills s.at,

Liower Lavamie Lowests.gtone
i Bul M series

Seale 10 miles to the inch .

BullM¥series Lignite



MONTANA COAL-FIELDS. 753

the mountains, until finally, south of Ulidia, at the Chestnut ferry, it partakes of their disturbances and loses much o
of its economiec value, The entire length of its outerop eannot be far from 25 miles.

The seam is constituted much like that of the Judith, In faet, the remarks made concerning the composition
of the bed and the physieal characteristics of the coal in one ]ocahty are equally applicable to that of the other.
The quantity of coal, perhaps, remains persistent over a larger arca in this last region than in the J udith, and,
perhaps also, there are generally fewer partings. It is certain that the coal lies more compactly in the Belt
Creek field than in the Judith, the wide parting of slate in the latter being much reduced in the former, and the
relative thickness of the upper and under benches has changed.

The bed has been much more extensively opened in the Belt Oreek area, one or two mines here having supplied

. TFort Benton, on the Mlssouu with coal for domestie and blacksmithing purposes for several years. The two lower
benches, below the widest p’u‘tmg, in the immediate vicinity of Belt creek, are said to be especially good for b
the latter purpose, and also yield & very fine coke. The universal opinion in Fort Beunton is that this coal excels
the T'ort McLeod coal in British America, some of which finds its way into the Benton market by the return freight
teams from that northern post,

In noticing the sections of these coals, Figs. 5 to 15 (Plate LXVIII, it should be observed tliat No, 12 is
probably a section of a different seam from the large one here discussed, and overlies it. It is possibly only a local
<development, and of no value.

The amount of sulphor compounds appearing to the eye in the, coals in this northern feld is much in excess of
that in the Bozeman field, aud very much less than that of the Bull Mountain coal. In the Judith basin proper it
is especially abundant in the unimportant seams occurring nesr the eastern edge, notably in the coals on Big
Spring creek, where by far the largest amount observed in the coals of Montana was noticed, ¢

THE BULL MOUNTAIN COAL-FIELD. ;

Most unfortunately, the exhaustive explorations being conducted in the Bull mountains were brought to an
untimely end by cireumstances over which our survey had no control. Two months more in the field would have
sufficed to complete the data for a valuable report on a valuable fleld of coal. As it is, lowever, the most
northwestern cxtension of the field was left unsurveyed, though carefnlly examined, and the topographical and
geological map of the entire field has been left uncompleted, owing to the disbandment of the survey, Ifor referenco
and aid a small general map (Plate LXIX) has been constructed, whiclr will, of necessity, have toanswer our purposes,

“The geology of the Bull mountains has alveady been fully given under the description of the Upper Laramie in d@
Mr. Lindgren’s notes. These additional notes on the topography of the mountaing and adjoining country by the
same gentleman may also be here ingerted:

The distriet examined is situated in contral Montana, between the parallels of 4509 30 and 46° 30’ north, and the meridians of 108°
and 1092 west,

The Musselshell and Yellowstone rivers here for some distance flow nearly parallel, at a distance of about 40 miles. “The yalley of
the Yellowstone is bordered by bluffs from 100 to 200 feet higlk. For miles northward the country stretehes, o gontly rising, hilly, dry
platean, only to be used for grazing purposes, The creels carry running water in the spring only. About 24 miles north of Billings on
the: Y(‘l]owstone, the appearance of the country changes. It vises more rapidly, is eut up in high bluffs, deep gulches, or dry crecks; the
ground is covered with thick grass and a quite abundant vegetation of pines; still it is very dry; the water-supply during the summer
and fall is limitoed to a fow springs. ¢

This part of the country coincides very closely with the w(*ologlml extension of the highest series in tha Lamnue, the Bull Mountain
geries, The center of this district, situated abont 80 miles north of Billings, and 15 miles sonth of the Musselshell river, is oceupied by
o deeply eroded and cut mesn, the Bull mountains rising to 5,000 feet above the sea, or about 2,000 feet above the Ye]lowstono river at
Billings. Westward, the divide between the Yellowstone and Musselshell has a sonthwesterly trend, and is yet for a distance of 30 miles
from the Bull mountaing covered with pine vegetation; from there, however, it Jowers, and the bleak and Larren plateaw stretehes between
thetworivers, Eastward a narrow plateau, about 4,000 feet above the sea, extonds for 10 miles; from there the country lowors considerably,
but is still for along distance oceupied by the Bull Mountain gerics. The Bull mountains proper, that is, the highest 800 feet of tho series,
extend only about 10 miles east and west, and 5 ov 6 miles north and south, and form, as already mentioned, a very much cmdod and
cut up mesa, separated on the ontskirts into several square or pointed buttes.

They are the last remnant of the enormous sheet of Laramie formation onee covering the country, Tho erosion in going on rapidly.
Deep, narrow gulches, square buttes, and horizontal, far-extending benches of heavy sandstone give a peculiar aspect to the country.
These heavy beds of sandstone are not so easily attacked by erosion as the softer layers, and remain noear the central mesa as horizontal
henches, forming veritable natural contour-lines, Sometimes a local burning out of a lignite seam has hzudcned the overlying soft
sandstones and imparted to them a deep red or yellow color, f

There exist in the Bull mountains many lignite seams, but the smaller ones hswing a development sufficient
to be of economic value only here and there over the ares, and the limits of their workable portions nob having
been determined, it is best to pass them over without further notice, and proceed at once to the examination of the
only seam of large size existing in the region—the ¢“Mammoth seam?, as it bas been called by way of designation,
Furthermore, in view of the great {hickness and uniform persistency of the Mammoth seam, the smaller beds of
lignite, even where locally developed to a workable size, will not be touched for many years to come. The outerop
of the ¢“Mammoth?” bed has Leen tracedl every fow feet for the entire circumference of the mountains, and but very
few of its irregularities are now unknown to our party. On the general map it is marked by the heavy black line
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a in the center, which is approximately the shape of the field, cxcepting that on Wildhorse creek it extends farther
down (northward) than indicated, by some 3 or 4 miles, underlying the upper part of the divide between Wildhorse
and Parrof creeks.

The conl lies nearly horizontally, but still, by close examination and comparison of the strata over wide areas,
it is proved to occupy an exceedingly shallow synelinal basin, the shape of which is not positively determined, but
it seems to have its center scmewhere near the center of the mountains themselves, the strata dipping inward
{rom the periphery, but never over 2° 3¢/. In other words, the Bull mountains constitute a geological outlier.

The composition of the bed will be best understood from the seetions, following them in their order around the
mountain. Taking as our initial point that demgnuted on the general map as the locality of the mines of the
B Northern Pacific Coal Company, we have, first, Figs. 1 to 4, inclusive (Plate I.XX), covering a distance of a little
over a mile aloug the sounthern front of the mountain, TFollowing the bed to the eastward a mile and a half
farther, Figs. 5 to 8 (Plate LXX), inclusive, the same general composition prevails. From our initial pointcestuard
for from 3 to 4 miles, Figs. 47 to 54 (Plate LXXIV), inclusive, but little difference in the number of benclies and the
width of the partings exists, though, indeed, the thickness of each bench of coal, especially those above the third
bench from the floor (including the little 6 1nch bottom bench), varies somewhat, the variation in the large upper
bench making & difference in different localities of several thousand tons per acre. Thus, for a distance of from 6
to 7 miles along the central portion of the southern face of the mountains, we find a great regularity occurring in
the composition of the bed. Returning to our easternmost point mentioned thus far, some 2§ miles east of the
¢ location of the Northern Pacific Coal Company, at the section represented by Fig. 9 (Plate LXXI), we find the
beginning of a marked change in the character of the bed. The central parting, heretofore from 2 to 6 inches
wide, is on the point of a constant and rapid increase, until at the easternmost point of the coal deposit, and also of
the mountains, Fig. 21 (Plate LXXII), it has attained the thickness of 50 feet, separating the bed, as shown, into two
workable seams, averaging roughly 6 feet each.

Along the northern side of the mountaing, passing westward from this point, this cevtral parting decreases,
until at a point directly across the mountains from the point of the commencement of its increase on the southern
side, on one of the eastern branches at the head of Thaddy creek, it has again attained its normal conditions, the
two sections of the bed being here separated by only from 2 t04 inches of slate. For a mile and a half to the
westward along the face of the mountains it now continues without any important change, when, in passing
d northward and westward around the northern portion of the central part of the range, Tigs. 27 to 32, inclusive,
(Plate LXXII), this latter section being on the head of Parrot creek, and at least 3 miles in a direct line from the
former, the same parting has again attained a thickness of at least 20 feet to again decrease, Fig. 36 (Plate LXXIII),
several miles down the divide between Parrot and Wildhorse creeks, but still on the slopes of Parrot creek. Ior
the remmnder of the distance o this side, Figs. 36 to 39 (Plate LXXFII), inclusive, we have again the usual
characteristic outerop, excepting that the little 6-inch bench at the bottom has again disappeared, as is often the case
on the north side of the mountains. On the opposite side of this divide, Fig. 40 (Plate LXXTIIT), ¢¢. seq., in the
gulches of Wildhorse, we find the seam considerably decreased in thickness, which condition seems to prevail in the
low western spur putting out from the main body of the mountains, . e., on the head of the western branches of
Razor and Wildhorse creeks, This decrease seems to be attributable to the absence or diminution in size of the
¢ upper members of the Mammoth bed, This brin gsus around to the sections already noted, 47 to 50, and completes
the contour of the coal.

Generalizing the preceding: The Bull Mountain platean near its summit may be divided into a northern and a
southern portion, the latter much the larger. The southern part lies on the divide between the Vellowstone and
Muasselshell rivers, and extends east and west several miles., The northern or smaller part lies between the heads of
Thaddy and Wildhorse creeks, with & long spur running to the northward between Parrot and Wildhorse creeks.
Under the high platean in the center of the southern part, an area of perbaps 20 square miles, the bed attaing its
greatest thickness, and is most compact, the partings being of a minimum thickness; here the entire thickness can’
be worked at once. Bast of this, comprising an area of perhaps 12 square miles, the seam is splitinto two members,
an upper and a lower, each of which must be worked separately. Westward from the central high plateau of the
- southern portion, for at least 84 or 4 miles, and comprising an area of at least 12 square miles, the bed is undivided,
"f but has by no means its normal thickness as under the main mass of the mountainsg. Under the high platean

constituting the northern part of the Bull mountains, for at least one-half of its entire area of 12 square miles, the
bed would have to be worked in two portions, by reason of the increase in thickness of ity middle parting. The
northern spur of this plateau, betweén Wildhorse and Parrot creeks, may in part be worked from one opening, and
in part must be worked from two; these portions are about equally divided, and comprise abont 10 sguare miles.
It is estimated that this field contains at least 400,000,000 tons of available coal. In connection with tbis estimate,
~ and what has been said of the areas, it must be observed that the figures are only roughly calculated, and that
should time ever permit the plotting of the map of this coal-field they will be revised and corrected, since the data
exist for a very close estimate; but the tonnage given is rather an under- than an over-estimate.
- The physical characteristics of the Bull Mountain coals are the same for all the workable seams, that is tue
#“Mammoth” and such parts of the two or three others as are of available thickness. The coal much resembles in
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strueture that of the Judith basin, but is, however, a decided lignite. It has a jet-black luster, at times dry, @&
especially in the fibrous and more {hinly laminated variety, at times oily,.as in the more heavily laminated kinds
which break with an irregular and distinet conchoidal fracture. Its streak is brown, its structure jointed. In
mining it comes down in large blocks, which, on exposure to the atmosphere for three or four weeks, are easily
reduced to swmall fragments by handling. It has, however, sufficient resistance to weathering to permit of its
transportation over roads to remote points, and is in every way much superior to the lignites farther east. It
is brittle and contains compounds carrying sulphur in large quantities, disseminated through the coal in lenticular
masses and balls of pyrite, and in the vertical joints and between the laminz, in tbin lamine of pyrite and
spangles of gypsum. On weathering, the coal is very rusty from the oxidation of the pyrite, and white from the
deposits of gypsum, which occur both in the erystalline form and also in a fine powder. On being burned, the
sulphur-fumes are very strong and readily perceived. The vertical lamina of pyrite occupying the joints of the B
coal are often very beautifully arranged, showing a network of layers crossing each other at sharp angles. They
are generally very thin and often cub coal and slate alike, passing even into the beneh of coal lying beneath the
parting. Besides the pyrite and gypsum met with, thin lamins of “mother-of-coal” ave everywhere to be seen.

In passing over the field there is frequently brought to one’s notice the numerous places in which the bed has
been on fire, and in which it is at present on fire. When burning it is usually detected by the odor of smoke and
sulphurous fumes pervading the air in the vieinity, and, upon examination, it shows the gradual breaking down
and falling in of the roof, the brilliant red, yellow, orange, and brown stains from the oxidation of its pyrite striping
the face, where exposed to view, most beautifully. Adjoining these brilliant colors, or occurring where they do not,
we find an abundance of sooty matter, of a dirty-brown color, resulting from the burning of the coal itself, and often
containing particles of coal which have not been completely burned; and it is worthy of note in passing that, at ¢
places, all that is left of 10 or 12 feet of compact benches of coal is from 6 to 8 inches of soot. As the support for
the roof is thus gradually removed the sandstone and other overlying matter settles down in massive Llocks,
oftentimes large depressions occurring, which are quite sui generis and easily recognized from valleys of erosion..
Nowhere have the fires extended over areas greater than a few thousand square fest, and usually they have not
reached that extent. In some cases the fires are the result of spontaneous combustion, in others they undoubtedly
caught from burning grass or stumps, which latter cause has been observed on the Musselshell during the present
season,

The partings of the coal are usually slate, but the prominent middle parting, on inereasing to its great width
in the eastern and northern parts of the field, becomes a heavy-bedded, coarse-grained, white sandstone, weathering
in rounded forms. ‘ d

The sampling of the coal was done in part by the writer, but chiefly by the assistant of the party, Mr. J. R.
Williston, and was carried out in the same careful manner as was that in the other coal-ficlds in Montana. The
samples are representative of the coal from the periphery of the entire field, and were taken in every case from a
solid portion of the seam, at a distance from the surface beyond all influences of weathering, pits having been dug
tor the purpose.

The Rock Oreek coal-field.—This field was explored and largely discovered by Mr. J. . ' Wolff, assistant geologist
of this division of the survey, and such parts of his report as are of general scientific value are here given: ’

The field lies at the base of the Snow mountaing, the high range that extends 100 miles southeasterly from the Yellowstone calioxn,
near Livingston, and is about 30 or 35 miles due south from Stillwater, the nearest station on the Northern Pacific railroad. Its elovation
above sea-level is about 5,700 feet, and above the Yellowstone river at Stillwater about 2,300 feet.

At what is known as the “Yankeo Jim clain”, on what we have designated as the B seam, the coal crops out in o bluff that rises ¢
about 100 feet above the ereek-level. This sean was found partinlly opened at about 80 feet above the creck, but the otlher scams wo
ourselves discovered and opened in the bluff lower down, AIl ate easy of access for working, There were found in all seven seams
containing workable coal, in addition to several other smaller ones containing a foot or so of eoal. In the skotches, Plates LXXVI and
LXXVII, will. be found seetions of these seams, All of the coal is haxrd, bright, square-jointed, in appearance similar to the best cosl of
the Bozeman field, while none is of the soft, “ chippy” variety there observed. The total thickness of coal in these seams is 46 feet G} .
inches, of which about 46 feet may be said to be nltimately availablo for mining, if it were desirablo to work the coal in every seam. The
largest single hench of clean coal (seain G) is 3 feeb 64 inches thick, but, 48 will he seen from seam B, & much larger amount of coal (9 feot
2 inclLies) can be mined from one opening with perfect ease and economy. The dip is low, from 159 to 209, and within a fow hundred yards
from the outerop toward the mountains becomes flat. Anywhere between this point and the mountains the coal would e found within a
distance of perhaps 300 feet from the surface. The seven seams are contained in about 500 faet of moasures.

AllL samples were taken under cover, but yet not far enough in to obtain the coal at its best, espeeially for coking tests. Sanple J,
in physical qualities, was the best coal I havoe seen in Montana. The D seam was not sampled, but the coal seemed similar to that in the

T scam (sample H). Sample G was taken to test the value of the mixture of coal and bone represented in the ¥ geam by that sample,
which could not be separated in mining.

Circumstances allowed but a limited time for exploration of the area of this field. From the “ Yankee Jim ? claim the coal wastraced
4 miles, nearly to the Clark’s Fork bottom (Plate LXXV), and could be seen by the “lay " of the rocks to extend an unknown distance
farther. Coal-croppings are found inthese 4 miles, ina band nearlyone-guarter of a milewide, showing thata large number of seams extend
this direction. Some natural exposures of the seams axe found in the gulches, in one place ahout 3 feet of coal showing in one solid bench.
These facts indicate, therefore, that the coal maintains its thickness and quality from Rock creck toward Olark’s fork. Near the outerop
the coal dipstoward the mountains, but it gradually loses its dip until at a distance of some hundreds of yards from the exposures it
becomes fint, and so continues to the southwest border of the field, where it is terminated by a fault, bringing up tho limestones (seo
sketeh-map and vertical section, Plates LXXVIand LXXVII), By estimate the distance from the coal outerop to the limestones varies from 3
0 4 miles, and therefore the approximate area of the coal-field, so fur as explored, would be 12 square miles. If the whole area of coal;
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« lying flat, was worked, this would give, with 46 feet of coal, about 388,000,000 tons; or, saying that on an average half that thickness of
coal were found, 194,000,000 tons of coal. This rough estimate gives some idea of the value of this field should it prove up as the prospeets
indieate,

A fow words may he said as to the probable extent of this field and its connection with other coal-fields. It isthe direct continuation
of the Bozeman field, distant about 100 miles, The continuation of the Bozeman coal was found as far as Missouri creek, sontheast from
Livingston (see Plate LXXV). It is reported to crop again on the banks of Boulder creels, and from there runs down to Rock creek, following
along the edge of the limestones. In short, the region from the base of the Snow mountaing to the Yellowstone river, all the way along
the range, is underlaid by coal at & moderate depth from the surface, the measures lying flat except where upheaved locally, and in general -
along the immediato base of the mountaing, Counstant diseoveries of coal, therefore, are likely to be made along this range in the future.
From the “Yankee Jin " claim, tho coal, therefore, extends northwest toward the Bozeman field. Coal, rather ‘bony”, was also found
lower down on Rock ereck, abount 16 miles from the railroad, A section is given in Plate LXXVII, This is probably the same coal as that
T found at the * Yankee Jim” claim, in which case the other seams could be reached here only by boring. The good quality of the Rock
Creek coal, its freedom from dirt, the number of seams, thickness of coal, thickness of single beuches of clean coal, and flat position
favorable to easy working, will probably place this field among the best, if not itself the best, yet discovered in Montana.

The last field of importance in Montana lies on the Upper Yellowstone, near the Yellowstone National Park,
and wag also examined by Mr. Wolff, with the following results, taken from his notes:

The Gardiner River coal-ficld (Plate LXX VIII).—This feld is situated on the Upper Yellowstone, about G0 miles above Livingston and
tho Bozeman coal-fleld, and extends from the mouth of Gardiner river down the Yellowstone on both sides to within 2 miles of Cinnabar
mountain, The river here flows in a general northwesterly direction, Bear Gnleh ereek flowing into it from the north and Gardiner viver
from the southeast, fogether with smaller ereeks shown on the accompanying sketcli-map,

The north line of the Yellowstone Natinnal Park runs from the top of Electrie peak east through the mouth of Gardiner river, and
« the Coal Measures are found in the arca bounded by Electric peak, Cinnabar mountain, Mount Evarts (in the Park), and the base of the
mountaing riging from the river on the northeast side, opposite Xlectric peak.

The coal, as traced by Mr. Eldridge a year ago, runs from Electric peak in a high spur of this mountain to Cinnabar mountain, but
was not found to be of any value in that distance, the scams being small, none having over 1 foot 10 inches of available coal. Tho coal
varies from a dip of 30° near Electric peak to almost vertical near Cinnabar mountain, South of the latter mountain if is opened in two
or three places in the hills at the fool of the higher peaks and spurs. All the coal found in these low hills west of the river, bekwveen
Reese’s ereek, Cinnabar mountain, and the spur of Elactric peak is worthless for any extensive mining, for the formation is badly broken
up by one extensive fault and several smoller ones, aud dips in many ways, rising snddenlyirom a flat position to one almost perpendicular,
obe.  Seetions 1 and 2 of the * Gardiner coal-field” (Plate LXXIX) aro representative of the bed at the two principal openings on this side
of the river, viz, at Major Horr's and Reese’s, vespectively., On the opposite or east side of the river is situated the only portion of this
field that present developments indicate to be of value, Opposite Reese’s ferry, a little back from the river, the coal eroppings ave found,
one pit having been opened, affording the section given in Fig. 3 (Plate LXXIX)., There are probably at least four seaws of coal here, two
close together, then about 150 feet of roek, then two more close together. The coal is of good quality, but just here worthless, for the
¢l reason that within ahundred foet or so the Coal Measures and coal are cut off by granite forming tho base of the high mountains rising
from the river, as shown in Fig. 6. About a mile up the river Messrs, Gowley & Gillis ave opened the coal to a slight extent, their
pit affording the section represented in Fig, 4. This shows some good benches of coal, which is also of a good quality.

Over o mile farther up the river, at Eagle creek, the croppings sre found -again, and continue for half or three-gunarters of o mile
until the coal crosses into the Park, Iig. 5 iy u section taken from this locality, on the east bank of the Yollowstone, opposite the month
of Gardiner,

The only valuable portion of this field (as far as present developments show) extends from a little below Gourley & Gillis’ pit to the
Park line, a distance of from 2 to 23 miles, Above and below Gourley’s pit the outerop is covered by trap-flows and travertine, and from
Engle creck to the Park line it is continuous. The Coal Measures, however, form only a narrow strip extending from the river back a
short distance, probably nob ever three-quarters of a mile in greatest width, and generally much less. Exeept at the immediate outerop
the Coal Mensures are covered by trap and travertine, and are probably cut off by a great trap-dike extending from opposite Cinnabar
mountain to Bear guleh; hence even this portion of the field is of uncertain value, for it seemas Aifficult to foretell how far the conl can be
¢ followed down from the outerop before being cub off by trap,  Nearly all the scams furnish coal of excellent quality, black, hard, and
square-jointed, giving evidences of coking qualities, and the pits on thée portion eust of the river show & thickness which, though not
large, could probably be profitably worked,

This coal all occurs above the Colorado.

Another totally unimportant coal area occurs 9 miles east of Gallatin uty, at the confluence of the three rivers
forming the head of the Missouri. The coal lies in a narrow trough, the greatest width of any seam being about
18 inches. It is, furthermore, of the soft, friable, and “chippy?” variety already noticed in the eastern part of the
Bozeman field. This area is of no consequence whatever from an economie point of view. From the scientific side
it merely adds another locality to the numerous Cretaceous coal areas of Montana.

. THE MOUSE RIVER COAL-FIELD OF DAKOTA.,

By reference to our general map (Plate LiV), the area comprising the c(ml in this locality lies from 80 to 150 miles
or more north or north-northwest from Bismarck.

The coteaus of the Missouri of an average width of 35 miles are 8een having a 1101thwest trend, Eastward they
blend by a gentle slope with the broad expanse of level prairie, relieved only in its monotony of landscape by a
low hill rising here and there abruptly for a few hundred feet. The surface of the prairies have a gradnal fall
eastward, as indicated by the flow of the rivers. Small lakes, both wet and dry, and still smaller ponds, lie
scattered over the area. The sharply eroded valleys of the Mouse, Cheyenne, and James rivers cut the prairie to
depths of from 75 to 150 feet, their former broad channels now constituting the rich bottom. Jands, cut in turn by
the meandering narrow streams of the present day. Along the Mouse river there is a special feature of topography
in the long line of low sand dunes rising on both sides the river near its great bend and eastward.
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The strata carrying the coals of thisregion may all be referred to the lower part of the Laramie group, upon a
both lithological and paleontological evidence. They consist, in ascending order, of heavily-bedded, coarse-
grained sandstones, of gray color, and often ferruginous, containing thin, paper-like seams of lignite, the whole
weathering easily. These are overlaid by other gray and yellow sandstones intercalated with clays, the former
romewhat argillaceous, the latter arenaceous. Above these last come other purer drab clays, with some beds of
sandstone, the latter being very variable in texture and their ability to withstand the weather. Many of the
strata have a strong tendency to a concretionary structure. Inthe uppermost series of strata, just mentioned, the
coal-seams are larger and the underlying clays thicker, and invariaﬁy of a leaden-gray color, except where, here
and there, they are tinged chocolate from the lignitic matter contained in them. All the clays form bold and steep
bluffs, and are a noticeable feature of the landscape where they occur.

The Lower Laramie of this region contains only comparatively unimportant lignite-beds, the more importaunt b
ones oceurring higher up in the series and to the southwest of our area of exploration, on the Missouri river, near
Fort Steveuson and elsewhere, there being a dip of very slight amount toward a common center at Fort Union,
forming there a great but very shallow synelinal basin,

The localities of the exposures of lignite are: 8 miles below the “Big bend” of Mouse river (Fig. 5 of the
Miscellaneons sections, Plate LXXX); 25 miles above the Big bend, where the lignite is of comparatively fair
quality, taken with the other lignite-beds of this locality (Fig. 6); another exposure of this seam a mile farther up
the river (IMg. 7); 1 mile below the mouth of Lake river, a 6-in¢h seam, not figured; on Lake river, 40 miles above
its entrance into Mouse river, a 30-inch and a 30-inch seam, the former very dirty, the latter much cleaner
(the latter represented in Fig. 8 of the sections); with numerous thin seams of an inch or two scattered all along
throngh the series. While, therefore, we have many seams of lignite, from one-half inch to 8 inches thick, e
outcropping along the bluffs'between the Big bend of Mouse river and the souree of Lake river, and also two of o
thickness of 24 feet, but one workable bed of 3 feet was met with. The coal of this bed exhibits the usual
characteristics of the poorer class of lignites, layers of the fibrous structure being intercalated with those of a
lomogencous appearance and conchoidal fraeture and a jetty luster., The entire seam containg mucll gypsum
in the erystalline and powdered forms. The coal is by far the poorest observed during our explorations, and has
no resistance whatever to the influences of weathering. It will, therefore, in all probability, never be used for other
than domestic purposes by the future settlers of this river. Owing to the lay of the country, boring is the only
means of determining the extent of any of the beds of lignite.
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REPORT ON THE COAL-FIELDS OF WASHINGTON TERRITORY.

SRV

BY BArnEy WILLIS.

GENERAL GEOLOLGY. c

. The Coal Measuves of the Pnget Scund basin consist of alternating Dbeds of yellow and gray fine-grained
sandstones and very fine gray arenaceous shales interstratified with many beds of carbonaceous khale and coal;
the individual strata of sandstone and shale, from 20 to 200 feet thick, maintain the same general character wherever
observed, and no well-defined horizon has been found which might serve as an index to corrclate the widely-
geparated exposures, Leaf impressions occur in both shales and sandstones associated with unios.  Collections
made by the Northern Transcontinental Survey have been submitted to Professor J. 8. Newberry, who considers
them the eguivalent of the Laramic east of the Rocky mountaing, and of greater antiguity than the Tertinvies of
Bridge ereek and John Day’s valley in eastern Oregon ; these collections relate, however, prineipally to the lower
measures of the Wilkeson field of bituminous coal, and it remains to be seen whether further evidence, now being d
gathered, will sustain the inference, drawn from stmtigmphical relations, that the lignites and bituminous coals
belong to one age. y

The thickness of the Laramie group, as determmed by Mr, George H, Bldridge in Montana, is about 8,500 fect
in the Bull mountains, and very much less near the old shore-lines. On the Pacific coast it greatly exceeds the
above maximum, but it is not possible without farther stady to state even an approximate total, on account of the
uncertain relations of the much-disturbed strata, obscured by voleanie flows, recent drift, and a dense forest,

The best sections ave those obtained in the Wilkeson and Green River fields, and described in detail in thoir
proper connection, though even they are incomplete; of these one gives a minimum of 18,200 feet, with a probable
maximuam of 14, 500 feet; a second, still less complete, measures 7,700 feet; and the third, on Green river, lies hetween
. 6,200 and 8,200 feet md these soctlons do not in either case re aoh the lmuta of the (Joal Measures, ag the base of ¢
e'mh is an wutl(,lmal axis and the top the highest exposnre, geologically speaking, beneath the voleanic flows or
drift-beds. Such figures challenge confirmation, but they are the result of accurate surveys and careful observation,

-and are only invalidated by the possibility of undiscovered faults, of which the sections have yielded no proof under
cloge examination,

The fossils indicate the maintenance of fresh- and brackigh-water conditions through thislong period of deposition,
implying that the general rate of this profound subsidence was the same as that of accumulation of sediments.

The circumstances of deposition were subject to frequent and probably often local changes; the preponderance
of layers of fine sandstone, apparently derived from granite, suggests clear currents and pools, ' oxisting
cotemporancously with shallow waters and marshes, in which muddy sediment and peat accumulated; and the £
suecession of sandstones, shales, and coal-veins in the columm of gtrata indicate as many changes oi depth and
current over the same locality. In the first of the above-mentioned sections there are 127 carbonaceous beds, of
which 17 are workable coal-veins 3 to 15 feet thick.

Outerops of older rocks in the vieinity of these Coal Measnres are nsually of granite or erystailine sehists, either
serpentine or chloritic; in the San Juan archipelago there are evidences of Cretaceous strata, and a hing of their
existence is found in some indistinet agatized casts, of oval eross-section and about 2 inches long, which were brought
from a conglomerate on the upper Skookumechuck southeast of Tenino; they were unfortunately lost, but were
apparently casts of baculites, These would seem to be the edges of a Oretaceons deposit, hidden beneath the more
extensive Jater rocks. Bub one contact of the Coal Measures with underlying schists has been observed, and that
is of uncertain character; its two interpretations are given in the accompanying diagram (Plate LXXXII). The
first shows a plane of um,onfornmble deposition tilted to a dip of 469 the other presents the alternative of a fault.

759
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a I was unable from the contact exposed to determine which view is correet, and.X had no opportunity to trace it ou.
It is probable that the first coal-bearing rocks were laid down upon a surface composed of areas of granite, sehist,.
and Oretaceous conglomerate.

The region over which this deposition occurred has since been the scene of mountain-making upheaval, ot
stupendous volcanic ernptions and enormons erosion, both glacial and subadrial. The definition of its boundaries.
and extent is a correspondingly difficult, perhaps in some directions impossible task.

Tooking at the Puget Sound basin as a whole, the Coal Measures extend from beyond the British boundavy
south almost to the Columbia, and from the Pacific ocean eastward up onto the Cascade range to elevations varying

" from 800 to 5,000 fect above the sea; but buried on the one hand beneath recent gravel-beds, and overflowed on

the other by erupted magses, the visible part of the formation mppears as an interrnpted belt along the base of the
b Cascades and encircling the Olympic mountains,

The Bellingham Bay lignite mines, which were known in 1851, and shipped 20,500 tons to San Francisco in
18G9, but were shut down in 1878, are opened on an isolated outerop surrounded by a region of forest-covered drift-
beds. Their nearest associated coals are to the west, on Vancouver’s island, and southeast at the ¢ Coal mine”, on
the Skagit river, 40 miles from its mouth, The latter covers a small area south of the Skagit. It is bounded on
the east by a contact with crystalline schists, which extend far northwest of Mount Baker; on the west and south
Dby drift-beds, and on the north the coal is lost beneath the swamp-landg along the river. This coal is of hituminous
eharacter, and quite different in chemical composition from the inferior lignites which crop out on both branches
of the Stilaguamish river,

TFrom the latter, sonthward, theve is a region little known geologically, over which the drift-beds extend up to
¢ the ontliers of the Cascades, and the Coal Measures appear, if at all, only as a very narrow strip, until they are
exposed in the cafion of Green river. Within this stretch, however, are the disconnected outerops on which the
Newcastle and Renton mines are sunk, 15 miles southeast of Seattle. Both of these mines produce an excellent
lignite, which does not air-slack. Betweeén them and the Green River field is the outerop of a vein, called the
McAllister, on Cedar river. ‘

Green river cuts through the Coal Measures from east to west for abont 9 wmiles, in a straight line, but muclh
farther by the river, giving a section from the contact with eruptive rocks on the east to the drift-beds on the west.
This seetion includes coals generally called bituminous, which produce a fragile coke, but have a lignitic lnster, and
very poor typical lignites, the latter overlying the former in the western portion of the section, The field is bounded
north, west, and south by overlying drift, which exténds 20 miles in the latter direction, to the most northern
d outerops of the Wilkeson coal. This is a soft, coking, highly bitum inous coal, jet black, and of eubieal fracture,
which produces a strong, close-grained, sonorouns eoke. JIts general character is maintained throughout the field
from Wilkeson south to the Nisqually river, about 24 miles, except where it is locally altered to semi-anthracite or
columnar eoke by the action of intruded rocks. The field is from 1 to 6 miles wide, and is limited on the east by
the voleanie roeks of Mount Rainier and its lesser craters, and on the west by eruptive rocks, which 30 miles west.
of Mount Rainier form an unnamed group of mountainy 5,000 feet high’

Still west of these little known heights, and south of Puget Sound, is the most extensive lignite area in
Washington territory. It reaches from Castle Rock station, on the Northern Pacific railroad, north to the Seiatco:

‘mines on the Skookumchuel river, and northwest to the Olympic range, along the Upper Satsop river. Its eastern

boundary is where the lignite measures join the voleanic rocks which separate them from the coking conl of the
e Willkkeson field, but the lignite remains unaltered up to the contact. The proximity of this field to the line of the
railroad has led to its being carefully prospected. Wherever the veins have been opened they produce a bright,
clean lignite, which air-slacks and possesses a low Leating power,

The Olympic range, composed of granite, crystalline schists, and volecanic rocks girt by recent drift, has beer
so little explored it is not possible to define the limits of the Coal Measures on its slopes; but besides the localities
mentioned on the south and southwest, they occur on Clallam and Pysche rivers on the north, and pmbably at
other points about the foot-hills.

The geological section of the Puget Sound basin as developed in the exploration of these coal fields may be
provisionally stated as follows:

(1) Present surface of humus, aceumulating from the heds of Hypnum splendens and the contributions of ferns,
I shrubs, and evergreens of the damp, luxuriant forest; average thickness probably 4 inches, though frequently
wanting, where fires have occurred within two centuries.

(2) Beds of coarse and fine gravel, sand, and clay, intimately mingled and distributed by swift currents;
composed almost wholly of hard voleanic material, highly polished, and sometimes striated. These drift-beds fil}
the deeply-eroded valleys of all the rivers entering the sound to an unknown depth; they form well-defined terraces
at Wilkeson, 1,600 feet above the sea, with a known thickness above the solid rock of 300 feet, and ocenr in terraces
at an elev'xtlon of 2,000 feet on the western slope from the Natehez pass.

(3) Tertiary \"olmmo rocks, which form the highest peaks of the Caseade range (Mount Rauner 14,300 feet),
and detached mountain masses and ridges. They oceur as intrusive dikes in the Coal Measures, often with an .
appearance of conformability, and as flows beneath which the eoal-rocks disappear.
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' (4) The lignitic and bituminous 00&1 Measures, sandstones, and shaleg probablv exceeding 13,000 () feeb in «x
thickness; Laramic?

(5) Oremceom strata of the San Juau islands fmd conglomerate? of the Skookumchuck.

(6) Serpentine or ehloritic schists associated with limestones and marble beds, containing segregated auriferouns
quartz veing, and on the Skagit silicious specular iron ore. Thoese highly metamorphosed strata form with granite
the mass of the Oascade range, and are similar in assoeiation to the same roeks in northern Washington territory
and those of western Idaho; they ave pre-Cretaceous and pogsibly Paleozoic.

Granite covers a large area west of the erystalline sehists of the Skagit, reaching beyond Lake (;hel.m to the
Okinakane and eastward to the Colville region, though sometimes hidden baneath more recent material,

Turning to the eastern slopes of the caseades there appears & small development of Coal Measures similar to e
those of the Puget Sound basin near the head of the Yakima river and on the Wenatehie viver; they crop out near
Lake Kitehelas, Dake Klealim, and on Schwalk ereek, o small tributary of the Yakima from the north; they ave of
limited extent and probably not more than 1,000 feet thick, They rest coufm’mably () upon 7,000 or 8,000 fest of
coarse sandstone containing thin layers of conglomcmte, at the base of which is a bed of coarse conglomemte
300 to 400 feet thick; the best exposures of these rocks are south of the Wenatehie on the spur of tlie Cascades,
called the Peshastan range which divides that river from the Yakima, The same sandstone and conglomerate beds
oceur at the head of the Munastash creek, 26 miles west of Ellensburg, ab an elevation of 5,500 feet on the main

Cascade range. The probability that these strata east of the range correspond to the Coal Measures west of it is
suggested in the following comparison of sections:

¢
Weat of the Casoades, Fast of tho Uaeendes,
(1) Wide.sprend glacinl dvift (1) Timitod glacial dyift. Tako beds of tho
¥ikdme anid Columbin xivors,
{2) Tortlary voloanio yroeks, 2) Tertlary voloanie rooks.
(8) Lignitle and bituminous Coal Monsures, | (8) Coal Measures of Hmited extont, 1,000
characterized by anglospormous lonf foab 2. Convse snndstone with thin
impresalons  throughout tho entive conglomerato hods, 7,000 to 8,000 foet, &
thicknoss, 18,000 foet or morvo,
{4) Cretacoous strotn and conglomornto of | (4) Conglomorate, 800 to 400 feet thivk,
the Skookumoluck.
(6) Sorpontinio or chloritie schlsts, nssociated with Hmostono and resting on granite; com-
mon to hoth sides of the vange.

The extent of the Cretaceous strata requires further study, bub the existence of Laramie () sandstones upturned
high npon the mountains places their upheav il at the close of that period.

TABLE 45.—Analyses of representative samples of Washington territory coals and lignites.

LIGNITIS, ‘ BITUMINOUS LIGNITEH, e
g Groon River field, Washington territory. :.:; E: ,‘é, é,
4 .E" . < 4 B By
2 . ~ . . - &
g 3 ; o " ] ] o LK g Hs
g o o] He =] 4
SR R I @ | & | @ | 35 ) 28| £E
B =8 & ¥ 2 S & o © RE | “w | &uw
ST lesl8 s LB L E |||
g1t g g 8 | 2 2 & g 22 2 8
&
g i B = e b b e e P o &
Original samMplo NUMDEL. cuveennrannenacs| 70 24 o 56 5 50 2 42 4 7T OO IV IO PPN
Molstare covuerecens P 14,10 4,10 .9 0. 08 8 08 2,50 4,82 4, U4 8,24 0, 80 810 .00
Volatite hydro-carbons ccuw.. P 36,95 44, 84 86, 02 40, 03 85, 00 45,71 42,02 80, 89 80, 52 40, 87 a4, 70 10. 8%
Fixed 0arhon. cucivveiieinnseiranninnanes 85,76 43, 86 28, 48 41. 07 47,07 48,87 87,12 41,49 48,30 44,30 061, 00 (4. 48
N | N . 18,10 714 28, 28 8,82 8 86 8.42 10. 04 16,78 1 86 11.04 0. b6 1,73
G ! ” a0 : Qi
mraeliin & daumus samesamans i ananasaneianny LD 0.08 Q.70 .01 L3 1.06 0.88 1.06 192 1,18 148 148
e s . o0 1 !
None, Nono, None, None, None, ; Toor. | Nono. (&) None. (@) Worthloss]  Foin [veerevaaes cavreiane
= ' . .
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a  TaBrm 45.—Analyses of representative samples of Washington territory coals and lignites—Uontinued.
BITUMINOUS COALB. !
Wilkeson fleld, Washington territory. _é
é : - : Altered by intrus- 'g < g
'g ; O : ive rocks. B & g @ §
] . N —— o
de 4 5 5 b P 5t A 5
o3 E E g °© H Hs | ©F B3 E 7
) b B E N [ o . P 5
b g o M B H . A e 2 o &
B £ 5§ A g H a4 a5 & 2 &
< < @ (] D 5 @R X 54 ot
B P B =3 B B [ B in A H
Original sample BUMDOr. . eveeenanraene.. 12 125 17 04 a7 136 135 68 76 R
MOISEITO eacencecnesscnterncmmanaransaes 1.80 3.98 . L33 1.16 1,54 0,61 0. 44 2. 68 L7 2.0 1.60
Volatile hydro-carbons 42,27 28, 64 26, 88 20,09 28,17 20, 58 b, 84 8.43 14, 40 3.1 84.48
Fixed corbom.eeresiianse corinmracnnrons 52,11 54,10 60, 67 60, 88 59. 70 56,18 73,08 83,27 64, 50 5.6 60,08
- N ) R 3,82 13.28 12,12 9.37 10, 59 13. 63 19,74 5,74 10,87 9.8 3,78
. C. ; 9
VE O } ............................... 1,23 1.88 2,84 2,07 2.12 1.89 12. 67 9,87 4,48 1.39 174
COKO e vevimeinmeeiei s iiiicmnnan venee | Vory good. | Nonet (D)) Excellent. | Excellent. | Poor?(2).| Black and None, None. [Rather Good. Good,
¢ { friable. : poor,
aProduced fragile coke in flold test. b Produced first-class coko in field test.

Nore.—G. K. C., Green River column; W.C,, Wilkeson column; B.B.C., Busy Brook column. Seo columnar sections of Conl Measures. Analyses of coal from
Carbon Station, Rock Springs, Raton, and Bl Moro talken from Mineral Resourees of the United States, by Albert Willinma, jr,, United Stntes Goological Survey, 1883,

Sample 79, taken from outerop of typical lignite-bed on Sunday creek, near Miles City, Dakota. Sample 24, talen from end of
gangway, 400 feet below the surface, represents eross-section of vein 12 feet thick. Samples 59, 56, and &0, taken from the outerop.
Sample 27, MeKay vein, b feeb thick, taken from prospect tunnel, 20 feet below the surface., Samples 42, 43, 45, average samples from
outerops faced down, Sample 12, average sample from oud of gangway, 1504 feet helow the surface. Samples 125, 17, 37, 136, 135,
. average samples from onterops faced down, Sample 64, average sample from tunnel, 30 feet below the surface. Sample 68, picked
sample from outerop. Sample 76, picked sample from Prospect tunnel, 10 feet below the surface.

d The coals of Washington territory range in quality all the way from lignite, which still refains a woody
structure, to anthracite, In the above table a number of representative analyses are given, and those of some
similar coals of Wyoming and New Mexico are added for comparison. The ¢lignites”, “bituminous lignites,” and
¢ bituminous coals” grade into each other, but they may here be defined to mean—

Lignite, a coal of brilliant luster, conchoxdal fracture, brown streak, homogeneous or woody structure, whmh
cracks into small, irregular fragments when exposed to changes of temperature and moisture, and which does not
coka.

Bituminous lignite, a coal of lignitic luster and streak, homogeneous structure, irregular, slightly conchoidal
fracture, which does not air-slack, and forms & more or less fragile coke,

The Newcastle, Washington territory, lignite is intermediate between these two classes. It does not air-slack,
e Dbut, on the other hand, it does not coke, and it is known in the Pacifie coast markets as a high-grade lignite.

Bituminouns coals haw, a bhck streak, more or less cubical fracture, and coke strongly, forming & sonorous,
close-grained coke,

The coking quality of a coal is of practical importance in relation to the {fa]ue of the fine material, particularly
when, as is the case in the Wilkeson field, the coal is soft, and it gives a means of determining, in the course

of primary exploration, the probable chemical character of the beds disecovered. I have caleulated the ratio
. C. ' . .o
'Viu’“(f’ suggested by Professor Frazer,in Vol. MM, Second Geological Survey of Pennsylvania, as a basis for

classification, in order to show the relations of the bituminous coals and their altered products to the eastern coals.
Professor Frazer’s classification is:

r EO.
V.H.C.
Hard, dry anthracite 100 to 12.
Semi-anthracite...... | 12 to 8.
Semi-bituminous. . “§to 5.
Piturminons. oottt iiiiatcn i s e b to afraction, | - B

No. 68 is therefore a semi-anthracite; and No. 135 corresponds to hard, dry anthracite, but it is more truly a
natural coke, since it hag a somewhat cellular structure and oceurs in polygonal columns 3 or 4 inches long and
1 to 3 inch diameter, which lie at right-angles to the heatmg -surface of intrusive rock., Both of these are purely
Tocal resulis,
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It will be noticed that the above ratio affords no criterion for distinguishing betwesn lignites and more &
bituminous varieties of coal, since the classes overlap each other; in stages of alteration bordering on lignite the
percentage of combined and hygroscopic water is of more importance than the relatiou of hiydrocarbons to the
fixed carbon of the coal.

The differences of character of the Washington territory coals are asceribed to three principal causes: differences
of age, the influence of voleanic rocks, and the metamorphic action incident to the crumpling of the strata.

The fields which have been wholly or partially modified by these causes are the Wilkeson, the Green river, and
the Skagit; separated from each other and from the liguite arcas by broad stretehes of dvift and by voleanic flows,
they afford no data from which their relations might be deduced, exgept the lithological characteristics and fossils
© of their strata.

The similarity of composition and interbedding of the sandstones and ghales, wherever they have beeun b
observed, points, so far as it goes, to identity of age, and considering the great thickness of the sections measured
in the different fields, it is difficult to believe that they can be superimposed to the extent uecessary to account for
the varieties of coal. The fossils, so far ag they have been examined, belong to one period.

The great thickness of strata in the Green River and Wilkeson fields justifies us in expecting differences
between the upper and lower coals in either section; and the expectation is apparently borne cut in the foimer field,
where the upper veins are of typical and rather inferior liguite, aud the lower are bituminous lignites, But the
poorer lignites are at the same time confined to the least-disturbed portion of the field, and the more bituminous
Leds are very similar in composition throughout the lower 3,000 feet of the series, which have suffered a nniform
faulting and folding. This evidence applies equally, therefore, to supposed differences of age or the differences of
metamorphisi. ¢

The same is true of the Skagit coal, which may on the one hand he the lewest portion of the Coal Measures
known in close contact with the schists, upon which it was deposited, or, on the other hand, a bed belonging
angwhere in the coal series, modified by proximity to a vory extensive fault. ‘

The thickness of the strata measured in the Wilkeson field is double that of the Green river, and the differences
of cowmposition between the upper and lower coals should be correspondingly greater, They are indicated in
samples 125, 17,64, and 37, from the highest, intermediate, and lowest beds, and they are practically a2l Tho
identity of character points to the conclusion that some stronger influence has destroyed differences we might justly
expect in coals separated by such intervals of deposition.

Voleanic rocks occur in contact with the Coal Measures as flows and ay intrusive dikes. They have modified the
character of the coal by pressure and hoeat, and the influenceof a superficial flow would, in both these respects, be d
less than that of the molten rock before extrusion. Coal-beds altered by dikes in their inunediate vicinity are
frequent in the Wilkeson field, but in every such case the alteration is confined to a few hundred feet on either side
of the contact. Thus, sample 68 represents a vein cropping out in close proximity to the great fracture which
bounds the Wilkeson field on the west, south of Carbonado. The dike is known to be a ile wide, and it joins
other flows'and dikes to the westward. But this same bed of coal, here altered to semi-anthracite of brilliant luster
and anthracitic fracture, produces coking coal of the character common’to the whole field less than a gquarter of a
mile from this outerop, and “Bed C, Carbon river, W. C.7, separated from it by but 500 feet of shale and sandstone,
is unaltered. Sample 135 was taken from between walls of voleanie rock within 750 feet of the bed ropresented by
Sample 136. » T

A cause so local in ity action, under the most favorable conditions, eould not have produced the widespread ¢
and uniform differences between the Wilkeson, Green river, and lignitic coals.

Great differences of age being improbable, and the influence of voleanic rocks being purely local, we may jnstly
compare the modern lignite and its concentrated products with the Carboniferous coals of Ohio and their modifieations
in the Pennsylvania and Rhode Island anthracites. Thus the lignites are nsually horizontal, and where thoy are
disturbed the flexnres are broad, even where the dips are considerable, In the Green River field the hituminous
lignites arve sharply flexed and faunlted and the dips are frequently vertical, but within the veins themselves there is
little evidence of movement. The Wilkeson bituminous coal-field is folded into long narrow troughs of greut deptl,
with dips ranging from 50° to 900; small throws and large faults, slicken-sides, and balls of erushed coal, bear
witness tothe mechanical pressure the Measures have been subjected to. The concentration of the coal is thronghont
in proportion to the degree of flexure and evidence of movement in the Coal Measures, and the relation between
the chemical character of the coal and the complexity of the strnctural geology justifies the conclusion that they
are the common result of that force, which closed the ligpitic period with the elevation of the Cascade range.

THE WILKESON COAL-FIRLD.

Position and boundaries.—This field, as now known, is an isolated strip of Coal Measure strata, extending north
from the Nisqually river, in township 15 north to township 19 north, and within range 6 cast of the Willamette
meridian. Wilkeson, the place of first discovery of the coal, and the end of the branch road built by the Northern
Pacific Railroad Company to the coal-mines, is near the northern end of the field, 31 miles by rail southeast of Tacoma
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a on Puget sound. Carbonado, the town erected at the mines of the Central Pacific Railroad Company, is about 3
iniles southwest of Wilkeson on the edge of Carbon River cafion, and near the western border of the coal-field.  South
Prairie creek, 2 miles north of Wilkeson, and on which the South Prairie mines are opened, may be considered the
northern boundary of the field, since it disappears to the northward under the drift of the White River plain and
valley, which is only interrupted by a few outcrops of voleanic rock. Thus defined the Wilkeson coal-field is about
27 miles long north and south, and from 1 to 6 miles wide east and west, with an area of approximately 100 square
miles, of which perhaps one-fifth can be developed and made profitably productive. As state’d, the northern
boundary is somewhat indefinite, but its eastern, southern, and western limits are absolute contacts with erupted
mountain masses, in which this slender strip of sedimentary rocks has been almost engulfed. These contacts are

nevertheless seldom to be observed since glacial deposits and forest growth bury all solid rock below 5,000 feet

b under a covering that only patient work with axe, pick, and shovel can penetrate. Only in the bold walls of the
lower cafions of Carbon river, of the Puyallup and Mishall creek, and on the high summits of the volcanic peaks
are there any outcrops. I have therefore not attempted to give absolute boundaries on the geological map,
although the coloring is a close approximation to exactness. '

Topography.—The topography of the Wilkeson field is the vesult of several voleanic uplifts, of subsequent
glacial conditions and subaerial erosion, working in material of widely different degrees of hardness; its character
may be justly deseribed as extremely mountainous; slopes are steep, valleys narrow, and clevations that rise
1,000 to 3,000 feet above them, the rule within the Coal Measure area. )

On its eastern border is mount Rainier, towering to an elevation of 14,300 fect; 7,000 feet above the crest of
the adjacent Cascade range, and 8,000 to 9,000 feet above the mountains on the northwest and south. Ifrom the
¢ flanks of this grand mountain a chaotic chain of lesser volcanic peaksextends alittle west of north about 20 miles,
falling away toward Wilkeson, and drained mainly by South Prairie creek. Another spur reaches out from Rainier
to the southwest, between the Cowlitz and Nisqually rivers, and the whole volcanie range forms at onee the castern
and southern geological and topographical boundary of the coal-field. This uplift, which probably was among the
carliest manifestations of Tertiary eruptive foree in the region, determined the northward course of White river,
the flow of the several branches ot the Puyallup and of the Nisqually toward the west, and of the Cowlitz to the
southwest. Of these, the Puyallup and Nisqually now drain the coal-field, their main streams and principal
tributaries cutting across it from east to west at right-angles to the general trend of the anticlinal and synelinal
axes. In their deseent from Rainier to the sound, the Nisqually, the Puyallup, and Carbon river (formerly called
the North fork of the Puyallup), each passes through three valley phases. There is on each an upper valley, beginning
d with the terminal moraines of the glaciers on Rainier, and exteuding 20 to 33 miles down stream; hemmed it
between dark precipices near the mountain, these valleys widen to 300 yards on Carbon river, and to 1 to 2 miles
on the Puyallup and Nisqually; where narrow, the river-bed is but a strip of gray boulders hetween steep, densely-
timbered mountain sides; where wider, the bottom-lands are forest clad, and the slopes of the mountains are
contoured by terraces. From these upper valleys the rivers plunge into narrow cafions, with vertical or overhanging
walls of sedimentary and eruptive rock; the cafion of Carbon river is 24 miles long, with a greatest depth near its
lower end of about 250 feet; it is often but 40 to 50 feet wide, and through part of its course exposes an interesting
seefion of recent volcanic rock, underlying the Coal Measure strata it has upheaved, bat at that point not broken
through, The cafions of the Puyallup and Nisqually are similar, but: deeper and longer; lying far outside the
valnable coal region, they were not closely studied. These cafions are cut through a probably voleanic uplift
‘e later than that of Rainier; the uplift itself may have obliterated the former river-courses and have forced the
cutting of the new channels, or the diversion of the rivers which resulted in these caiions may have been the offect
of stoppage of former courses by drift of the much later glacial period.

The region of maximum activity of this secondary uplift appears to have been west of the N isqually, where a
group of mountains reaches a height of 5,000 to 6,000 feet; they have never been mapped, bit the western slope is
drained by the Deschutes, Newaukum, Skookumehuck, and Tilton creek. '

The third phase of these river cafions is that of their lower valleys; level bottom-lands, 1 to 3 miles wide,
bounded by terraced hills of drift which lead down to the deltas, forming very rapidly where tide and river meet.
The great depth to which these valleys have formerly been excavated, as evidenced in the depth of the Sound basin,
is proof of elevation probably of much later date than those disturbances that produced the structure of the
£ Wilkeson coal-field. '

The glacial period has added its chapter of great interest to that of the voleanic phenomena. Drift is almost
the universal superficial deposit; it forms the shores of the sound and fills the valleys to their present levels 5 it
reaches far up on the slopes of the Cascades and of Rainier and merges with the terminal moraines of the diminished
glaciers. TIts presence in the area of the coal-field results in gently-sloping plateans and abrupt terraces. Ifrom
the several terraces above Wilkeson a gentle ascent extends southward to the steep descent into the Upper Carbon
River valley, and beyond it a continuation of apparently the same rizing plateau reaches sounth to the ridge above
Eva{]; creek to an elevation of about 3,000 feet, This whole surface, composed entirely of drift, was probably
continuous with the general sheet which reaches out to the north and west and is interrupted by Flett’s creek and South
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IDEAL SECTION OF THE WILKESOXN COALFIELD.
FROM WIEESON TO THE PUYALLUP RIVER 14 MILES ALONG THE GREAT ANTICLINAL AXIS,
SHOWING THE PITCH.
By Bailey Willis Northern Trapscontinental Surver
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Praivie creek, but which, farther north, sinks far beneath the excavation of present drainage lines. The glacier a
-which made this widespread deposit has left its marks on the rocks of Tolmies peak and the highest slopes of
Rainier. In the terraces above Wilkeson the drift has a depth of 300 feet, as proved by tunnels, and on the plateau,
3 miles south, shafts were sunk 50 to 70 feet before reaching bed-rock. South of Hvans ereek drift is strikingly
absent until, on descending into the valley of the Puyallup, we pass down over four terraces to the river, along
which it is a prominent feature. Leaving the Puyallupand crossing into the Mishall basin it disappears altogether
and only reappears as we (descend into the upper valley of the Nisqually. Its presence and its absence are hoth
significant of the topography of the region during the ice period and Lear upon the question of general glaciation
west of the Cagcades.

Leaving on one side, as not pertinent to the present purpose, the historical relations of these various surface
features, the topography of the field has a very important connection with the economic value of its several b
divisions; of these four are determined by topographical features, fixing the possible conditions of mining and
transportation. The first may be designated the Willceson area, all that portion of the coal-field north and east
of Carbon river, including Carbonado and South Prairie; the second is the Evans Creek area, drained by Fvans
and Voigts creeks and extending from Carbon river to the flow, beneath which the Coal Measures disappear south of
Voigts creel; the third is the Puyallup-area, that portion drained by the upper branches of the Puyallup proper;
the fourth is the Nisqually area, including the Mishall basin and the Nisqually valley.  The first and Iast ave the
more valuable coal-fields and the easiev of access. The Willceson area is already tapped by a braneh of the Northern
Pacific, which reaches its three mining points, South Prairie, Wilkeson, and Carbonado. The Ivaus creck area is
isolated Dy streams, whose valleys cut it off from the adjacent coal- -areas, yet afford no practicable approach for ¢
lines of transportation. Oarbon river calion forbids the extension of the railroad beyond Carbonado, and Voigts
creels, with a fall of 2,200 feetin 13 miles, offers a route that is but little more satisfactory, even were the area as vich
in good coal-veins as that north of Carbon river, which is, however, not the case. The Puyallup area is similarly
difficult of access, and its development as a mining region is like that of Evans creck, a doubtful question of an
indefinite future. The southern end of the field includes the broad upper valley of the Nisqually, with o general
elevation of 1,700 feet; o railroad line passing over the region of dry lakes at the head of Muck creek into this
upper valley was sur veyed some years ago and proved practicable, and the existence of coal in the adjacent
mountains will sooner or later lead to its constrnetion. The coal of the Mishall basin must be looked upon as a
reserve for the future, to Le mined from the Nisqually valley, the wild cafion of the Mishall beihg impracticable
for a railvoad line and there being no other outlet to the area.

Structural geology.—The study of the geologieal structure of a much-disturbed series of sandstones, shales, d
and eoal-veins, which presents no one well-defined horizon, and which is buried beneath a dense forest and heavy
drift-beds, is & matter of much difficulty. - The goneral facts here given and the structure dedneed from them are
the vesult of three years’ careful examination, during which over 700 coal-veins were discovered by digging down
through the superficial deposits, and their relations traced by considering all the facts of dip, strike, detailed cross-
section, and horizontal and vertical position, as determined by accurate surveys.

Of the four topographical divisions of the coal-field, the Wilkeson and Evans creek arveas ave geologically one
" with a connection that may be definitely traced, and they are no doubt represented in the southern portion of the
field, although the relation is difficult to establlsh

" The principal feature of the northern district is an anticlinal axis extending from Voigts creek northward
through Wilkeson to South Prairie ereek, and beyond ; its strikeis a little west of north, its pitch sometimes north e
and sometimes south. Three miles south of Wilkeson this axis reaches its geological summit in the vicinity of the
secondary voleanic upheaval; here the lowest known coal-veins are exposed with the structure of a long crumpled
dome; from this point the main axis pitches northward toward Wilkeson and southward toward Carbon river. A
subordinate auticlinal axis pitches toward the northeast, producing a trough between it and the main or Wilkeson
axis; this trongh may be called the eastern Wilkeson basin. A second or western basin lies between Wilkeson

and Carbonado; it is recognizable near Wilkeson, but lost farther south under the drift plateau.
' Carbonado 1tse1f is a region of great disturbance, well ezxposed in the cafion and deve]opcd in the mines, bat
unsurveyed and not yet understood.

Southeastward from the geological summit of the main axis'there is a small synclinal, apparently corresponding
with the eastern Wilkeson basin, but it fades away by a rapid southern pitch, and in the section measured on f£
Voigts creck the dip is simple. Southwest from the same summit Ofubon river exposes a section througl several
minor folds, which piteh southward.

It is upon the study of this geological center and its radiating troughs and arches that the Wilkeson columnar
seetion is based.

The section measured on Voigts (,1eek consists of 10,260 feet of strata, containing little coal but a great number
of bony beds,which are recognized on upper Tletts creek, east of the lewest beds exposed, and may be called the
upper bony measures. The interposition of the Wilkeson series, as measured on either side of the Wilkeson axis by
surface section and diamond-drill, between-this bony series and the lower beds, rests on the comparative piteh of the
great axis aud the character of the coal-beds, The position of the beds worked at Carbonado is very difficult to
determine and they cannot be placed with any certainty, but I am inclined to believe they lie between the Willieson
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a and the lowest known beds. The column thus constructed consists of 3,000 feet of productive measures underlying
10,000 feet of comparatively barren measures. Where the proporticn of valuable property to worthless mountains
is so sinall, the importance of knowing the geology before investing is apparent.

Aside from this, the geological structure has a most important bearing on the development of the mines. Thus
at Carbonado the Coal Measures are crumpled into four or more antielinal folds, with narrow intermediate troughs,
cut by faults at an angle to the axes, which pitch northward. = Carbon river exposes these folds in a cafion about 400
feet deep, having a crooked, northwest conrse. South of the coal-mines, and within 200 yards of the southernmost
openings, the river-channel ig cut down into the volcanic rock of the secondary upheaval. Of a number of gangways
started southward from the river, all but two have been abandoned, and these two, being the farthest west, are
- farthest removed from the intrusive roel; they may continue to be profitably worked for some time. The ground

b north of the river has been developed by gangways run in on the veins from the river, and by a rock tunnel which
started near the western edge of the original property and runs eastward. This tunnel crosses the same suecession
of fanlted anticlinals cnt by the ealion. Gangways driven southward from it would open upon the cafion, it nob
interrupted by faults; gangways driven northward from it encounter the descending anticlinals in a comparatively
short distanee, and in one case at least a gangway has been driven on the vein around the axis, returning to the
cross-cut tunnel. This tunnel is, however, progressing eastward toward the western basin, which lies between
Wilkeson and Carbonado, and is penetrating into lower beds, Were good mining surveys and facts determinable
by surface prospecting accessible, the extent of this basin and the nltimate value of this tunnel might be estimated.
Had the facts of the geology been understood before the mines were begun, a different plan, involving less outlay,
¢ and securing more profitable results would probably have been adopted.

The difficnlty of mining on a descending pitch, which results in a lift that decreases in each vein from a maximum
to nothing between the beginning of a gangway and its intersection with the axis, and in a proportionately large
amount of rock work, is not to be enconntered at Willeson,

Where Fletts creek passes from its narrow gorge into the little valley up which the railroad has been built, &
* short section of the measures, containing three coal-veins on a western dip of 800 to 909, is exposed. These three

beds are also known on the eastern dip of 53° on the other side of the northward-pitching main axis, A dike of

voleanic rock, which forms low clifts on Fletts creek, near the top of the arch and on the eastern side, is the visible
surface evidence of disturbed measures, proved by small faults in the gan gways on both sides of it, and expensively
explored by a large slope, sunk 300 feet, on the western dip. The southern extension of the three bcds had, however,
d been early proved—on the eastern dip for 24 miles, on the western for 13 mile—and the existence of undel and
over-lying beds has since been determined. Gangways driven on thess veins with. an increasing lift will ultimately
concentrate at Wilkeson the coal of the eastern and part of the western basm, and render the product of the lower
series accessible by cross-cut tunnels,

The structure of the southern portion of the field, so far as it is known, is sufficiently indicated in the
-accompanying sections of the Mishall basin (Plate LXXXIX), as measured near the Narrowgauge and on Busy
brook. The region west of Vista peak is evidently one of great disturbance and of very extensive fanlting. On
Busy brook these faults, though of less extent, are apparent in the presence of dikes, some of which have altered
the coal of adjacent veins to coke.

The examination of this remote part of the field, only accessible after the construction of a mountain m ail over
¢ a pass of 4,000 feet elevation, was interrupted before the extension of good veins into the Nisqually valley had been
determined. Upon a satisfactory answer to this uncertainty rests the probable value of the Nisqually area.

Character of the coal.—As stated in the general discussion of the Washington Territory coals, the Wilkeson
field produces black, highly biteminous, coking coal, nnlike any other known on the Pacific coast south of Alaska,
Its chemical qualities are sufficiently shown in the many analyses which accompany this report; and the sections
of the beds indicate their structure. The analyses are of full cross-section samples, taken to show the quality of
coal which could be shipped on a commercial scale. It should be said, however, that these analyses show a lower
ash percentage than has been hitherto obtained in mining. The coal throughout the field is soft and makes much
* fine coal. If carefully mined, screened, and hand-picked, good clean lump-coal ean be produced, the subsequent.

crushing of which, in transportation, will not affect its value for many purposes. The finer screenings can also he
I cleaned and utilized, since the coking character 6f the coal makes aven the finest material available, when clean.
Ithas, however, been the custom at Carbonado, as well as in the small shipments from Wilkeson, to ship unscreened
coal as it comes from the mine, except for the removal of large pieces of bone by hand-picking of coarse and fine
coal mixed. The reputation of the mines is, therefore, not a good one in the Pacific Coast markets; but it is, for the
game reason, capable of great improvement.

I would, in this connection, call attention to the analyses of coke given on Plate XC1I, with the detailed sections
of the beds from which the coke was made. The analyses represent average samples of about a ton of coke from
each bed; the very low percentage of ash, as compared with that of the corresponding coal samples, is due: (1) To
the pmrtml removal of thin layers of bone from the puarer coal, by the weathering of the coal, which was mined in
short prospect tunnels in December, and lay exposed to snow and rain’ till April, when it was burned in heaps on
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the ground. (2) To the fact that the bone associated with the coal does not produce marketable coke, and was, a
therefore, rejected as not a legitimate part of the merchantable produet. The proportion of coke obtainable from
any coal-bed of the Willeson ficld depends directly upon the amount of ashthe market will buy, By careful
mining and subsequent treatment of the coal very excellent coke can be produced;

THE GREEN RIVER COAL-FIELD.

Position and boundaries.—The Green River coal-field takes its name from the clear mountain stream which
cuts a deep east and west section into the Coal Measures 30 miles northeast of Tacoma, and about the same distance
sontheast of Seattle. This exposureis the first appearance of sedimentary roeks north of Wilkeson. A few low b
hills near Green river, within what may be called the coal-fleld, several pinnacles of volcanie rock near White
river, and the lignite outcrops on Cedar river are the only brealks in the great dmft plain traversed by the streams

‘ Wlueh flow into Elliot bay.

Ag may be inferred, the limits of the coal-ficld on the northwest and sonth are simply the disappearance of the
strata ander the all-obscuring gravel sheet. The eastern border is a much more definite contact with the bold
outliers of the Cascade range, composed of voleanic breccia.

The area of so indefinite a coal-field can only be stated approximately at 50 square miles, of which but a small
part is likely to be profitably productive. ’

Zopography.~—The low round hills and terraces of the Green River field are in strong contrast to the mountainons
_character of the Wilkeson region. Green river issues from its narrow gorgein the western slope of the Cascades, ¢
up which the proposed line of the Northern Pacific railroad is loeated, into the nearly level drift plain, at an
elevation of about 900 feet. Tlowing for 2 miles between low banks, it descends into the cafion which it has cut,
200 feet below the general surface of the adjacent plain. Now it dashes in little rapids through.the narrow
gateways, formed by massive sandstone strata highly inclined, now it eddies in the intervening pools, where soft
shales and coal-beds allow it to widen its bed, On the southeast of this cafion the spurs of the Caseades sweep
round toward the west in a quarter circle, mount Enem Claugh rising abruptly in a bold elift from the volling drift

. surface. Between these voleanie foot-hills and the river is an isolated hill, several hundred feet high, ealled Lizard
mountain, It consists of nearly horizontal Coal Measures severed by erosion from the steeply-dipping strata on
the north. Northward the terraced plain stretches to the Swak range beyond Cedar river, and to the southwest
it reaches, without interruption, across White river. But on the west, north of Green River cafion, and about 6 ¢
miles from its eastern boundary, the level is broken by a group of low hills, which cover an avea of 3 or 4 square
miles, the most valuable portion of the coal-field, the McKay basin,

Geology—Qeologic study of the Green Rwer field has been confined to the notes of Professor I, W, Hilgard,
to my occasional observations, beginning in the autamn of 1881, and to the survey by Mr. I, J, night of thoe cafion
west of Jack’s Fountain, With the aid of topographic surveys of the northwest part of the ficld, made by the
Transcontinental Survey, and Mr. Knight’s work, it is possible to construct the columnar section of the Coal Measures
of the McKay basin (Plate LXXXI); but all the eastern and southeastern area remains known only through
reconnaissance work.

Viewed broadly the Green River coal-field may be looked upon as a flexed and correspondingly metamorphosed
corner of the extensive lignite field, into which it passes on the west and north, Inasmuch as those qualitics e
which give the coal a greater value than lignite are dependent on the degree of this flexure, the worth of lands
beyond its vigible boundaries is doubtful, and a hint of the limits thus set to the valuable coal aren is to be found
in the presence of lignites a mile west of the Franklin colliery and on Cedar river. g

Looked at in detail the bituminous-lignite area varies considerably in the steepness of dips. The Throad
synelinal of the MeKay basin, so well developed by six openings on bed XVIIT G. R. is sncceeded on the east by
much sharper folds, and in the extreme northeast, close to the foot-hills of the Cascades, there is evidence of much
fanlting. In the southeastern portion of the fleld, on the contrary, is a flat anticlinal, which exposes in Lizard
mountain and vicinity beds that probably lie below the lowest known in the MeKay basin,  If this view be correet,
the onterop of bed XVIII G. R. trends back southward in an irregular curve nnder the gravel plain around Deep
lake, and the workable series, of which it is the principal vein, is not to be found in the eastern half of the field, £

While the data at hand do not justify further general conclusions, there are certain details worthy of note.
The section of the McKay basin gives a continuous column of 5,300 feet, and I have placed below it a series of
twelve beds observed near Armstrong lake. On Green river, where it makes its northern cut across thwe anticlinal
that bounds the McKay basin on the east, a number of large bony beds are exposed with dips of 450 to 80°; these
beds very probably lie between XII and 13 of the columnar section.

In Lizard mountain, presumably below No. 1 of the column, is a bed of carbonaceous shale with many earthy
partings, which aggregates 125 feet in thickness and contains 15 feet of fair coal in two benches. There are also
several workable beds in the vicinity of the Sugarloaf, but while their dips indicate one or several extensive faults,
the facts are not definite enough to determine their relations.
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a The eruptive rocks of this field form the great mass of voleanic breccia of which the adjacent foot-hills are
composed, and occur as dikes in the sedimentary strata. One of the latter, exposed by the river, is the apparent

canse of a fault of 30 feet hori” atal throw near by, and penetmtes the slate in the curious ramifications of the
accompanying section on Plate: <X XIII. '

Another dike (or flow?) 70 feet thick occurs in the MeKay basin, between beds XIV and XV, Itis exactly
conformable to the sedimentary beds, and when traced south to the anticlinal it appears to follow the strike around
the axis and forms the core of a ridge above Jack’s Fountain, the trend of which coincides with the strike of the
soutbern dip. That an intrusive dike shounld thus conform to the folds of the strata is very improbable, and the
evidence of this single instance is therefore in favor of voleanic activity during the formation of the coal series.

b  An interesting ocenrrence is that of veinsg of realgar and orpiment, associated with quartz, in the black slates
that form the cliff of Realgar point, on Green river.

Oharacter of the coul.—The bituminous lignite of Green river is a hard, brilliant eoal, of moderate heating
power, It differs essentially from the Wilkeson coal in that it is harder and does not make a serviceable coke, It
will find a ready market in all cases where the demand for cleanliness and cheerfulness overrnles the économy of
the greater Leating power of the more highly bituminous coals.

DETAILED CROSS-SECTIONS OF THE COAL-BEDS OF IHE WILKESON AND GREREN RIVER COAL-FIELDS,
WASHINGTON TERRI’l‘ORY.(a)

[Arranged in ordor of position in the columnar sections, heginning at ¥he bottom of each column,}

- The general course of the geologic axes is north and south, and the sections ave all drawn looking north on the
dip observed in each individual case in the field. The least thickness defined in the scetions is one inch. Tach
analysis belongs to the bed immediately above it.

Tu the absence of all other data for determining the relative horizons of different parts of the same coal-field
the identification of coal-Leds became a most important problem in developing the structural geology; and this
identification, restricted always to small areas, depended necessarily on the eross-sections of the beds in different
test-pits. While no definite rules can be laid down for sueh comparisons, the following factors have been
congidered in the order here given: .

(1) The presence of-one or several well-tefined benches of coal considered characteristic in proportion to
@ thickness and purity; thus the 5-foot bench of pure coalin vein V 'W. O. (Plate XCII), identifies it in the third
and fourth sections given although the mixed upper benches have passed into brewn shale.

2) The presence of a strong parfing of pure sandstonoe or shale, associated with similar benches of coal; thus
vein XVIIL W, O, is identified by the sandstone parting near the top with its adjacent beds of good cosl, fllthourrh
the lower part of the bed varies between brown slate and inferior coal.

(3) The probability of transition of a bed of inferior coal into one of bone, and of bone into c:mrbonaceous shale,

(4) The tendency of conditions governing the purity or impurity of & sediment to be constant for a considerable
period for any one lecality, so that if a bed of inferior coal in one opening corresponds to a bed of bone in another,
2 bony bench in the ficst will probably be represented by a layer of shale in the second; this is illustrated in the
sections of vein VI W, C., Plate XCII, The third section of that bed represents a locality where the sediments were
€ leavier and more earthy during its entire formation than over adjacent arveas of contemporaneous deposition;
the identity of the bed would be lost but for its relation to others.

a Definition-of terms.—Conl: Lignitie or bituminous material, recognized when hard by the ordinary characteristics of ligunite or
bituminous coal; when decomposed, at the outerop, by the shape of minute partieles, with or without luster, by not cohering when
pressed in the hand, and by rough ash determination; ash not to exceed 25 per cent., and qualified as inferior or bony coal where it is
above 18 per cent, Bomne: Material ranging from inferior coal to black slate ; recognized when not weathered by its hardness, lamination,
and earthy streals; when softened, by cohering when pressed, and by the flatness of small pieces, Slate: Argillaceous beds; light-gray
{and often slightly arenaceous) to dark-brown carbenaceous shales, :
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TABLE 46.—Analyses of commervial samples from the coal-fields of Washington tervitory. Samples taken by Bailey Willis,

|Columnar vambers W., G, and B. B, refor respectively to the Wilkeson, Groon River, and Busy Brook sections, accompanying the report.]

ANATLYSIS,

COAY-BED,
g 5 . £ -g Locality.
°F 8 Colkeo. 2 g Name or field number.
5 g 8| ¢ g
21 B | g ° a 8
-2 o
81 2 | 2 A a2 o 3
& A = 2 < B o
1 199 32.89 | 46.23{ 10.00
2| 1o7| 2045 42,38 26,92
8 1.78| 27.63! 5L06| '18.83
41 2.56| 20,49 [ 30.34 | 40.61
5 2922 | 33,61 | 4011 1038 Nos. 1to 10 are from beds eut in the_ ﬂ‘mt
6 Lo 82.97] wan| 2075 %],élr(l)gai(‘;iuﬁ of the Narth Rook tunnel; Car.
7| 210 20,42 86,01 | B2.927
8| 2.8 92.30| 42,80 922,44 1..
9| 241 32,06 46.6L| 18.690
10| 2.8 | 2850 86.26 | a2.80 . )
11 Lg% 41,00 | 4800 8.85 4 0 Miller ...... Carbonado mines.
12| 18| 4297 s2.11| ase 48 Wingate..... Do.
13| 141 83.05| 46,63 | 18.01| Goodl «evvuennn.n.. veer| B B Do.
4| L2T] 8022 | BRIL{ 540 [-ecene AD verrraennnans 30 Do,
15| 4.27| 3624 6240 | 7.00 | POOT.conrirernrrnnnn. 130 Do.
16} 880 ] 3510 5214 506 {e.. A0 ..o, NN I 2\ Da.
17 1331 e5.88 0 60,671 12,12 | Bxeellont voeeer caeen. 6 8 XVIIT W, Smith veileeanevennns wemane Tletta ereek, near Wilkeson.
18 130 | 27.20 ] 5401 17,40 [-enn.n A0 wenariiannan, 8 0] XVIIV, GOOIWIN verarn renervanan Do,
19| L10j 2477 5B.86 | 15.27 [eeeeendlOo ceoinane. 54 XVIW, [ R [ Do,
20 1.22 1 8288 50.67 | 15,98 leeeeeidD vvnennennnennn. 7 9 XVII W. Alnswortl,ave.veeenn ceana.| Old tunnel at Willieson,
21 0.78 | 82565 46.76 | 10.91 | Good «vuvreesvannan.n 6 0] XVIILW, Wright ccvvrenearearinnnnen: Do. '
23 2,031 2249 57,77 | 17.71 | Bxecllont ..... " raanas 8 0 XVIL W, Good Wi eacanaetcnnne nennn.| Outorop 2§ milea from Wilkeson,
23 413 | 42,071 48.36 0,54 X i} NO. 27v0in veevnrcnnenn onnn..| Hewenstlo lignite.
24| 4.36] 4484 [ 43.86 | Todd |-eeeee@0iiiiicmneneci ]l 010 [eiiiiiineiea i feans A0 eeeceaenn ieenes Do.
26| 650 4491 | 4L20| 7.40 B PO (. SO De.
26| 418 43.70 | 40.20 | 1183 Bgloy..cnvineniniieaian Do.
27 2,60 | 45,71 ] 48.87 .49 Empire tennel....oeveain... MeXKay basin, Green rivor.
28| 1.80( 40.04 | 40.84 | 17.02 Do.
20| 2.82| 40.46 | 44.58 | 12,14 | Worthless.... 4 2| XIVG Do,
30| 251 4228 | 44,91 | 10.85 | Poor..eeu..... 9 6 XV G. Do.
311 3.80( 3847 | 4201 1563 | Non-coking........... 2 8| XXIITG Do.
32| 1.03| 26.36 | 40.60] 22,02 | Worthless.....uo.....ll 5 3 IIw. .| Threo miics sonth of Willteson.
88| 3.56| 20.01| 5226 1517 |..... 0 eriieeinaaes 8 0 VW. - Do.
4. ... e 1 S SRS | RPN SRS M Part of sampla 83.
R 2.8 | 80.88| 5895 8.03 | Poor........ s 4 0 vW. P bed.ou... .| Thres miles south of Wilkeson,
36| 117 | 27.82| 50,80 1515 | Falt.eeerenieocnnnnn .l 85 Iw, G bed.. De.
3 1.641 28,171 59.70 | 10.60 | PoOr.ceveeeiinarennnn. g 4 IW. Hbed..... Do,
38 2,43 | 36,33 | 45.14 | 16,10 | Non-coking........... [ P Mammoth .ovnoeerianacen, Lizard mountnin, Greeu river,
80| 4.63; 8551 42,79 17.07 [..--.. A0 veiiiien e . 1T 25 FORUUUOUON IR A0 < rerrnnrenns cenenn . Do,
40 4,65 | 48.81| 40.90 | 10.55 |en.... [0 R 2 8 XII G. vwemomevararnea mnnvenesensne| Northern field, Green river.
414 3.20| 40.55 | 43.40 | 12,76 | Sinter ........... veeee|| 400 b: ¢ SN HESRR Do,
42 | 4.82) 42,02 37.12| 16.04 | Nono ...... e veeell 411 3. T T - Do,
431 3.31( 89.39 | 4149 1598 [...... 0 - iunu eveeanen 5 8 VIiG. wmeneaee s vmemvamiaae De.
44 2.78 | 38,54 | 42,04 | 15.74 |..... do ..... eereaanan 4 3 TITG. . feea-e eeaeteecae e Da.
45 2.24 1 30.52 | 48.30| 0.85...... do..... cemeeeaeea|] 208 TII G e D A Do, 3
48 1 11.43 | 43.21 ] 88.45 601 {..... [ 8 8| XVIIIG. MeKay bed.ceeeeeaaiansoea| MeKay basin, Green river,
47 | 2.78 | 45.06| 44.42 ] 4.10 | Rather poor ceuren..-- 5 00 XVITEG  lewcecaf0 aomieimmcarennenans Do.
48| 8.25| 38.40| 89.35! 18.01 | Sinter ...... eeenens 9 7| XXIIT G
4D | 1.84 | 42.45| 45.90| 0.81 | Pooriersoceiienaenol| 4 4 XV G '
59| 8.08| 85.90 | 47,07 LI
51 7.46 | 37.14| 8220 4 b 40 G.
@b |oeanoaa, P [
[73:1: 28 D SRS S *
[12:7 % I R, o 85 &,
55 0.35 1 40.77 | 47,25 84 G-
56 0.98 | 40.63 | 4107 5 0 33 G.
57 .00 30.481 8311 8 0 38 G
F7:1: 7 R PR R PN [T I URCIOR | PR *
59 7.27] 36.021 28481 28,28 | Nom@ cvcverevernnnnn. 15 8 *

VOIL XV———m{0

« Nob analyzed.
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MINING INDUSTRIES OF THE UNITED STATES.

TABLE 46.—Analyses of commercial samples from the coal-fields of Washington territory—Continued.

ANALYRIS, COAL-BED.
] =
E 3 .
£ : £
g 5 . 4 B 'g Loeality.
°z g Coke. & g Name or fiold number.
sl os | B E 2 g
& =] @ 5 [=}
L2 et | o , ,5 g
El Z 5] o K 2 E
ks S 3 A & a 3
“ = [ [ - ©
Ft, In,
i} 135 8.8 ! 4860 | 1821 | Very good coceeeanen.. 9 0 XVIIIY, Kolly ovvennviaaenannn P, Ono and a half miles gouth of Wilkeson.
61 1.16 | 82,08 | 48.14 XVIIIW. |...... do ..... . Do.
042 Q11 82,15 50,08 Henry, top.... Wear Carbonado,
63 2,24 1 82,77 | 52,66 .| Henry, bottom.. . Do.
64 1.16 1 20.00 | 00.38 . hottom heneh............ Threo miles south of Wilkeson.
[t .77 26,16 | 50.99 I\ top benel.. Da,
17171 (R RN PR Y
a7 2,14 5.52 [ 84,40 . 3 VW, D, (COKB) vrrnnermenannnnnuen Do.
G8 2,66 8.4 | 8397 5.7 | Non-coking ........... 2 0 d W, [ SN weeraantiey Carbon river, Wilkeson.
] 0,80 | 25,86 | G 41 0.24 | Bxcollent «oveennne.... 650 a V. Beacicie e Cveereenranan Do,
70 L7101 17.83 1 0140} 16.01 | Non-coking cevnaenelnl|l 4 6 c W, e top beneh. .o Do,
71 1.66 [ 17.60 ) S84l ] 2728 . .. Q0 cerevccrnennnnn 6 2 ¢ W, ¢. bottom bench.....ovoe... Do,
2 1,07 2.73 | 86,21 0,99 6 4| Iw. IL (coke) coaenns cemeanranra, Three miles south of Wilkeson,
74 1,93 3.10 | 86.14 9,53 5 8 ITW. € RN(15) 00 R Do. :
74 7.82 0 85.6L| 49.73 6. 82 8 8 Coggeshall.....ooueaaiiaiil. Ono and a half miles south of Wilkeson.
75 4.40 | 30.91 | 49,48} 16,21 0 Goneral...coaecvinonans - Da.
76 1.17 | 14.40{ 64.56 | 10,87 S7171) 114} R beenieann. Skagit river, Washington territory,
K i TN PRI B RPN FUP Do, '
[t - T IR SR P . Do.
7O+ 14,10 36.95| 85761 13.19 Miles City, Montana.
80 300 26,00 | 4685 23168 Northwest part of Green River field.
8L ) 12,12 33.25 | 46.28 8.85 .| Seonory vein, fop .ceeniann.. Do.
82 15,08 | BL 28| 4LB7} 1L17 Scenery vein, bottom . ...... Do.
83 278 | 22.80| 83,93 40.00 A PP Northern part of Green River fleld.
64 G.O3 | 25.84} 51.827 10,81 XVIW, Gale . ooovieieniiinreonane.| Noar Wilkeson,
85 3.87 | 20,67 60.18 | 10.28 XVIIIW, | Smith...oooovviiniinmnnanis Do,
80 108 | 24,40 ] 3471 30.8t [ DR, PO Blue mountains, Oregon,
L P I O E T N SR eneenavamanavreanseanaus Corbon river, Wilkeson,
88 41.85 | 16,58 XVIIIG. | Top beneh.vacnvrennn. nenes| MeIKny hasin, Green river.
80 47.28 | 8.27 XVIII G, | Bottombench......ccevann. . Do,
00 43.32 1 8411 XVIII W,
01 85,70 | 411 XVIILW. Samples 00 to 03 were taken by diemond-drill
0 4108 | 36,78 XVIIW. ;\:{;ﬁi.\\h]kcson, and contain mueh foreign
03 21.66 | 62.93 XVIW,
04 3 3 81,45 8. 40 rrevvtesenaanas Float.coal from Kootenay river.
jils] 8,00 | B7.96| 57.49 186 |, cmrmmeavenmermeiiacresncnrarenarenainaaesreans| Picked conl from Admiralty island, Alaska.
06 0.80 | 18,14 40.40 | 40.57 § Nono -ccceevnnvnnnnnn. 24 XIIW, L TC) (RN
o7 0,031 22,817 56.10] 20,90, ... eer e reanan e 77 XIIW.  |een... A0 cavnnn .| | Samplés 60 to 49, ix{e‘llylgaive: were tlukunt by
95| 0.90 | 10.72| 45.80 | sns8 ... RO 81| XUIW., ... A0 e f T Moo apoy Wilkeson, and contein
09 L35 1B.07 | B7.78 | 4280 ). ... ... P vonnan 4 1 X1 W, Stark coveeveiinnninnn [
00| 0.8 0.80 50.93 } 88.41 | None ...oceeeveennnn.. 5 8 joiiaiioaeeni.oo| 120, Scotchman....--...... Ivans ercek, Wilkesen fleld,
1] 227 945 57161 8L15 .. d0 . .eeuunrenenon. 4 6..... Cerreeeaaas 120, Scotchman............. Do.
102 0.85 | 12.67 ] 00.22 17.20 .. P | PO N T PO PO Several beds of Puyallup aves, Willeson flelil.
103 087§ 17.25] 45,01 87.87 [, ..d0 voveneeennnn. [ 208 OV I - F Tvans ereck, Wilkeson fieldl,
104 0.53 § 16.47°% 24.60 | 50.40 |"Door............ P B ) TR ) PN [N Do, ‘
103 0.33 ] 1495 81.85| 6287 | .. .. ........ wereedl] B frmeee e Do.
B P P S A [ Ceermsaeansss Limestonoe from Alaska,
B N PP I | FOUUTEIN NN TR D wevea.] Eimestone from Slagit viver,
L R R TR E ] [E R RO s U | S P O P I v eweens| Limestone from Bakur viver.
100 163 | 4282 404 | 10.71 | Poor.ceeen.oe... venaan 30 Camas mountain, southern Oregon,
110 106 | 2441 | 4710 27.34 | Good -veeueennnn. ROV | R (T N O +...] 803, Wisqually Chicf, top....| Mishall basin, Wilkeson.
111 L24 ) 22,65 47.02 Cereeraoeaaas 6 8 303. Nisqually Chief, middle. Do.
12| 104 2412 75L.46 ereeareaa. 7 3 .| 303, Nisqually Chief,bottom. Do.
113 0.83 | 26,09 6484 849 |......d0....ioiennns | P Picked coal from Mishall hasin, Wilkeson,
14 160 14.04 ) 5400 PPN | B B .| Mishall bagin, Wilkeson.
115 0. 81 20.78 | 47.07 ] 24.64 | Good - vrueeennn. w—evan 6 0 Do.
116 0.08 | 25.17 | 64,78 SRR | B RNY Do.
117 0.83 ] 22,80 | 4270 84.08 {.ooeoil0 viomenn . 2 9 Do.
18| 0.60 | 2495 | 66.01 v 1 e Do.
119 0.411 28.70 ' &.70

@ Lost.

Povein . caii it

b Iron ore.

Three miles south of "Wilkeson.

{
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L. —dnalyses of commercial sawples from the coal Jields of Washington territory—Coutinued.

Colke.

¢ Thickness represented.

s

IR TH

14w

HARR T

1767 eeenns A0 e oo
HER i Non ... v | 60
1.‘:.‘.".*!; veer D e 410
19,15 | 310
93,17 | 5 o8
1104 | . 40
17 ()71‘ ...... [ S “ T 0
T do.... 40
140 | T0ir e vevemeeen]] 208
S T O, t 49
4000 |, AU emeeimeiianeas 1 16
NS U IET RN 70
149,74 | Nong . 20
TR0 | DU v emen e T 77
i, 62 l NOO < eareenraeeeaeen. | o4
LT R (1) . . 4 0
U067 Luannnn A0 enevanrenenall 1811
2,05 : TIONGO ceeiimnmcenanenan 4 3
TL0E Falr ceneianeneeanns corlleeees

|

COAL-BLED.

Columnar number.

Nawe or field number,

Tocality.

11 B. B.

XLIV B. 1.
LVIILE. B.
LX BB
LY B.1.

XXXVIID B.
XXXVII B. L.
XXXVIIRB. B,

DEUETR (1)
103 botlom e oo venenniiaoe
B 1

58 middle oeennnals P
H78 Lottom .eceneiaeaeniaaans
215 F PN [ P .

(1<
610..-..
641 Lottom..
G41 top

Three miles sonth of Wilkeson,
Do.

BEvans ereck, Wilkeson fivhl,
Do.
Do.

Do.
Da,

Jusy brook, Wilkeson field,
Do.

Picked coal frum Upper Yakima, Washington
territory.




ANATLYSES

COALS AND LIGNITES OF THE NORTHWEST,

EXPERIMENTS ON THE CONVERSION OF THE LIGNITES INTO
A TUEL OF HIGH HEATING POWER.
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ANALYSES OF COALS AND LIGNITES OF THE NORTHWEST. ‘

By I, A, Googo,

In preparing these coals for analysis the usual method of exposing the powdered material during twenty-four
hours previous to analysis at ordinary temperatures and ander ordinary atmosplieric conditions was followed at ¢
first, but later the exposure lasted forty-eight hours and wag made in a perfectly dry atmosphere, over sulpharie
acid, instead of in the ordinary air of the balance-room. The mode of preparation of cach coal will be apparent
in the tabular statement. It was found that in consequence of the variation in tho contents of the coals in water
according to the atmospheric conditions some examination of their hygroscopicity was a necessity ; and, though
the capacity of sabstances in general to take up-water depends upon temperature and barvometric pressunre, as
well as upon the hygrometric condition of the -atmosphere, it appeared to be quite sufficient for the purpose in
hand to adopt a uniform mode of treatment, and expose, in every ease, a gram of the powdered material first over
sulphuric acid during forty-eight hours, and: then, after weighing, over water for the same length of time in a closed
vessel provided with double walls to secure 8 uniform temperature and so prevent the deposition of dew, to weigh
and, finally, to heat for an hour at 1150 G, and weigh again, By these means, the amounts of water lost at 11500, 4
by the coal as taken for analysis, ag dried over sulphuric acid, and as fully saturated hygroscopically, became known,
In most cases the period of exposure is ample, and in the few in which it may, perhaps, be not quite enough, the
condition of the conl under examination falls so little short of dryness or aqueouns saturation, as the case may be,
that the error is not considerable. Ixperiment -indicates that the hygroscopic character of the powder is not
materially different from that of fhe coal in the lump, but changes naturally procced through the mass of the former
with far greater rapidity. In the proximate analysis a gram of material was employed for each process. The
water was determined in one portion, as indicated above, by the loss on drying during one honr at 1150 ¢, The
total volatile matter was found by igniting a second portion in a cevered plantinum crucible by means of a
hlowpipe flame of sufficient size to envelop the crucible completely, gently at first if the flame showed signs of
sparkling, at full heat as soon as the gas evolved began to burn quietly without sparks, and strongly for three ¢
minutes and a half after the gas from the coal had ceased to burn visibly., The loss of weight of erncible and coal
under these conditions was taken as the measnre of the total volatile material, and the difference between this
value and that of the water found by drying af 115¢ C, is the ¢ volatile combustible matter”, The loss of weight
of the residue of this treatment when ignited over o Bunsen burner in a free draught of air gave the * fixed
carbon”, and the difference between the final weight and the weight of the crucible itsell was the weight of the
ash. Muek’s method of treating the ash—moistening with aleohel, evaporating with care, and again igniting
before weighing—was found to be effective in compacting the residue and so bringing aboub complete combustion
speedily. The sulphur was, estimated by the ignition of a gram of coal with a gramn and a half of Eschka’s
mixtnre—two parts of magnesic oxide with one part of sodie carbonate—the extraction of the residue with hot
water aund, after filteving from the insoluble matter, acidifying with hydrochloric acid and boiling to expel free
bromine, precipitation as barie sulphate,

The clementary composition was determined by the combustion of a fourth portion—0.2 gram—in oxygen.

The analytical work was executed by T\ A, Goocely, Bdward Whitfleld, and W, T. Richmond.
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MINING INDUSTRIES OF THE UNITED STATIES.

TABLE 47.—Proxiinate analyses of the

WASHINGTON TERRITORY.

3
3]
A gb
. 249
Tield. Loeality. Name or number of sean, Eg
[+
O by
%a
=
e B«
It in,
1 Wilkesort..ov..on.. Bed oot in the fivst 1,600 feet of the North Rock tunnel, Car- | oo iiiiivarannnnn. e verenaeaveeebannaanan PP R
bonado.
b 2 1) BRI B 3 0
1 R U R PO 70
[ S R RO PO | () S, G0
1‘ ...... 36
[ BRI I SRS PO 87
T 4 8
8 4 8
RO o 1 4 10
: ho2
11 Carbonado mines vovvecvieaeranen e eiareniiaieanm ey B 6 141 PPN meveene i, 4 6
B I Y| 1) N SRR (10 [, Chmmsemmmeaaens eerasremreranesaas WIANZALO . wutabneve hariceea it aasbeanetra et meaananns 4 8
Wl ..do.oveninaiaid s, S F A DTN L]
B R, 1 R N A0 cemvererrrs wnvcmvanunnn Sy R s ereesanaanrecaiannnun 30
BT DY 11 T RARN DO, (20 feraswmssestsraanan L R pp 13 0
LI S 1+ SRR O] 2 asaaneeaiens e aaraenenaenn PO 70
by L RN Near Corbonudo. .o veeeuns Ceveereeieasaaeaas eeaaan Semevaeeaaaes Henry, t0D.---vacaeeannenn emenreerianeaarann [P arrennieas 6 0
18 [ R PO do.oanoins v emteeneaaeannsereuReanr s reans P Heory, bottom...v.vieniiianiieannns et amatnacmaeestannn e, 7Po0
19 40 . .eeeeroooes.! B miles 80uth OF WIIKEBOI «eucmnveraemeeneeennenecnmaane vevee] Polottom Dench «ovuenerennesainans s et rea———— 51
£ | R O R ¢ {1 S P R P 39
21 8 3
22 6§ 8
24 8 0
@ 5 4
95 .. [
| | S [ 2 PP 6 0
27 ]....do Outcrop 24 miles from Wilkesen..... . 8 0
28 ... do 8 miles south of Wilkeson ......... reenans G.bed....ouee on teemtemaiian et reeunneanta e enns [
f2l: ISR T+ R P Ut P.bed [...... reberrmassamteen st enon nanann Ceereriinanaueay 8 0
30 l....do._........... 1 miles south of Wilkeson (port of sample 88) .o.ooen ool do ...... teemevectaan reemseranreenrrenrsruarny R P,
1] NSRRI T TR [N do .. R, frnesenien S P, PP PYR. ceeerieeyenees 40
b2 R o Y PN 1L Y P L 1Y PP e heeteaneteatanteanannians 26
F: 2 PR | [ R, Iy L H. bed...... smevmreaenanenanennnn errenean Veennnonn sareaecennan B g 4
2 U [ R, 14 mile south of Wilkeson ...... veaameienetianerunoratrotannnas B C0) A SOy . 9 0
H 3 IR | RO PP QO 1ttt iiai i et ere ey S Y | » S P, PRSI PP o 0
306 [....do ................... L g N Coggeshall....ccuiivunns eewnaerineantenensatraansnonnanns 3 8
T TR} { TSNP (I, R General ...... eemeameceranany temmeannenan nemmcemerimar e, 6 0.
38 6 4
3 5 3
40 1. 2 6
41 30
42 8 0
43 Gole ... 40
44 do..o..e. PN Ao veviiiiiiinianan teeeraamenee L R R T T T Smith.. 6 10
Z-H N [ SO Carbon river...... remeeranes reeeeetame cmeeeeeeccneeearenaas [ RN 20
40 5 0
17 ¢, top heneh .......... pereeneennnae 48
48 | | ¢, bottom bench 52
40 .| From diamond drill-holes near Wilkeson. The samples contain | Smith....-..... et ea e aeaana s pmessemaniana, 12
much fureign sand. i
ot L P I [ A, QO v ieennivmmmreannneneen ) teseemamseaant eatonerntasoearanan 5 0
oL bl E Y GOOAWIN . cerenciineninnenenns evaeaenas teenaveaennen ceneens 77
52 e ¢ Y L oemranrniesanc e aranaaanan - 70
53 0 cereiiiiiiies e, eerrenmrerraanas e Blagk .ccveenannnn. et feverrmaeaenen e ceeees 2 0
54 [T e Sy PP L U tememenmanarm ey 77
a3 PO PrOT [ VAR 31
it O Cenees Stk c.eeen.n mrrearsaeinannnenan PO N reeane 41
X T { s Evans ereek .oovininniuann. P eean] 120 Seotohman...oveieeiaiiiiiiians PO s b 3
58 oo Lo RO S U 0 e mre et amrearan s naennaaasnas aeeraaaraaarenaonne s 4 8
4 2
H
{
5 4




ANALYSES OF COALS AND LIGNITES OF THE NORTHWEST. | KN

coals and lignites of the Northwest. g
WASHINGTON TERRITORY. ' .
] AT A ATARIE | o o
,E'; g g PROXIMATE ANALYBIE, . % .E,
< = o
g %% §§, ; ,8 g . o : gé
Sumplor. q_z g S vs g Coler of ash. Charactor of coke. éi n’@ 5 g%
: g N ; R
3 Sh 2 et o a g g -
E A 2Bl Y] 25 g 1: | g lge
f 4 B AERERE e |F [ &S
e — r,,....__._, I, ,.,__~___i ______________ R ST | SNSRI, [ S o bl .- SN (PN
Willis .. ooenianen 1 terereaevanane 179 | 8289 1 46,23 | 14,09 {{ 6,78 | Yollow brown ....[ Good «voevnnacn o] 0,068 %16 1,40 Laeaan] L
o 2 L7 90.45 | 42861 26.22 |1 8.60 | Bedbrown........| Falr ... 0,93 U468 144 {vevaes] 2
do 3 198 o760 | BLe0 | 38931 0.6d4 [ .20 i i, Poor... 0.45 | 194 | 187 fewen- N
.. o 4 2,661 90,40 | 90,34 | 40.61 1 0,42 | Dirty white....... veeudlo 0L %d4p L4 .| 4
oo 5 0,99 | an51] 4481 ] 1086 ) 0,41 ) Yelow ceeneeal. Tais oo Joe6er| 2451 L8]] 8
Y i 155 0 3387t 4583 | 20,75 0,78 | Reddish oooonn.o.. Goodl -..... . 1.47L S04 | 140 |e.oael i
PR i I 7 2,10 | 90.42 | 80,21 | 82927 ! 2,36 | Purple brown..... JRI U IR S (1 4 2,63 1,88 {.eean Jd o
oL § 9,08 | a2.30 1 42.80 [ 2244l 2,58 | Red brown ....... [T RN 0,70 | .58 B N OO B
....do. i 2,41 82,06 | 40,641 18.80 | 0,51 | Light buff..... JROR TN I .80 288 145 |...... 9
....do 10 o865 | 98,50 96.98 | 8230 | 054 | Reddish .......... TALY ceres cvneeeen] GBL B8B83 197 fe..d| 20
Y [ 11 1,00 ] 41,00 48.90| 885 00 l.eerQO.ieiiiininnss Vory good c oo 1001 2,01 ¥ 1] 1
Lol 12 1.80 | 42,970 B2 | $82 Y 0.51 feevelt emeeeii e O c e e IR 1,9 2] 12
Y U 1B feeeene veemmvee 4] 83050 46,03 | 1801 [ 051 ] <o d0eeiiiiiiinny GOOA ceneenanenea] 141D 207 141 feewoed| 18
B T T S IO T 1971 96,92 | BRI | 540 [ 0,09 oo edO . ieieiiinne O 1 N g o6o8l LT "
R0 e 15 Jeeens T 2,97 9694 ] 52,40 T.00 [ 0.38 e do e Vory poor......... 0.u2 | 451, 41 15
0 S (T PO G.80 | 8h 10 5214 | 6,06 '\0‘:13 e @0 e el eveeneened] LE8 ) GEO | LB ..l 10
T R - T e 211 ] 2215 80031 2672 055 [ oeo e P00 e c] 004 BOL] LG . 17
ceedo L, 08 eeverrvmnemenne ]l 220 | 9277 | 52,50 | 1248 | 045 |- A0 ereeeeiinnn. SR P veennn 116 | 876 100 |.,....| 18
Y U S, 6 VW, 116 | 20,00 ] 60,88 [OOSR O () Lxeellont oo s i 205, 207 104 10
R (I 65 VW, I 17 o010 60,00 2108 0.45 ) .. doeniiininns DODBG eevnnrnnenes] G621 247 ( LO5) 1L 9
Y L IO 67 VW, 974! .52 8440 7.85 ] 0046 | Light bufl........ . S LI 820 e [oxens o
edo 17 XVILW. | 133 | 25,88( 00.67 | 12124 0.40 | Brownish ... 0.40 | 1,83 284 ... 22
ceellO 18 XVILW. || 1.30{ 27,20 5401 17.40 || 041§ .- do .. .. 0.80 | 218 ‘ 198 |, 28
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103 : r 0,871 17,95 | 45.01 ) 97.87 1| 0.85 | GUaY .evsee soenancloennllO v iiiinn s 2,80 |... i
104 | 0.53] 1547 24.60 | 560,40 §| 0.48 [.oeel0 cormnieenuen] POOFeiananiinn. 1.6 . 60
105 } ............ o om ] wes) auss | T TR Lo B0 550 23] 61
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Tield. Name or number of seam.

Ft. In,
63 | Wilkeson.........; Bvans oreek . ..o . e e [— peveaes BRI I 7 0 1Y ) O P U 3 2
04 . 6o
G5 4 10
86 |. 310
67 b 8
08 |- 4 0
[54] 70
70 . . 4 0
7l -1 303 Nisqually Chief, top..
™. 308 Nisqually Chief, midadle .
7] 4 303 Wisaqually Chief, bottom ......
74 303 Nisqually Chief, picked coal
T |. 354.
%
.
LERR
T | | L .
80 . Severalbeds. .o iiaeeinins frerennmees errenvevceemmanaaean
81 . Ewopive tunnoel. oo eicaiiiiii e [, 4
82 2
83 4 2
84 |. 3 0
2T IR ¢ U R, 2 8
a6 3 8
87 6 0
88 a %
80 4 4
90 Top benel. 4 3
91 Bottom bench. 5 0
92 Mammoth G 4
93 9 7
9t 25
95 4 0
06 4 11
97 5 4
98 4 8
4] 2 8
100 ‘ 78
101 . Scenery voin, top...... e reeaeaeieiaer s eeaeamneen . 810
102 .odoeeeeneninn Scenery vein, DOEEOM .- ceveinen e e, eresrireneen 8 2
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B L L L o G rreeretreereieeianeaaareane e 40
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112 AN e 1 6
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1 6 4
17 40
118 §.. .. 10611
D B B Ch e U g 7 RSP ‘38|
120 (R T e 9 8
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122 | SO 1. S, SRR e eremna e IR I V]
1. BAEIEY ¥ e eeneeeemsmeee esence eemaeonnae e smescon ane 70
124 - Section 12; 8-foot vein; small pleces from top seam-..aovns tuufvmnnnnaas
125

Thickness representerd
sample.

Section 12; 8-Loot vain; from 00Tl eeeessnavrermemecrene vonteumuraanss
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B
. Field, : Locality. _ Name or number of seam. 2 é
£ o
B
|
3
120 Vet A cevevnnrronens
127 Voin B ..
128 " Vein C ..
129 BT T g 0 3
180 | VUL N0, Beenevenean e eteen s it e m e s seaemn e e n e ans 36
13t Veln o Beee e iiien e iaaans Ceersasanees PP 4 3
MONTANA,
Norg.—Ses plates to Mr. Eldridge’s Report on Monluna Coal Fickls,
1 | Bozeman .........| Chestnut mine (1881) .......covaais e 30
LI PN 1) RPN (O, L1 [V I rerereenasavenensanaaaennn PR, L 10
I U1 [+ S Chestuut mine, new tunnel (1882, ..cuvaiians. eerermnaes .| 6 benches, aggregating. ... remeraunaaas P 71
L TR | Chestuut mine, old tunnel (1882) . .ivvvenreiinniianinne, evewn.| Upper middle bench . oovonieerianianiininnnnnas 10
[ 3 TR () R PR L vrveviensnssvenss .| Lower middlo bench,...... Cemareneeaiaaaaaasen 12
(L3 B { [ R Chestuut wine, opening southieast of house (1882) vv.vveneennans Clear conl......... eeeenne RO feemmeenmenanaas femmeneieien, 29
kI Y 1 (C R, e QO e et vNneesanescnain e s Including elay parting ... covvoaaiiaiiannas [ PPN [{)
8. ..o ..... ve e Chestnut mine, Thompson's pit, No. 2 (1882)... cveravanerinnans Conl alene, aggrogating... . .eceeoaaaoa. Cwemmnrrenns [ 6 8
£ R {1 P PRI QO eemerneiiienaes N vve-.| Coal and bone and clay, aggrogating ...ouvviineniiiniaiiininn... 99
10 oo e Maxey's seant...... ermrnaerareaanas [ veoaann fravaneneae 3 benches of coal, aggregating (total thickness 8 foet 7 inchoes).. 111
b 1 PR 1+ S Tunnol vn See, 24, 1. 2, R, 7, 60 foet front cntranee. eeeeereese-s. Upper benchi.oaiveniienn.on eemetmessasaesaneenanan, arrvvecanaas 10
12 .10 ciceanr oo Tunnel on Sec, 24, T. 2, R. 7, 60 foot from entrance, .eeveeeeen.- «.| Lower beneh, excluding 2-dnel prrting..ooweeeeeeiannenannaan 81
[ I Y 1 S "Tununel on Sec. 30, T, 2, R. 8, 60 feot from entrance............... Upper benely, excluding waste streaks......oooiuveens heteeiaann 10
14 |ocee@O cveecaiiiann, Tunnel on Sce. 80, L. 2, R. 8, 60 feat from ontrance........-.-....| Middle benck, excluding wagste streals.....c..coeen.. Cereneanns 18
b B T 1 Tunnel en Sec. 39, T, 2, ], 8, 6) feet from entrancs......... reanee Loweor bench, excluding wasto streaka........ R rererneesan 3 2
16 §....400 . venn.. yeunoo| Jucline on Sec. 24, T2, B8 o invenntin A eume et neanecane e .| Lowerbench..oioovnianaan. emeevarneenan Cevaeus Cmemeraeaanaan 70
L L0 TR 1 Tunnel on See, 26, T2 ReBavwiieneeiannn rmeeneuns [ CORY cneeeinrmesnanannranacns hrveeedanraaanna, JR— [P E T .
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19 {....d0 ...ccoo..co..] New incline on Seo. 82 .ooiveennan ORI NI
20 ... A0 s veenveanen..] Tunnelon Sec. 24, T2 R, 7eeeeevnniinaiininenaans
21 ... A0 ceciaiieanas Tunnvel on See, 24, T2, R 7o eanees feeeen venscesenanssnvanssanane] QORE cioiiviaaail.
220 ...d0 . e iaan. | C seam below Sugarloaf........... carmasrearesreoane
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L O S | S .| Big tunnel on S, 80, T2, R T ceeeuanneaan ann
L5 R TR SR do oo ) remes e TR RO Y & . SRR
20 |,..:40 .\.enns T T U O N P
27 .- d0 ciieeveyiuna.| Tunnelon See. 24, T2 RoTocneianiianicitonnai e arsatiennas 4 benches, aggrogating........
28 |.,..A0 coeeiiiiian. Bee. 24, T2, R, 8.0oevn e r ek ve e mmenanereaunaaneaiansaann vaee| Bestcoal..veenaniiiiina..
11130 Y SOOI PO wanll0 e e P Ceveve e, Average €0aleceueneennenvrnnanannnn [ meeaunneenernaena,
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83 |....do ..., eiaman 860,22 T 2, RuBuueiiiiiiiiin v cimaeemmce e aeas vvensenseness] Upperbenche . ivevieiinnicneisine. [P P SN 04
84 | ..o e (11, T veresenri it feeriensaan cemanes oeeeen.| Uppermiddle bench .ooevnun..a. Cermaneseneiaeay [N 1 7%
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F 7 Y 1 U SO P . Lower beneh. .o vueiviinennes S 12
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11 I SR [ SO RN - hemeamarasazra T eR e et e eaaanneen Upper middle beneh ........ e tarenesreareeaeasaaa, .- 10
F:Y) R 1+ RPN PN et aanareiaaiaiseaerunnbs s eamnnraetenten veereeses.) Lower middle bench ..... temmersaeasananan s enameaaanaas 10
-5 T R ¢ [+ SRR PR (1 R cerraanes .| Bottom bench.......... 08
PO I Single tunnet on 8o, 24, T2 2, Ry Toreriereenvaniinnnancnanaanen, Top henelteocena... et e man et e aeemaeranireneenaraes ey . 011
43 o.do o FE O U P Upper middle bench (CIaF) «eneeensereeaniirmiarenasseneacnann, 08
44 1....de Middlo beneh...oe....... feeemmmaeaesaeaiei sy enen 010
451 __.do . .} Lower middle boneh ..oooinnns 0.8
46 1., .do Upper bottorm Lenel. ...c.vemrverrannnsns 0 43
47 ..o . A Q0 et Bottom beneh «oovvavano.. PR, . 010
48} .. do ool P, . 'Hnnging-wull soam, top bench ...veenn.. 11
[ 1118 TR 1 R 0 i i ia e Hanging-wall seam, lower top bench..... 10
1120 PR DR PR 111 SR P Cieeeimamennannas Hanging-wall seam, upper middlebeneh. .. 0 4
5 W IR £ [ R P N [ e eeareecrenaaues caenavans errareanaens —een R Hanging-wall soam, middle bonch ......... 05
52 D1 RN I Tdo ... erereasastsresessnnsansanassanesnnsareananasseesss| Hanging-wall seam, lower middle Lench ...... O e 0 4
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ANALYSES OF COALS AND LIGNITES OF THE NORTHWIEST.
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&

= oz
. e PROXIMATE ANALYETS, B )
o o W E %)
g | v i3 5,
& “= g g8 8 b ,—_,f,_”
] P 2 e 2 g - 1) B io G
Sampler, “ g 3 °5 £ Color of ash, Choracter of coke. | .5 gé © lf’ g:é‘
Y 23 | <51 % P g | R 8 | §5
= S E 5 | B2 | o 2 B 4 g |22
: g6 ORI B O 18 |3 |3
z 7 BOiEEl A | 4 | @ ElE | & |3
Driver...... PR R T 100 | 11.48 | 65,18 [ 22.34 || 0,04 | Pink..ovunneen.s, NONO -veeeninenaen 0.68 8,20 b7 f.....] 126
Y : [« B 097 1L 03| BLOT | 26,03 | 0.47 | Yellow whits..... PR | 1 IO 0. 84 2.75 561 |aeenns 127
P 0,481 13,88 6811 17,53 | 0,58 § Pluk.......ooeails P 1 S I X 1 2,00 4.00 |.....0 128
o e 0.47 | 2471 | 60,50 | 2482 | 0,61 1... do ..c..oi veed GOOd e it . 0.44 1.01 204 foo.nalt 120
[ 1 0.08 ] 21.82{ 46.74 | 830.46 || 0.82 | White .. ........ e 0 cael “annuens 0. 57 2,08 2140 130
PR {1 R P 126 | 2587 | 43,071 20040 || 0,30 |....do ceeneaniaannlfe FORY [\ P PR 0. 80 2,80 L3 4eeeees 131
i |
MONTANA,
[The Arabic numbers indicate the figures, the Roman numbors the plates.)
| . .
BEldridgo..aea... 16 N 8,781 o508 00.27 | 18.87 1006 | Redeneereennnn.s NONO vevennrvaiuen 0,77 , 26 1
e Q0 e 11 Cemrreeannaenes 3.0L | 83.48{ B6204 | 10.57 o 0.46 | Palered ..vveenn..] Cokes vonnr vanens 0.8 4.50 9
. 1 4-TX. 1.03 | 80.48 | 41371 1812 || 0.04 | Dicty whito....... GOood vevvnnvennren 102 498 R
. 2 5-1X, 0.76 1 20.00 | 01,74 8.01 if 0.66 | Reddish ...... wene| NORO conemnnnenae| 076 3. U4 E
3 5-1X, 0.80 | 14.68| 71506 | 12,00 ;| 0.68 | Dirty white....... RO | [ R 2.27 8
5 6-IX, 16.48 | 3430 40,22 5,00 || 0.38 | Whito ..... wervnnefrion 10 cenrrenvene..]  B.6L) 15,08 [/
.- i 0-1X, 14,001 80,11 82,851 23,58 11 0,27 [ia. Q0 cyemmasvvnnnafinn €O cenennnniisn 404080 411 7
7 1-1X, 10,64 | 84.64 ] 4286 | 1186 § 0.32 |....d0 cevriiinneaatinl, (11 3,04 | 12,40 8
“ 8 1-1X, 0.70 |. 81,43 | 88,25 20.53 || 0.40 ... do........ PO PR { U 8,16 | 10.87 9
.. do 10-IX, 1,58 | 42,11} 48,66 7.05 | 0,61 [ Reddish .......... Good cevnnn s 0. 82 4,58 10
JR 111 YU S | S PO 0,871 85,70 ] 40.77 §.16 )] 0.45 | Palored . None «c.uu. P Io8.17 ] 1047 11
.. tdo 3621 85,001 44.50 | 16.87 || 0.43 | Reddish «uvvvannns JREDRY 1 1,06 4,44 12
-. do 0,87 | 33.78| 47.19 0,06 1 0.42 (... do.. 270 10,18 13
.. do 8,80 | 85,28} 38.76 | 17,12 0.40 [... do 2,066 10,18 14
.o tmeraanisensians 5,501 84.46 ! 40,411 10.54 } 0.4D |... . do .. 171 6. 82 148 Ja.enes 15
.- 44-XT1, 2,03 3607 85.62] 22,98 0.57 | Palored .. 0,77 3.38 | 1) S R 10
- 2,47 27.88 | 25,80 | 43.70 || 1.24 } Reddish .......... 1,20 3,80 17 .
. 570 | 6001 7800 10.21 | 0.07 | Brownlsh red ....|[..ceiiiiiiiinns Cewe 1. 88 17 18
- 6,601 52.88 ) 50.60 ] 21,433 0,40} White ............ NOng coveecerenns N 1,96 7.01 19
-- 8,021 86 14 | 48.45 | 17,89 [| 0.45 | Roddish vovvvnavan {ovr @0 vvvnmannns s 104 411 190 [.... 20
5.48 6,84 ( TTAB | 10.70 ) 043 | ... A0 cirvieroneiifeannn remsecaoue wear) 1,88 [0 T (R DO 21
JRPR 1 SR RO F fmermmeeeaaas 12,51 | 87.63 ] 82,831 17.03 || 0.47 { White ........ vee| NONO tevimannnenn.| 404 | 13,80 0,87 |icune. 22
JY ([ R P P 21,201 3443 | 20.80 | 18,56 || 0,34 [, .00 ceeciaarinieforn @0 cennmcnaanas J 0 7281 RLEO 0,89 |...... 23
R 1S IR (RPN rmmaemeraetiian 2,741 89.63 | 48,88 8,176 0.05_ (63715 AN Good ...... PRUTS B A 3.01 123 .. O
[ L ] (R veederireecnvonean ]| 448 8.821 76,25 9,45 (| 0.71 | Reddish ..civiiiifeaenninae,s s L21 3.80 {..eu.. eofiaeen.) 25
e @0 e swasrmmracun]aumennmenaniaan. 1,08 87.76 | 4743 | 1282 1 0.77 )....Q0 .ecueuiiniann] GOod crnneooaanes . 0.88 341 196 §......| £
P L O PP deeemmarenrsiaas 1.83 88,15 | 50,20 0,62 )] 062 ... do.veeruvannenifeen dO vanann VR S P 11} 8, 07 L30|......0 27
e 00 ciiinnioaneas PPPPPTOII S PR “rean 2.66) 88.81F 48,04 1500 || 1.94¢ ... do....... [ PO ) R 1,10 3.04 110 207 2
PN [, R PO D Cedmanaan 2.73 1 84241 88.85) 24081 0.80 |....do.....eeuenan. PN ([ I 0,64 3.90 118 |...... 20
...do 1 48-X1T, 1.40 | 34,78 ) 5L464 | 12,98 [ 0.52 | Pink...... PP R (1 [ 0.96 2,23 148 |..... 30
..o do. 2 48-XT, 1,86 8847 4451 1568 ) 0,64 ... 00 cecvervreena)oen 0 chinninennns, 1,406 311 116 ..., 31
-. do 8 48-X1T, 1,52 | 85,031 80,81 | 22741 0.60 } Palored cvoveceecnifeee @0 crmmnnaeennn, 0,71 3,09 110 |... 32
....do 1 85-X, 1196 | 35.00 ] 86,82 10,23 0.47 1., 6.27 | 18,66 1oL |..... 33
.o, 2 35-X, 0.24 | 85.85 | 49,84 5.7l 087 1., 4.85{ 16.00 137 |eeus 84
we- o 3 35X, 10,85 | 87,17 | 44,50 7.48 1 0,30 1... 6,82 17.08 L. 86
...do 4 85-X, 8.04 | 87904 8874 1498 ) 0,30 ... 00 ccoerariniinifenn @0 cheenaiiins 4,75 ] 15,08 L024...... a6
..do . 6 35-X., 11,33 1 35.24 | 47.67 6,761 0.45 | Brownigh. cemenennan 4,27 1 1648 1.85 ..., a7
..do 1 30-X. 0.08 | 35,03 44.85 0,74 110,60 | @ eeeenenanecaaleen A0 avennaiinnens 6,20 10.14 1,98 |...... 38
wentlo 2 30-X, 4551 83,12 | 62,45 9,88 I 0.53 | Rea.. 2.72 823 1.58 o.... 39
...do 3 30-X, j 2,00 | 85,45 | 4. 04 8.71 | 0.57 | White . ..| Poor (denso)...... 1.39 614 L.64 |i.un. 10
...do 4 80-X. | 2.80] 36,20 | 50.08 | 10.83 0.00 |...dlo. . eeoernnes J 1 R La7| 616) L8 ... 41
RPN 1 S, 1 16X | OLD7T) 41,65} 6113 5,95 i 0.5¢ Veryred ..c..... J G000 ool i 0, 68 1133 L3 f... 42
Y (s 2 16-X 176] 20.:8 | 20.28 | 42,68 | 0.47 | Palored eeseveers| Pa0r..cens . inrsen 0.52 HAENY 0,68 laeaae 43
(RPN S 3 16-X l 112 sLe7l 49.721 17,80 ' 0. 45 Dirly white ...... Good svrenvnennan 0,47 2,82 150 |heea..] 44
YL [, 4 16-X i 1.60} 8867 50,01 8,92 11 0.57 | Brown..covavuouas PR | [ 108 3,39 1,81 ..., 45
[ 1 5 16-X 178 8871 45.80 ) 1472 [l 0.69 ) Gray -.eereninens S 1 . 1.13 3,38 118 f.eels 40
R [+ S meann 8 16-X 1,06 | 3770} 46.46 | 14,17 || 0.52 | Lighti veceuenunnne Good, rather densof 1,472 3.51 128 |aees 47
PP [\ R, 1 20-X 1,65 | 86.61) 47.81) 14.63 1 L.88 ! Brown.coveee.... Good, but dense .| 0.8 3,52 1,29 fewue.. 48
P 1, R, 3 22-X ! 1,58 87.%3 | 40,41 | 1L781 0.50 ) Paleved .......... (€ 1TIT) S, 0.72 380 132 |iaen.. 490
[ [ S 4 22-X : 1,851 80,45 | 43,92 24,08 | 0.45 |....do emmesnerana Rather poor ..... 0.3 3,86 14l Jeuenn. 60
[P (s BN 5 25X il 1,467 3915 47.280 12.13 |1 0.57 | White . Good, but dense ..} 0.73 3.13 L20 |euen. .| b1
ceerllO ceani 6 22-X | toeo! eo.10| 40791 16,01 ] 065 Dirty white....... L GO0 vevenensene IV X7 S VR B V6 T SO 52
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TABLE 47.—Proximate analyses of the coals

MONTANA—Continued,
g
=]
By
-
Ficld, Locality. Nawme or number of seam. E g
o
)
3
Ft. in.
53 Hanging-wall seam, Dottom Henel cve e ieeeveaervaneianannren, 0 ¢
04 Toot-wall seam, top enelh. - oooeonioiianaan. et 0 4
650 .| Foot-wall geaw, upper middle beneh ........ reneeneeieiaaaaans 0 7
il Toot-wall seam, lower middlo DORER «ourvrenes cmmevennas veoranes 0 8.
67 . Toot-wall seam, bottom benel. ... ...oeca. T 19
5730 Y1 1 P, Old ingline vn Sec. 24, T.2, R, 8 (148 fwt down ineline) .......... Top DENeR. cveeeianiaaaaaaan, PN Cebeameeeereanieaean 07
69 2 enolD vemnmam eneas] meens A0 <reene temeanenanaen et van et aaaaenas Tpper MIAAI0 DEReR. s eeie et s ceeeeeaneanen ereeraeens ¢ 11
{1111 P I+ IO PP [{[ R rnnan [P o eeeensvaneeran e wesee=o| Lower middle beneh.......... S cemraerenn 238
1) DR R U SRR e aeeaaaes Bottom hench ....... et irareeaaeaanann e 0 6
G2 hewi(lO vevnneenannns| InClNG, Northem Pacifie Coal Company, Sec. 24, T. 2,10 8 (118 Middle Lench ....... e a4t cmasamteantreernanaetetanananeane ]
feet down incling), .
[£X 2 I ) TR RPN A0 i ciiaaaanens Avsssranrrerens PRI e 4 0
61 ). eeill0 veaeennvanaa] Tunnel on Sec. 24, T, 2, T 7 (220 fect from entrance). ..o ie.... Top hom,h . 011
(i3 O : U SN (R Upper middly lmnoh . 07
11130 TR - SRS FRN Tower middle bouch - 1 8%
[ 7 T T RN PUUTON Bottom beneh..... 196
o8 Top benel..... 14
69 3 honches, ntrg,w;,ntm;_r 2 0%
70 Hyer's claim on See. 30, T, 2, R, § (33 feot below top of shaft)....| 5 henches, nggmgmmg. 3 0
71 .| Tunnel ou Sce. 24, T, 2, R, 7 (331 foet from ontranoe).......ccvvun. 4 bonches, AgEISgAtINE . o eeeieii et aanneeenaann aaan o 4 0}
72 N I!lé:llnu)Sug(Lrloat‘ on See. 22, T, 2, R, 8 (B seam 38 foet down in- |...... [ IO et et v vemavy 6 B}
ne).
78 §.-ed0 -eivrunvnn.. | Incline, Northern Pacifio Conl Company, Sce. 24, .2, R. 8 (280 | 2 benches, aggrogating. .. ccevevniiiiaiien Ceemerenirannas vaeaes 4 0
feot down incling).
74 | Bull mountain ....| Northern Pacific Conl Company's mine, head of Buiflalo creek,| Middle bench......... e neaumemmiacvecnesraanuasten reerenieans 3 10
southeast corner Bull mountains,
L P [ IO RURY FRRPN [ (IR PR e tmenee mn e eman s Crmmeeranenanas Two lower bonehes aggregating. . ........ reenan [P 201
I PO T ) PR { I SO Same as No. 1, 10 feet from it «.ooeen. ... PR N 3 10
ki {1 SO P, do Same as No, 2, 10 feob from ibe . oeenoana.. Crwmasmemeniaasansas o2 1
L P T W. A. Moody's claim, southwest cornor mountaing.,........... Lowerbench oveeeviiniriin i iiiiiieanan, . 2 10
70 |o-<ifl0 «ivennnnenen | French's claim, hoad wost branch of Buiffulo creek, southwest 2 10
end mountains,
80 |.euel0 venurenain...] Hond of Spring creck, north gide mountaing ....... [RTPORUR wevenane Ceniamernmncrornannas ehamcenersaarmna fenmereenans 4 2
3 PR ' S Head of Clearwater croek, northeast corner mountains. . ..... «.| Top bench ... 20
[P O [ J N P (R N as teemet R e rinaaens <nwa= | Upper middle boneh ... 3 0
I P U SR Lower middle bench,.. 210
2 N Bottom DOneR. v v veriee e eeeaaeaeenan 2 i
86 1o Q0 caiereaaraa | Lower Deneh . ceeecianniinannan 2 b
1520 PR S viiee MAAAIE DODEN + v e cevae e cacm e ieermeeneanareaccaanannn 3 1
T I s Lower and wmiddle benches (With 1 parting)...eeveeoeevn. - 6 6
88 ol O i .| Lowoer middle beneh ......... N memae dmmens eamearaenar SO g2 8
8 [....do...... R Tpper wmiddle beneh ........ e manaeteaeraecanaaanannen eveenae w40
LS 11 P I Second gnleh west of Billings's Coal Company's elaim, south- | Two middle benchos (With 1 parting) . ceucevienmenammunnvenaess| 6 6}
east end wmouniains, ’ . . '
o1 cemeeellO e e e PR Two upper beneches (with 1 pArting) .oeveiveneeeneaaiaiiannes 4 38
02 Near head Middle forks, Wild Horse orock, west end mountains.| Middle and lower beneles (wWith 1 DArHOE) .eeeeeaeeenereneonns 6 4
g . Near junction two forks Wild Horse crecl, wost ond mountaing. | Lowor Benet. .. en vooes voinrnenns cemmanmen. haeareiusaaneanes 88
17 08 PO 1 RN PURER QO v ettt e e et earaa e, Midd1e Denelt . .oeveesiennnnnnn. .. 4 10
[ TR 1 Now head of North fork Payrot ereek, north end mountaing . o..| ..., A0 et nrern e ineennns 308
L L N mrreeteeeaa e, Upper beneh (with 2 p.ulm;.,s) e em s e 4103
07 to-oodo o oneeen... | Tivst guleh wost of Parrot ereel, north end mountuing...... ... Middle benoly (with 2 partings)...ce.eceecniciniivarirmrenneaans HE S
08 |.voidlo ceeenn.ll «~-.| Tirgt guleh east of Parvot creck, northenst end mountains. . ... Lwo lowor benehes (with 1 parting) «ccoenevnnriaarvaniiiaians 4 10
8 1....do ..... T, West fork Thaddy creek, northoeust end mountaing .. .........] Bottom henels (with & PATHINE) - e e i iii e ira e 4 )
b 171 SR 1 R R T et Middls bench (with 2 partingg) coveeeeerreneianiianiianiiennians 4 7
1) Y UV SN PO [ ST e e maaaaan Top UBNEl «avvevnnannnn. caeaes 2 1
102 Ao e I‘lﬁrgtu rgul(ﬂ.\ onst of main fork 'lhxuldy cru}k north side east | Upper middle Honell coaeeeeicii i ciiinaimnannanaes vaaann Hh 6
UG N1 U RPN PR Jdo MidAle Deneh o v enn et c e s peeaemmaeassennen 2 4
104 | oo . veneiiria| e J Lowerbencli, ..o iiee i iiiianiina. Cruennnimannnaan P 2 7
105 Lower beneh (with 1 parting). .. ceeeeanan RN 4 4%
106 .| Midille bench (with 2 partings) « veeerouceecaneevnreune cransennas 508
107 TOp BOREIL - o eve et e e ereemteanaanean 1 10
108 Aiddle benel (With 2 PATHIES) . v ceveernaneranmeaaionaeranceans L
100 1. Upper lower bench ........... PN 2 1
b £ (LN PR 1 RN Bottom heneh......... e eeeeeieeeanaa. [P B S
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i Yot
$ ° p PROXIMATE ANALYSIS. ( :u'§ z
] <8 ‘ % | B B
=1 - o < = =
3 =G g% & ° 2 . L EY
Sampler. 3 g8 § °§ 2 Color of ash, | Chamcter of coke. E mé ol® P
E E:a . R E ™ = .E‘_‘ =] ET %E‘
= a8 g e 2 9 & E 23
§ R - B B . g2 | = |%°
| ;a 7 REAERERE E e | E |3
Lildvidge T 22-X 1,98 | 80,47 | 48.9L] 12,61 || 0.91 | Gray ..ccevuunenns Good .| 086 40L] 1.3 [i ...... 53
R 8 2-X LG54 80,80 49.92 865 [l 0.67 | Reddish .......... PR [ veween] 0,04 3.83 1,9 |...... 64
. 9 X 1,68 ] 40,08 | 48781 0,56 [1 0,84 |....80 crceennnnnan. errll0 ceeemeneeenen| 0,87 856 122 -~ 05
. 10 22.X L8| 868,00 | 47,96 1417 ) 0,62 | Gray .ceeeeennnens Good, but dense ..} 0.93 4,01 L35 ... 56
. " 2e-X 192} B8R.45 ] 50,11 8,62 J\ L cenansnas 1.02 4.7L 130 ... 67
. I 40-X1 0.97 | 0,00 | 42.80 | 25,83 11 0.47 | Pink..ooviiooaloo. 0.76 3404 Lu8 ..., 58
I 48-XI 1107 3280 40.87 ) 2522 1] .50 [-...d0 srernvernnnnn 0. 49 ! 2,98 L2t ..., o4
. jeecy 49-XY 146 | B4 05 87.67 ) 206,92 || 0.59 | Pinkish..cc.eeanns 0. 52 3,03 L10{...... 60
e Tvm 49-XT. 1,8 40.74 | 208 | 15,80 || 0,78 | Pink.o..eeni . 0. 67 3.05 104 ..., 61
. v 50-X1 L92 | 36.80 | 41541 20.38 || 0.08 | White .oenn. 0.75 | B0 rizl.. 62
1. JRN 1) R Vi W-XT 0,99, 80,007 4594 | 1008 | 0.08 | Lizht ved......... R [ I A Y 3.04 1T ol 43
[P U RN VITH 17-X 113 4L18] B53.01] 878 0.50 | Veryred.......... Good, but denge ..} 0,97 404 | L30[ 26 6¢
! R 1 TN OO R V20 § L PN LD 25,80 | 2081 | 5L 20 || 0,64 [ Yellowish ........ SAndY ceveeenen .- 120 4.61 0,86 |......; 063
%. PR (1 SR ave IXne 127 | -30,04 | 6362 0.17 [{ 0.58 | Rodl ceeven vonnnnns Fair..ounaens S 1.08 3.64 L42 27 [ 66
\ PR [ B X 120 | 85,02 | 43,44 | 1075 §j 0.52 | Pindeaocneennnn.o. R 1.11 3.38 1,22 28 | 67
PN | [ PP X 31X 4,81 83,900 86401 94,80 (] 0,60 | .. do.cevinnnnans NONG «evueevnnanan 2,01 9.07 LO7...... 68
[ (T Y X 41X 2,49 85,87 4874 13,40 }i 0.66 | Pinkish........... R {1 R 1,03 5.10 187 ..., G9
g. el e il XIIEM 26-X 8.4 M,18 | 456,101 12,47 | 0.50 | Pink [ PR | [ R, weel 2,054 12,18 L2 |......| 70
| D (T ORI X1y 18- 1G7 | 85,60 | 48.88 | 18,80 i 0.588 |5.. do .. 0, 59 3.10 L8T o] 7L
l JR | S Xy [T [P .50 | 84.66 03,17 8071 052 {....do . 1. 52 6. 04 153 20| T2
[, IR B & 5 L 61-XL L8L] 86 ( 4201 [ 2202 || 0.57 [eeu0 .ienerneenan.] GoOd ceanenaiil 0.061 2,74 121 a0 73
i Elduidge. . oiveenas 1 ceverraanssaanal] 1470 35,14 | 46,00 4,11 || 1.50 | Red....... vienree] NODO < imeaneiiiaan 2,47 | 16,17 L33 ... T4
| OO I veeeneenne|] 1472|3080 | 4k | 6,28 || 204 | White coerernerniiennnO e 208, 15.82| 126 |....0 75
3 T OO 8 Jeeens RO 10,50 | 85,83 | 44.20 | .79 230 | 16,41 | 125 |...... 7
1. 4 cariimanrtsanaes 14,101 86,66 41491 7,38 2,00 1 15,77 L14...... 7
;. i) theavaveanaeaas 16,06 | 88761 4205  8.13 4,03 { 18, 04 L081,..... 78
\. 4 revrtaanaans veed|l 14.87( 80,07 | d44.88 8,18 4.60( 17807 L20...... T
- Ao, A PR 14. 88 1 85,74 | 42,40 6,97 || 1.87 | Palored 476 17.67 Li18 |......| 80
[N 1 R PR 8 18,18 | 87,51 ] 45,161 4.15 t 1.12 | Very red 4,54 15,85 1204...... 8L
fee [31) R ] 1,84 | BT.4T | 48,10 6. 50 ‘ 1.87 | Pale red 3.40 ] 15,89 L15 |een.e 82
- L[V 10 12,06 | 30,481 41.67 h, 89 i 0,00 | Whitd eeevnennannn . 2,72 1496 83
[ 1 S PRI 11 14,76 ) 47,21 48,90 4,08 || 0.60 |.en lo ciavaiiannnns . 3,05} 10.85 84
,‘....ﬂo ........ I - 43~-X1X LoonT4 ) 80,97 82,01 4,68 flewenefoeeillO veanneneaans vens 574 | 16,10 ] 85
y SR (L IR 1T 43-XTIX Gig | 80,08 | 40,06 So4d [loonenn Redeeennnnnannens 502 1417 £6
[P 11 43-X1X 6,20 | 88,13 5H0.80 A8 [[vawnar ! Pinkoceanriiinanen o 6,20 | 16,10 | .87
!. {1 R, [ v 47-XX 4,15 | 88,16 { 062,08 5.6L [loeenno] White.eoreaonanon veerllO e 415 15,70 88
| (TR, \2 47-XX 4,08 | 83.8L| 00,10 [0 | PN Pinltoeceiiaannes veenllO it 4,98 15,87 84
! e QO Vi H-XX 5,03 | 80,081 40,40 654 {l.naene White c-cieaeneans ceedlll cimieeciaan 1 63| 168 90
| H
B . VI ! H0~-NX 70| 41,20 | 44,80 678 f1oaene- AP RN 1 1) IR weedd WY 1677 91
A e VI ! Je-XIx ] 4.71] 80.88 ) 50.65 [ 521 | PR I 5} 1] | SO PP RPN 1 SN, vemane| 471 1486 92
J | (O l X l 41-X1x ) a0 and4| 40.81 7.65 . o WHELS vaneneaennnaf-ee IO ceeeiiiinans 6.10 | 15.12 [ 94
Lo e, ] X \ BXIX | g0 4205 | AL28 L 87 L Pk S 8.40 | 10,08 | 94
eedllo X1 l, $-XIN ‘, 240 | 41,24 | 50,41 5.90 ffemmese White.. deeelO cevaniinen| 2040 11,82 95
JR [ XI1L 3-SIX ‘, 866 | 40,10 42,68 8, 61 l ...... ...do.. JOS PO [ IO 8.66 | 19,03 96
Y| T T NILL B-XIX  j 665 ] 36,03 BLIS G.87 ffemennn Pink,.eann. IS S ) 5,55, 16,78 97
el e NIV $2-XVIIE \ 700 4744l 20.00 [ 55D feee... veenllD aeeeen | T R 7,00 | 17.90 8
o, aes XV QO-NVIII | 542 ] 80,10 4B8.06 7,83 ileacunn JURRY (< S B PR [V I 5.42 1 15,49 A ]
el XVLT ] 2-XVII \ 4.87 | ¥8.90 ) GLOZ[ 521 1 ...... Whito .- el e 487 | 14.57) L3Lj..... 100
doaello il e MvID w-XVIIL 4,57 | 97,401 B0.BL} mal .. Pinlk.o-e-e. o J 47T 18,78 L8 ... 101
ceeflol eenes XVIIT 95-XV1IL 10047 | 4611 #7800 612 . Tel. s arremerannns evl0 cvenneenn| 10,47 | 20.88( 080 L. 102
v ] XIX 95X VIIL 0,70 | 41,93 1 40.88 | 74D .aeens N T SRR veeelen@0 ceeieieneae] 070 19.80 | 0.97 |-ee... 103
el ] 2 XX 25X VIIL 050 | 43,90 | 42200 5.9 |[eeeee R SRS el <. 9.30 | 20.08| 0.97 [een... 104
XX1 U3-XVILL 0.48 [ 4508 | 38.03 651 ifeeeees White «ereeeneeens cee Al e 0.48 | 20,20 0,86 1...... 105
XXII 9-XVIIL 6,56 | 80.00 | 40.66 409 jheanens Veryved coeeaenn. PR 1 I 6.56 | 16565 | 1 ?.7 ...... log
XXI1L a.Xvirr |l 780 10,00 46.76 688 foeenes JRY ¢ (s RPN U [ S - 7.90; 17,56 0 B PR 107
XXLV OLXVIIT || 1040 | 46,43} 35.11 807 ‘ ...... £1CT1 DU PR I R 10.39 | 2L.32 075 §.oenns 108
XXV 21-XVIIL I 764 | 41,07 88981 1LT7LY. .| Greenish ....o.o.. U T\ R 7.64 | 10,42 0.93 [....-. 168
XXVI 21-XVIIX 4,73 | 36,45 | 48.45 | 10.37 4,731 16 0‘4 182 |-eeenn 110
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TABLE 47.—Prorimate analyses of the coals

MONTANA—Continned.

e
3
' g
£
N
Tield. Locality. Name or number of seam. A g
u
)
:lg,n
3]
Tt in.
111 ! Bull mountain ....| Iastorn oxtremity, east spur ........ Saeraermsensranesennarans Upper lowor and bottom benches, together with parting........| 4 4
2 ..do ... [, 3 miles west of above, south side east spur . .ecene cooeeeanianl Lower bench (with 2 partings). caeeeeeeeceaiieaioniiiaciianins, 5§ 6
18 |00 ereennennss 1% mile west of Sample XXVIIL......... ereiens SUTOPRUR P 10 oo et e 5 10
BT DORNY I\ SN Samo as Sample XXVIIL............ vaveneeann [ pnvreaaaas Tpper bench (with 8 partings).covcvicnaarennnn tevevnnannrennas] T 10
116 |0 .30 . ieievninne ‘Snluth side of mountain, 4 miles east of N, P. Conl Company’s | Lower Deneh (with 2 partings). cevvvviiameaenins fevmebenmeaenre 5 0
minoe,
116 § .. T F Ceemraereeeeiaans Uypper beneh (with 1 parting) . ceeeeeieeiiiiiniiaveinnonenaeneen.] 7 10
117 |... . Soxulglﬁsidu of mountain, 3 miles cast of N, P, Coal Company’s | Lower benel (with 1 parting)..viveereennnn. temenmcanras .. 6 10
nine, .
) =20 DR [+ SO R L mammramensaue faevmrer e [ Middle beneh (with 1 pavting) ... 5 3
119 ... Souglx sido of mountain, ¥ mile oast of N. P, Coal Company’s | Lower middlo Dench.e .. eveeeerevorerruecarnvranasasaecanasnnens 3 0
mine.
120 TUPPOT DONCEI cvenaeiiieiscinene e iarannenramntaannr saseanssurinn 4 6 3
121 |... Lower heneh (with 1 parting) ... 6 1%
122 | .. Upper bench (with I parting)..o.cceneviuaiiannennins RPN N
128 |... Tpper part of XXXVII........ wesesmessnusmnrranirirarunsensss| 8 L
124 I... A0 - et e errarmrarenemnennvm s vmn e ee | LOWET PAPE Of XXEVIT voienioiirnnnnnen semmeneereasnnsennnnns 211
125 {oee Q0 eemnvnennnne. Billinga conl claim, sonth side of mountain, 3 to 4 miles west of | Lower beneh (with 1 parling) ..covevnniaanss. S 6 10
N, P. Cenl Company’s mine, '
128 [oueolD veaenernnaani|ennnns gy Tpper bench (with 3 partings)..eeeseeencevacnrrsnreveacneenae| T B
127 foue A0 v eeacieaann]onere 0 e etiree et e teeraaanes v e eveen Lower part of XL 2l ieeennveeaennnnees etranteararaaaanaaanas 8 0
B R U L I Upper part of XKLL . oueiiiiiii it e [ [ - I
120)...doeenninnn.... Martin O'Brien's claim, southenst end monntain................ Middle bench ..... fevienee by ervammnreaesannaans 3 0
S 1 PR ¢ T, I A0 eeeveinnannnnn e nrineeaeseeseiniaet teaberaraannns Lowerbench......., ........................ beemeneemme e, PR )
131 | Judith basin...... Jenoanx, Big spring ccevveveeeeeinniiaas eann s 10
S E1 18 DR 1SRN PROveR g GOt 17
188 |... O. Richetto, 8 to 4 miles northwest of Sample V7 1 6
184 |..do e innn. Big Spring..... Cevrens [P eavereeremarrensuanvanaanranans 1 8
185 |.-. Murphy's, nenr Utica, 1 8
136 |..- Lage Creek onterop (9 feot 8 inches of coal). . Lower bench... 3 4
137 |.-- | Middlo Denoh.eeeeirenacarinnaneeannns. 4 8
158 |.. -| Opper beneh...... e e 1 8
130 {... -| Lower half of VI euriiauinnannn ceenenen
140 |... Specimens 0f BONO sueueeievaisvanensonusnseanannnnanennnnnrenmane|emmsoaenes
141 |... Lower bench (good €081} ceeeenaaeaeiaaannaas PR i
142 ... A Brighth €oal coeiit it i variev i et ane e anenis| 2 0
143 ... Bluislt 60al voereiii i iriirm st tse rera s et carncnn s s 10
144 |.... Upper bench vvvvveun.. PR Visessennsessrennes [ R T
145 |-.. Tpper part oF KTV veeveaiiinresennneneserannen snnnn cenenraann ¢
148 |.o @0 mvennenannn- Mann's ranch, Otter creek....... erireerreianeinaaa. PO vemtaraenaaeenan 1.5
147 | .. d0 - vouvesenn. | Millard's conl, Belt creels, near Kastner's coeees covnuisevennnes .| Tend-colored coal........... v v rerarr e 6
148 {1 oo @0 cnnrcrnanense]nmenns O Caemmareeieerenn e Equivalent of XX eoooniinenenrenn PP venreanes [T 1 13
149 |<ov A0 samenrannnnns|omenne do...... et eien et iraer it aisaaennarane vemvenes, veoo| Bquivalent of XXII.....ooniante. N weenecesrennaanns g
160 | cn @0 cuneamaaanaaifomnnns Q0 eiieriiiriearnsntiirntnat st tenntinasaaan s easoan | Tppor bench, oquivalent 0f XRITT . .uvveerrnennrrernvanssmenns 2 10
151 [--- @0 <ueveenronn. | Kastnor's, on Bolb oroek «vvmnuceramiinasreniens ceneruen ceneens Lower DOneh «ovveennriiensiernnnn. ravsnnnns renenseeeaaan 2 B4
152 L0t e i R U camene e rennn. «r-+] Lead-colored coal .. i
153 N A0 ¢ uvanaeienenivnnasacanen sesssetisaennsianessdsaneeaneee oo Upper coal, equivalent of XXIV? and XXVI......... PRPTTI | 8 0
154 o @0 wonrnvnnancni]innss P P PVPPPPURIN I 01111 A EH LT 350 60 LN PN R
155 Tquivalent of XXVIT. Aemanrahnas ecaansarenanrornccinnans fananasras
166 TUpper bench... Wy evmenananr b e renan Ceeneae 35
157 LOWer DODEN ¢ uurivirsnsvinnsnnsersanssnnasssaanue snansson [P P [
158 .| Upper part lower bench . 1 10
159 .| Lower part upper bench... 1 5
160 |.. Lower bench . .vvevvavennen 2 1
10t UPPOT DONON vanrerinrnemmerteetsacermasessannssbonnanmrranans 3 4
162 { Rock ereck ....... Bottom beneh. oovve e PO 2 ¢
163 |0 ceeeiiniannn, Lower middlo Deneh oo iaiiiiniicaicainnn ceaenne 2 4
104 | .a@0 ciiennaiinnns TUpper middle bench .......... Cheesesiaassurianeen eerereneenad] 18
65 .. do caeeieaea.ol. Top bench with two partings (one % inch thick in sample} ......}] 3 2
160 |....do ...o....... .| Tankee Jim clatm, G 80AM ..eervrenae cesaneeesiceenne Ceeeens Lowor two henches with 4-ingh partings (omitted from sample).[ 4 11
167 |-ceeO cemnraanann. Yankeo Jim elaim, G 80AM veeieacierenincnsivesaneonscnacennns] Middle DEnCh . ececeronenans R R ..oy B8 G}
168 [---.d8 creeeennnnen. Vankee Jim claim, 1P S6AM . ceecnrerannenncsnrerarvncansesvanss| Thros honches agaTeguting. cvemmreearenreann, s J I a3
U1 S 1 S N, {1 R, Cremreevan fememanananaa Y PO 3 srevennmeans vearean veeedl 4 8%
)\t Y 1 Yanlkee Jim olaim, B 800 cccneeoriarenissrsnnsansnnsennecnnnn ‘With two streaks of bone (omitted from sample)..... [ 5 7
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ANALYSES OF COALS AND LIGNITES OF THIS

and lignites of the Northwest—Coutinued,

MONTANA~Continued.

|
i
§
1
s

NORTHWEST.

185

| | kS ! , . . % J <
i n . i PROXIMATE ANALYSIS, 2 B4
R BBy | s iz
Sampler: < ‘ o ! | o8 2 : i Color of ash. | Charnoter of coke. 'g ﬁ'g o." 5‘3
: B oy : i ) i 5 A K =l
3 A IR 15 1ls | B |22
z g5 C2 | 3% & 4 | & g2 5 |83
Z 7 Il (EE| £ | 4 || & | f 2 £ 13
I “ | B k2 A < ‘Jf“ o | F i o
b “ N
| ! ! | ) | N
Eldriige. .o nnen NXVIT | 2-XVIID {680 | #8.77 | 4611( 10,32 6,80 18.05 0 113 {..... 11
el e XXVIL | 15-XVII ; 421 | 28911 00.00| .50 a0 1548l 2ae) . Ll
ceedlo XXIX 12-XVID | 4.80] 80.84 ] 43.89 | 0.38 : 4,80 | 16.3!); I na
Y XXX | I8-XVID |l 6.20 | 4805 40.00 | 610 oo Plukoooninnnn a0 e B0 165 0. 114
cllo XXX | 0-XVII ] 7.76 | 43,05 | 4190 | 6.60 [......\. cenll0 e B0 s 7.6 | 18.87 | 0.9 f...... 15
Y R ceee | XXXIL | 8-XVI | G0 @A 5L0D FIST-N O RY: B O | B30y 1020 L35 124
A0 ceeanenee XXXUT | 6-XVI 1 4,08 | 80.03 | 60.50 | 6.0 {...... WhO veeee ..o ceelld e P48 13400 LU ... |17
RO O XXXV % G-XVE L 66| 4208 | 4048 | 4001 Pink. e S O 6,53 ] 1724 | 133 ..., 18
i ] i
certl0 e, XXXV | 8-XVI 480 | 90.79 | BL22 | 519 . White....ocuen S F 280 | 1440 12|, 19
o e XXXVI 3-XVI 3,84 | 9070 | 5L0D| 58I [leoaeseari@0 e SO SO 384 | L2 | L. 120
R XXNVIL| 1-XVI | 522 8800 60.82| &77 {cmu- ool N TR \ 592 18,067 130 ... RELI
el s |XXXVIIT|  1-XVI 6.74 | 4r.88| 40.00| 547089 Pink.....i. ... ceeetlo s 6.7 | 1548 L3L| ul |1
Sdo ] XXXIX 1-XVI 5.0 47,83 | 00,97 ] 6.40 || 0.48 1 White ....eeuen.. e B0 eneaeaes | s o Lo0| s
S l XL 1-XVI 619 86.20) GL73| 480 Ceeedlo el e 6181 16.07 | L42( 83|14
R T bOXLI S-LXXIV 6.08 | 96,16 | GL80| 506 008 15,18 | 143 ]...... 123
|
oetlit e ] XLID | BISLXXIV 911 ] 43,24 4Ld42| 6.2 ] 0.11| 188 ) 095]......]12
0 e COXLUT | B-LXXIV 6.74| 88,35 50.60 1 631 574 | 15031 LBL|.... .| 127
ol | XLV | B-LEXIV 6.13 | 37,04 50.65| 598 613 | 14081 L83{..... 128
ceflu il e ’ XLV H-LXXIV 546 | 80,98 | 47.63 1 6.63 Sde | | L1 128
A0 e, I 2 S S 5.80| 88,80 50.10| 8.1 590 | 14571 180 }..... 130
. .0 (O OO cof 808 [ 20,731 43,06 | 2.66 || 4.40 | Plnkish, 2,02| 0%, L. 131
60 R PO 426 38,60 | 4112 | 8L12 Y 6.04 [....do.... 150 o8 L2 132
- e 490 | 17,03 | 56.98 | 2069 || 1.00 | Yellowish ...... 200 | 8081 G| . 133
- Voo o] 788 86,07 40.85) 16,20 || 122 .o ceeerannnn. . 5,20 | M2l Ll o) 18
L. 2’7 N IO . 456 | 28.44 [ 41,90 | 25,10 || 213 | Pink......oo. cenfoeido 270 B0 147 | 135
% S BT 414§ 20,70 | 40.90 | 25.20 [[10.83 | Pinkish .eonreevifiennd cnnnniinnns] 288 | 20,41 187 il 180
| viv ‘ cerre e 682 | 30.74 | 4153 14.00( 188 | Plnk..o.esooeeen. 0 s 307 1064 | L13) 210187
VI feeveeeenn ceveewd| 654 | 86,00 | 45,20 | 12T || 150, White ..oo.... IOV PO [ SRR I 5 B TS R DI B R 1
e I Jeeeraennons S Tor] o6z de00 | 047 | T Red ceiieriennns 10 ceeeeeiennas] | B38| 1198 i 195 L.l 180
X 3,95 20.87 1 8853 2725 1 L1L, Whlte...ooeee. ceel0 e ceeeae| B8] T4E| LB 140
; et 8,28 | 35,73 | 40.70| 12,18 || L84 | Yellowislt cuvver] o0 oonnnnnns ol 8200 1290 . L2 ... 141
. X1 625 | 47471 44.10| 1200 || 1,40 | Pink..ooverennnns ceee0 eoeee weennnt| 8043 ] 12| 127 23142
XILK 6,80 | 1308 | 8700 | 2203 || 0.91 | White .eeererrnns ceell0 eevnenene| 843 1w L2 143
XIvr 8.52 | 98.70 | 44,00 | B.OL | 148 {eiad0 vrireeemmrenfeen o0 e 605 16,83 113 ......) 144
xv 8.00 | 40.79 | 22.37 | 28.84 [} 0,06 | Yollowish o e coveend| B181 30015 054 ... | 145
Xy 7.8 | 83,40 | 42.45 | 16,5 | 0.50 | White ...... cneeo L 343 19.2 2 .} 146
XvIr 2111 25,95 | .00 | 88.85 ) 100 | .odo.. Y 097 3.2 5 Y
XVII* 2,60 | 37,63 49.03 | 10,08 [ 276 |....dv...cn.n + Good but denas. ..\~ 1,928 ) & 20 1148
XIX/ S me8) @366 GeBL| .06 | 264 Whita.... .| NoEe ceveune L23| G| 102 ..... I 149
b0 A FUOURRN 4.23 | 26,70 | 60.80 { 18.18 | 171 | Pink...... NOUO evnnaenenns 178 707 ) 190 ... 150
p':4 N N sl 853 8840 47.65| 10,86 { 3.70 | White ... .| Good but dense...| Lo4| 14| 12 240 1Al
XXIL [eevnn vanenn 147 | w201 48,67 | BLUG| L03|....do ... J Worthlesa........] 040} 410 182 ... 162
p':41 § O PO L70| 98.80] 50.57 | 18.78{ 2.82( .. do....ce- NOUO . .oeveeveeee] D48 54T 175 25163
EXIV foeeeienenns el 1m ) eris] dmes ) 22,89 | 0.38 |0 iaeiinnins RO R, A0 400 179 ... 36
xxvr | 1‘ 176 89.15 | 18,94 | 40.85 | 247 |00 ceemennine e Fadv o] 071 5.57\ 0.461 ..... BT
XXVE . o21sq 95,92 50.87 ] 2008 | 206 |....d0 ceeeeerenes] NORG L ovenens weeee] 0BT] 503} 106 ..
XXVIV f ................ Doaar| uns2| 49,80 880 8,241 . .do...cees....| Faiv but dense....| 103 aos‘ L.
EXVILY fvevnnennn e L2098 DRA8| 47.27 20,05 | 525 | None ceeoriieene Phuk.oooecineenaes| 0,08 7831 LGB
XKIX eoeevcemnmnens, 220 | 2048 [ 45,07 26,26 | 8.07 |00 cooeerionfoenelo o conenneaenan) 097 RTT L LT0 )
XXX |eeenn cerarens . B.4T \ 40,33 | 83,40 ) 1774 |1 0.80 ) Red,ovonasiennnes el e e 403 16,28 { 0.82 |..
XXXE  fovarermnnnnnn. U802 #2.73| 80,20 | 10,45 | 0.86 | Whits coonerenene b0 e 4.&‘ 15.u5l 1,10
A f ................ o218 4088 ] S812) 87T ] 200 Pink.o........ corefee0 el 218 040 LT
i S O 2.08\ 48,700 4789 0. { 2.08] 8300 109 |.....
C feeenn NN 4.52 | 38.06| 4176 | 15.06 | 462 13T 109 | ...e
D } ................ 5.37 | 44.76| 88,541 1138 587 107 086 ).one
1 TR PP 601! agdl| 747 T.9L oLl oLoen 077 [
... by ’ ..... eedemeenn)l @60 BRL70| 40,07 5.0 5,55 16780 124 |
l T RN ceneens 3.78 | 8813 [ 4481, 1875 578] 1817 L16 joonee
L. u i reerereaieans 500, BR.07| 49.07 6.2 | 500 [1oeenens ) f ......
LT PP B SSRURRUON SO IR IRBC O < /0 : N 4,800 1417 L2 ...

VOL XV}
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TABLE 47.—Proximate analyses of the coals

MONTANA—Continued,

o
E
2
EE
Field. Locality. Name or number of seam. éé
S by
% )
&
171 | Rock creek ... .... Yankes Jim claim, seam below C
179 oo @0 emeenenanne. 8ix miles above Clark's fork
173 Gnllntm valley ...| Head of Sixteen-Mile creek, Gallatin county ....
174 ceen
175
178
177
178 |.--
179 |..-
180 f....
181 |..-.
182 |...-.
188 §....
184 |...
186 |.var@0 cieininnnnn., Star mine, Mullell PASS «ovtivererstsicntenrenassnmnncnsesnannan
386 {..aidO e an, Star mine (1881), Mullen PABS-«cvvvveerevaairirnnsecatananannn
b L: 70 PO T R Star mine, Mullen Pass seeeeeeinrarmcirenrennnn sameseeisaerunas
188 1. 0 ceneiiieeoL
180 [oendO crcarnnnn,
Hell Gate, Mis-
160 soula river.
101 §v.e G0 eeeeenenn,
b 1) 2 {1 SR Y
188 |..r 00 crianiniannn
194 {.ow A0 eenninniannn. One ton coal on AuMP..ovsrcvennniiennanse heremennsuaneanin .
105 (oo Q0 coiiinaaa., Bpecimens of black Hgnite..cewovenrenivmniernrernrimanenniann. 2
100 oo @0 cunennninenes] NEAT FOW CHIOAEO « eenesrrncs cmmeeeveanen eomeseeennamemmnsen el oes e e e oeese e e e s eoe e ee s e e emme e smemmaessansrarnenns sanmnn o .
L L S N R SRS N
198 'T ndith basin...... UPDEX DEDCH 1 e e weenr cmmnmscvemvsmmnmnnransancanrsnsrsneennns
109 1. @0 coecnninan, Layer below sample XXTI} L. otoiiiiiiimminsianienmmananans 03
200 [ .- 00 ooreeeoonne BEI0 T0CK 1.1 111 00cemmm o oeoreroeeesoeeseeeeesoeeeesl e eeers s ereeseeeseeeeeeeoeem e oereoe oo oo
200 | .- €0 ....n ERTTI DD OLOOK 1 ettt rt et et oo et eee e n e e r e e a e b aanraen e eaeanns
202 o0 il L S SO
208 [+ A0 cinecannann.. Kastner's Belt creelc Blackamith, lower ...
204 |... A0« wauiiieen Tonnnn do . s Available coal
205 [vor @0 wicneniiananns George Heisoman's, THOR v euvecvuunsencrternensmnnsaseesascmms|omeee e e eeeee e eeeeeannesen
206 |....do ..., L U OUUTE R S
207 Horr's tunnel. .o e e Top bench .........
208 |.... clo e e eevesssriianseyane..| Upper middle bench.
200 1.... B e e e e aaann Lower middle bench ..
210 §,.-. L PO Bottom bench........
200 ..do, i o, "Horr's 0pening at WAgon-Toad .vveen . oeeenrreenien e aennnns, Upper middle bench.
212 joawdo —ieen ol Horr's opening af upper et «ouveeeveeniin vunuieaeeeaaens Top and npper middle BENChes «.ecreemrirereercnoniomareaassen.
A PR 1, R B U Lower, middle, and bottom Lenches
214 |.v..d0 cialll oo, Luke from coal from Horr's tunnel (see samplesl and 2, 8b0Ve). | . iivins veiiin e T LR TP
L2 Y T R, HOTT'S IO vavean e it r et e e s e e oennes
b2 1 B SR CANDADAL MOURAIN vt eeeeeeeereeveanannnnsss
217 l..do el ... Gourley and Gilis's mine-..vv.veecrenarenennens
L R U R OPRosite GAXAINOT. ..o . vevvneotiieeeaennns s,
219 ... do .. ...l Tront & Co's MING . . vene: ceeeiins vireinnnsaans
220 ] .. do... -| Opposite month Gardiner river ......... -
221 |....do .. .| Reese's elaim, Cinnabar mountain ........
222 |....do . .| Quterop at mouth of Wild Horse creek. ,.onnevnee...
223 |....do + 1 Clnnabar mounbaim ..oveeeicr vy erive st aiee e oens
224 | Flathead 1iver --.| Upper Flathead river

22 ...

226
227

228 ...
229 |....

230

23 |....

Jdo

Sun river, eastern
Montana,

Eastern Montana .

Fort Keogh
Moure river
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and lignites of the Northwest—Continued.

MONTANA—Countinued,

787

3 qiui PROXIMATE ANALYSIS,
B g8 .
g "g'ﬁ L B @ H
8 78 82 | 8§ ,
Sampler. = g.g . :g 'E
A AL
E Eh BoleR | | 4
a 7 B (PR A | 4
R0 AT B A DO 470 | 20.33 | 62.82| 3,00
S [ S e emenreemeenenad| 206 | 85,00 | 43,70 10,06
ceenflO e, e 1B LD ereeeeen, 800 | 3814 | 3873 | 1i2
JR £ : T P 9.51 | 86.58 ) 89.80 | 14.11
I I veneeeeel BB Ll 8.20 | 83.05| 85.67 | 45,08 !
aeellO e 11 S N 8.50 | 85.14 | 3452 arsd |
YT B el 1B il oo 7121 8591 80.64| 18.03
RN 1 SR -3 J ORI veeed]| 07| 85,64 8806 | 17.18
S 1 S SO IR ) : S SO 022 20.03 | 26,02 | 92,83 |
SN T S b111: T S veeceeend] B3| 1LEO L A0 7074
veenllO i vl B e 10,90 | 31,06 | 8850 | 10,48
S T S e 12B 0 leeeieie ., 748 | 28,74 | 43.64 | 20,10
S B X leeeeiiennn. 2000 3680 5071 1070
R 1. b SN I L88| 85.81] 5205 10.70
Eldridgo...oe., . . L 282 1848 | 47,82 81,18
U 1 O 5 R 2,07 | 2320 | 6330 10,53 |
o el SR 6 . veseevennnll 2084 20,85 BLA28 | 25.08 |
O 1 U I PO 1 418 10.10] 0] 3445
Putnany...... e 1 fenemercecionan. 0,75 | 42,45 85,01 12.70
R, Pumpelly...... 1 ceerarerenasaald| 21032 83,66 | 2810 | 16.92
10,89 | 35,80 | 27.08 | 10.54
22.30 | 86,74 | BL97| &0
28,44 | 88.08{ 2702 1146
1241} 41,03 | 43,85 | 2,01
1447 | 40.88 | 41,22 3,48
7800 20.80 | 7.87 | 4. 88
44 teemaeeeeenn ] LB 22,40 53,70 | 22,41
ElAHdge. eerenenes| XXXID Joenrennrvennnnns 2,58 | 31.48 | 48,22 | 17.74
ceeellO e v XXX Lovoennnoe.-all| 180 | 28.63 ] 3850 ] 3087
R Pumpelly ocoesfoeeriinrnrn.lonenes e 708 80.20 46.54 ] 10.14
SN 1 SRR ORI PR 2.41°| 23.36 | 86.68 | 37.55
;[ S B reminneeeenadl] &30 32,64 4879 | 14.27
S T SRR ISR U venrenn 3.02 | 44,22 460,58 628
SO L U AU PPN cedl| 2084 20,80 | 4787 20.49
O R ORI SN SO el 743 8052} da.e0 ) 18,36
J L PN IR NS anna 335 2804 46.13 | 922,48
Wolffseerenn.... 1 errmneeennen 0.99| 87.51| 58,50 | 800
RN 1. S 2 chveemveeeeand| 009 80.47 | 5438 | 516
BN T S, 3 vememeemneeernad|| 0,05 | 40.75 | 5340 4,90
ceeellO i, YR N R 0.00 | 10.97 | 10.78 | 59.26
e 0 v ereeeemanan 5 erraen—as 8,68 35.04 | 49,05 | 7.03
Y TN 8 reeenanns codl 782 Be20 ) 4nd0| &80
ceello e, 7 e B8O B206| 48.90] 10.15
[N T SO : T RO 2,12 | 1250 | 77.40| 7.98
IO T SRR 1 errereean vl 2811 36,80 | 5303 G667
S V. R S R 8.43 | 20,28 80.82 | 27.47
ceenllO e, 1 feemerenns e 12.60 | $7.37 | 89,81 10,22
Y T B, 9 evrnee e ool 107 ] 36.58 | 41461 10.80
R S S PO 7.70 | 8571 47.76| 883
cellO e, S N 318 89.78) 48,48 856
I O 1 eeeenn v [ L04| 3545 5424 0.97
I S R 1 vt | so.00] 2311 36.98| 787
S VS, I IO e 15.67 | 33,951 44,28 6.25
R. Pumpelly ...... | PR Ve 12,86 | 45,25 | B6.80 5,09
R 1 SO, B0 . U S O veesleneo i 34D | 50,031 86,51 | 0,07
SR VYR SRR Bt e 2.90 | 80.82] 45,50 | 14.80
Eldridge.......... ST ISR 13.12 | 82.23 | 42,06 10.49
WS «eeveenn.s A e 1410 | 86.96 | 8576 | 15,10 |
01T NS 11T O RO AP 13,55 | 38.80 | 3783 | 10.23
SN T 15 nrereraane ool 1432 | 40,56 | 84,081 1190
B I SR . bt wemrenveemeeenaod 12,431 36,020 40.40 1 10,164

Y &
- k] e .
Color of ash, | Character of coke.| &5 "’Ef ° {.‘? ‘é%
. o Ho £ HE
E PRI E |88
% 303 |9 |E°
& ElE | & |S
0,00 | Bright red........ Pink...veavenennns] 47 12,80 2,14 86 | 171
ceeen.] Redo...... ceerll0 Crnmenn e 2,06 7. 60 1.24 4. 2
White . 0 cennneriennas]  B.8B§ 14,87 1.0
-..do.. N[ wevess| 6,84 | 15,84 LOB loeunan| 174
- do.. . 5751 13.25 1.07 .} 175
cedo.... ve—— S 1 S 6.75 [ 15,14 | 0,08 |......] 276
Y L. o e weed] 6,501 13,54 L2 e e 27T
RS PN (1 IR PR : [+ SRR, 8,60 5,07 LO0G |venen. ‘178
...... Red vovvvvvvcivunefienc@0 commeainenas] 4005 | 12,41 002...... 170
...... Brown.,eerinerensfeeenl0 cicacaiaen. 0. 51 7. 50 0.50 vvaeni 180
...... 17 DN FUNY: | SRR IR FOTINN S 18- S IR i 31
...... Pinkish.vvererveeroanslO cooennedons 4,78 | 12.47 LA feeenn | 182
....... Pink..cceerveeeen.| Good oooeanoL... 0.58 8,22 1.89 8. .
meee-] White covveeeanen. POoOTveencninnannes 0,05 3.28 1.47 . 184
L0 [oenl0 eeeerrennnee| GOOd L eceeeeenan| 054 812 2067 feeo.o. b 185
(U7 PO 1) SN [N Gz | 300 2|86
0,97 |--e o0 oo ccvvrrmnnceroe Q0 virneaivennee 0,47 3. 00 2,45 vemeesi 187
1.98 | Reddish .ouviennnn]ens 40 weennn P 110 65,87 2,90 {uen-..' 188
2,55 | PInKueeeennnnnnn. None coveeervanen 7.04 | 17,51 0.84 [.o....] 180
1.07 | Paleved ..eveeane. PN (O P 0,83 foeena.!
. D 18D
160 | Brownialeeeusveerfees @0 ceunesrnmnasdonnsians 077 [eren. | 200
1.03 | Reddish .. 080 |oeeen. i 102
0.08 l.c..d0 v eenane 0,70
Light brown ...... 106
Yellow red........ 100
Veryred..ooernns | 770 ) 20,25 0.26 (.
0. 80 4,00 2,49
0,60 0 00 L83 Jeeeen
0.82] 855] 185 [......| 100
. 8 2,48 8,86 L28 1...... 200
8,06 | White ..oeeeennn-. None ...uu. [N semsansjvennnnen]  LOT {eea.. i Q0L
B {2 P V) B PR 1, SO, [ P TR N T 11 I P 202
A O 14 R L ¢ 11711 AU I U T A 1110 I 203
5.88 | Parplish..c.oewees| Nona ooocveivenes |on c—anae veemaian ToBL [eevens] 204
2,77 1 Whife....coeu.e. [ 1 SRR PO 1,43 [5.....] 205
b3 I Y U SRR (RSN (s IR NP SR RPN NI X | ) FUTORN 206
...... Palered ..oooneof Good oeeeaanll| 015 160 1,42 fooeel) 207
vevarelren O cevmriimrinnddeenn @0 siiiiananne el 0,40 174 187 |veeensi 208
...... 3417} 'R PRI [\ IO 0,46 1,67 1,81 |.eee. | 209
...... White oevr ivreens L 27 5420 0,00 f,.....0 210
2,08 8, 63 189 ... 211
2,06 8,53 .20 |......] 212
2,61 882 L62 [..eeedf 218
PP PO F R A 8
0,78 3.68 1.45
0. 97 4,20 1,35 34 | 216
5191 1495 | 0,97 [coeee 217
- 4,67 | 12,88 1,18 |.aene .| 218
Dark red . 2.01 712 I 219
R 7Y S Worthless 1,26 4,04 1,21 |.onv..j 2206
[N PN veeeo | Fair; dense .ooo..| 0,14 1,03 1,68 foeaes e
[ R {1 R, RPN I ) 1 5,67 | 15,85 1,11 fo.....) 222
...... P O S 1 T 4,34 | 12,580 1,30 [eanear 223
150 | Yellowishred ....0....d0 coveriieannn 6.18 | 1807 0,81 {eaues.] 224
37 Retleeceeneene [N U T U IS UUUSTURN Y X - SR 225
4.20 | Very ved.....-.... Good ..... e 1830 634 130 |.....| 296
0.466 | Dirty white..ueea.] NODO . covnivnnus.n ho3 1 17.67 128 loaees o 227
(U0 30 R { [+ R, PR (/N 817 18,79 0,97 37 | 228
0.66 } Reddish ....oceoiufee @0 viverriannns 6,806 17.82 0,08 lame... 228
0.68 | Buff ...un.uss veerferallOaiirireeenn 7,861 21,80 0,83 |neuuas) 80
0,58 | Reddish covevevnaitdene@0 ivnonaannne 5831 1812 1,09 loenas.) 231
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TABLE 47.—Proximate analyses of the coals

MONTANA—Continued.
T
H
g
e
Field, Locality. Name or number of seam. E g
. @
. g‘r».
§ 22
&
232 | Dakotdt .-e...iin.
J:1: 12 2 R [V R,
1T S (TR
285 ... @0 veeeaniaian,
286 ... Ao cenuan...
PR T B, [ R
b1 N ) (7 S
280 1. ... do . .ans
240 [....A0 . anennannl,
1 i Wyoming...... 0 1 R PO .
F A S T £ DO P PO SR
3| Colorado ... ...... 1] Y 0 Y herameaseceatinnnni e S
4 cdlo o Bt TR TR N U
6l...do. Trinidad, SRR VTN BIIBB .+ cenen e iiiirimmaee e trimsersn|taatee co et eamc e ea e e e amaen e mataa e anaanmneat s
[ [§ P RPRRPRN B L e B TS ) O ) O
7| Washington Skagit Piver ..oooiiii i iiiai i caaes
8. .o ..., o| Upper ¥akime. vovveuneereimaiannanecnn,
0 Oregon voevvvennn. Blue mountains

10 | Oregon, southern .| Camas mountain.......

11 | Idahol......

1 I ALSKR cneen

«ws| Flont-cosl from Kootansd river.... .
vl Admdraliy i8tand ..., i ieeies erarimncaneaea [

.| Pleked coal ..
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MONTANA~—Continued.

% ‘ s = ;

. R PROXIMATE ANALYSIS, 8 E.

2 bk 1|5 .

E ﬁg gg 5 I [o g%

Sampler. 5 g ;ﬁ g .g Color of ash., | Character of coke. ,g 53 °°,P g:é

] " 3.9 - A Ee] ]

SRR IR gy | % (5t

2 £ SRR ELE | £ |8
18 18,07 | 44.81| 36,64 5.98 || 0.91 | Yellowish red ....| None 0.82 ...t 252
1% 1163 | 44.06 | 85.74| 8.67 || 0.72 | Reddish .ccvuev.n. ve..do 0.81 [aur.| 208
2 18,70 | 4104 | 3112 | 18.24 | 1,056 | Yellowish red ....|....do . 074 | eeeen 284
21 18.09 | 80,81 | 85.58 | 11.52 || 1,07 | White. verdliaedo 0,80 |1anen- 285
22 12,69 | 48.00 | 04,34 | 0.01) .04 ... do-. e do 0.79 lewun-.| 256
23 1496 87.72 | 33.20 14.82( 0.05 |....do.cauiiunrnnn. ..o do 0,88 |ucnnn- 287
b1 14.33 | 88,08 | 86,18 | 10.61( 104 [... do..n. O T 0.92 {vune.-. 208
2 14.80 | 48.26 | 8257 | 0.87 ] 1,10 |cc..do riiiiianes veeedo L. 0,72 |eannas] 209
............ 1219 | 47.81] 86.00| 500 | 0.52 | Reddish ..........|....do .. 0,78 [neens| 240

: MISCELLANEOUS ANALYSES.

R. Pumpelly...... 7.69 | 41,61 | 80,86 | 11,04 | 0.20 [ White... .| ‘Worthless........ 880 | 10280 0.05{......] 1
SR T SR 0.08 | 85,56 | 48.60 | 14,87 | 070 }.._.do.... .| Poor; denss ...... 03| 22| nsel.....] 2
0,47 | 84,20 | 58.17| 12,16 0.62 [....20 currereriuian GO vonemcuernns 068 | 2.18| 1.55|...... 3
031 200 8266 1404 | 0.41 | Reddish ....cennen remeraneanvanenees 048] LI18fceeeen. | ceeee| 4
0.78 | 82.47| 66.81| 0,04 0.74 040 204! LW | 5
0,90 | 218 | 78.88 | 18.64 | 0.38 | Reddish white 0.85| 0.903........ verene] 8
117 | 14.40 | 64.56 | 10,87 || 0,87 | Reddish ..... J ooex| 281 4.48...... T
0.90 | 40.87| 48.30 | 1n04 |...... Rodcoeenemnmenans Falr; dense....... 080 200 118l (]
1.08| 24.40 [ 84,70 80.81 | 0,81 [.o..d0 cennnrrranann Worihloat,eeeeeo{ 002 170 1.42(vc.... [
158 | 4282 44.94 | 10,71 || 440 L. 0 seemnerenie.] NORO wuerervannnes 158) 628| 1.04[......] 10
) cemevnasnmncones|| 0541 59,81 81,45 8.40 [ 0.65 | White cueuusanernn 018 0.64| 0.52 [uurens] 1L
eenerae ] eearemnranesanedl| 500| 87.96) 857400 155 0.78 | Yellowhh ..co.... NOUO wmvaremsnaes] 1481 587] 151 |eeenes 12
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TABLE 48.—Hlementary composition of some of the western coals and Ugnites, dried,
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ashless, and free from sulphur,

ANALYSIS.
Territory. Field. Samplegz Oggiﬁllij or
ple. Oxygen
Carbon. | Hydrogen. and
nitrogen.
Wilkeson .eeeeveuer.-| Willis | u 81. 58 5.87 13.05
12 82,42 5,60 11988
19 84.19 5,25 10. 56
20 85. 07 5.40 9,53
21 83, 60 b, 66 10.74
33 and 84 80.85 6 11 14, 54
35 82.91 4,88 12,21
36 85,23 4,73 10. 04
37 84,01 5,17 10. 82
04 - 85,71 5. 21 9.08
a5 81.83 b. 46 18,21
a8 g3.48 2.41 4.16
69 88,41 b, 06 6, 64
71 88.23 4,66 7.11
47 78.94 5.72 15. 84
80 83.85 5,16 11. 49
23 76. 82 4,73 18.45
25 76. 43 5.96 18,21
. 206 - 74,57 5.48 20,00
Bozeman, Seo, 24, T, Seo, 24, T. 2, R. 82, 53 8.51 10. 96
2, R. 8, hest coal, 8, beat coal,
Doeveeinenrnennne Fudith.caiiiniaiifionens [3 0 S viv 78, 67 8. 66 22.78
VI 73.78 8.70 22,52
X1y 72,48 3.84 24,18
XXT1 80,17 5,47 14,36
XXIIr 81. 57 4.52 18,01
VIym 81,14 5. 89 18. 47
IXm 82,22 5. 24 12,54
Py 79,68 5.48 14.84
Xy 80. 87 4,57 14.50
XV 81,36 8.7 12,87
XXXVIII 78.70 3.28 22,03
XXXIX 76.15 2.p4 20,01
XL eeenenciens]voaiinncennidincnacvaeans
Hory's mine, 84.39 5.78 .83
0. 2,
A 78.08 4.02 22,90
J 7,54 0.83 21,03
Miles City..cooveun. 7 71.80 4.01 24,19




THE CONVERSION OF LIGNITE INTO FUEL OF HIGH HEATING POWER.
By F, A, GoocH. ‘ a

The experiments, of which a brief account is here given, were, at the request of Mr. Pumpelly, the Director
of the Northern Transcontinental Survey, undertaken in the attempt to make from non-coking lignites of low
grade and feeble leating capacity a good locomotive fuel of comparatively high calorific power, and, though the
investigation was hardly mnore than begun when interrupted by the discovery and opening by the survey of the
Bozeman coal-field, it has been thought advisable to make record of such facts as were observed.

The problem of the utilization of combustible materials of fragile or pulverulent nature is by no means new, and
the number of processes of treatment which have been proposed to this end is very large, but in most of these the
- product either possesses a calorific value scarcely greater than that of the origingl material—like the compressed b

brown coal of Europe—or is deprived of a portion of its possible serviceability by the admixture of incombustible
cements.

Of all known modes of treatment, something like the process of manufacture of the so-called Parisian coal or
like that of the Welsh anthracite coke seemed best suited to the case of the lignites, and attention was accordingly
turned in these directions. The mode of preparation of the Parisian coal consists, in brief, in the grinding of
-charcoal refuse with from 8 to 12 per cent. of water, intermixing thoronghly 80 per cent. of coal-tar, molding the
magma into eylinders, and coking the last in a muffle farnace. The product is said to be less fragile than ordinary
«charcoal and more inflammable than coke. The process of manufacture of the Welsh anthracite coke involves the
intimate mixture of 60 parts of anthraecite coal in fine powder with 35 parts of 9 good coking coal and 5 parts of
«coal-tar, and the coking of the mixture beneath a cover of 2 inches of bituminous coal. It is claimed for this ¢
«coke that it is about 23 per cent. heavier than the best Welsh coke from bituminons coal, gains only from 1% to 2
per cent. in weight when moistened with water, burns without decrepitating or crumbling, and is an excellent

.-cupola or blast-furnace fuel. In certain experiments instituted to test this method of utilizing anthraeite slack, in
connection, with the work of the geological survey of Pennsylvania,(¢) mixtures made according to the Welsh
formula failed to yield a product of the requisite coherence for ‘use in the blast-furnace, but a mixture of 50 per
cent. of anthracite with 50 per cent. of bituminous coal did yield a fuel said to be capable of bearing the burden
of a 75-foot blast-furnace stack, and of good color and structure. Anthracite dust was the base of the coke, but
that the dust was quite coarse is evident from specimens of the product kindly sent by Mr. John TFulton, of the
‘Cambria Iron Company, in whose ovens the experiments of the Pennsylvania survey were made, and of that in
the metahurgical collection of the National Museum at Washington, A large proportion of this dust must have d
failed to pass a screen of five meshes to the linear inch, and it may be that just here, in the degree of comminution
of the material previous to coking, the occasion of the difference in quality between the products of these tests and
that of the Welsh ‘manufacture is to be sought. At all events, the experiments about to be described certainly
point very strongly to the conclusion that the fine pulverization of the materials is of the greatest advantage in
securing by coking the homogeneous fusion of bituminouns and nop-bituminous substances,

The materials employed in these experiments were lignites from several localities on the line of the Northern
Pacific Railroad in western Dakota and Montana, bituminous coals from Connellsville, Pennsylvania, from Montana
and from Washington territory, the composition of which is given in the following analyses:

‘ | : .
1. I, III, IV, V. V1. | VIIL VIIL IX. X. X1 ©
Pi?int 1001: ’\%ﬁntmin Littl W ogon C 11 117, tly | IV, 1. v, 1),
~ mniles wes otherwise 1itle . mlne Jonmella. ar ATt DA
‘Missoula. | "¢ yrileg { unde. | Missouri. | BIY Wi0e |ywochington| Montana. | Ty "oy roagtad v rongted v rm{etedy
City. seribed). tervitory.
WAL veee it iacmcacaiinnenans ' 23.44 21, 66 21,26 25, 53 23, 56 122 0,985 1,53 7,68 0,88 8,83
Vol. combustible matter. . ... 88,08 38.12 82,34 35,18 85,87 32,88 25, 65 30,13 8.80 12,60 12,39
Fixed carhon ..covemrnneicnes 27,02 28, 29 34,98 83, 59 30,71 50, 67 65, 82 60,17 42,35 60, 32 61, 68
X1 11.48 12,03 11.42 5.70 9. 86 15,23 17,88 8.17 2L11 17.20 16,10
100. 00 100. 00 100, 00 100, 00 100. 00 100, 00 100,00 100. 00 100,00 100, 00 100, 00
@ Report of the Geological Survey of Pennaylvania, vol. MM, . f
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n The composition of the residue after drying or after complete roasting of the lignites out of contact with the
air is, of course, readily geen in the figures of analyses I to V.

In experiments 1 to 12, finely-pulverized lignite from Missoula, the composition of which is given in analysis
I, was employed with a coal-tar which yielded 33 per cent. of its weight of coke. Small amounts of material, from
5 to 10 grams, were used in each case, and the ignition was effected in closed platinum erucibles within the
flame of & large gas blow-pipe, so that the coking might be accomplished at a high heat quickly applied, the most
favorable condition for cementing the material and returning the largest yield of coke. In experiments 1 and 2
the lignite was taken in its natural condition; in experiments 3 and 4, after the expulsion of its water of
composition, by drying at 1150 C.; and in experiments 5 to 12, after thorough roasting out of contact with the
air to remove the volatile matter. The proportions used are given in percentages, and the figures corresponding
b to different conditions of the lignite are given in cach case to facilitate a comparison between the different
experiments, but those figures which represent the composition of the lignite for the condition in which it was -
aectually used are put in heavy type.

1. 2. \I 3. 4. ; 5. 6.
t
Materiala, ! R : A
Missoula lignite; | Missoula lignite; | Missoula lignite; | Missoula lignite; | Missoula lignite; | Missoula lignite;
conl-tar, conltar, coal-tar, coal-tar, ! conl-tar, coal-tar,
Natural HEnife ..oooviivviiinoiniininonan. 76.9 35.6 65 56. 6 ; 95.3 1. 4§
Conltnr. . coii i e rceie e 44,4 35 43, 4 4.7 8.4
¢ Dried Hgnite. ..o iiiinniiiinaiinnn, 58.7 50 ] B
L 70T10 B8 ¢ R veeein 41,3 50 T R ETTRTII I
‘Roasted Hgnite 0.2 313 ‘ S6.7 80.7
Conltar ... ...oveees 50. 8 6R.7 i 13.3 193
Treatment. . ooooeiviiiinriieiiaiie e frrecasriien e e s e e s e Mixture tamped .| ‘Lar at Lottom of
‘ crucible  with
lignite above it.
Residue .......ocon. eie v, rerinnens Not coherent...... Coherentbut gran. | Coherent butgran. | Coherent butgran. Feebly coherent ... Feebly cuherent,
’ ular snd very | ular and very| ularand fragile,
i fragile, fragile, :
7. A X 9 10.. 11, 12,
Muterials, '
Missoula lignite; | Missoulalignite; | Missoula lignite; | Missoula lignite; | Missoula lignite; | Missouln lignite;
a conl-tar, conl-tar, coal-tar. coal-tar, conl-tar, coal-tar,
Natural lignite .. 91.6 a6 01 6 91.6 86, 6 72
Conltar. .l oveeen.n 8.4 8.4 84 84 13. 4 27. 8
Roasted lignite . ... 80.7 §0.7 80.7 80.7 - 71.4 30
Coal-tnr.....oeuenn 19.3 19.3 19.3 19.3 28.6 " 50
Treatment ...c.vvoiiieirieanioervnmaconase .| Mixture not | Mixtare tamped ..| Moistemed  with | Moistened with | Moistened with | Not tamped.
tamped, naphtha and water and water and
tamped. tarped, tamped.
Reslduo. covirviraneinneiiiiavais sseensnnsns Coherent but gran. | Coherentandhard, | Feebly coherent..| Feebly coherent ..| Feebly coherent..] A true coke of
ular and fragile. | but not cellular, fzfxir tcolm- and
structure,

¢ It is evident that under the conditions of these experiments a mixture of roasted lignite and coal-tar is capable
of producing n firm fuel, as in experiment 8, in which 19.3 per cent of tar was employed, or even a true coke of
good structure, as in experiment 12, in which the roasted lignite was mixed with its own weight of tar. The bad
effect of the presence of the volatile matter of the lignite is obvious in experiments 1 and 2, an amount of tar more
than twice that of the fixed matter of the lignite proving insufficient to produce a firm cementing of the materials,
and the removal of the water of cowmposition alone seems to improve the matter little, Tamping, or the compression
of the mixture before heating, is advantageous, but, as would be expected from the results of experiments 1 to 4,
the addition of volatile matter to the mixture is deleterious; and this effect appears to be due to the mechanical
disintegration of the mass by the evolution of gas at the time when the fusion of the particles should be in process,
rather than to chemieal action, though it would not be unnatural to expect some dissociation of aqueous vapor at
£ the expense of the carbon, more espeeially as the application of heat is sudden.

In experiments 13 to 23 bituminous coals, either with or without the addition of coal-tar, were used for the
cementing material. In experiments 13 to 17 the roasted lignite of analysis II, the Washington Territory coal of
analysis VI, and coal-tar yielding 33 per cent. of coke were employed, and in experiment 18 the same lignite was-
used with the Montana coal of analysis VII, In experiments 15 to 18 portions of 400 grams were operated upon
in tire-clay crucibles in a Fletcher gas-furnace, the crucible being at a red heat when the mixture was introdueed. -
In other cases small portions of a few grams were treated in platinum crucibles as before. In experiments 19 to-
23 the lignite from Montana, represented by analyses III and IX, in the natural, dried, partly roasted, and roasted
conditions, was used in mixtare with the Connellsville coal of analysis VIII.
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i i ; a
13, 14. - 18, ! 16, 5 17, 1 18, '
L !
Materials, i ot i
Lignite 100 miles | Lignite 100 miles | Lignite 100 miles | Lignite 100 miles 1 Lignite 100 miles } Lignite 100 miles
Weﬁ of Miles City ; Wosgt of Milen%lity; westof Miles Clty; | westof Miles City; | westof Miles City; Wasgbrcl)f Miles Caty;.
Wilkeson conl. Willceson eoal. Willkeson coal; Wilkeson coal; Wilkeson coal; Montana coal;
coal-tar, conl-tar, coal-tar. conl-tar,
Wotaral Hgnite «oveoveeereeen il 90.8 . 8.8 86.4 88,7 l 88.1 78,8
Coking ¢onl. ceeveerioianriiniiiniiiai., . 9.2 21,2 8.7 9 } 5.5 18,5
0 B R o A 4.9 ‘ 2.3 ; 2.4 2.7
Ronsted Hgnibe «ooveenaenanaiiiinii L. .80 60 e 76 l v5 (171
GoKIBE CONL.ceuernerereseanaeecveannes, 20 40 18 19 | 20 35
CORIERT e eaeerenecoecmeeemmamaeeemnscan e eeeee e eeeae e e 10 5 \ 5 5 b
Residle oovvienrraraneiiernncaen PO Firm and dense, | Firm and dense, | Fitm and dense, | Firm and dense, | Firm and dense, | Fin d &
but with no cel- but with no cel- but with no cel- |~ but with no cel. bat ‘?'th no ce(;: ‘ l;glt tztl'lz‘lﬂh nglii%
lular strocture, lolar structure, lular structure, lalar structure, lular structure. Inlar strocture.
19, 20. ‘ 21, 2. 3.
Matorinls. f
Moantana lignite; | Montana lignite; | Montana Jignite; | Montana lignite; { Montana lignite;
Connellsville coul.s| Connellaville coal, | Connellavills coal, | Connellsvilla cond. Connellsville coal.
Watural Ugnite .oonenneviiioniiiiiiai i, ferviiancenas 50 . 68.3 68.3 08.3 68.3
Coking conl coeeeenniainn . feerametiranan aaean.n a7 ! T 817
Dried lignite .c..oovvviiiinnnns waeremmemereetsnaranannnaas 62.9 SSUSSURRUR SRR
Coking a0al covuienrenrecraamane ereeraaas eeraane BT e I
Partly-roastod Hgnite ..ovooniiiiiiiiiiineiiiian e R S48 e
Coking eonl - cevimeriiinn it iiiiie it rnea s P | 488 el
Ronstoll Hgnife. . iaiiiaiiiiiaiienien e nianesasnenrraaaanns a9 50 50 50 50
Coking conl cuneravnceraannnnas Cersacasennrnaas vamnaeraneeaean 68.1 &0 50 50 50
Residne .ooevvnnne. bormranenrmeiarara eaasrurmesarnanas vesasvamnas Tirm, color sxcel. | Firm, color fair, | Firm, color good, | A true coke of | A truo coke of ex-
. lent, atructure strosture por- structure por- good color and cellent color and
porous with ous with marks ons with marks stracture. structare,
marks of fusion, of fusion on sur- of fusion on ex.
. faco of contact | terior surfaces.
with erucible,

@

It appears from the first six experiments of the series just given that a firm fuel may be made under the
conditions of the erucible experiments from mixtures containing proportions of coking material very much below d
those of the Welsh formula, though the Welsh proportions. did not yield a trne coke. Seventy-five per cent. of’
roasted lignite, with 20 per dent. of a coking coal (which though good is not to be placed in the same rank with the
Connellsville coal) and 5 per cent. of coal tar as serviceable proportions; so, also, is the mixture of 80 per cent..
of the roasted lignite and 20 per cent. of the coking coal.

In the last five experiments the proportion of bituminous coal was equivalent to the fied matter of the lignite
and the fuel produced was in every case firm, and in experiments 22 and 23 a true coke; but, as in the
experiments in which coal-tar was the sole cementing ingredient, the disadvantageous effect of the presence of
volatile matter is clearly traceable, though in the case of the partly-roasted lignites—material taken from that
used in experiments on a larger scale, which are about to e described, and which was partly roasted simply
because the complete roasting of the large sample was an impossibility with the facilities at command—the influence e
of the residual volatile matter was comparatively slight. Though, as was evident in the earlier experiments, the-
cementing quality of tar is adequate to the production of a true coke, these later experiments go to show very plainly
that the value of good bituminous coal exceeds that of the same proportion of coal-tar. Thus, while in experiment
2 44.4 per cent. of coal tar to 55.6 per cent. of lignite in the natural condition is a proportion capable of yielding
only a fragile product, in. experiment 19 equal parts of natural lignite and Connellsville coal produce a firm fuel
of good structure and color, though not a true coke; and in the comparison of experiments 7, 8, and 13, the
hituminouns coal seems to have the advantage. It is to be noted, however, that the superiority of the coking coal
over the tar is particularly obvious when the lignite stiil retains its volatile matter, and it may be that the advantage
of the coal lies in the longer retention, during exposure to high heat, of the capacity to coke, so that a larger
Droportion of the gaseous matter of the lignite may escape and be out of the way of doing harm hefore the £
cementing of the material ceases. o

Experiments 24 to 36 were made upon a considerably larger scale, for the purpose of testing the conditions
of the coking oven. The materials were taken from the large lots which had been prepared for the final experiments
37 and 38, The roasting of the lignites was effected in retorts ordinarily used for makimg illuminating gas, and
was but partial because it was found-necessary to stop the process before completion to prevent the wasting of’
fixed carbon by the action of the air, which, under the circumstances, could not be entirely excluded. Each ch arge
was drawn as soon as it appeared to be ashing slightly on the surface and drenched at once With vYatgr. A mill
usually employed in grinding fire-clay offered the ouly means available for pulverizing the roasted lignite .and t.hew
bituminous coal, but the conditions imposed in the use of the mill, that the material shonld be worked in moist
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@ coudition to keep the dust down, effectually prevented the grinding of the waterials to that degree of fineness
which was “greatly to be desired. Much of the ground lignite and coal would scarcely pass a sieve of ten meshes
to the linear inch. The mixtures were made in the proportions indicated in the tabular statement, and small
portions of each mixture were tested in the crucible after the manner of the experiments previously described.
For convenience of comparison the figures corresponding to the proportions of lignite in the mixture for the
natural condition and that after complete roasting are given as before in lighter type.
upon, varying from 150 to 400 pounds in weight, according as sacks or barrels were used to contain them, were
thrown directly upon the hot bottoms of bee-hive ovens from which the charges had just been drawn, immediately
covered with the new charge of coking coal, and quenched and drawn with the clnrn‘e of the oven after forty-

eight hours.

The analyses of the products are included in the table.

The portions experimented

b
24. 5. 26. 27, 28,
Materials. Montana lignite; | Montana lignite; |Little Missourilig- | Little Missouri lig-| Bly Mine lignito;
Connellsvills coal; Connellsville conl; | nite; Connellsville | nite; Connellsvilﬁ) Connellsville conl;
ooal-tar. coal-tar. coal; coal-tar, coal; conltar. coal-tar,
NAtural HENIte caease veecramaaansiacrensssnonnes draeecaesannnne B4, 4 84. 4 85.5 85.5 85,3
Coking coal ... 11.8 11.8 10.9 10.9 1.1
L7 ¥ B O 3.8 3.8 3.6 3.6 3.6
Partly-roastod HZnite ..occeeiievraremmrciasiiacacove sorrrrvasnas 75.1 753.1 75.1 5.1 3.1
Coking conl .qeere.... 18,8 18.8 18.8 18.8 18.8
£ Coanltar... 6.1 6.1 6.1 6.1 6.1
TRoagted lignite.. LB 71.6 70,1 70.1 70.1
Coking eoRL.cersiniumsiainnascncercasnnsonnerarnssss sumsnnmsenes] 2L5 21.5 22,6 22.6 22,6
L T g O 7.0 7.0 7.3 7.3 7.3
Weight of charge.. pounds 820 150 150 150 150
Rewiue «aviicnitnatannonnn coinrecarienuaen benbenasaenraaaas Firm fuel......... Tairly firm fuel...| Rather fragile ... | Wealk fuel........ Weak fuel ........
Upper. TUnder. Tpper. Tnder, Tpper. Under.
Water e iecrselonnnanns Geeeiirmadseneesesaaaan thnon anaan 5908 5.71 4,70 7.21 0. 54 8,02 4.84 5, 28
% S, PPN 4,33 5,80 3.87 8,51 5.79 7. 08 8.07 T.30
O RPN teansiiannahemann reanen 70,24 69,08 69. 50 68.25 @ 70, 05 72,11 | 66.24 65,72
- N R tearasrcsiansanans 19.456 19.82 21. 93 16.08 17.62 14,81 | 20,85 2L.75
100. 00 100. 00 100, 00 100. 00 100. 00 100, 00 | 100,00 100. ¢0
4l Residuein parallel-crucible experiment ...c.o..cmveeeviaeee.| Color  excellent, | Color excellent, | Color excellent, | Color excellent, | Color excellent,
but grain coarse.! Dbut grain conrse. | Tut grain coarse. l but grain coarse. | but grain coarse.

29, ’ 30, 31. 32,
Matorials, - "’
Montana lignite; Con-! Moutana lignite; Con. | Montana ligniteé; Con-|Montana lignite; Con-
nellsvilie coke. nellsville coke. nellsville coke. nellsville coke.

Natoral liguite .cooooiiiicnian., R, 87.8 84.4 8.5 78
L0763 1T 4 T RPN 29,2 15,8 21.5 27
Partly roasted lignite. .ceeeceeennns [ 80 5 67 60
WCoking coal 20 P53 33 40
Roasted lignite ... - 76.9 718 62.9 55.68
& Coking cosl,.. 23.1 28.56 87.1 44,4
Weight of Charge . .covvirariieiiaeiiaiiiaiia i e ..pounds.. 400 300 . 800 800

Residue Too fragile to be | Feebly coherent ...... Firm, but not a true | A fair coke, of good

drawn. coke. color and structure.
W ALEL tecareemennmansanssrnannassnsansanncanacennsmcansnsasissrsralocnaennmonasornannsnanan 6.53 6. 59 2.79
227 5.10 6. 73 3. 09
O P P 68. 89 67.71 75, 07
731 D P 19.48 18, 97 19. 05
100. 00 100. 00 100. 00

Residue in parallel crucible experiments cavean.iceeianvrcncniinane Color_excellent, but | Color excellent, but | Color excellent, but Color excellent, bub
grain coarse, grain coarse. grain coarse. grain coarse,
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A
33, 4. 35, 36.
Materiala. o
Montanalignite; Con- | Montanalignite; Con- | Littlo Migsourilignite; | Bly Mine lignite; Cou-
nellsville coal, nellsville coal. Connellsville conl. nellsville coal,
Natural Hgnite «.ovwveeeivencmmeniiiianeeaiivainnnerrinnanacanas 78 , 64.3 74,8 4.2
L33 5-g 27 85.7 25,2 25.8
Partly roasted lignite a0 50 60 60
-QOking CORl..oiiinann . cenn 40 50 40 40
Roasted lignite 55. 6 45,5 53.8 53,8
8114 T S 44,4 64.5 ° 46,2 46.2
‘Weight of charge .... . T 150 220 150 150
RESIAUG . et vnnancnencarecaurcnniannennmnnannes Good coke, of good | Good coke, of good | Weak fuel ........... Fairly firm, of good
color and strueture, color and struetare. colo”, hut not a trne
. coke.
Upper.  Tnder, » Tpper.  Under, Upper.  Under,
3. 50 5.63 2.70 6.7  8.04 4,07 3,13
4,20 6.93 3.00 7.60 4,40 877 4. 37
70.71 68, 34 75,07 71,93 75, 05 70,25 74. 87
21, 50 19.10 18.05 1472 16. 52 16,01 17,68
100.00 100,00 100. 00 100. 00 100, 00 100. 00 100, 00
Residue in parallel crucible exporiments .veeieersivreerserneernranns Color oxcellent, but | Color exccllent, but| Color excellent, but|Color excellent, bub
grain coarse, grain coarse. grain coarso. grain conrse,

: ¢
Experiments 24 to 28 indicate pretty elearly the lowest proportions of cementing material by the admixture
of which with the roasted lignites it may be hoped to secure a good fuel by coking. Why experiments 26, 27,
and 28 should have yielded a feebly coberent prodmnet under. apparantly the same conditions of mixture and
experimentation which in experiments 24 and 25 gave a firm fuel is difficult to see, unless the cause is to be
sought in the larger amount of volatile matter still remaining in the partly-roasted lignite of the first experiments.
At any rate it is evident that these proportions lie near the limit of snccessful cementing. Experiments 29 to
36, with the companion tests, show unmistakably that the conditions of the ¢rucible experiments are more favorable
to the production of firm cokes of good color than the conditions which prevail beneath the surface of coal in process
of coking in the beehive oven, and a comparison with experiments 13 to 18 and 23 emphasizes the value of a fine
comminution of materials. d
In experiments 37 and 38 the materials were mixed for oven charges, as indicated in the table following, and
thrown into hot beebive ovens. Heating began immediately, and a coherent crust formed upon each charge, and
the surface cracked in an encouraging manner. In the case of experiment 37, however, it was possible to run a
pole to the bottom ot the oven after eight hours heating, and upon drawing the charge at the end of twenty-four
hours the product was worthless excepting the thin surface crust. In experiment 38 the product, drawn twenty-
. two hours after charging, proved to be a good coherent fuel, but not a true coke, This fuel was used with success
on a 27-ton locomotive, and gave every indication of being applicable to locomotive use, and the material was
preserved for quantitative tests. ‘

37. ' 38, e
Materiale. Montans lignite; | Little Missourilig-| Bly mine lignito; ¢ | Little Missourt lig- o
Conng})l:ﬁgg conl; nitéa gn%ozéggll}ts&l ° Conug})l:ﬁlnlgcoal; ggggg‘fﬁ%}f Oncig?d. nito; Cg;nﬁ?llavil o égg&;‘ﬁ’;ggﬁ%"g" ,
Natural lignite ...evevenrns temmesvenaesavae 84.4 85.5 86.3 78 74.8 74,2
Coking coal .. 1.8 10.9 o 1.1 27 26,2 25,8
Goal-tar ..vovveenneen.. 8.8 8.8 2 PO R P O .
" Partly ronsted Hgnite...eeeeerrernriennnaens 75.1 73.1 3.1 60 60 60
Coking 08l ... vavevernrvaeeremmnnnmeuanans " 18.8 18.8 18.8 40 40 40
‘Coal-tar e 6.1 6.1 61  |e..... pucesmsuanans AP RPN
Roasted lignite ..cuuveneermenniionanninnans 7.5 70,1 70.1 55,6 63.8 53.8
CoKING OBl veneeevnncnncamenues cnvanunnnns 215 22,8 22,8 44.4 40,2 44,2
Coal-tar .......ccueouae 7.0 7.8 7% N IO (PO IR AP
‘Weight of charge ..... 2,000 ] 2,000 1,880 2,780 1,880
Residue ....... P Thin crust on SUrfAee.caee . cvaeneann. Fairly firm, but not a true colko,
Water.. . 6. 02
V.C 7.54
C...eeee 60, 24
Ash 16.80
) 100. 00
Residue in parallel crucible experiments ... Color excellent, but grain coarse.

.
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a TFrom the experiments which have been cited, it is plain that not only a good fuel but a fuel possessing the
qualities of a true coke may be made under the conditions of the crucible experiments from mixtures of roasted
lignite with either a coking coal or coal-tar, and the conclusion that the more thoroughly and quickly the heating
of the mass takes place the better will be the produet seems warranted. Fine pulverization of the materials before
coking is shown distinetly to be advantageous in experiments on the small scale, which suggest at least the trial of
the same mode of preparation on the large scale. The beehive oven is manifestly unsunited to the coking of
material not abundantly charged with bituminous constituents, but some one of the many devices which have been
lately put forward as improvements upon the plan of the Belgian ovens would doubtless prove valuable in such
cases, some arrangement by which the material may be compressed and coked in thin layers being apparently most
promising. Perhaps the most important point which has been brought out by these experiments in reference to
I the treatment of lignites by coking in mixture with bituminous materials is the great advantage to be gained in
the removal of the volatile constituents before making the mixture to be coked. In the crucible experiments the
yield is the sum of the fixed matter of the coal,the lignite and the tar as given by the ordinary proximate analysis;
on the working scale it is probable that the waste of fixed carbon need not exceed that which is usual in the coking'
of bituminous coal. While the experiments have not been carried far enough to warrant a close estimate of the
cost of producing the proposed fuel, the results justify the belief that this would not be prohibitory where the
alternative was the bringing in of eastern coals.
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